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Abstract
The clustered regularly interspaced short palindromic repeats (CRISPR)-CRISPR-
associated (Cas) proteins constitute the innate adaptive immune system in several 
bacteria and archaea. This immune system helps them in resisting the invasion of 
phages and foreign DNA by providing sequence-specific acquired immunity. 
Owing to the numerous advantages such as ease of use, low cost, high efficiency, 
good accuracy, and a diverse range of applications, the CRISPR-Cas system has 
become the most widely used genome editing technology. Hence, the advent of 
the CRISPR/Cas technology highlights a tremendous potential in clinical diag-
nosis and could become a powerful asset for modern medicine. This study 
reviews the recently reported application platforms for screening, diagnosis, and 
treatment of different diseases based on CRISPR/Cas systems. The limitations, 
current challenges, and future prospectus are summarized; this article would be a 
valuable reference for future genome-editing practices.

Key Words: CRISPR-Cas; Gene editing; Molecular diagnostics; Gene targeting
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Core Tip: This review mainly discusses and explores the potential clinical applications of the clustered 
regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) technology. The 
detection technologies for nucleic acids and small molecules of different pathogens based on the 
CRISPR/Cas system are summarized. The advantages and disadvantages of the CRISPR/Cas technology 
from the aspects of gene editing, disease treatment, multi-drug resistance, and treatment are enumerated, 
asserting that CRISPR/Cas system has unlimited potential in clinical applications with certain challenges.

Citation: Huang YY, Zhang XY, Zhu P, Ji L. Development of clustered regularly interspaced short palindromic 
repeats/CRISPR-associated technology for potential clinical applications. World J Clin Cases 2022; 10(18): 5934-
5945
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/5934.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.5934

INTRODUCTION
The clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) 
system, an adaptive immune system present in numerous bacteria and archaea, is a nucleic acid-
targeted defense mechanism composed of numerous short and conserved repeat regions and spacers 
that protect themselves from exogenous mobile genetic elements such as plasmids and phages. A 
similar arrangement in the chromosomes of Gram-negative bacteria (Escherichia coli, E. coli) was also 
reported by Ishino et al in 1987 and was again confirmed in 2010[1]. The type II CRISPR/Cas system 
from Streptococcus pyogenes could specifically recognize and cleave target DNA guided by gRNA[2]; 
thus, laying the foundation for the development and utilization of the CRISPR/Cas system. Over the 
past few years, several CRISPR/Cas systems belonging to Cas proteins with different characteristics 
have been developed, which in turn have produced many CRISPR/Cas system-related toolboxes, 
offering functional robustness, efficiency, and ease of implementation in multiple organisms[3]. Various 
gene-editing tools based on CRISPR/Cas9 were introduced in 2013[4], followed by successful 
implementation in the modern medical field. Within a few years, CRISPR/Cas technology gradually 
made crucial breakthroughs and is now widely employed in gene-editing, treatment of genetic diseases, 
clinical diagnosis of common pathogenic molecules, and alleviating antimicrobial resistance. This 
review compiles the recent advancements in CRISPR technology and summarizes the achievements of 
CRISPR/Cas technology in clinical applications to provide opportunities for programmable genomic 
editing for translational medicine.

CLASSIFICATION OF CRISPR/CAS SYSTEM
In CRISPR/Cas systems, researchers have discovered various Cas proteins with different characteristics. 
There are two classes of CRISPR/Cas systems based on the composition of their effector subunits, 
Classes 1 and 2 (Table 1). Class 1 system contains numerous RNA-effector complexes, and Class 2 
system comprises a solitary protein like Cas 9 that conducts all effector complex activities[4]. The Class 1 
CRISPR–Cas system includes type I, III, and putative IV subtypes. The type I subtype contains the 
signature gene Cas3 encoding a single-stranded DNA (ssDNA), which acts as a candidate for guiding 
cascade in type I CRISPR module like Cas8 for DNA invasion, but this theory has not been thoroughly 
investigated. The type III CRISPR-Cas system containing gene Cas10 includes nonspecific degradation 
of both ssDNA and RNA molecules and requires the target DNA transcription for immunity[5,6]. The 
Cas10 subunit cleaves the transcribed ssDNA and activates the Csm6 nonspecific-RNase activity, while 
as the Csm3 cleaves the RNA target, the RuvC domain introduces staggered double-stranded DNA 
(dsDNA) breaks[7-9]. Since the Cas10 subunit HD domain cleaves ssDNA from the transcription bubble
[10-12], due to activation of the Palm domain, ATP is converted into four or six-member cyclic 
oligoadenylate (CoA) rings. These six-member CoA rings then act as a secondary messenger and 
activate Csm6 by binding to its CARF (CRISPR-Associated Rossman Fold) domain, causing activation of 
the Higher Eukaryotes and Prokaryotes Nucleotide-binding (HEPN) domain and unleashing 
nonspecific RNA cleavage[13-15]. Putative type IV CRISPR/Cas systems include a large subunit, Csf1, 
Cas5, and Cas7 (a solitary unit), and usually lack the known Cas proteins involved in adaptation and 
target cleavage[16].

Class 2 effectors are composed of a single Cas unit that associates with the CRISPR RNAs (crRNA) for 
gene targeting in various biotechnological applications. This class includes CRISPR types II, V, and VI. 
Type II uses the mature crRNA directed CRISPR-associated protein Cas9 base-paired to trans-activating 
crRNA (tracrRNA) while introducing double-stranded breaks (DSB) in target DNA (Figure 1). Although 
Cas9 also harbors RuvC and HNH domains, at sites complementary to the crRNA-guide sequence, the 

https://www.wjgnet.com/2307-8960/full/v10/i18/5934.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.5934
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Table 1 Features of clustered regularly interspaced short palindromic repeats/CRISPR-associated system

CRISPR type Specific cleavage Collateral cleavage Secondary messenger CRISPR inhibitors Ref.

I (Cas8) DNA Not identified to date Not identified to date Yes [4]

III (Cas10) RNA RNA, ssDNA cOA Not identified to date [6-8]

Class 1

IV (Csf1) Not studied yet Not studied yet Not studied yet Not studied yet [16]

II (Cas9) DNA Not identified to date Not identified to date Yes [4,5,16-20]

V (Cas12, Cas14) DNA ssDNA Not identified to date Yes [21-23]

Class 2

VI (Cas13) RNA RNA Not identified to date Not identified to date [24-26]

CRISPR: Clustered regularly interspaced short palindromic repeats; ssDNA: Single-stranded DNA; cOA: Cyclic oligoadenylate.

Figure 1 Collateral activity of Cas9, Cas12 and Cas13. PAM: Protospacer adjacent motif; dsDNA: Double-stranded DNA; ssDNA: Single-stranded DNA; 
crRNA: Clustered regularly interspaced short palindromic repeats RNAs; HEPN: Higher Eukaryotes and Prokaryotes Nucleotide-binding.

Cas9 HNH nuclease domain cleaves the complementary strand. In contrast, the Cas9 RuvC-like domain 
cleaves the noncomplementary strand, thereby stressing the fact that target recognition by Cas9 requires 
both a seed sequence in the crRNA as well as a GG dinucleotide-containing protospacer adjacent motif 
(PAM) sequence adjacent to the crRNA-binding region in the DNA target[2,16-20]. The majority of type 
V CRISPR modules can recognize dsDNA targets. For instance, a single crRNA processed by Cas12 
RNase domain guides Cas12 with a T-rich PAM sequence to cleave dsDNA targets, generating sticky 
ends[21] (Figure 1). Cas12a cleaves both the target and non-target strands of a targeted dsDNA by a 
single active site in the RuvC catalytic pocket[22]. Besides Cas12, Cas14 is the smallest RNA-guided 
nuclease discovered to date with 400-700 amino acids and does not require a target sequence such as 
PAM in the ssDNA substrate[23]. Lastly, Cas13 (also named C2c2) belongs to type VI recognizing RNA 
targets. A study discovered that Cas13 has two HEPN domains commonly associated with ribonuc-
leases (RNases)-one for cutting its RNA target and the other for processing the crRNA[24-26] (Figure 1). 
It is also suggested that both type V and VI CRISPR modules work collaterally, i.e., Cas12 and Cas14 can 
cleave ssDNA nonspecifically. In contrast, Cas13 can initiate nonspecific RNA cutting[16], which has not 
been observed when Cas12, Cas14, and Cas13 have been applied in either human or plant cell lines[27,
28].
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CLINICAL APPLICATION OF CRISPR/CAS TECHNOLOGY
Application of CRISPR/Cas technology in clinical disease diagnosis
Application of CRISPR/Cas technology in pathogen detection: Zhang et al[24] developed a detection 
platform called Specific High-sensitivity Enzymatic Reporter Unlocking (SHERLOCK) that combined 
isothermal amplification and Cas13a technology for the detection of either single DNA or RNA 
molecules. As activated Cas13 cleaves quenchable fluorescent RNA, it produces a quantifiable signal 
indicating the presence of the target nucleic acid (Figure 1). SHERLOCK was demonstrated to detect 
closely related Zika virus and dengue virus due to its property of rapidly detecting nucleic acids with 
high sensitivity. Subsequently, SHERLOCK was updated to SHERLOCKv2, based on simple four-
channel multiplexing with orthogonal nucleic acid sequences of LwaCas13a, PsmCas13b, CcaCas13b, 
and AsCas12a[29], breaking through the quantitative and fluorescence limitations of SHERLOCK. 
SHERLOCKv2 uses fewer primers during the pre-amplification process to achieve better quantification 
without affecting sensitivity. Furthermore, the introduction of the test strip aids in determining whether 
the target DNA or RNA is present in the sample by visualization. SHERLOCKv2, due to its efficiency, 
specificity, ease of use, and portability, can detect ssRNA of dengue or Zika virus, as well as mutations 
in liquid biopsy samples from patients by the lateral flow assay system. Chen et al[30] also reported that 
Cas12a could be used as a potential nucleic acid detection platform and developed DNA endonuclease-
targeted CRISPR trans reporter (DETECTR), whose working principle was similar to that of SHERLOCK 
as this platform used isothermal amplification and Cas12a ssDNase activation for detection (Figure 1). 
Their system could specifically identify two human papillomavirus strains [Human papillomavirus 
(HPV16) and HPV18] from human SiHa and HeLa cells with higher accuracy.

However, as the above-mentioned nucleic acid detection processes require repeated uncapping and 
extraction, Joung et al[31] introduced the “one-pot” detection technology, while updating the COVID-19 
detection technology, in which RNA does not need to be purified from patient samples. Moreover, the 
reaction steps required to detect COVID-19 are done in a tube during the test. It was then named 
SHERLOCK Testing in One Pot (STOP). While STOP employs loop-mediated isothermal amplification 
(LAMP) as a method to amplify RNA and utilizes AapCas12b, an enzyme that can remain active at 60 
°C (the temperature required for the LAMP reaction), the steps of RNA extraction were simplified 
enough that could easily detect viral RNA only by adding viral lytic releasers to throat wipes or saliva 
samples containing new crown viruses without purifying and isolating RNA.

Although STOP simplifies the complexity of the detection process and reduces the contamination 
caused by reagent transfer, it also requires heating, amplification, and other steps when compared with 
SHERLOCKv2. To overcome these hindrances, a new system, CRISPR-Cas9-assisted DNA detection 
(CADD), was developed. This system employed the Beads-HCR method, in which a pair of dCas9- 
single-guide RNA (sgRNA), after being attached to the target DNA, was captured by the bead surface, 
followed by the addition of two hybridization chain reaction (HCR) hairpins (hairpin 1 and hairpin 2). 
Since the hairpin was labeled with fluorescein, HCR could produce a fluorescent signal on the bead’s 
surface. As the hairpin was connected continuously, the fluorescence signal became brighter in the 
positive direction, thereby making it easier to detect the fluorescence signals to the greatest extent 
without amplifying the target gene[32].

Due to the advantages of simple design, high efficiency, convenience, and a wider scope of 
application, CRISPR-Cas systems have become the most frequent genome editing technology in 
molecular biology while simultaneously promoting the development of basic scientific research, 
molecular innovations, and advanced clinical approaches. Freije et al[33] combined the Cas13 antiviral 
activity with its diagnostic ability and established a powerful and rapidly programmable diagnostic and 
antiviral system, named Cas13-assisted restriction of viral expression and readout. This system could 
detect RNA-based viruses such as influenza A virus in human cells within two hours on the test strip 
itself. Fozouni et al[34] also developed a COVID-19 detection technology connected to a smartphone that 
took only 15-30 min from sampling to reporting results on a mobile phone. This technique omitted the 
reverse transcription and pre-amplification steps and used CRISPR to directly detect viral RNA. It was a 
new diagnostic test that, apart from producing positive or negative results, could also measure the viral 
load in a given sample. Since Csm6 can sense the presence of RNA small loops and cleaves various RNA 
molecules, Liu et al[35] utilized Cas13, Csm6, and their activators in combination to create a tandem 
nuclease method for detecting COVID-19. This method avoided the original amplification of RNA and 
the possibility of sample cross-contamination caused by amplification (Table 2).

Application of CRISPR/Cas technology in tumor pathogenesis monitoring: Tumor monitoring is still 
an important parameter of global chronic disease monitoring. In recent years, due to complicated 
operations, long detection time, and low specificity, genetic sequencing for tumor marker detection has 
lost its popularity. To overcome this recurrent issue, Chow et al[36] developed in vivo CRISPR screening 
that identified both oncogenes and tumor suppressors that are the regulators of tumor immunotherapy 
in the tissue microenvironment[37]. This method could be suitable for personalized cancer modeling 
and tumor-driven analysis in the future to provide guidance for precision medicine. In recent years, as 
microRNAs have been reported to be associated with tumorigenesis, diagnosis, and prognosis, the 
CRISPR/Cas technology promises great potential for an early diagnosis of miRNA-related disease[38,
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Table 2 Clustered regularly interspaced short palindromic repeats-based pathogen nucleic acid detection system

Nucleic acid 
detection system Cas Target DNA Amplification 

method Test method Time Sensitivity Specificity Ref.

SHERLOCK Cas13a Zika virus etc. RPA Fluorescence 2-5 h 2 × 10-8 M High [26]

SHERLOCKv2 Cas13a, 
Cas12a, 
Csm6

Zika virus, Gordon 
fever virus, yellow 
fever virus, etc.

RPA FluorescenceTest 
strip

0.5-4.0 h 8 × 10-21 M High [29]

DETECTR Cas12a HPV RPA Fluorescence 1 h 10-18 M High [30]

STOP Cas12b 2019-nCoV LAMP Fluorescence 1 h 100 copies High [31]

CADD Cas9 HPV - Fluorescence 30 min 10-15 M High [32]

CARVER Cas13a Influenza A RPA Test strip 2 h - High [33]

Smartphone testing Cas13a 2019-nCoV - Fluorescence 15-30 
min

10-4 M High [34]

Tandem nuclease Cas13a + 
Csm6

2019-nCoV - Fluorescence 20 min 3.1 × 10-5 M High [35]

Cas: CRISPR-associated protein; RPA: Recombinase Polymerase Amplification; SHERLOCK: Specific high-sensitivity enzymatic reporter unlocking; STOP: 
SHERLOCK Testing in One Pot; CADD: CRISPR-Cas9-assisted DNA detection; CARVER: LAMP: Loop-mediated isothermal amplification; 2019-nCoV: 
2019 novel coronavirus; HPV: Human papillomavirus.

39]. Qiu et al[40] developed the RCA-CRISPR-split-HRP (RCH) detection system based on dCas9, which 
facilitated CRISPR/Cas9 technology in miRNA detection for the first time. It offers great advantages 
such as a low detection cost and significant genetic effects. To demonstrate the potential application 
value of RCH, it was applied to detect circulating let-7a in serum samples from patients with non-small 
cell lung cancer (NSCLC) and healthy volunteers. As it was reported that since the expression of 
circulating let-7a was significantly down-regulated in patients with NSCLC, it could become a useful 
biomarker for NSCLC[41]. It was also discovered that the detection results were highly consistent with 
RT-PCR results and the literature reports, suggesting that this method could be used for the screening 
and diagnosis of tumors in the near future. Simultaneously, Lee et al[42] developed CRISPR-mediated 
Ultrasensitive Detection of Target DNA)-PCR (CUT) using Cas9/sgRNA for specific cleavage of wild-
type DNA in blood samples from colorectal cancer patients, which in turn enriched the circulating 
tumor DNA content in plasma to improve the specificity and sensitivity of early tumor diagnosis. While 
the SHERLOCK and SHERLOCKv2 molecular detection platforms can detect the BRAF V600E mutation 
in simulated circulating DNA samples and the EGFR L858R mutation in liquid biopsy samples from 
adenocarcinoma patients[26,29,43], the DETECTR method can also be used to rapidly detect tumor 
mutations in the reproductive system[30]. For example, human papillomavirus, closely related to the 
occurrence of cervical cancer, is detected in human anal wipe DNA extracts[41]. The development of 
this technology is expected to bring a significant breakthrough in the early screening of cervical cancer 
(Table 3).

Application of CRISPR/Cas technology in gene-editing disease therapy
In clinical medicine, gene-editing has changed from a niche research technique to an extensive and 
highly precise tool for disease treatment[44], which has shown surprising results in the treatment of a 
variety of clinical diseases, such as genetic disorders[45] and cancer immunotherapy[46].

Application of the CRISPR/Cas9 System in gene editing disease therapy: An in vitro study by Egelie et 
al[47] observed that Cas9 protein could target and edit genes in bacterial cells, human stem cells, 
zebrafish, and human cell lines. In the targeting phase, Cas9 is guided to the DNA target site beside the 
PAM (spacer sequence adjacent motif) site (3’ GGN) by gRNA. The Cas9 nuclease domains like RuvC 
and HNH cleave single strands of DNA to form DNA DSBs. Although non-homologous end joining is 
subsequently activated in the host for repair, resulting in frameshift mutations, the body can also 
perform precise repair by homologous recombination repair in the presence of homologous sequences
[48]. Lately, the CRISPR/Cas9-mediated gene therapy has become a quick and effective gene-editing 
tool as it corrects single-gene mutations, thus saving the disease phenotypes by achieving prompt 
treatment[49]. Leber congenital amaurosis (LCA) is an autosomal recessive retinopathy with both early 
and severe onset, causing severe visual loss due to premature transcription termination due to the 
presence of point mutations in the CEP290 gene at the intron branch point, followed by complete loss of 
pyramidal cell function in both eyes at birth or within one year of birth in infants[50,51]. Many previous 
studies on LCA disclosed that the adeno-associated virus type 5 (AAV5) vector delivers Cas9 and 
CEP290-specific gRNAs to the retina by targeting the point mutation region to invert or delete it as a 



Huang YY et al. Application of CRISPR technology

WJCC https://www.wjgnet.com 5939 June 26, 2022 Volume 10 Issue 18

Table 3 Clustered regularly interspaced short palindromic repeats-based tumor diagnostic system

System Cas Tumor type Sensitivity Specificity Ref.

RCH Cas9 NSCLC 10-15 M High [40]

CUT Cas9 Colorectal cancer < 0.01% High [41]

SHERLOCK Cas13a NSCLC 0.1% High [26]

SHERLOCKv2 Cas13a, Cas12a, Csm6 NSCLC 8 × 10-21 M High [29]

DETECTR Cas12a HPV 10-18 M High [30]

RCH: RCA-CRISPR-split-HRP; NSCLC: Non-small cell lung cancer; HPV: Human papillomavirus; CUT: CRISPR-mediated Ultrasensitive Detection of 
Target DNA-PCR; SHERLOCK: Specific high-sensitivity enzymatic reporter unlocking; DETECTR: DNA endonuclease-targeted CRISPR trans reporter.

whole, thereby restoring the normal expression of CEP290 gene[52-54]. Although still in the early 
clinical trial stage, this recent approach is currently being used to treat type 10 congenital mongolism 
patients[55]. It has also been suggested that using mRNAs encoding nucleases, like CRISPR/Cas9 and 
gRNA, and their DNA editing property in target cells has the potential to be effective in Cystic fibrosis 
(CF) patients with the impact of potential mutations[56]. Many past literary insights reported that an 
adeno-associated virus vector might be used to express the Cas9 of Campylobacter jejuni with adenine 
deaminase activity as well as the corresponding sgRNA to achieve accurate correction of oncogenic 
mutations in the telomerase gene promoter region of glioma cells[57].

Additionally, numerous prior studies have also demonstrated that CRISPR/Cas9 technology also has 
application prospects in the treatment of hematological diseases: For example, when congenital glucose-
6-phosphatase-dehydrogenase (G6PD) deficiency patients ingest fava beans, acute hemolytic anemia 
with several manifestations occur along with sickle cell anemia and β-thalassemia, a condition caused by 
mutations in the β-globin gene (HBB). Wu et al[45] effectively corrected G6PD and HBB point mutations 
by giving composite injections into single-cell human embryos in Cas9-sgRNA and homologous donors
[58,59], thereby demonstrating that CRISPR/Cas9 might also become a valuable therapeutic tool in 
human genetic diseases.

Application of the CRISPR/Cas12 System in gene editing therapy: In 2015, Zetsche et al[21] charac-
terized the Cas12a protein and identified two candidate enzymes from Eosinophilaceae and Lactobacil-
laceae, and demonstrated that Cas12a protein was able to conduct effective genome editing activity in 
human cells. Unlike Cas9, the crRNA used by cas12a has only 42 nt[21], which offers many advantages 
in design and facilitates delivery and simplification of the multiplex gene-editing process[60]. According 
to Verwaal, LbCas12a and FnCas12a show editing efficiency comparable to Cas9 in yeast cells and are 
expected to be good alternatives to Cas9 in the future[61]. However, it is not widely used in practice, so 
there are very few instances of genome editing for disease treatment. Recently, some researchers 
engineered wild-type AsCas12a and designed a nuclease called enAsCas12a[62], which can show better 
gene editing activity at the TTT PAM site, greatly improving the editing efficiency of base C to base T. 
DeWeirdt et al[63] also applied enAsCas12a for genetic screening in human cells, and in the future, the 
CRISPR/Cas12 system might also play a larger role in disease treatment.

Application of the CRISPR/Cas13 System in gene editing therapy: On the contrary, the Cas13 protein 
family also seems to be promising in RNA knockout and editing, as reported by Cox et al[64]. In their 
study, catalytically inactive Cas13 (dcas13) was combined with ADAR2 to target transcripts to 
mammalian cells for editing of RNA bases A to I and correcting certain mutations in genetic diseases[27,
64]. Recently, Li et al[65] also developed a brand-new CRISPR/Cas gene-editing technology using 
dCas13, called RESCUE, in which ADAR2 enzyme targeted both base C in RNA and unwanted base C 
in tRNA and precisely modified them to base U, thereby achieving the purpose of changing the protein 
without modifying the DNA by altering the mRNA injunctions.

N6-methyladenosine (m6A) is a common post-transcriptional RNA methylation modification in 
eukaryote mRNA responsible for mRNA modifications, which sometimes in an abnormal state can 
trigger a series of diseases[66]. This was also confirmed by Wilson et al[67] using an m6A RNA editing 
tool constructed by phase fusion of dCas13 and gRNA, and precisely edited m6A in the nucleus and 
cytoplasm. It could correct the methylase abnormality, bringing the latest breakthroughs in RNA 
editing. Thus, CRISPR/Cas technology can provide broader research ideas and application prospects for 
the treatment of many diseases by precisely editing genes and rectifying the diversity of gene variants 
that cause diseases.

In recent years, CRISPR/Cas technology has emerged as a potentially powerful tool in cancer 
research and treatment. It offers genetic screening of oncogenic mutations and can alter expressions of 
tumor suppressor genes[68]. It can be applied in CAR-T cell immunotherapy and immune checkpoint 
blocking therapy[46,69,70], thereby exploring and validating novel therapeutic targets in several 
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preclinical studies involving tumors.

Application of CRISPR/Cas technology in multi-drug resistance analysis and treatment
CRISPR/Cas technology can be utilized to assess the surmounting multi-drug resistance (MDR) that has 
emerged as a serious public health threat due to inappropriate clinical antibiotic usage[71]. MDR 
usually occurs due to horizontal gene transfer of antibiotic resistance genes mediated by plasmids into 
other pathogenic bacterial forms[72]. Guk et al[73] discovered a significant negative correlation between 
CRISPR/Cas loci in bacteria and detected the acquired antibiotic resistance by sequencing the Entero-
coccus faecalis genome. It was revealed that strains without CRISPR/Cas loci were more likely to acquire 
external resistance genes than strains with CRISPR/Cas loci[74].

Nearly 26000 Enterobacteriaceae infections per year in China are caused by extended-spectrum β-
lactamases (ESBLs) producing E. coli[72]. Bader et al[75] developed a technique called Re-Sensitization to 
Antibiotics from Resistance (ReSAFR). In this technique, the CRISPR/Cas9 system facilitates the 
intracellular delivery of antimicrobials, followed by sgRNA-guided Cas9 specific cleavage of resistance-
mediating genes present on the same plasmid as the target genes so that antibiotic-resistant cells become 
re-sensitive to antibiotics. As ReSAFR improves the practical value of the CRISPR/Cas9 system, it might 
become an effective approach to curb the formation of multidrug-resistant bacteria[72,76]. Since in 
recent years, methicillin-resistant Staphylococcus aureus (MRSA) has become a major nosocomial 
pathogen worldwide, Guk et al[73] developed a simple, rapid, and highly sensitive method to detect 
MRSA, i.e., DNA-FISH to rapidly and reliably detect MRSA and provide effective treatment. In this 
technique, the dCas9/sgRNA complex is used as the targeting material and a nucleic acid stain SYBR 
Green I as the fluorescent probe to capture the MRSA DNA by specifically recognizing the mecA gene 
sequence with sgRNA. It offers a detection sensitivity of 10 CFU/mL, which is sufficient for effective 
detection of MRSA as the mecA gene, mainly present in resistant bacteria, is the prime underlying cause 
of MRSA resistance to β-lactam antibiotics. Therefore, MRSA can be promptly identified based on the 
mecA gene for effective antimicrobial therapy[77]. Kiga et al[78] also reported a positive outcome while 
developing the CRISPR-Cas13a-based antimicrobials capable of sequence-specific killing of MRSA, 
which is expected to be put into practical use as a therapeutic agent. Many of the emerging technologies 
mentioned above have tremendous potential to combat some of our most critical clinical predicaments 
in world public health problems.

Challenges to the application of CRISPR/Cas technology
CRISPR/Cas technology is indeed a convenient, easy-to-use biomedical tool having a wide range of 
potential applications, but at the same time, there are certain unsolved problems in its application that 
should be accurately recognized.

Off-target effect
CRISPR has proven to be a highly versatile gene-editing tool with great potential in a wide range of 
problems such as gene therapy, drug discovery, and gene modification in plant technology. However, 
the accuracy and reliability of CRISPR technology might be severely hampered by off-target effects due 
to unintended cleavage at untargeted genomic loci that do not match sgRNA, thus resulting in severe 
genomic aberrations[79].

When CRISPR technology is used for nucleic acid detection, the presence of an off-target effect can 
cause false positive or false negative results, affecting the accuracy of clinical diagnosis. The off-target 
effect is the main limiting factor affecting the application of CRISPR technology in clinical practice. In 
2019, Grünewald et al[80] reported that the Cas9-based DNA editor experienced a severe off-target 
phenomenon while editing single bases and mutating a large number of unrelated DNA and RNA. A 
correct interpretation of genomic data, along with the strategies for the detection of off-target mutations 
and minimizing off-target cleavage efficiency, are still some of the urgent problems that need to be 
addressed at present. For example, technologies such as GUIDE-seq[81], Digenome-seq[77], and 
CIRCLE-seq[82] have been widely used to detect off-target effects. In recent years, after an in-depth 
study of the factors affecting off-target effects, it has been found that the current strategies to solve off-
target effects mainly include: (1) Predicting off-target sites: Using CRISPOR, CHOPCHOP, and other 
tools, gRNAs can be designed online to analyze potential off-target sites, so that researchers can select 
gRNAs with low off-target effects as much as possible. The recently introduced DISCOVER-Seq 
technology[83] can identify the exact site of CRISPR cutting genome with simple processes and accurate 
results. In addition, the structure of sgRNAs and the activity of Cas protein are closely related to the off-
target effects[84]; (2) optimizing the design strategy of sgRNAs: Doench et al[85] found a significant 
reduction in off-target effects after establishing new sgRNA design rules by optimizing the composition 
of sgRNAs; and (3) altering the structure of the Cas enzyme: Slaymaker et al[86] improved the binding 
rate to the target sequences using mutants of the Cas9 protein.

Safety and ethical issues
Recently, a study reported that a large number of unnecessary repetitive fragments appear when gene 
insertion is performed in mice using the CRISPR/Cas technology, which cannot be detected using the 
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standard PCR analysis[87]. On the other hand, it was also proposed that in human embryonic cells, 
frequent DNA breakage can lead to the loss of the entire chromosome or sometimes a large part of the 
chromosome, which can pose significant challenges for mutation corrections[88]. Another therapeutic 
intervention is the usage of AAV vectors that are often used with CRISPR/Cas9 for targeted gene 
editing. They are sometimes unable to load larger genes and might adversely affect the functioning of 
AAV vectors carrying exogenous DNA fragments inserted into human chromosomes due to insertional 
mutagenesis. Henceforth, all combined efforts should be directed towards implementing the strong 
gene-editing abilities of CRISPR/Cas technology for the treatment of related diseases, while preventing 
any untoward genome-editing behaviors and similar negative events, as well as avoiding irreversible 
and unethical mutational consequences.

Quantitative and high-throughput detection and sample pretreatment
As CRISPR/Cas technology accurately conducts a quantitative analysis of target nucleic acids, it is 
deemed important for providing rapid and ultrasensitive data relevant for prompt disease management 
and treatment. However, HOLMES and DETECTR, two detected CRISPR-Cas effectors, might not be 
capable of precise target quantification for Cas12-based detection platforms[30,89]. In addition to that, 
multi-channel detection is also very crucial for distinguishing different pathogens as well as single-base 
polymorphisms for an accurate diagnosis, but only SHERLOCKv2 contains multi-channel detection 
ability at present[29], highlighting its innate potential as a rapid and quantitative detection platform.

With the more and more extensive application of CRISPR/Cas technology in clinical diagnosis, the 
sample sources, as well as the influencing factors within the samples, will be gradually expanded and 
diversified[90]. Therefore, it is very important to select a simple, efficient and economical sample 
pretreatment strategy for opening up novel avenues to tackle genetic diseases in a precise manner.

Despite significant technical improvements, the above-mentioned challenges should be further 
addressed for optimizing genomic stability in future studies.

CONCLUSION
As stated by Barrangou et al[91], “The potential for CRISPR/Cas technology applications is enormous, 
affecting almost all aspects of life and providing inspiration for future technological breakthroughs”. 
CRISPR/Cas technology may revolutionize diagnostic and therapeutic research in clinical diseases and 
become a versatile tool in practice in the field of clinical medicine as a pathogen detection platform due 
to its high efficiency, portability, and low-cost factor. Moreover, the developed diagnostic tools based on 
the CRISPR/Cas system are highly suitable for large-scale screening tasks in the frontline, community 
hospitals, and resource-limited environments[90], thereby initiating rapid and accurate detection and 
further promoting the development of point-of-care testing. Simultaneously, emerging CRISPR/Cas 
technology is being used with renewed efforts for discovering new therapeutic targets and detecting 
biomarkers to provide more accurate and scientific avenues for the early diagnosis and clinical 
treatment of oncological diseases[38,69,70]. Since the application of CRISPR/Cas technology in bacterial 
resistance detection has the advantages of simplicity, rapidity, and sensitivity, the recently developed 
platform can be more optimized by applying more detection methods for discovering various 
pathogens, which will be essential to prevent the spread of drug-resistant bacterial infections in 
hospitals[73,78].

Owing to the fact that as CRISPR/Cas technology has an undeniable tremendous potential in clinical 
applications and scientific research technology, many long-term clinical studies are required to elucidate 
biological mechanisms behind disease development and progression. This will make CRISPR/Cas 
technology an emerging discipline that provides better health care and improves human health more 
efficiently. It is also suggested that CRISPR will certainly provide more exciting results in the future, 
bringing us unlimited possibilities, thus providing novel molecular therapies and promoting the 
development of the life sciences.
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Abstract
Patients with varicose veins can be treated with conservative or surgical 
approaches based on the clinical conditions and patient preferences. In the recent 
decade, the recommendations for managing symptomatic varicose veins have 
changed dramatically due to the rise of minimally invasive endovascular 
techniques. The literature was systematically searched on Medline without 
language restrictions. All papers on the treatment of varicose veins and venous 
insufficiency with different procedures were included and reviewed. Endovenous 
laser ablation (EVLA) and radiofrequency ablation (RFA) both are same safe and 
effective in terms of occlusion rate, and time to return to normal activity. In 
comparison with RFA or EVLT, Cure conservatrice et Hemodynamique de 
l'Insufficience Veineuse en Ambulatoire (CHIVA) may cause more bruising and 
make little or no difference to rates of limb infection, superficial vein thrombosis, 
nerve injury, or hematoma. In terms of recurrence of varicose veins, there is little 
or no difference between CHIVA and stripping, RFA, or EVLT. Great saphenous 
vein recanalization is highest in the ultrasound-guided foam sclerotherapy (FS) 
group (51%) during 1 year of follow-up. The 2013 National Institute for Health 
and Care Excellence clinical guidelines recommend surgery as a third-line 
therapeutic option after EVLA or RFA and sclerotherapy. Although the mechano-
chemical endovenous ablation (MOCA) is a non-thermal, non-tumescent option 
and appears to be of similar efficacy to stab avulsion with no potential risk of 
nerve damage, the overall success rate of MOCA is lower than those of other 
procedures such as EVLA, RFA, or high ligation and stripping. EVLA is the most 
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cost-effective therapeutic option, with RFA being a close second for the treatment of patients with 
varicose veins. Endovenous thermal ablation (EVLA or RFA) is recommended as a first-line 
treatment for varicose veins and has substituted the high ligation of saphenofemoral junctional 
reflux and stripping of varicose veins. Ultrasound-guided FS is associated with a high recurrence 
rate and can be used in conjunction with other procedures. MOCA and cyanoacrylate 
embolization appear promising, but evidence of their effectiveness is required.

Key Words: Varicose veins; Venous insufficiency; High ligation and stripping; Endovenous laser ablation; 
Radiofrequency ablation; Cure conservatrice et Hemodynamique de l'Insufficience Veineuse en Ambulatoire

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Endovenous laser ablation (EVLA) is the most cost-effective therapeutic option, with radiofre-
quency ablation (RFA) being a close second for the treatment of patients with varicose veins. Endovenous 
thermal ablation (EVLA or RFA) is recommended as a first-line treatment for varicose veins and has 
substituted the high ligation of saphenofemoral junctional reflux and stripping of varicose veins. In terms 
of recurrence of varicose veins, there is little or no difference between Cure conservatrice et Hemody-
namique de l'Insufficience Veineuse en Ambulatoire and EVLA, RFA, or stripping. Ultrasound guided 
foam sclerotherapy is associated with a high recurrence rate and can be used in conjunction with other 
procedures. Mechanochemical endovenous ablation and cyanoacrylate embolization appear promising, but 
evidence on their effectiveness is warranted.

Citation: Gao RD, Qian SY, Wang HH, Liu YS, Ren SY. Strategies and challenges in treatment of varicose veins 
and venous insufficiency. World J Clin Cases 2022; 10(18): 5946-5956
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/5946.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.5946

INTRODUCTION
Varicose veins are tortuous, twisted, or elongated veins dilated to at least 3 mm in diameter evaluated 
when a patient in standing status with a prevalence of 10% in the population[1], and serious conditions 
such as deep venous thrombosis (DVT) and pulmonary embolism may occur if untreated[2,3]. Patients 
with varicose veins can be treated with conservative or surgical options based on the clinical conditions 
and patient preferences[4-6]. In the recent decade, there has been a dramatic change in the recommend-
ations for managing symptomatic varicose veins due to the rise of minimally invasive endovascular 
techniques[6,7]. Therefore, we searched the literature and summarize the strategies and challenges in 
the treatment of varicose veins and venous insufficiency.

STRATEGIES IN TREATMENT OF VARICOSE VEINS AND VENOUS INSUFFICIENCY
The decision and the choice of treatment for varicose veins are based on the severity of the venous 
insufficiency, cost, risk of postoperative complications, and patient preferences. Management options 
for varicose veins include conservative treatment and surgical intervention. Asymptomatic patients 
with varicose veins are initially managed with conservative treatment options that include medicine, 
compression therapy, and lifestyle modifications, while symptomatic patients are suggested to consider 
surgical options[1] that include endovenous laser ablation (EVLA), radiofrequency ablation (RFA), high 
ligation and stripping (HL/S) of the incompetent great saphenous vein (GSV), Cure conservatrice et 
Hemodynamique de l'Insufficience Veineuse en Ambulatoire (CHIVA), mechanochemical ablation 
(MOCA), cyanoacrylate embolization (CAE), etc. (Table 1)[6-8].

COMPRESSION THERAPY
Compression therapy is the mainstay of conservative management and is effective in the treatment of 
varicose veins with venous ulcers[9]. Compression bandaging helps manage ankle edema. However, 
many patients can barely tolerate bandaging because of itching, pain, and difficulty in putting on shoes. 
Thus, medical stockings are more welcomed than compression bandaging[10]. Compression stockings 
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Table 1 Strategies for management of varicose veins

Name of treatment Mechanism
Conservative

Medicine Enhancing venous tone and reducing inflammation

Compression External pressure, bandages, or graduated stockings

Surgery

HL/S Ligation of the conjunction of reflux, stripping veins

AP Removal of veins via small incision

CHIVA Ligation of the escape point and preserving veins

HIPP Destroying veins and sucking out with vaccum pressure

Thermal

EVLA Sealing the veins by laser energy

RFA Sealing the veins by radiofrequency

Nontheramal

Sclerotherapy Destroying the venous wall by sclerosants or chemical agents and sealing veins by external 
pressure

MOCA Rotating the venous wall and sealing veins with a clue

CAE Sealing veins with a clue

HL/S: High ligation and stripping; EVLA: Endovenous laser ablation; RFA: Radiofrequency ablation; MOCA: Mechanochemical ablation; CAE: 
Cyanoacrylate embolization; CHIVA: Cure conservatrice et Hemodynamique de l'Insufficience Veineuse en Ambulatoire.

with graduated compression produce graded external compression directly to the legs and oppose the 
venous blood pressure.

When choosing compression stockings, patients are educated to prefer compression stockings with 
graduated compression to non-graded ones. Patients with varicose veins involving the main axial 
superficial veins above and below the knee should choose thigh-length graduated compression 
stockings rather than knee-length ones. Stockings with moderate pressure (20-30 mmHg) are 
recommended for patients with varicose veins (C2 to C3), stockings with pressure around 30 to 40 
mmHg for people with skin change or an ulcer (C4 to C6), and stockings with a pressure between 40 
and 50 mmHg for patients with a recurrent ulcer as an adjuvant treatment to prevent ulcer recurrence
[10,11].

At least 1-wk compression stocking therapy after EVLA is suggested because a long time (1-2 wk) of 
using compression therapy is better than a short-term (24-48 h) of application in terms of reducing 
postoperative pain at 1 wk and recovery for work[11]. Yet, a trial of compression therapy is unnecessary 
before endovenous thermal ablation[9] as there is no strong evidence to support compression stockings 
in the cure of varicose veins C1-C4[9]. Limitations to the use of compression stockings include arterial 
insufficiency, application difficulty, and patient preferences.

MEDICAL THERAPY
Venoactive drugs are prescribed for symptomatic patients with varicose veins, ankle swelling, and 
venous ulcers to improve venous tone and capillary permeability. The commonly used drugs are 
spooning, e.g., horse chestnut seed extract, the micronized purified flavonoid fraction (MPFF), and 
flavonoids[12-14]. Pentoxifylline is reported to target inflammatory cytokine release, leukocyte 
activation, and platelet aggregation at the microcirculatory level. The use of pentoxifylline or MPFF in 
combination with compression therapy may improve the closure of venous ulcers compared with 
compression and placebo[13]. A Cochrane meta-analysis shows that vasoactive drugs may relieve pain 
and swelling caused by chronic venous insufficiency, but their precise mechanism is not clear. Long-
term studies of the safety and effectiveness of phlebotomists are warranted[12-15].
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SURGICAL THERAPY
Historically, surgery with high ligation of saphenofemoral junction (SFJ) or saphenopopliteal junction 
with or without vein stripping (HL/S) has been the gold standard of care for varicose veins[1]. 
Specifically, following general or lumbar anesthesia, an incision is made at the groin or upper calf, the 
GSV is located and incised, the proximal end is ligated below the SFJ, a stripping wire with a probe is 
put into the GSV and advanced distally, and the proximal part of the GSV is tied to the wire and 
stripped. Recently, a growing number of research data do not consistently favor surgery as the standard 
treatment option due to postoperative complications, and the 2013 National Institute for Health and 
Care Excellence clinical guidelines recommend surgery as a third-line therapeutic option after EVLA or 
RFA and sclerotherapy[8,16-18].

HL/S of the GSV and their respective junctions are indicated when the saphenous veins themselves 
dilate greater than 1 cm in diameter. In a cohort study, Navarroet al[19] evaluated the relationship of 
GSV diameter measured in the thigh and calf to the clinical severity of reflux in 112 legs of 85 
consecutive patients with SFJ and truncal GSV incompetence[19] and found that a GSV diameter of 5.5 
mm or less predicted having no abnormal reflux, with a sensitivity of 78%, specificity of 87%, positive 
and negative predictive values of 78%, and accuracy of 82%[19].

The surgical outcome of HL/S is relatively satisfactory; HL/S is associated with higher anatomic 
closure rates at 30 d and 5 years than RFA and ultrasound-guided foam sclerotherapy (UGFS)[8,16]. 
HL/S has similar long-term saphenous vein closure rates with EVLA at 5 years[8,16-18]. However, the 
postoperative complications are DVT, bleeding, hematoma, ecchymosis, wound infection, nerve injury, 
pain, and delayed return to normal activity. The injury of femoral arteries, such as ligation and or 
stripping of the femoral artery, occurred in the hands of inexperienced operators, which is underre-
ported. Ligation alone is usually associated with a high recurrence rate of the varicose vein that may 
necessitate re-operation[20]. Stripping of the GSV below the knee or the SSV is not usually performed to 
avoid the risk of nerve injury.

AMBULATORY PHLEBECTOMY
Ambulatory phlebectomy (AP), also known as hook phlebectomy, mini-phlebectomy, microphle-
bectomy, or stab phlebectomy, is a minimally invasive procedure operated under local anesthesia as an 
outpatient procedure, and it can excise most varicose veins except the proximal long saphenous vein
[21]. AP has a technically better outcome in terms of recurrence of GSV and SFJ reflux than UGFS in the 
long term. Specifically, a small stab wound or puncture is made to remove varicose veins. Adminis-
tering a certain volume of saline around the target veins before making a stab may help retrieve a longer 
section of unwanted veins. AP is usually performed in conjunction with other procedures.

Notwithstanding, recurrence rates can be high if the junctional reflux is untreated[21]. The junctional 
reflux should be managed by HL/S or EVLT rather than simple AP[21]. Patients can walk right away 
after AP. The proportion of complications associated with AP such as localized thrombophlebitis and 
hemorrhage is much lower than that of HL/S. The postoperative complications are reduced dramat-
ically after the application of broad compression pads over the wounds following AP.

CHIVA
CHIVA is ambulatory conservative hemodynamic management of varicose veins that preserves 
deliberately the saphenous vein and collaterals based on venous hemodynamics[22]. CHIVA is an 
office-based treatment for varicose veins performed under local anesthesia. The main advantages are the 
preservation of the saphenous vein, local anesthesia, low cost, low pain, and less bruising, nerve 
damage, and recurrence than stripping saphenectomy[23] (Figure 1). CHIVA seemed to have superior 
clinical benefits in long-term efficacy for treating varicose veins[24]. Practically, CHIVA procedure is 
most likely similar to AP. Patients can walk out of the theatre immediately after CHIVA surgery and go 
home following observing for a while.

However, the recent Cochrane review[25] included six randomized controlled trials (RCTs) with 1160 
patients and compared CHIVA with RFA, vein stripping, and EVLT, respectively, for their effects. In 
terms of recurrence of varicose veins, there is little or no difference between CHIVA and stripping, RFA, 
or EVLT. In comparison with RFA or EVLT, CHIVA may cause more bruising and make little or no 
difference to rates of limb infection, superficial vein thrombosis, nerve injury, or hematoma. Three RCTs 
comparing CHIVA with vein stripping showed that CHIVA may reduce slightly nerve injury and 
hematoma in the legs, but make little or no difference to the side effects of limb infection, and superficial 
vein thrombosis or bruising[25]. One RCT comparing CHIVA with compression dressings in patients 
with venous ulcers shows uncertainty on whether CHIVA can reduce recurrence.
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Figure 1 A 56-year-old man had varicose veins for 20 years and received day surgery with Cure conservatrice et Hemodynamique de 
l'Insufficience Veineuse en Ambulatoire procedure, and the varicose veins disappeared on day 5 (Figures are provided by Dr. Shi-Yan 
Ren). 

It is necessary to map and find the escape point (EP) of the veins before CHIVA. Most (82.3%) EPs are 
located below the knee, and 65.8% are located from the knee to midcalf. The diameter of tributary veins 
(TVs) near the EP is about 90% of that of the GSV. Thermal ablations of the below-knee varicose vein 
may damage the nerve[26].

TRANSILLUMINATION POWERED PHLEBECTOMY
Transilluminated powered phlebectomy (TIPP) is reported as a minimally invasive procedure that is 
often performed under spinal or general anesthesia for the treatment of varicose veins[27], and it was 
once considered cosmetic for veins less than 2.5 mm in diameter due to few incisions. However, TIPP 
has been associated with a higher incidence of hematoma, postoperative pain, and paresthesia[28] due 
to damage to tissue and nerve around the veins; it has not been proven to be superior to other 
procedures to remove varicose veins[27]. Aremu et al[27] compared conventional stab avulsions to TIPP 
and found that recurrence at 52 wk in the TIPP group is higher than that in the stab avulsion group 
(21.2% vs 6.2%)[28].

TIPP cannot be performed for all the varicose veins, especially for truncal varicose veins. In 
combination with RFA, a more satisfactory outcome at a 1-year follow-up[29] can be achieved. Passman 
et al[30] divided their patients into three groups to evaluate the effect of TIPP: Saphenous stripping-stab 
avulsion phlebectomy (STRIP-AP), combined saphenous vein stripping-TIPP (STRIP-TIPP), and 
combined EVLT-TIPP. The rate of complications was higher in procedures involving TIPP (STRIP-AP 
5.6%, STRIP-TIPP 6.5%, and EVAB-TIPP 2.0%; P = NS), and more hematomas occurred in procedures 
involving TIPP (STRIP-AP 5.6%, STRIP-TPP 16.3%, and EVAB-TPP 6.9%; P < 0.05)[30].

ENDOVENOUS THERMAL ABLATION THERAPY
Endovenous thermal ablation (EVLA or RFA) is recommended as a first-line treatment and has 
substituted the surgical procedure to destroy the veins by heat and occlude the veins for symptomatic 
varicose veins[9,31,32].

EVLA was initially reported by Dr. Carlos Bone for the treatment of varicose veins at the Interna-
tional Union of Phlebology in 1999. The laser fiber is inserted into the target vein, a heat generator emits 
laser energy, and the thermal light emitting out of the fiber tip induces local thermal injury to the veins, 
leading to vein contraction, blood thrombosis, and venous fibrosis. EVTA with or without HL/S 
appeared to be a safe and effective treatment for patients with incompetent saphenous veins[33].

One systematic evidence review reported that the occlusion rates of the GSV and small saphenous 
vein within 6 mo after EVLA were all greater than 90%[20]. A study by Wallace et al[34] showed that the 
SFJ anatomical success closure rate detected by DUS 5 years after treatment is similar between HL/S 
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(85%) and EVLA (93%). A meta-analysis by Kheirelseid et al[35] demonstrated no significant differences 
between HL/S in comparison to EVLA and RFA after 5 years[35].

A range of laser wavelengths can be used to achieve occlusion, and the radial fibers and lasers with 
high wavelengths (1470–1940 nm) are introduced for homogeneous damage of the vein wall to improve 
the efficacy and reduce the side effect of procedures[36]. The temperature produced by a 1470-nm laser 
with a radial probe is 120–140 °C (± 20 °C)[36], and less pain is noticed in the first week after the use of a 
1470-nm wavelength fiber than a 940-nm fiber. At the 48-mo follow-up, the recurrence rate of treated 
veins followed by ultrasound was less with the 1470-nm wavelength laser than with 940-nm fibers (8.3% 
vs 15.9%, P = 0.017)[37]. Another RCT indicated that patients treated with the 1470-nm catheter had a 
higher occlusion rate than those with the 1920-nm system (94.7%vs 87.5%; P = 0.05) at 1-year follow-up. 
Patients treated with the 1920-nm EVLA catheter had less ecchymosis, induration, and analgesic use.

However, a systematic review and meta-analysis show that commonly used EVLA parameters do not 
influence efficacy, no particular wavelength is superior to any other[20], and no statistically significant 
differences were found for wavelengths [short (810, 940, and 980 nm), long (1470, 1500, and 1920 nm)], 
high or low administered energy (≤ 50 J/cm and > 50 J/cm), or follow-up (≤ 1 year and > 1 year). The 
overall success rate of EVLA was 92%[38]. An RCT study by Malskat et al[39] showed that treatment 
success and adverse event rates between a 1470-nm wavelength fiber and a 940-nm fiber for the 
treatment of varicose veins were similar[39].

The common complications after EVLA are bruising (24%-75%), thrombophlebitis (5%), superficial 
vein thrombosis, DVT, hematomas and ecchymoses, skin burn, pigmentation, nerve injury, recurrence, 
and retained fragment of catheter[40,41]. Arteriovenous fistula has been reported after perforator 
ablation. The risk of nerve lesions increases when the endovenous treatment is carried out on the lower 
leg. Recurrence can be treated with the second ablation, and the occlusion rate was 93.3% 1 year after 
the second ablation[42,43].

RFA
RFA is an ultrasonography-guided minimally invasive treatment that ablates the refluxing vein segment 
using thermal energy delivered through a radiofrequency catheter. RFA can be segmental procedures 
that induce heat to 120 °C. Ultrasonography is used to guide to insert a guidewire into the target vein, 
and an introducer sheath is advanced through the guidewire which will be pulled away followed by 
inserting the RFA catheter into the sheath into the target position.

A tumescent anesthetic solution is injected around GSV to reduce pain, provide good hemostasis, and 
prevent burn and nerve damage. After injection of a tumescent solution, the RF generator is then 
activated and the catheter is slowly pulled along the length of the vein. Compression therapy is used to 
reduce the risk of vein thrombosis, postoperative bruising, and tenderness. Patients are encouraged to 
walk immediately after RFA[44].

There is a difference among the RFA devices. F-Care (F Care Systems, Antwerp, Belgium) is a 
relatively new RFA technique for the treatment of venous insufficiency. The 30-d total occlusion rates in 
the F-Care and Closurefast groups were 96.2% and 98.1%, respectively (P = 0.5). The 1-year full 
occlusion rates in the F-Care and Closurefast groups were 71.7% and 90.6%, respectively (P = 0.013)[45]. 
The 3-RF trial is the first RCT of Venefit, radiofrequency induced thermal therapy (RFITT), and 
endovenous radiofrequency (EVRF) to compare outcomes of RFA devices. At 6 mo, complete GSV 
closure was significantly better after Venefit and RFITT treatment (100% and 98%, respectively) 
compared with EVRF treatment (79%, P < 0.001). However, clinical outcomes did not differ significantly 
at 1 year[46].

RFA is associated with a high satisfaction rate and quality of life score. Although operative time in 
RFA was significantly longer than that in surgery, recovery after RFA was significantly quicker than 
that after surgery in terms of returning to usual activity and work in 1 wk with fewer major adverse 
events. Complete obliteration of GSV was obtained in 98.2% of 135 patients (164 limbs) at a median 
follow-up of 11 mo[47]. RFA was shown to be non-inferior in terms of recurrence of CHIVA and HL/S 2 
years after treatment. No differences in postoperative complications or pain were found among HL/S, 
RFA, and CHIVA[48].

COMPARISON OF RFA AND EVLA
EVLA and RFA seem to be the same safe and effective modalities in clinical efficacy in terms of 
occlusion rate, time to return to normal activity, and complications such as thrombophlebitis, 
hematoma, and recanalization[31,49,50]. A 10-year follow-up with duplex ultrasound for 240 patients 
treated with a 1470-nm diode laser with radial fibers found stable and valuable long-term results[36]. 
EVLA is the most cost-effective therapeutic option, followed by RFA, in patients with the incompetence 
of the GSV[8]. EVLA can manage almost all the varicose veins both above and below the knee; in 
contrast, RFA is used to ablate the truncal varicose vein above the knee, and cannot treat the varicose 
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veins below the knee that can be managed by EVLA. Thus, RFA is usually performed in conjunction 
with other procedures such as HIPP to achieve a better outcome[29].

An RCT comparing the endovenous treatment of primary GSV in 159 patients using RFA or 810 nm 
EVLT showed complete occlusion (100%) by duplex ultrasound in both groups at 1 wk, and 97% for 
RFA and 96% for EVLT at 3 mo follow-up. No significant adverse event was observed. Even though 
RFA showed less pain, ecchymosis, and hematomas[50,51], EVLA and RFA demonstrated comparable 
outcomes in terms of venous occlusion rates and return to normal activities. Both radiofrequency-
powered segmental ablation and EVLA using bare-tip fibers have similarly high GSV obliteration rates 
in the first 5 years, and the treatments are equally effective clinically and have similar minimal 
postoperative pain scores and short recovery times[52].

SCLEROTHERAPY
Sclerotherapy is a less invasive percutaneous approach to administering sclerosants into the target veins
[52] that will be closed subsequently after immediate external pressure. Anesthesia is generally not 
required during sclerotherapy. Compression stockings or bandages should be applied immediately after 
sclerotherapy. Patients are encouraged to walk to reduce the complications of sclerotherapy.

Sclerotherapy is recommended to treat varicose tributaries or the incompetent saphenous vein[9] and 
is considered cosmetic for treatment of veins less than 2.5 mm in diameter and all other indications. As 
sclerotherapy alone has not been proven to be effective for the treatment of SFJ or saphenopopliteal 
junctions reflux, patients with reflux should be treated with EVLA or HL/S to reduce the risk of 
recurrence.

Currently available sclerosants include detergents (e.g., polidocanol and sodium morrhuate), osmotic 
agents, and chemical agents. No reliable evidence is available to support that one type of sclerosant is 
better than any other. Instead of using sclerosant as a liquid, foam sclerotherapy (FS) is performed using 
mixed sclerosant with air (usually 1:4) with or without UGFS, and it is used primarily or in conjunction 
with other procedures. The closure rate of veins with FS is higher (68%) than that with liquid sclero-
therapy (17.5%) at 12 mo of follow-up[53]. UGFS is associated with faster recovery and less 
postoperative pain compared with EVLA and surgical stripping. The common complications are 
superficial venous thromboembolism, recurrence, hyperpigmentation, telangiectasia matting, etc. 
Patients often complain of nodular or linear hardness alone in the varicose veins with tenderness. DVT, 
tissue necrosis, or even arterial thrombosis has been observed after FS, especially with the use of liquid 
sodium morrhuate.

GSV recanalization was highest in the UGFS group (51%) during 1 year of follow-up[53]. A 
prospective RCT involving more than 580 legs compared four treatments: EVLA, RFA, UGFS, and 
surgical stripping for GSVs. UGFS was associated with a higher technical failure (16.3%) compared with 
other treatments (P < 0.001) at the 5-year follow-up. A total of 288 limbs of 233 patients were treated 
with UGFS, and the mean follow-up interval was 37.8 mo. Occlusion was achieved for 89.6% of the 
incompetent veins in two sessions of UGFS. The internal diameters of the treated veins were reduced to 
66.9% at 3 mo and 32.7% at 12 mo. It is worthy to know that UGFS is unable to seal incompetent GSV 
segments completely and may be repeated several times in cases of recurrence[54].

MECHANOCHEMICAL ENDOVENOUS ABLATION
MOCA was conducted in 2010 using the ClariVein device. A wire tip is introduced into the targeted 
veins and rotated to abrase the intimal layer of the venous wall mechanically (3500 rpm), and a liquid 
sclerosant is simultaneously injected into the damaged venous wall below the catheter tip to seal the 
veins.

The MOCA is a non-thermal-non-tumescent option (NTNT) and appears to be of similar efficacy with 
stab avulsion with no potential risk of nerve damage.

A recent multi-center randomized study comparing MOCA with RFA for truncal vein reflux 
demonstrated that MOCA was significantly less painful than RFA (P = 0.003). There were no significant 
differences between MOCA and RFA for occlusion rates, clinical severity scores, time to return to 
normal activities, and adverse effects such as DVT and superficial thrombophlebitis[55].

The anatomical closure rate of MOCA is higher with 3% POL liquid than with 2% POL liquid at the 6-
mo follow-up. A multicenter RCA study showed that the technical success rate at 6 mo was 69.8% in the 
2%-group vs 78.0% in the 3%-group (P = 0.027). The overall closure rate was higher in GSVs < 5.9 mm 
than in GSVs > 5.9 mm (84.3% vs 59.5%, P < 0.001). Regardless of the concentration of sclerosant, the 
overall success rate of MOCA is lower than that of EVAL, RFA, or HL/S[55].
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CAE
CAE is a novel endovascular NTNT ablation technique for treatment of incompetent truncal veins with 
n-butyl-2-cyanoacrylate (NBCA) glue[56-58]. Multiple studies have shown the effectiveness of CAE 
since its first use in 2013. Current available two techniques are the VenaSealTM Closure System and the 
VariCloseR vein sealing system[56]. A catheter used is pulled back segmentally in a former system or, 
continuously in the latter technique. NBCA glue is an adhesive that rapidly polymerizes during 
endovenous treatment to cause rapid occlusion of veins and initiate vein fibrosis.

In a review of 2910 patients (3220 veins) in 17 studies, 1981 patients received NBCA, 445 RF, and 484 
EVLA. The mean followed-up was 12.3 mo (1–36 mo). Two-year occlusion rates were 93.7, 90.9, and 
91.5% for NBCA, RFA, and EVLA, respectively[58]. CAE had higher anatomic closure rates at 30 d than 
EVLA[16]. Patients treated with CAE had less postoperative ecchymosis than those with RFA (P < 0.01). 
Pain during the procedure was comparable for both groups. Patients treated with NBCA had the fewest 
complications, e.g., bruising, phlebitis, and pain. NBCA is simple to administer, safe, and effective even 
without compression stockings[58].

However, complications of CAE treatment are phlebitis, cellulitis, and DVT. The adhesive is 
presumably not degraded and remains in the vein over many years. In rare instances, cyanoacrylate 
glue embolization can extravasate and cause chronic foreign body reactions necessitating surgical 
intervention[57,58]. A thread-like thrombus extension has been reported with the VenaSeal system, 
which resolved spontaneously without additional adjunctive treatment after 6 mo of follow-up. 
Occlusion of the treated vein is incomplete with recanalization in the peripheral region after CAE. In 
this case, USFS can be used to achieve the complete occlusion of the veins. MOCA and CAE appear 
promising but evidence of their effectiveness is needed[8].

CONCLUSION
EVLA is the most cost-effective therapeutic option, with RFA being a close second for the treatment of 
patients with varicose veins. Endovenous thermal ablation (EVLA or RFA) is recommended as a first-
line treatment for varicose veins and has substituted the high ligation of saphenofemoral junctional 
reflux and stripping of varicose veins. The 2013 National Institute for Health and Care Excellence 
clinical guidelines recommend surgery as a third-line therapeutic option after EVLA or RFA and sclero-
therapy. In terms of recurrence of varicose veins, there is little or no difference between CHIVA and 
EVLA, RFA, or stripping. Ultrasound-guided FS is associated with a high recurrence rate and can be 
used in conjunction with other procedures. Currently, no strong evidence is available to show whether 
MOCA or cyanoacrylate embolization is similar or superior to any other procedures in the treatment of 
varicose veins.
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Abstract
An emerging area of interest in understanding disease phenotypes is systems 
genomics. Complex diseases such as diabetes have played an important role 
towards understanding the susceptible genes and mutations. A wide number of 
methods have been employed and strategies such as polygenic risk score and 
allele frequencies have been useful, but understanding the candidate genes 
harboring those mutations is an unmet goal. In this perspective, using systems 
genomic approaches, we highlight the application of phenome-interactome 
networks in diabetes and provide deep insights. LINC01128, which we previously 
described as candidate for diabetes, is shown as an example to discuss the 
approach.
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Type 2 diabetes; Pleiotropy
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Core Tip: Comprehensive genome-wide phenome-interactome networks are essential to identify candidate 
biomarkers such as LINC01128.
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INTRODUCTION
Diabetes mellitus occurs as a result of insufficient insulin production or impaired insulin sensitivity, and 
it has become a serious threat to people's health[1,2]. It is a heterogeneous problem with numerous 
aetiologies comprising three main types, viz., type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus 
(T2DM), and gestational diabetes mellitus (GDM). Understanding the biological mechanisms associated 
would allow us to identify candidate proteins and genes[3]. The emergence of genome-wide association 
studies (GWASs) has substantially enhanced our understanding of the genetic basis of disease risk in 
the past few years. Prior to the introduction of GWASs in 2006, very little information was available 
about the genes that influence common complicated or multifactorial diseases and quantitative traits. 
These research findings imply that susceptibility to prevalent diseases is influenced by a variety of 
genetic topologies, including common genetic variants with minimal effects and uncommon variants 
with substantial impact sizes[4-6]. Nevertheless, the combination of candidate T2DM genes discovered 
using GWASs does not fully confirm established features of disease pathogenesis. Several system-level 
approaches have been used to bridge the gap between genome and phenome correlation[7]. Computa-
tional analyses of disease linked genes using interactome and toxicogenomic data help us to connect 
T2DM candidate genes found in GWAS with disease pathophysiology, including abnormal pancreatic 
cell formation and function, and insulin sensitivity. On the other hand, computational predictions of 
potential proteins/genes are less expensive and time-saving than experimental methods[8,9]. In order to 
unravel the genetic roots of common disorders, it is necessary to understand the complexity of the 
gene–phenotype connection. Recent research employing the human interactome and phenome has 
uncovered not just common phenotypic and genetic overlap between diseases but also a modular 
architecture of the genetic landscape of human diseases, opening up new avenues for reducing the 
complexity of human diseases[10,11]. Because diseases are rarely caused by the malfunction of a single 
protein, a more comprehensive and robust interactome is essential for identifying groups of intercon-
nected proteins associated with disease aetiology[12].

PHENOME INTERACTION NETWORKS
The phenome interaction networks are used to study a wide range of phenotypic traits based on the 
analysis of the complete genome; it follows a genotypic to phenotypic approach in order to analyse the 
phenotypic traits[13]. The diseases with overlapping clinical signs can be predicted because of the 
mutation in different genes which are playing a role in similar functions. More recently, the studies on 
humans as well as model organisms have revealed that the primary or secondary association between 
proteins can also be one of the reasons of the same phenotype that means the mutation in particular 
protein along with its direct or indirect association with a single or multiple proteins can be responsible 
for overlapping of the clinical manifestations[14]. The opposite scenario can also be analysed using a 
phenome-interactome network, in case of pleiotropy, the cases in which a single gene is responsible for 
different phenotypic traits[15]. The protein-protein interaction (PPI) network models are used to analyse 
the phenomic traits, which in turn is helpful in understanding cell signalling and drug development in 
the diseased as well as normal cell physiology; basically, it is important to understand almost every 
process of the cell. PPI networks are the mathematical representation of physical interaction between 
similar or different proteins for the analysis of phenomes. The mathematical representation of 
interaction among different proteins in PPIs is based upon graph theory where the proteins are 
represented as nodes and edges to depict the type of interaction between two different interacting 
proteins[16]. PPI networks help to find the genes for a particular disease with a huge accuracy and when 
PPIs are implemented on the large datasets, it could lead to prediction of novel gene candidates[11]. The 
phenome interaction networks are quite important to understand and mine the genes associated with a 
particular disease. The genes that are responsible for similar functions have a higher chance of having 
the same phenotypes; therefore, understanding phenotypic as well as genotypic data is a must in order 
to understand the origination and development of a disease at the systems biology level for the better 
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treatment[17]. The origin and cause of several complex diseases including cancer, diabetes, and obesity 
can be understood by PPI network analysis[18].

GDM
GDM is categorised as insulin resistance leading to hyperglycemia during pregnancy, which mostly 
retracts after parturition. According to the World Health Organization, the prevalence rate is 15.8% 
accounting to about 20.4 million live births, with the majority of cases in pregnant women above the age 
of 35 years. The International Diabetes Federation in 2019 estimated a prevalence of 28.5% in India with 
incidence varying in each state due to challenges in screening strategies and paucity of consensus 
among physicians and healthcare providers in prepartum and postpartum management of GDM[19]. 
The diagnostic criteria may differ worldwide, and understanding the pathophysiology is crucial as it 
affects both the mother and the fetus during gestation, delivery, and later stages of life making them 
susceptible to diabetes, obesity, and cardiovascular complications in the long term[20]. Major challenges 
that have governed this disease are the guidelines for screening and diagnosis. The testing criteria are 
different with varying forms of oral glucose tolerance test being followed worldwide[21]. Management 
of GDM is another challenge as both the mother and fetus are at risk in their current milieu. Studies 
have highlighted the importance of treating GDM, reducing the risk of perinatal morbidity and 
improving post-delivery outcomes[22]. Glucose intolerance leads to the manifestation of the disease, 
hence the benchmark of GDM treatment should be glycaemic control which is achieved through 
lifestyle intervention such as diet and exercise, pharmacological intervention such as insulin, oral drugs, 
and herbal medicines, and finally postnatal management[23].

Pregnant women with GDM have an inherent risk of developing T2DM post-delivery or later on in 
life. The offspring is also susceptible to any form of diabetes postnatally or in the long term. The genetic 
factors responsible for GDM and future risk of developing T2DM through epidemiological and 
physiological studies reveal commonality in susceptibility loci, which implies that most of the diabetes 
genes are involved in causing GDM. The few key genes that share common variants are KCNJ11, GCK, 
HNF1A, TCF7L2, CDKAL1, KCNQ1, CDKN2A, MTNR1B, SRR, HHEX, TCF2, SLC30A8, and IGF2BP2[24,
25]. Genetic similarities between T1DM and GDM is less studied, and a study among Asian Indian 
women with GDM showed the presence of pancreatic autoantibodies like GAD which is a biomarker for 
T1DM[26]. Maturity onset diabetes of young (MODY) has different types and each type is characterised 
by a single gene, and few studies have shown that mutations in HNF1A and HNF4A are MODY genes 
which predispose to GDM[27].

Integrating phenotypic data with genotypic data through a computationally created high-confidence 
interaction network to analyse human diseases concurrently defines a phenome-interactome network
[14]. An organized study on genes expressed in thigh subcutaneous adipose tissue of Asian Indian Type 
2 Diabetes Mellitus revealed evidence of “sick thigh fat” as a causative disease. The phenome-
interactome network had a significant correlation of differentially expressed genes (DEGs) and hub 
proteins with its phenotypic traits obtained at the clinical, biochemical, and radiological, cellular, and 
molecular levels, thus enumerating their role in T2DM, T1DM, and obesity[28]. RNA-seq analysis 
enables identification of differentially expressed genes and their role in a disease. The depth of the 
literature available on RNA-seq analysis performed on pregnant ladies with GDM is negligible. The 
GDM is a condition in which the intrauterine milieu, especially the placenta, plays a central role in 
altering the course of the fetus. Hence, having an understanding of the key genes regulated in the 
placenta is paramount for the disease diagnosis. Most of the literature available on RNA-seq analysis is 
centred on identifying DEGs in the placenta, umbilical cord, and amniocytes[29-32]. Studies have 
identified that non-coding RNAs such as long non-coding (lnc)RNAs, microRNAs, and circular RNAs 
play a central role in GDM pathogenesis. MicroRNAs have been identified as non-invasive early 
diagnostic biomarkers for GDM[33]. LncRNA-associated feed-forward loops network had a strong 
correlation between dysregulated glucose metabolism and hormone regulation in GDM cases[34]. The 
mechanism governing the pathophysiology of the disease is still not clear and the studies available are 
limited. Hence, the current problem is to understand the genetic background that affects both the 
mother and fetus with changes in the intrauterine environment and thus identify early diagnostic 
biomarkers. GDM is associated with a number of comorbidities due to the multifactorial nature of the 
disease. A study to identify key genes involved in GDM maternal and placental milieu revealed associ-
ations with T2DM, T1DM, obesity, hyperglycaemia, preeclampsia, neonatal diabetes, MODY, 
neurological disorders, cardiovascular disease, preeclampsia, hepatitis C, rheumatoid arthritis, and 
neoplasms[35]. Hence, the need to identify genes governing this disease and the variations that might 
affect the phenotype needs to be understood.
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PROSTATE CANCER AND DIABETES, LINCO1128
As glucose level in the body is regulated by insulin, a hormone (peptide) which increases the glucose 
uptake and its assimilation. However, insulin resistance is stated when it becomes unable to perform 
this function in a diabetic patient. On the other hand, the beta cell continuously secretes insulin to make 
up and maintain balance but it results in hyperinsulinemia[36]. This increased level will trigger the 
production of IGF-1 from liver cells. IGF-1 will then bind to its tyrosine kinase receptor IGF-1R and 
stimulate various metabolic and mitogenic signalling pathways to control processes like cancer cell 
proliferation, differentiation, and apoptosis. Later, some downstream targets like PI3KB and rat 
sarcoma-mitogen-activated protein kinase/extracellular signal regulated kinase signaling pathways get 
stimulated. PI3KB signaling has a role in cancer cell survival and migration, while the rat sarcoma 
mitogen-activated protein kinase/extracellular signal regulated kinase signaling pathway controls 
cancer cell proliferation and metabolism[37]. Hence, patients who have diabetes show increased levels 
of IGF-1, bringing in them more susceptibility towards a higher risk of developing different cancers like 
breast, prostate, and colorectal cancer[38]. However, the growth factor IGF-II which shares locus with 
lncH19 (IGF-II/H19) forms an imprinted gene. This silencing is found disrupted in different cancers 
including prostate cancer. The association of adipose tissue and obesity is a known risk factor for both 
T2DM and prostate cancer by disturbing cellular environments. As a result, hyperglycaemia or inflam-
matory metabolic situations are hypothesized to be the cause of this loss of imprinting (LOI)[39]. Differ-
entially expressed lncRNA (LINC01128) is already known to increase the rate of cervical cancer 
progression and is also predicted as a biomarker of gestational hypertension[40,41]. Similarly, Pradeep 
Tiwari et al[28] in 2019 suggested that LINC01128 could serve as a biomarker for diabetes diagnosis and 
prognosis (Figure 1). Metformin, an antidiabetic drug from several studies, has been proved to not only 
effect on glucose metabolism but also show interactions with androgen receptors. It plays a role in 
stabilizing prostate specific antigen (PSA) levels[42]. In certain therapy, another commonly used method 
for T2DM, it is reported that glucagon-like peptide-1 receptor expression plays an anti-prostate cancer 
effect. It is helping in attenuating cell cycle progression. So, its forceful activation to express can be a 
potential therapeutic approach[43]. Therefore, both metformin and certain therapies help in blocking 
cell cycle progression by reducing mTOR activity[44]. Hypogonadism (decrease in level of testosterone) 
is also found associated with both diabetes and prostate cancer (PCa). A fall in its serum level is capable 
of causing high graded PCa. Hence, T2DM is suggested to be a crucial predictor of high graded PCa 
especially with benign prostatic hyperplasia[45]. For early possible detection, PSA levels are broadly 
used, but its concentration shows variation due to several other comorbidities, age, and lifestyle, which 
makes it to demand more precise analysis of test results. Based on a linear aggression analysis, there is a 
fall in PSA in patients who are taking antidiabetics and obese people on hemodilution. This establishes 
an inverse relationship between diabetes obesity and PSA level. Such study suggests to deliberately 
check the PSA level, especially in diabetic and obese patients[46]. Both PCa and DM incidence is rising 
parallel with age. Despite the fact diabetes mellitus reduces the risk of PCa, DM can also increase its 
mortality[47]. The understanding of association between DM and PCa is still insufficient. Moreover, 
obesity makes its pathophysiology a more complex situation[48].

LINC01128
In a study, GEO datasets of osteosarcoma (OS) were analysed for LINC01128 expression to clear its 
oncogenic role. It revealed that increased expression of LINC01128 in OS patients is accompanied with 
their shorter survival. However, its knockdown turned down the proliferation, migration, and invasion. 
In OS, LINC01128 is identified to work as a sponge in triggering Wnt/β-Catenin signaling by promoting 
MMP2 expression through miR-299-3p[49]. In promoting cervical cancer development again, it 
functions as a sponge for miR-383-5p[50]. In cervical cancer tissues, the expression of LINC01128 is 
found significantly high and its fall suggests that it might lower the SFN (stratifin) at both the mRNA 
and protein levels. SFN, a known potential biomarker in cervical cancer, is also majorly expressed in the 
early stage of lung adenocarcinomas. It clearly explains how LINC01128 could accelerate cell processes 
like cell proliferation, migration, and invasion and even can inhibit the apoptosis through SFN upregu-
lation and release by binding miR-383-5p and also working as its antagonist[51,52]. miR-383 is under 
regulation of LINC01128. However, overexpression of miR-383 in T2DM serum reverses the cell 
apoptosis under high glucose in mouse β cells by TLR4 and APOC3 suppression[53]. Also, high 
LINC01128 was seen in stage III-IV CRC and mediated PRMT5 function, which is a mediator of 
methylation of proteins[54]. In pancreatic cancer, it was found as an EMT-LPS (epithelial mesenchymal 
transition related lncRNA prognostic signature) molecule[55].
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Figure 1 Researchers have chosen interesting genes based on P value, heuristics, and contextuality, and then used CHAT analysis to 
find high-dimensional gene expression data for confirmation. Many critical genes, as well as their enriched pathways, were discovered to be involved in 
the molecular processes of obesity, lupus, adipose tissue, and fatty acid pathways. A: Phenome interactome networks of diabetes represented earlier (Tiwari et al
[28], 2018); B: LncRNANONHSAT224539.1 (LINC01128 representative) expression in various tissues, largely seen in the heart, thyroid, kidney, and prostate.

CONCLUSION
The phenome-interactome networks have been a powerful approach to understand and characterize 
networks. There is a greater scope of relevance underlying the pathophysiology mentioned above. To 
fully comprehend the importance of phenome-interactome networks and diabetes associated 
metabolism, it is vital to ensure that there is a healthy diet regimen followed which also addresses the 
clinical implications of its absorption, bioavailability, and human health benefits. Integrated systems 
approaches can be used to discover the novel genes and pathways with an emphasis on the molecular 
physiological insights gained through systems/nutrigenomic modules and thereby candidate DEGs 
could be detected. Furthermore, standard operating procedures, recommendations, and guidelines in 
consideration of the aforementioned diabetes phenotypes for better dissemination of phenome-
interactome predictions will help avoid the risk of over/under treatment. In addition, post next 
generation sequencing, a large focus nowadays should be on the development of NGS/genotyping 
panels which can set a precedent for a global consortium effort bridging the gap between the nutritional 
deficiency diseases and diabetes.
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Abstract
BACKGROUND 
Psoriasis is a chronic inflammatory skin disease, the pathogenesis of which is 
more complicated and often requires long-term treatment. In particular, moderate 
to severe psoriasis usually requires systemic treatment. Psoriasis is also associated 
with many diseases, such as cardiometabolic diseases, malignant tumors, 
infections, and mood disorders. Psoriasis can appear at any age, and lead to a 
substantial burden for individuals and society. At present, psoriasis is still a 
treatable, but incurable, disease. Previous studies have found that microRNAs 
(miRNAs) play an important regulatory role in the progression of various 
diseases. Currently, miRNAs studies in psoriasis and dermatology are relatively 
new. Therefore, the identification of key miRNAs in psoriasis is helpful to 
elucidate the molecular mechanism of psoriasis.

AIM 
To identify key molecular markers and signaling pathways to provide potential 
basis for the treatment and management of psoriasis.

https://www.f6publishing.com
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mailto:dr_xincheng@163.com


Shu X et al. Key molecules and pathways of psoriasis

WJCC https://www.wjgnet.com 5966 June 26, 2022 Volume 10 Issue 18

METHODS 
The miRNA and mRNA data were obtained from the Gene Expression Omnibus database. Then, 
differentially expressed mRNAs (DEmRNAs) and differentially expressed miRNAs (DEmiRNAs) 
were screened out by limma R package. Subsequently, DEmRNAs were analyzed for Gene 
Ontology and Kyoto Encyclopedia of Genes and Genomics functional enrichment. The “WGCNA” 
R package was used to analyze the co-expression network of all miRNAs. In addition, we 
constructed miRNA-mRNA regulatory networks based on identified hub miRNAs. Finally, in vitro 
validation was performed. All experimental procedures were approved by the ethics committee of 
Chinese PLA General Hospital (S2021-012-01).

RESULTS 
A total of 639 DEmRNAs and 84 DEmiRNAs were identified. DEmRNAs screening criteria were 
adjusted P (adj. P) value < 0.01 and |logFoldChange| (|logFC|) > 1. DEmiRNAs screening 
criteria were adj. P value < 0.01 and |logFC| > 1.5. KEGG functional analysis demonstrated that 
DEmRNAs were significantly enriched in immune-related biological functions, for example, toll-
like receptor signaling pathway, cytokine-cytokine receptor interaction, and chemokine signaling 
pathway. In weighted gene co-expression network analysis, turquoise module was the hub 
module. Moreover, 10 hub miRNAs were identified. Among these 10 hub miRNAs, only 8 hub 
miRNAs predicted the corresponding target mRNAs. 97 negatively regulated miRNA-mRNA 
pairs were involved in the miRNA-mRNA regulatory network, for example, hsa-miR-21-5p-
claudin 8 (CLDN8), hsa-miR-30a-3p-interleukin-1B (IL-1B), and hsa-miR-181a-5p/hsa-miR-30c-2-
3p-C-X-C motif chemokine ligand 9 (CXCL9). Real-time polymerase chain reaction results showed 
that IL-1B and CXCL9 were up-regulated and CLDN8 was down-regulated in psoriasis with 
statistically significant differences.

CONCLUSION 
The identification of potential key molecular markers and signaling pathways provides potential 
research directions for further understanding the molecular mechanisms of psoriasis. This may 
also provide new research ideas for the prevention and treatment of psoriasis in the future.

Key Words: Psoriasis; MicroRNAs; Weighted gene co-expression network analysis; Functional enrichment; 
MicroRNA-mRNA regulatory network

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Psoriasis is a common chronic, recurrent, immune-regulatory skin and joint disease. Although 
psoriasis is widespread and has significant negative impact on patients’ life quality, it has not yet been 
fully diagnosed and treated. Moreover, it is also associated with many other diseases. So far, psoriasis is 
still a treatable, but incurable, disease. We use weighted gene co-expression network analysis to identify 
key modules and microRNAs (miRNAs) related to psoriasis and explore potential key pathways related to 
psoriasis through the targeting relationship of miRNA-mRNA. This provides new research ideas for the 
prevention and treatment of psoriasis in the future.

Citation: Shu X, Chen XX, Kang XD, Ran M, Wang YL, Zhao ZK, Li CX. Identification of potential key 
molecules and signaling pathways for psoriasis based on weighted gene co-expression network analysis. World J 
Clin Cases 2022; 10(18): 5965-5983
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/5965.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.5965

INTRODUCTION
Psoriasis is a common chronic, recurrent, immune-regulatory skin and joint disease. It has a variety of 
clinical skin manifestations, but the most common clinical manifestations are erythematous, scaling 
papules, and plaques[1]. Previous studies have found that psoriasis is affected by family history and age
[2]. Mechanical stress, air pollutants, sun exposure, infection, lifestyle, obesity, dyslipidemia, and mental 
stress are associated with the progression of psoriasis[3]. The pathogenesis of psoriasis is more 
complicated and often requires long-term treatment. Mild to moderate psoriasis can be treated topically 
with a combination of glucocorticoids, vitamin D analogues, and phototherapy. Moderate to severe 
psoriasis usually requires systemic treatment[4]. Psoriasis is also associated with many diseases, for 
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example cardiometabolic diseases, malignant tumors, infections and mood disorders[5]. So far, psoriasis 
is still a treatable, but incurable, disease. Therefore, identification of key genes and signaling pathways 
are of great significance for understanding the molecular mechanism of psoriasis and provides potential 
basis for the treatment and management of psoriasis.

MicroRNAs (miRNAs) are a class of small non-coding single-stranded RNAs that regulate gene 
expression[6]. MiRNAs play a vital role in the progression of diseases, for example cancer, infectious 
diseases, and immune diseases[7]. MiRNAs can regulate cell proliferation, keratinocyte differentiation, 
apoptosis, and atypical immune activation in psoriasis[8]. Previous studies have found that miR-187 can 
inhibit the proliferation of keratinocytes by targeting B7 homolog 3 protein. In addition, in the mouse 
model of psoriasis, overexpression of miR-187 can reduce acanthosis and reduce the severity of the 
disease[9]. MiR-183-3p can inhibit the proliferation and migration of keratinocytes in psoriasis by 
inhibiting growth factor receptor binding 2-associated binding protein 1[10]. MiR-320b negatively 
regulates keratinocyte proliferation in psoriasis by targeting AKT serine/threonine kinase 3[11]. The 
low expression of miR-31 in dermal mesenchymal stem cells (DMSCs) in patients with psoriasis results 
in the increased expression of some of its target genes, which in turn promotes the activation of T 
lymphocyte by inhibiting the proliferation of DMSCs, thereby contributing to the pathogenesis of 
psoriasis[12]. Previous studies have found that miR-146 regulates inflammatory responses in 
keratinocytes and skin fibroblasts, which may affect the pathogenesis of psoriasis[13]. Furthermore, in 
human keratinocytes, the expression of miR-146a is induced by pro-inflammatory cytokines tumor 
necrosis factor-α (TNF-α), interleukin-1B (IL-1B), and IL-17a, and the expression of miR-146b is induced 
by interferon-γ (IFN-γ) and IL-22. MiR-203 promotes keratinocyte proliferation by targeting liver X 
receptor-α and peroxisome proliferator-activated receptor-γ in psoriasis[14]. MiR-125 regulates 
keratinocytes proliferation by regulating targeted genes[15,16]. MiR-197 over expression inhibits 
keratinocytes proliferation induced by IL-22 and keratinocytes migration[17]. In addition, miR-99 also 
plays an important role in regulating the abnormal proliferation and differentiation of keratinocytes in 
psoriasis[18]. These studies demonstrate that miRNAs play a vital role in the pathogenesis of psoriasis. 
Currently, miRNAs studies in psoriasis and dermatology are relatively new. Therefore, the identi-
fication of key miRNAs in psoriasis is helpful to elucidate the molecular mechanism of psoriasis.

Weighted gene co-expression network analysis (WGCNA) can be used for finding clusters (modules) 
of highly correlated genes[19]. WGCNA has been used to identify key genes for many diseases, 
including cancer[20], cardiovascular disease[21], and immunological diseases[22]. In addition, WGCNA 
has also been used to identify key mRNAs and long noncoding RNAs in psoriasis. So far, we have not 
found studies that use WGCNA to identify key miRNAs in psoriasis. Therefore, we use WGCNA to 
identify key modules and miRNAs related to psoriasis and explore potential key pathways related to 
psoriasis through the targeting relationship of miRNA-mRNA.

MATERIALS AND METHODS
Data sources and processing
The miRNA and mRNA data were obtained from the Gene Expression Omnibus (GEO) database[23]. 
The keyword we searched in the GEO database was “psoriasis”. Cell line or animal level studies and 
single-sample studies were excluded. Five datasets GSE13355, GSE66511, GSE145054, GSE142582, and 
GSE129373 were involved in this study (Table 1). All data were derived from skin samples. GSE13355 
and GSE66511 were mRNA data from GPL570 and GPL16288 platform, respectively. GSE145054, 
GSE142582, and GSE129373 were miRNA data from GPL19117, GPL20301, and GPL11154, respectively. 
The gene expression matrix files in GSE13355 and GSE145054 were downloaded. The GPL annotation 
file was used to annotate the expression matrix. The probe ID was converted to the gene symbol. 
Multiple probes correspond to the same gene, taking the average value. The probe that corresponds to 
multiple genes was removed. The original data of gene expression profile in GSE66511, GSE142582, and 
GSE129373 were downloaded, and performed by logarithm processing. Then, the combat function in 
“sva” R package was used to remove batch effects.

Differential expression analysis
After the above pretreatment, differentially expressed mRNAs (DEmRNAs) and differentially expressed 
miRNAs (DEmiRNAs) were screened out by limma R package[24]. DEmRNAs screening criteria were 
adjusted P (adj. P) value < 0.01 and |logFoldChange| (|logFC|) > 1. DEmiRNAs screening criteria 
were adj. P value < 0.01 and |logFC| > 1.5.

Functional enrichment analysis
To investigate the possible involvement of DEmRNAs in the biological processes related to psoriasis, we 
performed Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomics (KEGG) functional 
enrichment analyses. David database was used for the enrichment analysis of DEmRNAs[25], and the 
screening criterion was P < 0.05. GO enrichment analysis, which is comprised of biological processes 
(BP), cellular components (CC), and molecular functions (MF). The “GOplot” R package was used to 
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Table 1 Details of five datasets

GEO ID Samples, Normal:Case Platforms Author Type Source

GSE13355 64:58 GPL570 Gudjonsson JE mRNA Skin

GSE66511 12:12 GPL12688 Keermann M mRNA Skin

GSE145054 4:4 GPL19117 Mildner M miRNA Skin

GSE142582 5:5 GPL20301 Yu Z miRNA Skin

GSE129373 9:9 GPL11154 Srivastava A miRNA Skin

visualize the enrichment results.

Construction of weighted gene co-expression network 
The “WGCNA” R package was used to analyze the co-expression network of all miRNAs. To detect 
outliers, the “hclust” function was used to cluster the sample data. Subsequently, to construct a scale-
free topology, the “pickSoftThreshold” function was used to select an appropriate soft threshold power 
regulator (height 0.90, β value 2). Calculate the adjacency matrix based on the kernel value. The 
adjacency matrix was transformed into topological overlap matrix (TOM) and corresponding dissim-
ilarity matrix (1-TOM). Genes with similar expression patterns were gathered together, and modules 
were divided according to the function of “cutreeDynamic” with default parameters. Since the modules 
identified by the dynamic tree cutting algorithm may be similar, they are combined with a truncation of 
0.25 height[26].

Hub modules and miRNAs
To identify the important modules associated with psoriasis, the module eigengene (ME) of each 
module was calculated using the “moduleEigengenes” function. Then, the correlation between ME and 
psoriasis was analyzed using Pearson method. Subsequently, the module with the highest correlation 
with psoriasis was identified as the hub module. According to module connectivity (MM) and clinical 
trait relationship (GS) of each gene in the hub module, the candidate hub miRNAs were screened out
[27]. The screening criteria were MM > 0.8 and GS > 0.5. Finally, the intersection of candidate hub 
miRNAs and DEmiRNAs were selected as real hub miRNAs.

MiRNA-mRNA network
To explore the correlation between miRNA and mRNA, we constructed a miRNA-mRNA regulatory 
network. Target mRNAs of miRNAs were predicted using miRDB (http://mirdb.org) database. 
MiRNA-mRNA pairs involved in common DEmRNA and negatively regulated were selected to 
construct the network. Cytoscape (www.cytoscape.org/) was used to visualize the miRNA-mRNA 
regulatory network.

In vitro validation
We collected skin tissue samples from healthy control individuals and patients with psoriasis. Basic 
information (including age, sex, etc) of patients and healthy controls were recorded in detail during 
sample collection (Table 2). The specific inclusion criteria of patients with psoriasis: (1) Patients had at 
least one well-circumscribed erythematous and squamous lesion, which had been confirmed by at least 
two dermatologists; (2) Patient’s pathological tissues were confirmed by clinical histopathology; (3) 
Patients had no systemic anti-psoriatic treatment 2 wk before the skin biopsy; and (4) Patients had no 
topical anti-psoriatic treatment 1 wk before the skin biopsy. Patients with psoriasis who were treated 
with immune-related drugs before sampling and whose clinical information was incomplete were 
excluded. The individuals in the normal control group were sex and age matched with the psoriasis 
group, and without history of psoriasis or other autoimmune diseases.

According to screening criteria, 7 normal and 7 patient skin tissue samples were obtained. Firstly, 
total RNA of the samples was extracted using TRIzol. Then, fastKing cDNA first strand synthesis kit 
and miRNA first strand cDNA synthesis kit (Tailing Reaction) were used for mRNA and miRNA 
reverse transcription, respectively. Subsequently, SuperReal PreMix Plus (SYBR Green) and miRNA 
quantitative PCR kit (SYBR Green Method) were used to perform real-time polymerase chain reaction 
(RT-PCR) validation of mRNA and miRNA, respectively. GAPDH, ACTB, and hsa-U6 were internal 
reference. ABI7300 fluorescence quantitative PCR instrument was used for detection. Finally, the 2-ΔΔCt 
method was used for relative quantitative analysis of the data[28]. This study complied with the 
Declaration of Helsinki. Informed consent was obtained from the participants. All experimental 
procedures were approved by the ethics committee of Chinese PLA General Hospital, No. S2021-012-01.

http://mirdb.org
http://www.cytoscape.org/
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Table 2 Clinical information of healthy control individuals and patients with psoriasis in vitro validation

Group Sample 
number

Sampling 
location Sex Age Height, 

cm

Body 
weight, 
kg

BMI Smoking Drinking History of 
ASCVD

History of 
hypertension 

History of 
hyperlipidemia

History of 
diabetes 

Psoriatic 
arthritis

Severity 
index, PASI

Whether to 
collect non-
lesion parts

C1 Right forearm 
extension side

Female 47 158 54 21.6 No No No No No No

C2 Right sole of 
the foot

Male 60 178 70 22.1 Yes Yes No No No No

C3 Left sole of the 
foot

Male 59 183 81 24.2 No No No No No No

C4 Left armpit Female 27 160 52 20.3 No Yes No No No No

C7 Left forearm 
extension side

Female 18 160 50 19.5 No No No No No No

C9 Right shoulder Female 27 161 62 23.9 No No No No No No

Normal 
control 
group

C11 Right calf Female 60 156 55 22.6 No No No No No No

E2-2 Right forearm Male 19 177 58 18.5 No No No No No No No 10.5 Yes

E3-2 Back Female 58 157 58 23.5 No No No No Yes No No 8 Yes

E5-2 Left calf 
stretched side

Male 55 176 68 22 No No No Yes No Yes No 13.4 Yes

E6-2 Outer left thigh Female 44 166 67 24.3 No No No No No No No 11.9 Yes

E7-2 Right thigh 
internal test

Male 62 170 66 22.8 Yes No No No No No No 8.6 Yes

E8-2 Right forearm 
extension side

Male 48 170 58 20.1 Yes No No No No No No 15.4 Yes

Psoriasis 
group

E10-2 Back Male 18 172 60 20.3 Yes No No No No No No 22.2 Yes

ASCVD: Arteriosclerotic cardiovascular disease; BMI: Body mass index.

Statistical analysis
All statistical analyses were performed using R software. Limma R package was used to screen for 
DEmRNAs and DEmiRNAs. Pearson’s method was used to analyze the correlation between ME and 
psoriasis. RT-PCR validation data were statistically analyzed by one-way ANOVA. P < 0.05 was statist-
ically significant.
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Figure 1 Removal of data batch effect. A: Ven diagram of batch effect of mRNA; B: Boxplot of batch effect of mRNA; C: Ven diagram of batch effect of miRNA; 
D: Boxplot of batch effect of miRNA.

RESULTS
Analysis of DEmRNAs and DEmiRNAs
After pretreatment of the raw data, 15780 mRNAs and 837 miRNAs were screened out (Figure 1). 
Compared with the control group, 639 DEmRNAs were identified in the psoriasis group (adj. P value < 
0.01 and |logFC| > 1). Among them, 497 were up-regulated and 142 were down-regulated. Compared 
with the control group, 84 DEmiRNAs were identified in the psoriasis group (adj. P value < 0.01 and 
|logFC| > 1.5). Among them, 70 were up-regulated and 14 were down-regulated. Heat maps showed 
that there were significant differences of mRNA (Figure 2A) and miRNA (Figure 2B) expression 
between psoriasis group and control group. The volcano maps of DEmRNAs and DEmiRNAs were 
shown in Figure 2C and D.

Analysis of biological functional 
Functional analysis of 639 DEmRNAs was performed using David database (P < 0.05). GO enrichment 
results showed that most of the DEmRNAs were distributed in inflammatory response (GO:BP), 
immune response (GO:BP), cytosol (GO:CC), extracellular exosome (GO:CC), protein homodimerization 
activity (GO:MF), and other biological functions (Figure 3A-C). KEGG enrichment results demonstrated 
that DEmRNAs were significantly enriched in metabolic pathways, influenza A, chemokine signaling 
pathway, and cytokine-cytokine receptor interaction (Figure 3D and Table 3).

WGCNA
WGCNA was performed on 837 miRNAs. The samples were clustered to remove abnormal samples 
(GSM3711960 and GSM3711959) (Figure 4A and B). After calculation, when the soft threshold β was 2, it 
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Table 3 Kyoto Encyclopedia of Genes and Genomics function enrichment of differentially expressed mRNAs

Category hsa Term Count P value Genes

KEGG_PATHWAY hsa03320 PPAR signaling 
pathway

14 3.07E-06 GK, MMP1, ADIPOQ, LPL, FADS2, ACADL, ACOX2, FABP5, FABP7, ACSBG1, 
PLIN1, ANGPTL4, SLC27A4, PPARD

KEGG_PATHWAY hsa05164 Influenza A 22 1.05E-05 NLRX1, RSAD2, DDX58, STAT1, TMPRSS4, MX1, MAPK13, PYCARD, CXCL10, 
SOCS3, OAS1, OAS2, IL-1B, OAS3, TNFSF10, IRF7, CCL2, PRSS3, KPNA2, 
PRSS2, MYD88, IRF9

KEGG_PATHWAY hsa05133 Pertussis 12 2.56E-04 PYCARD, C1QB, CASP7, NOS2, CALML5, IL-1B, IRF1, IRF8, CALML3, FOS, 
MYD88, MAPK13

KEGG_PATHWAY hsa05162 Measles 16 4.14E-04 DDX58, STAT1, MX1, CD3G, CD3D, OAS1, CCNE2, CCNE1, OAS2, IL-1B, OAS3, 
TNFSF10, IRF7, PRKCQ, MYD88, IRF9

KEGG_PATHWAY hsa04668 TNF signaling 
pathway

14 4.87E-04 MLKL, CCL20, CXCL1, FOS, NOD2, SELE, MMP9, MAPK13, CXCL10, SOCS3, 
CASP7, IL-1B, CCL2, JUNB

KEGG_PATHWAY hsa04062 Chemokine 
signaling pathway

19 7.44E-04 LYN, CXCL9, CCL22, STAT1, CCL20, CXCR4, CXCL1, CXCL13, CXCL10, HCK, 
CCL8, PLCB4, CXCR2, RAC2, CCL2, CCR7, CCL19, CCL18, CCL27

KEGG_PATHWAY hsa04060 Cytokine-cytokine 
receptor interaction

21 0.002838 CXCL9, IL20, IL4R, CCL22, CCL20, CXCR4, IL19, CXCL1, CXCL13, CXCL10, 
CCL8, IL-1B, CXCR2, TNFSF10, CCL2, CCR7, CCL19, IL7R, CCL18, CCL27, 
TNFRSF21

KEGG_PATHWAY hsa05160 Hepatitis C 14 0.003635 DDX58, STAT1, IFIT1, CLDN1, MAPK13, SOCS3, OAS1, OAS2, IRF1, OAS3, 
CLDN8, IRF7, CLDN17, IRF9

KEGG_PATHWAY hsa00590 Arachidonic acid 
metabolism

9 0.003655 PLA2G2F, HPGDS, GPX2, PLA2G4D, PLA2G2A, PLA2G3, ALOX12B, CYP2E1, 
CYP4F8

KEGG_PATHWAY hsa04110 Cell cycle 13 0.00555 BUB1B, TTK, CDC6, CDC25B, CCNA2, CDC20, CCNB2, CCNB1, CCNE2, PTTG1, 
CCNE1, CDK1, MAD2L1

KEGG_PATHWAY hsa05142 Chagas disease 
(American trypano-
somiasis)

11 0.011418 C1QB, GNA15, PLCB4, NOS2, IL-1B, CCL2, CD3G, FOS, CD3D, MYD88, 
MAPK13

KEGG_PATHWAY hsa04114 Oocyte meiosis 11 0.017478 CDC20, CCNB2, CCNB1, PTTG1, CALML5, CCNE2, CCNE1, CDK1, CALML3, 
MAD2L1, AURKA

KEGG_PATHWAY hsa00592 Alpha-Linolenic 
acid metabolism

5 0.018996 PLA2G2F, FADS2, PLA2G4D, PLA2G2A, PLA2G3

KEGG_PATHWAY hsa05168 Herpes simplex 
infection

15 0.020979 DDX58, STAT1, TAP1, FOS, IFIT1, SOCS3, OAS1, OAS2, IL-1B, OAS3, IRF7, 
CDK1, CCL2, MYD88, IRF9

KEGG_PATHWAY hsa04380 Osteoclast differen-
tiation

12 0.021031 FOSL1, SOCS3, FCGR3B, STAT1, LCK, IL-1B, BLNK, ACP5, FOS, JUNB, IRF9, 
MAPK13

KEGG_PATHWAY hsa04064 NF-kappa B 
signaling pathway

9 0.028614 LYN, BCL2A1, DDX58, LCK, IL-1B, BLNK, PRKCQ, CCL19, MYD88

KEGG_PATHWAY hsa04621 NOD-like receptor 
signaling pathway

7 0.028679 PYCARD, IL-1B, CARD6, CCL2, CXCL1, NOD2, MAPK13

KEGG_PATHWAY hsa00591 Linoleic acid 
metabolism

5 0.031316 PLA2G2F, PLA2G4D, PLA2G2A, PLA2G3, CYP2E1

KEGG_PATHWAY hsa00120 Primary bile acid 
biosynthesis

4 0.031945 CYP39A1, CH25H, ACOX2, CYP7B1

KEGG_PATHWAY hsa00140 Steroid hormone 
biosynthesis

7 0.033377 SULT2B1, HSD11B1, STS, HSD3B1, HSD17B2, CYP2E1, CYP7B1

KEGG_PATHWAY hsa01100 Metabolic pathways 64 0.037857 ST6GALNAC1, GDA, GLDC, PIK3C2G, PYGL, HK2, SMPD3, IL4I1, HPGDS, PNP, 
ACADL, SPTLC2, KYNU, NAMPT, LIPG, HYAL4, PGM2, TK1, UPP1, AASS, 
PLA2G4D, ARG1, GPT2, AMPD3, NME1, ALDH3A1, PLCB4, ACOX2, CMPK2, 
ACSBG1, CYP2E1, IDO1, PLA2G3, ALOX12B, FUT2, CYP2C18, FUT1, FUT3, 
TYMP, HSD11B1, UGCG, RDH12, HSD17B2, RDH16, ATP6V0A4, XDH, HAO2, 
PLA2G2F, GALNT6, RRM2, GK, GCH1, NOS2, PLA2G2A, HSD3B1, CYP4F8, 
ALDH4A1, SQLE, HAL, AKR1B10, DHRS9, POLE2, POLR3G, HPSE

KEGG_PATHWAY hsa05143 African trypanoso-
miasis

5 0.047416 PLCB4, IL-1B, SELE, MYD88, IDO1

was approximately a scale-free topology (Figure 4C). After determining the soft threshold, the cluster 
tree graph was constructed. Subsequently, with the minimum number of genes for modules set to 20, 
the modules with dissimilarity < 25% merged using the dynamic tree cutting method. Finally, 6 
modules were determined (Figure 4D).
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Figure 2 Identification of differentially expressed mRNAs and differentially expressed miRNAs. A: Heat map of top 100 differentially expressed 
mRNAs (DEmRNAs). Complete�linkage method combined with Euclidean distance was used to construct clustering; B: Heat map of differentially expressed miRNAs 
(DEmiRNAs); C: Volcano map of DEmRNAs. Blue, red, and gray points represent down-expressed, up-expressed, and not DEmRNAs, respectively; D: Volcano map 
of DEmiRNAs.

Uncovering of hub modules and miRNAs
The correlation between modules and psoriasis was analyzed by Pearson’s method. The results showed 
that turquoise module had the highest correlation with psoriasis (r = 0.96) (Figure 5A). Therefore, 
turquoise module was considered the hub module. Subsequently, 21 miRNAs were screened out from 
the turquoise module as candidate hub miRNAs (MM > 0.8 and GS > 0.5) (Figure 5B). Intersection of 
DEmiRNAs and candidate hub miRNAs was obtained (Figure 5C). Ten intersecting miRNAs were 
identified as real hub miRNA. Among them, 5 hub miRNAs were up-regulated (hsa-miR-21-3p, hsa-
miR-21-5p, hsa-miR-31-5p, hsa-miR-18a-5p, and hsa-miR-33b-3p) and 5 hub miRNAs were down-
regulated (hsa-miR-181a-2-3p, hsa-miR-181a-5p, hsa-miR-6510-3p, hsa-miR-30a-3p, and hsa-miR-30c-2-
3p).

MiRNA-mRNA regulatory network
Target mRNAs of 10 hub miRNAs were predicted using miRDB database, but only 8 hub miRNAs (4 
up-regulated and 4 down-regulated) were predicted to the corresponding target mRNAs. Eleven target 
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Figure 3 Gene Ontology and Kyoto Encyclopedia of Genes and Genomics analysis of differentially expressed mRNAs. A: Biological 
processes terms were enriched of differentially expressed mRNAs (DEmRNAs) by Gene Ontology (GO) function analysis; B: Cellular components terms were 
enriched of DEmRNAs by GO function analysis; C: Molecular functions terms were enriched of DEmRNAs by GO function analysis; D: Kyoto Encyclopedia of Genes 
and Genomics enrichment of DEmRNAs.

mRNAs of up-regulated hub miRNAs (hsa-miR-21-3p, hsa-miR-21-5p, hsa-miR-18a-5p, and hsa-miR-
33b-3p) were matched with DEmRNAs, and 72 target mRNAs of down-regulated hub miRNAs (hsa-
miR-181a-2-3p, hsa-miR-181a-5p, hsa-miR-30a-3p, and hsa-miR-30c-2-3p) were matched with 
DEmRNAs. Ninety-seven negatively regulated miRNA-mRNAs were involved in the miRNA-mRNA 
regulatory network (Figure 6); for example, hsa-miR-21-3p/hsa-miR-18a-5p-F3, hsa-miR-21-5p-claudin 8 
(CLDN8), hsa-miR-33b-3p-PLCB4, hsa-miR-30a-3p-IL-1B, hsa-miR-181a-5p-C-C motif chemokine ligand 
8 (CCL8), hsa-miR-181a-5p/hsa-miR-30c-2-3p-C-X-C motif chemokine ligand 9 (CXCL9), and hsa-miR-
30c-2-3p-KYNU.

Functional enrichment of target DEmRNAs
Functional analysis of 83 target DEmRNAs was performed using David database (P < 0.05). GO 
enrichment results demonstrated that most of the target DEmRNAs were distributed in signal 
transduction (GO:BP), immune response (GO:BP), integral component of membrane (GO:CC), plasma 
membrane (GO:CC), ATP binding (GO:MF), and other biological functions (Figure 7A-C). KEGG 
enrichment results demonstrated that the target DEmRNAs were significantly enriched in influenza A, 
hepatitis C, measles, and chemokine signaling pathway (Figure 7D and Table 4).
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Figure 4 Construction of weighted gene co-expression network. A: Sample screening dendrogram; B: Sample dendrogram and trait heat map; C: Scale-
free fit index of different soft threshold power (β) and mean connectivity of various soft threshold power; D: The cluster dendrogram of the miRNAs. Each branch 
represents one gene, and every color below represents one module.

RT-PCR validation
IL-1B, CXCL9, CLDN8, CCL8, hsa-miR-181a-5p, hsa-miR-30a-3p, and hsa-miR-21-5p related to psoriasis 
were selected from hub miRNAs and target DEmRNAs for in vitro validation. Primers for each mRNAs 
and miRNAs were shown in Table 5. IL-1B, CXCL9 and CCL8 were up-regulated and CLDN8 and hsa-
miR-181a-5p were down-regulated in psoriasis tissues (Figure 8). Among them, IL-1B, CXCL9, and 
CLDN8 showed significant difference in expression levels. In addition, we found that expression trends 
of hsa-miR-30a-3p and hsa-miR-21-5p were contrary to the results of bioinformatics analysis. The reason 
for the inconsistency between RT-PCR and bioinformatics analysis results may be the small sample size. 
Further research is needed.
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Table 4 Kyoto Encyclopedia of Genes and Genomics function enrichment of target differentially expressed mRNAs

Category hsa Term Count P value Genes

KEGG_PATHWAY hsa05164 Influenza A 6 0.002804 STAT1, OAS2, IL-1B, OAS3, TNFSF10, MAPK13

KEGG_PATHWAY hsa05160 Hepatitis C 5 0.006506 STAT1, OAS2, CLDN8, OAS3, MAPK13

KEGG_PATHWAY hsa05162 Measles 5 0.006506 STAT1, OAS2, IL-1B, OAS3, TNFSF10

KEGG_PATHWAY hsa04062 Chemokine signaling pathway 5 0.020355 CXCL9, CCL8, PLCB4, CCL22, STAT1

KEGG_PATHWAY hsa04620 Toll-like receptor signaling pathway 4 0.021751 CXCL9, STAT1, IL-1B, MAPK13

KEGG_PATHWAY hsa04060 Cytokine-cytokine receptor interaction 5 0.047526 CXCL9, CCL8, CCL22, IL-1B, TNFSF10

Table 5 Primer sequence in the real-time polymerase chain reaction

Primer name Primer sequence, 5’ to 3’

GAPDH-F (internal reference) 5-GGAGCGAGATCCCTCCAAAAT-3

GAPDH-R (internal reference) 5-GGCTGTTGTCATACTTCTCATGG-3

ACTB-F (internal reference) 5-CATGTACGTTGCTATCCAGGC-3

ACTB-R (internal reference) 5-CTCCTTAATGTCACGCACGAT-3

IL-1B-F 5-TTCGACACATGGGATAACGAGG-3

IL-1B-R 5-TTTTTGCTGTGAGTCCCGGAG-3

CXCL9-F 5-CCAGTAGTGAGAAAGGGTCGC-3

CXCL9-R 5-AGGGCTTGGGGCAAATTGTT-3

CCL8-F 5-TGGAGAGCTACACAAGAATCACC-3

CCL8-R 5-TGGTCCAGATGCTTCATGGAA-3

CLDN8-F 5-CTACAGGCAGCCAGAGGACT-3

CLDN8-R 5-ACAGGGATGAGCACCACCAT-3

hsa-U6 (internal reference)

hsa-miR-30a-3p 5-CTTTCAGTCGGATGTTTGCAGC-3

hsa-miR-181a-5p 5-AACATTCAACGCTGTCGGTGAGT-3

hsa-miR-21-5p 5-TAGCTTATCAGACTGATGTTGA-3

DISCUSSION
Although psoriasis is widespread and has significant negative impact on patients’ quality of life, it has 
not yet been fully diagnosed and treated. In the research, we used the WGCNA method to identify 10 
hub miRNAs that may be related to the pathogenesis of psoriasis. Then, target mRNAs of hub miRNAs 
were predicted by using miRDB database. Only 8 hub miRNAs were predicted to the corresponding 
target mRNAs. Subsequently, to understand the key biological functions involved in DEmRNAs and 
target DEmRNAs, we performed GO and KEGG functional analysis. Results demonstrated that they 
were significantly enriched in immune-related biological functions, for example, immune response, cell 
chemotaxis, and chemokine signaling pathway.

Hsa-miR-21-5p is abnormally expressed in psoriasis, but the specific molecular mechanism remains 
unclear[29]. In this study, results demonstrated that hsa-miR-21-5p expression was up-regulated and 
negatively regulated with CLDN8. CLDN8 is down-regulated in psoriasis and has an important 
molecular regulatory role[30]. CLDN8 has also been identified as a key downstream component of the 
IL-9 and IL-23 inflammatory cascade[31,32]. In addition, KEGG functional enrichment analysis showed 
that CLDN8 was enriched in hepatitis C. Cohen et al[33] found that psoriasis is associated with hepatitis 
C[33]. Cathelicidin, toll like receptor 9 (TLR9), IFN-γ, and TNF-α are inflammatory cytokines. Hepatitis 
C may increase susceptibility to psoriasis by up-regulating these inflammatory factors[34,35]. Thus, we 
hypothesized that hsa-miR-21-5p may play a vital regulatory role in hepatitis C through regulating 
CLDN8 and, thus, affect the pathogenesis of psoriasis.

Hsa-miR-30a-3p can affect the migration and proliferation of cancer cells by targeting related genes
[36,37]. Hsa-miR-30a-3p is also contacted with platelet apoptosis and adhesion in immune thrombocyt-



Shu X et al. Key molecules and pathways of psoriasis

WJCC https://www.wjgnet.com 5976 June 26, 2022 Volume 10 Issue 18

Figure 5  Hub module and hub miRNAs. A: Heat map of the correlation between module eigengene and psoriasis. The correlation between turquoise module 
and psoriasis was highest; B: Scatter plot of miRNAs in the turquoise module. MiRNAs with module connectivity > 0.8 and clinical trait relationship > 0.5 were 
selected as candidate hub miRNAs; C: The 10 intersecting miRNAs were identified as real hub miRNAs.

openia[38]. However, we have not found any report about hsa-miR-30a-3p in psoriasis. In this study, we 
found that hsa-miR-30a-3p was up-regulated and negatively regulated with multiple DEmRNAs in 
psoriasis. It may play a vital regulatory role in psoriasis by targeting these DEmRNAs. We found the 
pro-inflammatory factor IL-1B in target DEmRNAs of hsa-miR-30a-3p. IL-1B has been found to play an 
important role in autoimmune or autoinflammatory conditions[39]. IL-1B is abundant in the tissue fluid 
of psoriasis and participates in the disease progression through dual effects[40]. First, it induces insulin 
resistance through p38 mitogen-activated protein kinase (p38MAPK), preventing insulin-dependent 
differentiation of keratinocytes, while IL-1B promotes keratinocyte proliferation, both hallmarks of 
psoriasis. Through KEGG functional enrichment analysis, we also found that IL-1B participates in 
multiple signal pathways, for example, measles, toll-like receptor signaling pathway, and cytokine-
cytokine receptor interaction. Measles can relieve psoriasis through an immunosuppressive effect[41]. 
Toll-like receptor signaling pathway play an important role in psoriasis by affecting keratinocyte 
production[42]. The cytokine-cytokine receptor interaction is related to the occurrence and progression 
of psoriasis through combined transcriptomic analysis[43], which is consistent with our analysis. Thus, 
we hypothesized that hsa-miR-30a-3p may play a vital molecular role in the progression of psoriasis by 
targeting DEmRNAs to regulate multiple biological signaling pathways.

Hsa-miR-181a-5p is involved in the catabolic pathway of chondrocytes and oxidative stress in 
osteoarthritis[44]. Hsa-miR-181a-5p can also regulate the pathogenesis of sepsis-related inflammation 
through CRNDE/hsa-miR-181a-5p/TLR4 pathway[45]. In a case-control study, hsa-miR-181a-5p was 
significantly down-regulated in psoriasis[29]. The miRNA-mRNA regulatory network results 
demonstrated that hsa-miR-181a-5p was negatively regulated with multiple DEmRNAs. Among these 
DEmRNAs, we found inflammatory mediators CXCL9 and CCL8. CXCL9 is an important chemokine 
involved in T cell recruitment and is up-regulated in the plasma of patients with psoriasis[46,47]. 
Increased CXCL9 expression can aggravate the progression of psoriasis[48]. CXCL9 and hsa-miR-30c-2-
3p were also negatively regulated in the miRNA-mRNA regulatory network. Oncology studies have 
shown that hsa-miR-30c-2-3p play a vital role in tumor pathogenesis by regulating the proliferation, 
apoptosis, migration, and invasion of cancer cells[49,50]. So far, we have not found any studies on hsa-
miR-30c-2-3p in psoriasis. This article may be the first to report that hsa-miR-30c-2-3p plays a role in the 
pathogenesis of psoriasis. As a chemokine, CCL8 is involved in immune regulation and inflammatory 
processes in a variety of diseases[51-53]. Although no relevant studies on CCL8 have been found in 
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Figure 6 Regulatory network of miRNA-mRNA. Red, yellow, oval, and V-shaped represent up-regulated, down-regulated, differentially expressed mRNAs, 
and hub differentially expressed miRNAs, respectively.

psoriasis, the expression of CCL8 is up-regulated in atopic dermatitis[54]. In addition, CXCL9 and CCL8 
were found to be enriched in chemokine signaling pathway and cytokine-cytokine receptor interaction 
by functional analysis. Therefore, this further suggests that hsa-miR-181a-5p and hsa-miR-30c-2-3p may 
play a regulatory role in psoriasis by targeting DEmRNAs to mediate multiple biological signaling 
pathways.

Current research results highlighted that silencing hsa-miR-181a-2-3p could enhance cadmium-
induced inflammatory response and activation of inflammasome[55]. In the research, we found that hsa-
miR-181a-2-3p was negatively regulated with multiple DEmRNAs. Among these DEmRNAs, OAS3 was 
found to be involved in hepatitis C and measles in KEGG functional enrichment. Some researchers have 
found that the OAS3 is concerned with the occurrence and progression of psoriasis through 
transcriptomic analysis, which is consistent with our analysis[56,57]. Thus, we hypothesized that hsa-
miR-181a-2-3p may play a regulatory role in the progression of psoriasis by targeting OAS3 to mediate 
hepatitis C and measles. This provides potential molecular research directions for further research on 
the pathogenesis of psoriasis.

The expression of hsa-miR-21-3p in psoriasis was significantly increased[58]. Moreover, hsa-miR-21-
3p plays a pro-inflammatory role in keratinocytes, and high expression in the skin is concerned with 
psoriasis[59]. So far, we have not found relevant reports about hsa-miR-18a-5p in psoriasis. However, 
hsa-miR-18a-5p promotes the proliferation and migration of pulmonary smooth muscle cells by 
targeting notch receptor 2[60]. Oncology studies have shown that hsa-miR-18a-5p promotes melanoma 
cell proliferation by targeting EPH receptor A7 signaling[61]. Hsa-miR-18a-5p can affect keratinocytes 
apoptosis by targeting B-cell lymphoma/leukemia-2-like protein 10 in patients with toxic epidermal 
necrolysis and is related to the skin erythema or erosion area of drug eruptions[62]. The miRNA-mRNA 
regulatory network regulatory network result demonstrates that hsa-miR-21-3p and hsa-miR-18a-5p 
jointly negatively regulate coagulation factor III, tissue factor (F3). This finding provides new research 
ideas for the pathogenesis of psoriasis in the future.

Results of previous studies demonstrate that down-regulation of interleukin 1 receptor associated 
kinase 3 by hsa-miR-33b-3p can alleviate the inflammation and apoptosis induced by IL-1B in CHON-
001 cells[63]. As a key miRNA of major depression disorder and Kawasaki disease, hsa-miR-33b-3p play 
an important role in their pathogenesis[64,65]. Hsa-miR-33b-3p has also been reported in cancer[66]. In 
the miRNA-mRNA regulatory network, phospholipase C beta 4 (PLCB4) is the only negatively 
regulated target DEmRNA of hsa-miR-33b-3p. Neutrophils are an important part of the innate immune 
system and an early line of defense against microbial invasion. PLCB4 can regulate the number of 
neutrophils[67]. In addition, KEGG functional analysis result demonstrated that PLCB4 was enriched in 
chemokine signaling pathway. Thus, we hypothesized that hsa-miR-33b-3p may play a vital molecular 
role in psoriasis by targeting PLCB4 to regulate chemokine signaling pathway.
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Figure 7 Gene Ontology and Kyoto Encyclopedia of Genes and Genomics analysis of target differentially expressed mRNAs. A: biological 
processes terms were enriched of target differentially expressed mRNAs (DEmRNAs) by Gene Ontology (GO) function analysis; B: Cellular components terms were 
enriched of target DEmRNAs by GO function analysis; C: Molecular functions terms were enriched of target DEmRNAs by GO function analysis; D: Kyoto 
Encyclopedia of Genes and Genomics enrichment of target DEmRNAs.

This study has some limitations. First, sample size of in vitro validation was small, leading to a certain 
degree of error between RT-PCR validation results and bioinformatics analysis results. Further studies 
with a larger sample size are needed. Secondly, the specific regulatory mechanism of the identified 
genes and signaling pathways in psoriasis remain unclear, so further research is needed.

CONCLUSION
In conclusion, identification of potential key molecular markers and signaling pathways provides 
potential molecular research directions for further understanding the pathological mechanisms of 
psoriasis. This may also provide new research ideas for the prevention and treatment of psoriasis in the 
future.
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Figure 8 Real-time polymerase chain reaction validation. A: Interleukin-1β; B: C-X-C motif chemokine ligand 9; C: C-C motif chemokine ligand 8; D: 
Claudin 8; E: hsa-miR-181a-5p; F: hsa-miR-21-5p; G: hsa-miR-30a-3p. aP < 0.05, P < 0.05 was considered significant.

ARTICLE HIGHLIGHTS
Research background
Previous studies have found that microRNAs (miRNAs) play an important regulatory role in the 
progression of various diseases. Currently, miRNAs studies in psoriasis and dermatology are relatively 
new.

Research motivation
Although psoriasis is widespread and has significant negative impact on patients’ life quality, it has not 
yet been fully diagnosed and treated.

Research objectives
Identification of key miRNAs in psoriasis is helpful to elucidate the molecular mechanism of psoriasis.

Research methods
Differentially expressed mRNAs (DEmRNAs) and differentially expressed miRNAs were screened out 
by limma R package. DEmRNAs were analyzed for Gene Ontology and Kyoto Encyclopedia of Genes 
and Genomics functional enrichment. The “Weighted gene co-expression network analysis (WGCNA)” 
R package was used to analyze the co-expression network of all miRNAs. We constructed miRNA-
mRNA regulatory networks based on identified hub miRNAs.

Research results
We identified a large number of DEmRNAs and screened possible signaling pathways related to 
psoriasis, for example, toll-like receptor signaling pathway, cytokine-cytokine receptor interaction, and 
chemokine signaling pathway. Ten hub miRNAs were identified by WGCNA. Eight hub miRNAs 
predicted the corresponding target mRNAs. Ninety-seven negatively regulated miRNA-mRNA pairs 
were involved in the miRNA-mRNA regulatory network, for example, hsa-miR-21-5p-CLDN8, hsa-miR-
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30a-3p-IL-1B and hsa-miR-181a-5p/hsa-miR-30c-2-3p-CXCL9.

Research conclusions
The identification of potential key molecular markers and signaling pathways provides potential 
research directions for further understanding the molecular mechanisms of psoriasis.

Research perspectives
This study provide new research ideas for the prevention and treatment of psoriasis in the future.
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Abstract
BACKGROUND 
Many factors have an aberrant effect on the overall survival of lung cancer (LC) 
patients. In recent years, remarkable progress has been made in immunotherapy, 
targeted treatment, and promising biomarkers. However, the available treatments 
and diagnostic methods are not specific for all patients.

AIM 
To establish a system for predicting poor survival in patients with LC.

METHODS 
The expression matrix and clinical information for this study were obtained from 
The Cancer Genome Atlas and Gene Expression Omnibus databases. After the 
differential analysis of all screened genes, weighted gene coexpression network 
analysis was performed to analyze hub genes related to patient survival. A 
logistic regression model was used to construct the scoring system. The 
expression of the hub genes was verified by performing quantitative reverse 
transcription-polymerase chain reaction.

RESULTS 
A total of 5007 differentially expressed genes were selected for the Weighted Gene 
Co-expression Network Analysis algorithm. We found that the turquoise module 
showed the highest correlation with patient prognosis. The gene module with the 
greatest positive correlation with patient survival was located in the turquoise 
area. The Gene Ontology and Kyoto Encyclopedia of Genes and Genomes 
analyses performed for the genes contained in the turquoise module indicated the 
potential roles of the selected genes in the regulation of LC development. In 
addition, protein–protein interaction analysis was performed to screen hub genes, 
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which identified 100 hub genes located in the core area of the network. We then intersected the 100 
hub genes with 75 key genes sorted by module members to identify real hub genes associated with 
prognosis. Forty-one genes were finally selected. We then used a logistic regression model to 
determine 11 independent risk genes, namely CCNB2, CDC20, CENPO, FOXM1, HJURP, NEK2, 
OIP5, PLK1, PRC1, SKA1, UBE2C and SPARC.

CONCLUSION 
We constructed a predictive model based on 11 independent risk genes to establish a system 
predicting the survival status of patients with non-small-cell lung carcinoma.

Key Words: Lung cancer; Weighted Gene Co-expression Network Analysis; Hub genes; prognosis; Logistic 
regression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a bioinformatics-based study aimed at identifying a novel system for predicting overall 
survival in lung cancer patients. We constructed a predictive model using Weighted Gene Co-expression 
Network Analysis, protein-protein interaction network, and least absolute contraction and selection 
operator-logistic regression analysis. And the expression of hub genes was verified by polymerase chain 
reaction, immunohistochemistry in lung cancer cell lines, and patient samples.

Citation: Zhong C, Liang Y, Wang Q, Tan HW, Liang Y. Construction and validation of a novel prediction system 
for detection of overall survival in lung cancer patients. World J Clin Cases 2022; 10(18): 5984-6000
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/5984.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.5984

INTRODUCTION
Lung cancer (LC) is one of the most common malignant tumors and one of the leading causes of cancer-
related deaths worldwide. In 2012, the deaths caused by LC were approximately 1.6 million, accounting 
for 19% of the total global cancer deaths[1,2]. Despite advancement in its treatment, surgery is the 
primary therapy for patients with non-small-cell lung carcinoma. However, the overall survival rate of 
LC patients remains low.

Many factors have an aberrant effect on the overall survival of LC patients. The main reason is that 
patients who are diagnosed with advanced and metastasis LC cannot undergo radical surgery. 
Therefore, the development of more advanced diagnosis and predictive biomarkers is a promising 
direction for cancer diagnosis and treatment[3,4].

In recent years, remarkable progress has been made in immunotherapy, targeted treatment, and 
promising biomarkers. However, the available treatments and diagnostic methods are not specific for all 
patients[5]. A high recurrence rate is observed after such treatment because of the complexity of cancer. 
Identification of new diagnostic and therapeutic biomarkers for cancer treatment is urgent[6].

The development of high-throughput technology has made important contributions to the identi-
fication of a large number of target genes in various diseases[7]. At the same time, as an emerging cross-
discipline, bioinformatics analysis is widely used in the discovery of disease-related genes, new drug 
molecular targets, drug design, and functional analysis, which is helpful for the discovery of disease 
mechanisms[8]. Xie et al[9] performed bioinformatics analysis to analyze tumorigenesis-related genes 
and their target miRNAs in colon cancer, which facilitated the exploration of the potential targets for 
diagnosis, prognosis and treatment of colon carcinoma. Using RNA-Seq and bioinformatics methods, 
several key genes including ID1, ID3 and SMAD9 were identified in esophageal squamous cell 
carcinoma[10]. Many genes associated with LC progression and invasion have been identified by a 
combination of bioinformatics analysis and high-throughput sequencing[11-13].

The identification of differentially expressed genes (DEGs) has garnered considerable scientific 
attention. However, this method does not consider genes with similar expression patterns. Weighted 
Gene Co-expression Network Analysis (WGCNA) is a new algorithm that evaluates the correlation 
between gene modules and clinical features by constructing a scale-free gene coexpression network. In 
this study, we combined the WGCNA algorithm with DEGs to identify pivotal genes associated with 
clinicopathological characteristics and to provide insights into targeted therapy of LC.

https://www.wjgnet.com/2307-8960/full/v10/i18/5984.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.5984
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MATERIALS AND METHODS
Data collection
The clinical and expression data of LC patients were derived from the Gene Expression Omnibus (GEO) 
and The Cancer Genome Atlas (TCGA) databases (https://portal.gdc.cancer.gov/; http://www.
ncbi.nlm.nih.gov/geo/). GEO data contains two cohorts (GSE30129 and GSE50081). The sva package 
was used to normalize the Meta-GEO data. Next, we used the TCGA data (LogFC > 0.5, P < 0.05) to 
identify the DEGs and combined these DEGs with all GEO genes. Finally, 5007 genes were selected for 
the subsequent analyses.

Construction of WGCNA
WGCNA R package was used to analyze the coexpression networks. We determined the threshold of β 
= 5 to establish the optimal weighted network by Pearson’s correlational analysis. The adjacent matrix 
was transformed into a topological overlap measure matrix via topological overlapping dissimilarity to 
estimate its connectivity property in the network. We set the minimum number of module genes to 100, 
and the threshold for merging similar modules was set to 0.25. P < 0.05 was considered to indicate 
statistical significance. After the modules of interest were selected, the key genes were selected 
according to the gene signature (GS) and module membership (MM) of each module.

Gene Ontology and Kyoto Encyclopedia of Genes and Genomes analyses
The functional analysis of core genes was performed using the Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG). Through the R language clusterProfiler and ggplot2 
packages, several important pathways have been discovered so far. The cut-off criteria were defined as 
count > 2 and P < 0.05.

Protein–protein interaction network 
We employed the STRING database to analyze the interaction between the module genes and set the 
confidence score to ≥ 0.9. The Cytohubba plug-in of Cytoscape software (version 3.7.0) was used to 
identify the core genes in the network.

Construction of predictive model 
All patients were assigned to training and validation sets in the ratio of 6:4. The least absolute 
contraction and selection operator (LASSO) reduced the data dimensionality, and Cox regression 
analysis was applied to construct a patient prognostic evaluation model. The predictive efficacy of the 
model was evaluated by the receiver operating characteristic (ROC) curve. A nomogram was used to 
visualize the scoring system through the rms package in the R software.

Cell culture
A549 and H1299 LC cells, and human lung fibroblasts were purchased from the Cancer Cell Repository 
(Shanghai Cell Bank, Shanghai, China). The medium used for cell culture was 10% Dulbecco’s modified 
eagle’s medium (supplemented with fetal bovine serum and penicillin/streptomycin). The cells were 
cultured in an incubator under 5% CO2 at 37 ℃.

Quantitative real-time polymerase chain reaction
We use 1 mL TRIzol (Invitrogen, Grand Island, NY, United States) and 200 μL chloroform to extract the 
total RNA from 2 × 106 cells in LC cells. Total RNA was reverse transcribed into cDNA (TaKaRa Bio, 
Shiga, Japan). The cDNA, primers, and the SYBR Green PCR Master Mix (TOYOBO, Osaka, Japan) were 
quantitatively detected by PCR. The primer sequences of all genes are depicted in Table 1. The gene 
expression level was evaluated by the 2-ΔΔCt method. All experiments were repeated three times.

Statistical analyses
All data in this study were analyzed using GraphPad Prism 5 and R software. The data were expressed 
as mean ± SD. A two-tailed t test was applied for quantitative real-time polymerase chain reaction (qRT-
PCR) analysis among different groups. The results were considered to be significant at P < 0.05.

RESULTS
Identification of intersecting genes between GEO cohort and TCGA dataset
We screened DEGs based on the TCGA dataset by including 1037tumor/108normal samples. A total of 10 970 
DEGs were selected based on the criteria of P < 0.05 and |log 2 FC| > 1. The top 30 up- and downreg-
ulated genes are shown in Figure 1A. We then intersected DEGs of TCGA with all genes in the GEO 
dataset and found 5007 common genes for further WGCNA.

https://portal.gdc.cancer.gov/
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
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Table 1 Sequence of polymerase chain reaction primers used in this study

Gene Forward primer sequence (5’-3’) Reverse primer sequence (5’-3’)
CCNB2 CCGACGGTGTCCAGTGATTT TGTTGTTTTGGTGGGTTGAACT

CDC20 GCACAGTTCGCGTTCGAGA CTGGATTTGCCAGGAGTTCGG

CENPO AGTGAGCAGATCCCGTAAACA GGTTGGGTTCTACATTGGCAATA

FOXM1 CGTCGGCCACTGATTCTCAAA GGCAGGGGATCTCTTAGGTTC

HJURP CCACGCTGACCTACGAGAC CTCACCGCTTTTTGAATCGGC

GADPH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC

NEK2 TGCTTCGTGAACTGAAACATCC CCAGAGTCAACTGAGTCATCACT

OIP5 TGAGAGGGCGATTGACCAAG AGCACTGCGTGACACTGTG

PLK1 AAAGAGATCCCGGAGGTCCTA GGCTGCGGTGAATGGATATTTC

PRC1 ATCACCTTCGGGAAATATGGGA TCTTTCTGACAGACGGATATGCT

SKA1 CCTGAACCCGTAAAGAAGCCT TCATGTACGAAGGAACACCATTG

UBE2C GACCTGAGGTATAAGCTCTCGC TTACCCTGGGTGTCCACGTT

WGCNA 
To determine the roles of common DEGs associated with prognosis and other clinicopathological 
characteristics of LC patients, WGCNA was performed to construct a coexpression network. As shown 
in Figure 1B and C, the correlation coefficient was converted to the adjacent coefficient according to the 
optimal parameter (β = 5). Thereafter, highly correlated samples and delete discrete samples were 
clustered (Figure 1E). A threshold of 0.25 and a minimum gene number of 150 were considered to merge 
similar modules. Figure 1D shows eight modules that were finally selected on the basis of the filter 
criteria. The hierarchical clustering of module hub genes is shown in Figure 1F.

Identification of highly correlated modules
The topological overlap matrix plot (Figure 1G) indicated the correlation between the genes of the eight 
modules sorted using the clustering tree. The turquoise module showed a positive correlation of about 
0.31 with LC patient survival, followed by the green module (0.28) and yellow module (0.23) (Figure 2A 
and B). The turquoise module contained 1673 genes. We then selected 75 key genes from the turquoise 
module with MM > 0.8 (Figure 2C). Taken together, the turquoise module was finally selected for 
further analysis.

GO and KEGG analyses in modules
GO enrichment analysis experiments showed that the turquoise module genes mainly encoded for 
ATPase, helicase, 3′-5′ DNA helicase, DNA-dependent ATPase, DNA helicase, ATP-dependent DNA 
helicase, and ATP-dependent helicase and associated with the binding of many molecules including 
DNA replication origin, single-stranded DNA, and tubulin. KEGG analysis indicated that many 
signaling pathways involved in Fanconi anemia and the p53 signaling pathway were correlated with 
turquoise module genes. In addition, other important pathways such as metabolism of carbon, 
pyrimidine, cysteine, and methionine, cell cycle, and DNA repair were also found in the turquoise 
module. These results indicated that the mechanism that affects the survival of LC patients may be 
closely related to the molecular binding mechanism and several important signaling pathways 
(Figure 2D).

Establishment of protein–protein interaction networks and selection of module genes
To determine which cluster of genes in the turquoise module have a pivotal effect on the prognosis of 
LC, we constructed protein–protein interaction networks using the STRING database (Figure 3A) and 
Cytoscape software and found 100 hub genes located in the core area of the network (Figure 3B). We 
then intersected the 100 hub genes with 75 key genes sorted by MM to identify real hub genes associated 
with prognosis (Figure 3C).

Construction of the hub-genes-based scoring system
Subsequently, we performed a LASSO-logistic analysis of real hub genes to establish a prognostic 
evaluation model. Finally, 11 prognostic genes were selected in the predictive model in the training 
dataset, namely CCNB2, CDC20, CENPO, FOXM1, HJURP, NEK2, OIP5, PLK1, PRC1, SKA1, UBE2C and 
SPARC (Figure 4A). The risk score = 4.43 (Intercept) + CCNB2-expression × 0.552 + CDC20-expression × 
0.037  CENPO-expression × 0.287 + FOXM1-expression × 0.106 + HJURP-expression × 0.229 + NEK2-
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Figure 1 Identification of differentially expressed genes and Weighted Gene Co-expression Network Analysis. A: The differentially expressed 
genes analyzed in The Cancer Genome Atlas dataset. Top 30 upregulated and downregulated genes are shown; B and C: Soft-threshold power analysis revealed the 
scale-free fit index and the mean connectivity of network topology; D: Hierarchical cluster analysis of the coexpression module based on the dissimilarity 
measurement; E: Sample clustering based on expression data used to detect the outliers; F: Dendrogram of consensus module eigen genes. Groups of eigen genes 
below the red line merged owing to their similarity; G: The topological overlap matrix heatmap showing the overlap between the co-expression genes.

expression × 0.083  OIP5-expression × 0.020  PLK1-expression × 0.520 + PRC1-expression × 0.192  SKA1-
expression × 0.110 + UBE2C-expression × 0.263. Subsequently, we evaluated the reliability of the model 
by the ROC curve. The results showed that the area under the curve of the training set and test set were 
0.754 and 0.626, respectively (Figure 4B). Cox regression analysis showed that risk score was an 
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Figure 2 Identification of highly correlated gene modules by Weighted Gene Co-expression Network Analysis. A: Correlation between eight 
module genes and the clinical features. Turquoise module indicating a high correlation with the patient’s overall survival (P < 0.001, r = 0.31); B: Heatmap plot 
showing the adjacent modules and survival traits; C: The gene signature and module membership of turquoise and green modules; D: Significantly enriched Gene 
Ontology items and the Kyoto Encyclopedia of Genes and Genomes pathways in turquoise module with top 20 count number of genes shown.

independent risk factor for predicting the poor prognosis of LC patients (Figure 4C). To further evaluate 
the prognosis of LC, we constructed a nomogram based on risk factors (Figure 4D and E).

After the construction of the scoring system in the GEO dataset, we determined the effect of 11 genes 
in the TCGA dataset. As shown in Figure 5A, all genes were differentially expressed in LC patients 
compared with normal samples. Moreover, all genes were significantly correlated with patient 
prognosis except for CCNB2 and SKA1 (Figure 5B).

To validate the expression of the 11 hub genes, we performed an immunohistochemistry experiment 
obtained from the Protein Atlas database. Immunohistochemistry indicated that the protein levels of 
CDC20, FOXM1, HJURP, PRC1, UBE2C and CCNB2 were increased in the LC samples compared with 
the normal samples, whereas those of OIP5, PLK1 and SKA1 were decreased (Figure 5C). To explore the 
mRNA expression levels of these genes, we performed qRT-PCR analysis and found that the mRNA 
levels of CCNB2, CDC20, FOXM1, HJURP, NEK2, PRC1, SKA1 and UBE2C were increased in the LC cell 
lines, whereas those of CENPO, OIP5 and PLK1 was decreased (Figure 5D).

DISCUSSION
LC treatments include a combination of radical surgery, radiation therapy, chemotherapy, and precise 
targeted therapy[14]. Despite advancement in LC treatment and diagnosis, the 5-year overall survival 
rate remains low[15]. The main reason is that patients who are diagnosed with advanced and metastasis 
LC cannot undergo radical surgery. Therefore, more specific and sensitive biomarkers are needed to 
facilitate early diagnosis and prediction of overall survival.

Recently, several therapeutic targets and prognostic biomarkers have been identified using advanced 
high-throughput sequencing technology and integrative bioinformatics analysis. Previous studies have 
reported many prognostic biomarkers in LC by performing a combined analysis using TCGA and GEO 
datasets and validated by in vitro experiments. Sun et al[16] reported the role of C-type lectin domain 
family 3 member B (CLEC3B) in tumor progression, prognosis, and immune responses in LC by 
performing RNA-Seq and bioinformatics analysis; the expression and methylation of CLEC3B were also 
validated by qRT-PCR analysis. miRNA-144-3p, an important noncoding RNA, was identified and 
validated as an independent risk factor for LC prognosis by performing bioinformatics analysis and 
qRT-PCR[17]. However, because of the insufficient sample size, biological heterogeneity, and different 
statistical methods, highly effective genes are not found in clinical practice. Moreover, the prediction 
efficiency in tumor patients could be limited by simply using a single GS instead of a multi-GS. 
Therefore, more biological markers and more effective prediction models are required for the 
prevention and treatment of LC.
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Figure 3 Construction of the protein–protein interaction networks of turquoise module genes and the selected hub genes. A: Network of all 
turquoise module genes excluding the low connectivity genes; B: The cytohubba algorithm used to identify the top 100 hub genes located in the core area of the 
turquoise module; C: Venn diagram showing an overlap between the protein–protein interaction hub and gene signature/module membership-key genes in the 
turquoise module. A total of 41 real hub genes finally selected for further analyses.

In the present study, we initially detected DEGs based on the TCGA dataset and intersected these 
DEGs with all GEO cohort genes to obtain an expression profile. We used the WGCNA algorithm to 
identify core genes in GEO expression data and that were highly related to clinical features. WGCNA 
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Figure 4 Construction of a prognostic predictive model using real hub genes. A: Area under the curve measurement performed to select the optimal 
candidate genes for the scoring system construction; B: Receiver operating characteristic curve showing the prediction efficiency of the scoring system in the training, 
test, and all dataset; C: Risk-score served as an independent risk factor in predicting patients’ survival; D and E: Development of nomograms and calibration curves 
for prognosis in the total dataset.

classified eight modules and subsequently correlated the modules with clinical characteristics. In these 
modules, the turquoise module contained 1673 genes that showed the highest correlation with LC 
patient prognosis. We then performed GO enrichment and KEGG pathway analyses of the turquoise 
module genes and found that the function of these genes was mainly related to activation of enzymes 
including ATPase, helicase, 3′-5′ DNA helicase, DNA-dependent ATPase, DNA helicase, ATP-
dependent DNA helicase, and ATP-dependent helicase and binding of many molecules including DNA 
replication origin, single-stranded DNA, and tubulin and activation of signaling pathways involved in 
Fanconi anemia and p53 signaling pathway. Subsequently, we performed a protein–protein interaction 
network analysis of the genes contained in the yellow module and intersected the network hub genes 
with MM > 0.8. Forty-one genes were selected and subjected to LASSO-logistic regression. We finally 
identified 11 prognostic genes, namely CCNB2, CDC20, CENPO, FOXM1, HJURP, NEK2, OIP5, PLK1, 
PRC1, SKA1, UBE2C and SPARC. Among these genes, FOXM1 and PLK1 are the most studied genes in 
LC. FOXM1, an important family member of the FOX family, plays a pivotal role in a series of biological 
processes, including facilitating cell proliferation, differentiation, and organ development[18]. FOXM1 
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Figure 5 Expression and survival curve of 11 genes in The Cancer Genome Atlas dataset and the validation of the 11 genes’ expression 
by immunohistochemistry and quantitative real-time polymerase chain reaction analyses. A: Expression of 11 genes in The Cancer Genome Atlas 
(TCGA) dataset; B: Correlation of 11 genes and the survival rate in the TCGA dataset; C: Expression profile of 11 genes in tumor tissues obtained from the Protein 
Atlas database; D: Quantitative real-time polymerase chain reaction analysis indicating the expression of 11 genes in lung cancer cell lines when compared with that 
in normal lung bronchial cells. aP < 0.05, bP < 0.01.

level is significantly increased in LC cells and could be regulated by miR-216b, which promotes cancer 
progression and epithelial–mesenchymal transition in LC cells[19]. Moreover, FOXM1 could directly 
regulate the radiosensitivity of LC cells via interacting with KIF20A, suggesting that FOXM1 might be a 
novel therapeutic target for LC treatment. FOXM1 could also be regulated by other important 
molecules. The family with sequence similarity 188-member B is a member of the novel putative 
deubiquitinase family and directly binds to FOXM1, which promotes LC progression[20]. PLK1 is 
highly correlated with LC progression. PLK1 can target and regulate the transforming growth factor β 
signaling pathway, and then amplify its metastatic activity by positive feedback[20]. PLK1 is also 
regulated by long noncoding RNAs. For instance, miR-296-5p decreases the ability of cell invasion and 
migration by directly targeting PLK1 in LC cells[21]. However, other genes have not been actively 
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researched, especially with regard to the mechanism of progression in LC. Therefore, in-depth 
knowledge of these genes will help develop new biomarkers for early LC diagnosis and prediction of 
prognosis.

After the scoring system was constructed, we further evaluated the performance of the model in LC 
patients. The ROC curve showed that the model had an excellent predictive performance. In addition, 
the risk predictor of the model can be considered an independent risk factor for predicting LC 
prognosis. To conclude, this study showed the potential of prognostic genes in LC patients using 
WGCNA combined with the established predictive model. However, this study also had some 
limitations. Firstly, LC patients were from public databases, thus the number of samples was limited. In 
future studies, we will collect samples from our hospital to expand the sample size to validate the 
predictive model. Second, the molecular biological mechanism by which the hub gene affects the 
prognosis of patient needs to be further explored.

CONCLUSION
This study used the WGCNA algorithm to identify functional modules highly correlated with LC 
prognosis. After construction of the predictive model, we screened and validated 11 prognostic genes, 
which might be considered new therapeutic targets for the diagnosis and treatment of LC. This study 
also had some limitations. The mechanisms of the effect of the 11 prognostic genes on cancer 
progression need to be studied in the future.

ARTICLE HIGHLIGHTS
Research background
Many factors have an aberrant effect on the overall survival of lung cancer (LC) patients. In recent years, 
remarkable progress has been made in immunotherapy, targeted treatment, and promising biomarkers. 
However, the available treatments and diagnostic methods are not specific for all patients.

Research motivation
Identifying new diagnostic and therapeutic biomarkers for cancer treatment is urgent.

Research objectives
We aimed to establish a system for predicting poor survival in patients with LC.

Research methods
Weighted Gene Co-expression Network Analysis (WGCNA), functional enrichment analysis, 
quantitative real-time polymerase chain reaction, and other bioinformatics analysis were used in this 
study.

Research results
A total of 5007 differentially expressed genes were selected for the WGCNA algorithm. The turquoise 
module showed the highest correlation with patient prognosis. The gene module with the greatest 
positive correlation with patient survival was located in the turquoise area. Gene Ontology and Kyoto 
Encyclopedia of Genes and Genomes analyses performed for the genes contained in the turquoise 
module indicated the potential roles of the selected genes in the regulation of LC development. In 
addition, protein–protein interaction analysis was performed to screen hub genes, which identified 100 
hub genes located in the core area of the network. We intersected the 100 hub genes with 75 key genes 
sorted by module members to identify real hub genes associated with prognosis. Forty-one genes were 
finally selected. We used a logistic regression model to determine 11 independent risk genes, namely 
CCNB2, CDC20, CENPO, FOXM1, HJURP, NEK2, OIP5, PLK1, PRC1, SKA1, UBE2C and SPARC.

Research conclusions
We constructed a model based on 11 independent risk genes to establish a system to predict the survival 
status of patients with non-small-cell lung carcinoma.

Research perspectives
The new predictive model could play a role in overall survival.
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Abstract
BACKGROUND 
Thoracolumbar fractures are generally combined with spinal cord injury to 
varying degrees, which may cause deterioration of the patients' condition and 
increase the difficulty of clinical treatment. At present, anterior or combined 
anterior-posterior surgery is preferred for severe thoracolumbar fractures.

AIM 
To investigate the effectiveness and postoperative rehabilitation of one-stage 
combined anterior-posterior surgery for severe thoracolumbar fractures with 
spinal cord injury.

METHODS 
One-hundred-and-twenty patients who received surgery for severe 
thoracolumbar fractures with spinal cord injury at our hospital from February 
2018 to February 2020 were randomly enrolled. They were randomly divided into 
group 1 (one-stage combined anterior-posterior surgery, n = 60) and group 2 (one-
stage anterior-approach surgery, n = 60). Treatment efficacy was compared 
between the two groups.

RESULTS 
Blood loss was greater and the operation time was longer in group 1 than in 
group 2, and the differences were statistically significant (P < 0.05). Incision 
length, intraoperative X-rays, and length of hospital stay were not significantly 
different between the two groups (P > 0.05). Preoperative function of the affected 
vertebrae was not significantly different between the two groups (P > 0.05). In 
each group, the patients showed significant improvement after surgery. The 
anterior vertebral height ratio and the posterior vertebral height ratio in group 1 
after surgery were significantly higher than those in group 2. The Cobb angle after 
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surgery was significantly lower in group 1 than in group 2 (P < 0.05). The canal-occupying ratio of 
the affected vertebrae was not significantly different between the two groups (P > 0.05). Before 
surgery, there was no significant difference in the quality of life scores between the two groups (P 
> 0.05). The above indicators were significantly improved after surgery compared with before 
surgery in each group. In addition, these indicators were markedly better in group 1 than in group 
2 after surgery (P < 0.05 for each).

CONCLUSION 
One-stage combined anterior-posterior surgery effectively improves the function of the affected 
vertebrae and the life quality of patients with severe thoracolumbar fractures and spinal cord 
injury. This surgical approach is worthy of popularization in clinical use.

Key Words: Thoracolumbar fracture; Spinal cord injury; Combined anterior-posterior surgery; Postoperative 
rehabilitation; Quality of life

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: One-stage combined anterior-posterior surgery can effectively improve the function of affected 
vertebrae and the life quality of patients with severe thoracolumbar fractures and spinal cord injury. This 
surgical approach is worthy of popularization in clinical use. The one-stage combined anterior-posterior 
approach effectively restored the height of the affected vertebrae and corrected kyphosis. The one-stage 
combined anterior-posterior approach also allows for sufficient anterior decompression, and the simple 
anterior approach does not enable temporary fixation, auxiliary reduction, and three-column fixation 
according to Denis' three-column concept.

Citation: Zhang B, Wang JC, Jiang YZ, Song QP, An Y. Effectiveness and postoperative rehabilitation of one-stage 
combined anterior-posterior surgery for severe thoracolumbar fractures with spinal cord injury. World J Clin Cases 
2022; 10(18): 6001-6008
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6001.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6001

INTRODUCTION
Thoracolumbar fractures refer to fractures at the thoracolumbar spine, which are mainly featured by 
local thoracic spinal pain and swelling and muscle tension on both sides of the fracture. Patients with 
thoracolumbar fractures may have difficulty in standing and turning over. Some may even suffer from 
movement disorder and significant impairment of daily life activities. The incidence of thoracolumbar 
fractures is relatively high, and is a common trauma at the Department of Orthopedics. The diagnosis of 
this disorder has become easier and faster in China due to the continuous improvement in medical 
technology[1,2]. Thoracolumbar fractures are generally combined with spinal cord injury to varying 
degrees, which may cause deterioration of the patients' condition and increase the difficulty of clinical 
treatment. The reasons for this are as follows: The fractured blocks and the intervertebral disc tissues 
protrude into the spinal canal, resulting in spinal cord contusion and compression. Therefore, fracture 
reduction, spinal compression, and spinal fixation and fusion at the affected segments are crucial steps 
in surgery[3]. China has witnessed a rapid development of medical science in recent years, and the 
diagnosis of thoracolumbar fractures is more rapid, while the selection of an appropriate treatment has 
become a primary concern[4]. At present, anterior or combined anterior-posterior surgery is preferred 
for severe thoracolumbar fractures. In this study, the application value, advantages, and disadvantages 
of these two surgical approaches were compared by reviewing the data of patients with thoracolumbar 
fractures treated at our hospital.

MATERIALS AND METHODS
Patients
The present study was approved by the hospital ethics committee. One hundred and twenty patients 
with severe thoracolumbar fractures and spinal cord injury treated at our hospital from February 2020 
to February 2021 were randomly enrolled. The random sampling method was used to divide the 
patients into two groups, namely, group 1 and group 2, with 60 patients in each group. Informed 
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consent was obtained from all patients. The two groups were not different significantly in terms of the 
basic information (P > 0.05) (Table 1).

Inclusion criteria: (1) No conscious disturbance; (2) complete medical records; (3) thoracolumbar 
fractures confirmed by computed tomography (CT) or X-rays, combined with nerve injury; (4) fractured 
blocks occupying over 50% of the spinal canal; (5) patients tolerant to surgery; and (6) the degree of 
vertebral compression greater than 50%.

Exclusion criteria: (1) Cognitive impairment to varying degrees; (2) recent history of acute and chronic 
infections; (3) hearing impairment or incapable of communication; (4) pathological fractures caused by 
tumors, infections, or osteoporosis; (5) severe spinal degenerative diseases; and (6) history of drug 
dependence or drug allergy.

Methods
Patients in group 2 received anterior decompression plus bone grafting with internal fixation. General 
anesthesia was performed in the lateral position. A lateral-anterior extra-pleuroperitoneal approach was 
adopted to expose the affected vertebrae and the adjacent vertebrae. The ribs were resected selectively 
to prepare the bone graft. The lateral portion of the pedicle of the affected vertebral body was resected 
to expose the dural sac and nerve root sleeve fully. The posterior 3/4 portion of the vertebral body was 
resected, along with the superior and inferior intervertebral discs and the endplate cartilage. 
Decompression was performed to the medial margin of the contralateral pedicle. Extra care was taken 
not to injure the spinal cord. Further inspection was conducted to confirm that the compression was 
completely removed and the deformity was corrected. Next, an autologous tricortical iliac bone graft of 
an appropriate length was inserted between the superior and inferior vertebral bodies. The titanium 
plate was mounted and immobilized. The residual fractured blocks were placed into the iliac bone and 
the lateral gaps. Thorough hemostasis was performed, followed by washing with normal saline. The 
incision was sutured layer by layer.

Patients in group 1 received surgery via the combined anterior-posterior approach: The same steps 
were followed for anterior decompression as in group 2. The incision was maintained at a length of 10-
12 cm as no anterior fixation would be performed. Grafting with large iliac bone blocks was performed 
for the fusion. If the harvested iliac bone blocks were thin, the fusion was performed using a titanium 
mesh cage. Posterior fixation was performed via the intermuscular space. Therefore, no damage would 
be caused to the posterior complex structure (Figure 1). The GSS-Ⅱ rod-screw system and Depuy pedicle 
screw system were used. It was unnecessary to perform canal decompression. Lateral fenestration of the 
vertebral body was performed if the superior and inferior intervertebral discs of the affected vertebra 
were not damaged, which was followed by intravertebral bone grafting. A closed thoracic drainage tube 
was indwelled for all patients receiving thoracotomy. The drainage tube was removed after confirming 
that there was no effusion or pneumatosis in the thoracic cavity. Costal bone was introduced for 
patients who received fusion using large iliac bone blocks. The fractured blocks harvested by spinal 
decompression were regrafted.

The early interventions after surgery were the same in both groups. Patients with nerve injury were 
treated with hormones and mannitol 4-5 d after surgery and with antibiotics 5-7 d after surgery. Fluid 
replacement was given to maintain electrolyte and acid-base balance. The indication for blood 
transfusion was assessed based on intraoperative blood loss and postoperative routine blood tests. 
Patients with osteoporosis received anti-osteoporosis treatment within 1 mo after surgery, and only then 
were they allowed to get out of bed. The time to ambulation was prolonged to 1.5 mo after surgery for 
those with severe osteoporosis. In addition, these patients were required to wear waist braces within the 
first 3 mo of ambulation.

Observation indicators
The observation indicators were blood loss, incision length, operation time, intraoperative X-rays, length 
of hospital stay, anterior vertebral height ratio, posterior vertebral height ratio, Cobb angle, and canal-
occupying ratio of the affected vertebra.

Quality of life (QOL) was scored in the two groups before treatment and at 2 mo after surgery. The 
total score of each item ranged from 0 to 60: scores < 20, extremely poor; 20-50, fair; and 51-60, good[5].

Statistical analysis
All statistical analyses were performed using SPSS 22.0 software. Measurements were expressed as 
mean ± SD and analyzed by the t-test. Counts were expressed as n (%) and analyzed by the χ2 test. P < 
0.05 indicated a significant difference.
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Table 1 Comparison of basic information

Groups Male/female Age 
(yr)

Causes of injury (Falling 
injury/traffic accidents/falling 
from heights)

Preoperative ASIA 
grade(B/C/D)

Frankel 
classification 
(A/B/C/D)

Preoperative AO 
classification 
(A3/B3/C2)

BMI 
(kg/m2)

Group 1  
(n = 60)

35/25 45.37 ± 
4.24

13/32/15 13/22/25 13/18/15/14 13/35/12 23.75 ± 
1.69

Group 2  
(n = 60)

29/31 45.26 ± 
4.09

16/29/15 12/20/28 15/20/12/13 15/30/15 23.84 ± 
1.76

χ2/t 
value

1.205 0.145 0.4579 0.305 0.619 0.861 0.286

P value 0.272 0.885 0.7954 0.859 0.892 0.650 0.776 

ASIA: American Spinal Injury Association; BMI: Body mass index.

Figure 1 The intraoperative X-ray of group 1. A, B: The titanium mesh cage and pedicle screw and rod were in good position, and the decompression was 
sufficient.

RESULTS
Comparison of surgical indicators
Blood loss was greater and the operation time was longer in group 1 than in group 2, with significant 
difference (P < 0.05). Incision length, intraoperative X-rays, and length of hospital stay were not 
significantly different between the two groups (P > 0.05) (Table 2).

Comparison of the function of the affected vertebrae 
There were no significant differences in the preoperative function of the affected vertebrae between the 
two groups (P > 0.05). Significant improvement was achieved in both groups after surgery. The anterior 
vertebral height ratio and the posterior vertebral height ratio in group 1 after surgery were significantly 
higher than those in group 2. The Cobb angle after surgery was significantly lower in group 1 than in 
group 2 (P < 0.05). The canal-occupying ratio of the affected vertebrae was not significantly different 
between the two groups (P > 0.05) (Table 3).

Comparison of the QOL scores between the two groups
Before surgery, there was no significant difference in the QOL scores between the two groups (P > 0.05). 
The above indicators in each group were significantly improved after surgery compared with before 
surgery. In addition, these indicators were much better in group 1 than in group 2 after surgery (P < 
0.05) (Table 4).
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Table 2 Comparison of the surgical indicators (mean ± SD)

Groups Blood loss (mL) Incision length (cm) Operating time (min) Intraoperative X-rays Length of hospital stay (d)

Group 1 (n = 60) 748.28 ± 74.69 6.97 ± 0.62 145.79 ± 14.63 18.77 ± 1.63 12.89 ± 1.67

Group 2 (n = 60) 625.71 ± 62.43 7.14 ± 0.75 125.28 ± 12.07 19.05 ± 1.52 12.48 ± 1.43

t value 9.753 1.353 8.376 0.973 1.444

P value 0.001 0.179 0.001 0.332 0.151 

Table 3 Comparison of the function of the affected vertebrae (mean ± SD)

Anterior vertebral height ratio of 
the affected vertebra (%)

Posterior vertebral height ratio of 
the affected vertebra (%) Cobb angle (°) Canal-occupying ratio of the 

affected vertebra (%)Group
Before After Before After Before After Before After

Group 1 (n 
= 60)

61.86 ± 6.20 91.97 ± 7.12 89.74 ± 8.51 97.52 ± 1.66 27.54 ± 
2.71

5.11 ± 
0.53

66.12 ± 6.17 13.09 ± 1.23

Group 2 (n 
= 60)

61.57 ± 6.25 89.20 ± 6.16 89.43 ± 8.62 95.40 ± 2.35 27.68 ± 
2.62

7.09 ± 
0.75

66.63 ± 6.41 12.87 ± 1.45

t value 0.255 2.279 0.198 5.708 0.288 16.700 0.444 0.896

P value 0.799 0.024 0.843 0.001 0.774 0.001 0.658 0.372 

Table 4 Comparison of the quality of life scores between the two groups (mean ± SD)

Activities of daily living Spirit Sleep Appetite
Group

Before After Before After Before After Before After

Group 1 (n = 60) 35.78 ± 5.61 51.13 ± 2.04 32.91 ± 6.23 48.72 ± 5.45 36.47 ± 4.52 50.87 ± 1.69 33.96 ± 5.12 52.41 ± 1.37

Group 2 (n = 60) 36.02 ± 5.77 44.81 ± 3.62 33.80 ± 6.14 42.36 ± 5.22 36.68 ± 4.31 45.12 ± 2.78 34.03 ± 5.08 46.89 ± 2.65

t value 0.200 10.203 0.683 5.653 0.226 11.856 0.065 12.413

P value 0.842 0.001 0.497 0.001 0.822 0.001 0.948 0.001

DISCUSSION
Severe spinal fractures caused by high-energy trauma have become increasingly common in recent 
years. Spinal fractures, damaged spine structure, spinal dislocation, and space occupation by a large 
number of fractured blocks in the spinal canal may cause spinal cord compression and nerve injury[6,
7]. At present, the clinical treatment for such a disorder aims to achieve sufficient spinal decompression, 
restore the support and immobilize the vertebrae, and hence promote bone union and recovery of nerve 
function. However, the conventional posterior approach may fail to achieve these goals[8,9].

Surgical treatment for thoracolumbar fractures is usually intended to reconstruct the normal spinal 
structure and spinal stability, relieve compression, prevent late-stage thoracolumbar deformity and 
secondary nerve injury, and offer mechanical protection for recovery of nerve function[10,11]. Posterior 
spinal surgery is an invasive surgery, and the surgical indications of patients should be carefully 
assessed to prevent complications and ensure surgical success[12,13]. Given these facts, posterior open 
spinal surgery is generally intended to treat thoracolumbar fractures with spinal instability. Spinal 
instability is a disorder where the spine does not maintain normal anatomy when resisting loads. As a 
result, the nerve roots may have a secondary injury or mechanical injury, which further changes the 
spine structure and induces fracture malunion[14,15]. Certain rules should be followed during surgery, 
and the surgical approach is selected depending on the position of spinal compression. In addition, a 
pedicle screw-rod internal fixation system is used to improve surgical outcomes[16,17]. The present 
study showed that blood loss was greater and the operation time was longer in group 1 than in group 2 
(P < 0.05). Incision length, intraoperative X-rays, and length of hospital stay were not significantly 
different between the two groups (P > 0.05). In each group, the patients' condition was significantly 
improved after surgery compared with before surgery. The anterior vertebral height ratio and the 
posterior vertebral height ratio in group 1 after surgery were significantly higher than those in group 2. 
The Cobb angle after surgery was significantly lower in group 1 than in group 2 (P < 0.05). However, 
the canal-occupying ratio of the affected vertebra was not significantly different between the two groups 
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(P > 0.05). Each group of patients achieved significant improvement after surgery. All of the relevant 
indicators in group 1 were significantly higher than those in group 2 after surgery (P < 0.05). The 
reasons for these results might be due to the larger incision, greater blood loss, longer operation time, 
and difficulty in vertebral exposure. Anterior spinal surgery has the following advantages compared 
with the posterior approach: More thorough spinal decompression, lower risk of fixation loosening and 
disruption, removal of the fixation system after artificial joint fusion is unnecessary, and less likelihood 
of vertebral deformity, paralysis and sequelae after surgery[18,19]. The following defects have been 
reported for posterior spinal surgery: Degeneration and stenosis of the affected vertebrae and the 
superior adjacent intervertebral disc; multiple micromovements of the pedicle screws under excessive 
loading, which further causes loosening before bony fusion[20,21]; postoperative cutting of the screws 
within the cancellous bone, leading to reduction loss in those for whom osteoporosis is not confirmed 
before surgery; and fatigue fracture of the pedicle screws and implants due to overload[9]. Despite the 
above defects, posterior spinal surgery also has the following advantages. It is easier to perform surgery 
via this approach; only the superior and inferior adjacent segments of the affected vertebrae are 
immobilized with pedicle screws. In this way, the number of segments to be immobilized is reduced, 
while the motor function of the spine is preserved maximally[17]. This approach allows for posterior 
laminectomy with direct decompression. In addition, a well-designed implant enables sufficient 
stretching of the anterior and posterior longitudinal ligaments of the fibrous ring under the 
physiological curvature through three-dimensional adjustment. The implant can effectively achieve the 
reduction of fractured blocks in the vertebral canal in burst fractures through traction. Hence, indirect 
decompression is achieved without further damaging the stability of the bony structure[16]. The 
posterior approach not only allows bone grafting for fusion, but also fusion of the anterior affected bone 
via the pedicle. The combined anterior-posterior surgery integrates the advantages of both the anterior 
and posterior approaches. The combined approach can directly manage the displacement of a posterior 
column fracture and offer pre-support to assist in anterior reduction. The adjacent segments can be 
temporarily stabilized. In addition, the cage for anterior bone fusion can be conveniently placed by 
pressurizing and tightening. Moreover, excessive tilting or subsidence of the titanium mesh cage can be 
prevented. Therefore, the normal physiological loading state before the injury can be best reproduced
[22]. Our study showed that the combined anterior-posterior surgery outperformed the posterior spinal 
surgery in promoting the functional recovery of the affected vertebrae and improved the patients’ QOL. 
The combined approach effectively restored the height of the affected vertebrae and corrected kyphosis. 
The combined approach also allows for sufficient anterior decompression, and the simple anterior 
approach does not enable temporary fixation, auxiliary reduction, and three-column fixation according 
to Denis' three-column concept. Therefore, the latter is usually associated with an unfavorable microen-
vironment for callus regeneration.

However, our study also has some limitations. First, this was a single-center study with limited 
number of patients enrolled, and the novel surgical approach is still expected to be attempted in more 
centers. Second, the follow-up was short in our study, and the long-term efficacy of the novel surgical 
approach remains to be further documented.

CONCLUSION
One-stage combined anterior-posterior surgery can effectively improve the function of affected 
vertebrae and the life quality of patients with severe thoracolumbar fractures and spinal cord injury. 
This surgical approach is worthy of promotion in clinical use.

ARTICLE HIGHLIGHTS
Research background
Thoracolumbar fractures are usually accompanied by spinal cord injury, and anterior or combined 
anterior-posterior surgery is preferred for severe thoracolumbar fractures.

Research motivation
We have performed one-stage combined anterior-posterior surgery for severe thoracolumbar fractures 
with spinal cord injury at our center, and the outcomes are expected to be reported.

Research objectives
This study aimed to investigate the effectiveness and postoperative rehabilitation of one-stage combined 
anterior-posterior surgery for severe thoracolumbar fractures with spinal cord injury.
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Research methods
One hundred and twenty patients with severe thoracolumbar fractures and spinal cord injury treated at 
our hospital from February 2020 to February 2021 were randomly enrolled, which were randomly 
divided into group 1 (one-stage combined anterior-posterior surgery) and group 2 (one-stage anterior-
approach surgery). Blood loss, incision length, operation time, intraoperative X-rays, length of hospital 
stay, anterior vertebral height ratio, posterior vertebral height ratio, Cobb angle, canal-occupying ratio 
of the affected vertebra, and quality of life scores were compared between the two groups.

Research results
Blood loss was greater and the operation time was longer in group 1 than in group 2, with significant 
difference. Incision length, intraoperative X-rays, and length of hospital stay were not significantly 
different between the two groups. Preoperative function of the affected vertebrae was not significantly 
different between the two groups. In each group, the patients showed significant improvement after 
surgery. The anterior vertebral height ratio and the posterior vertebral height ratio in group 1 after 
surgery were significantly higher than those in group 2. The Cobb angle after surgery was significantly 
lower in group 1 than in group 2. The canal-occupying ratio of the affected vertebrae was not 
significantly different between the two groups. Before surgery, there was no significant difference in the 
quality of life scores between the two groups. The above indicators were significantly improved after 
surgery compared with before surgery in each group. In addition, these indicators were markedly better 
in group 1 than in group 2 after surgery.

Research conclusions
One-stage combined anterior-posterior surgery effectively improves the function of the affected 
vertebrae and the life quality of patients with severe thoracolumbar fractures and spinal cord injury.

Research perspectives
One-stage combined anterior-posterior surgery is worthy of popularization in clinical use.
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Abstract
BACKGROUND 
Although sclerosing adenopathy of the prostate is a very rare benign disease, an 
effective differential diagnosis is required. Here, we report the clinicopathological 
and immunohistochemical morphological features of 12 cases of sclerosing 
adenopathy of the prostate to improve understanding of the disease.

AIM 
To investigate the clinicopathological features, diagnosis, and immunohisto-
chemical phenotypes that distinguish prostate sclerosing adenopathy from other 
conditions.

METHODS 
The clinical data, laboratory tests, pathological morphology, and immunohisto-
chemical phenotypes of 12 cases of prostatic sclerosing adenopathy were 
retrospectively analyzed, and the relevant literature was reviewed.

RESULTS 
All patients were elderly men (mean age, 71.7 years; 62–83 years). Eleven of them 
had hematuria, urinary frequency, urinary urgency, difficulty in urination, and 
serum total prostate-specific antigen values within the normal range. One patient 
had increased blood pressure. Enlarged prostates with single to multiple 
calcifying foci were observed. Moreover, prostate tissue hyperplastic changes 
were observed in all patients. Small follicular hyperplastic nodules without an 
obvious envelope, with a growth pattern mimicking the infiltration pattern of 
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"prostate adenocarcinoma" were noted. Basal cells expressed AR, CKH, P63, and CK5/6, and 
myoepithelial markers, such as calponin, S100, and smooth muscle actin. No recurrence or exacer-
bation of the lesions was observed, except for one case of death due to bladder cancer.

CONCLUSION 
Prostatic sclerosing adenopathy is highly misdiagnosed as prostate adenocarcinoma or other 
tumor-like lesions. Therefore, it should attract the attention of clinicopathologic researchers.

Key Words: Clinicopathology; Immunohistochemistry; Prostate disease; Sclerosing adenopathy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sclerosing prostatic adenopathy is a rare pseudoadenocarcinoma proliferative lesion with a 
unique histomorphology and immunohistochemical phenotype. Compared to the common prostate 
adenocarcinoma, the incidence of sclerosing prostatic adenopathy is low, and we are under-recognized and 
have a high rate of misdiagnosis. Meanwhile, there are no large samples of data available to clinicopath-
ologic to date because it is a rare lesion. To further our understanding of prostatic sclerosing adenopathy, 
this study aimed to investigate the histopathological morphology and immunohistochemical phenotype of 
this very rare prostate lesion and to further explore its associated biological significance.

Citation: Feng RL, Tao YP, Tan ZY, Fu S, Wang HF. Prostate sclerosing adenopathy: A clinicopathological and 
immunohistochemical study of twelve patients. World J Clin Cases 2022; 10(18): 6009-6020
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6009.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6009

INTRODUCTION
Sclerosing adenopathy of the prostate is a rare pseudomalignant proliferative lesion with a distinct 
histomorphological and immunohistochemical phenotype that often resembles acinar adenocarcinoma 
but may also resemble sarcomatoid carcinoma[1]. It can manifest as single or multiple lesions, in which 
good small glands and scattered single-cell components can be seen, forming the impression of cell-like 
features. These lesions are benign pseudotumor hyperplasia lesions that are very similar to those of 
small alveolar prostate adenocarcinoma and are often misdiagnosed as prostate cancer by primary 
pathologists due to their characteristic interstitial spindle cell proliferation and small glandular 
architecture. They are observed in 2% of the transurethral prostatectomy or prostatectomy specimens 
and are rare in small samples derived from prostate needle biopsy[2-4]. The glandular components 
show nuclear atypia, including nuclear enlargement and prominent nucleoli. However, sclerosing 
adenopathy tends to be a more focal lesion than sarcomatoid carcinoma, which is thought to arise from 
the myoepithelial cells surrounding the prostate, high molecular weight cytokeratins. Moreover, the 
lesions are often positive for muscle-specific actin staining. Compared with that prostate adenocar-
cinoma, sclerosing adenopathy has a lower incidence and a higher misdiagnosis rate. Furthermore, since 
it is a rare lesion, to date, no large samples have been available for clinical pathology experiments. In 
clinical treatment, surgical resection is still the best treatment option for sclerosing adenopathy of the 
prostate. To further understand this condition, we aimed to investigate the histopathological 
morphology and immunohistochemical phenotype of this very rare prostate lesion and to further 
explore its associated biological significance and underlying mechanisms.

MATERIALS AND METHODS
Thirteen patients with prostate sclerosing adenopathy that visited the Second Affiliated Hospital of 
Kunming Medical University from January 2015 to November 2021 were enrolled and followed up. 
Their clinical history, imaging data, and disease were analyzed and further confirmed via the relevant 
immunohistochemical analysis. Twelve specimens were routinely fixed using 4% neutral formaldehyde, 
paraffin-embedded, and tissue-sectioned to a thickness of 4 μm, followed by HE staining and immuno-
histochemical analysis. The HE-stained slides were reviewed by three pathologists to confirm the 
diagnosis. We reviewed the gross specimen characteristics and read the immunohistochemical product 
instructions, the expiration dates of the antibodies, the localization of the positive antibodies, and the 
staining intensity interpretation criteria in detail. The required immunohistochemistry AR, CKH, P63, 
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CD56, CK5/6, calponin, S100, P504S, prostate-specific antigen (PSA), PSAP, P53, and Ki-67 markers 
were obtained from the Fujian Meixin Company, China, and the procedures were carried out strictly 
according to the instructions, and positive and negative controls were routinely set up.

The immunohistochemistry results were interpreted by two senior pathologists using a double-blind 
reading method in strict accordance with the immunohistochemistry interpretation criteria. In case of 
disagreement between the two pathologists, the reading was interpreted by a third senior pathologist. A 
standard reading was performed using a semi-quantitative counting method by randomly selecting 10 
representative fields at high magnification (400× field of view) and calculating the cell positivity rate 
(the number of positive tumor cells divided by the total number of cells) × 100%, for which a cell 
positivity rate below and above 10% was considered as negative and positive, respectively. The staining 
results were based on the percentage of stained cells: When < 25%, in the 25%–50% range, in the 
50%–75% range, and > 75%, the result was negative (-), weakly positive (+), moderately positive (++), 
and strongly positive (+++), respectively. AR, P63, P53, and Ki-67 were found in the cytosol, and CKH, 
CD56, CK5/6, calponin, S100, P504S, PSA, and PSAP were found in the cytoplasm or cytosol, and 
precise color localization was considered positive.

None of the 12 patients in this study had received prior radiotherapy, chemotherapy, immuno-
therapy, or drug therapy. Complete clinical and pathological data were obtained for all 12 patients, and 
intraoperative histological specimens were obtained. The study was approved by the Ethics Committee 
of the Second Affiliated Hospital of Kunming Medical University (approval number: trial-PJ-2021-142). 
Since the study was performed using medical records and biological specimens obtained from previous 
clinical consultations, all conditions were met to exempt patients from informed consent.

RESULTS
Clinical data
A total of 7674 surgically resected prostate specimens were collected between January 2015 and 
November 2021, including 625 radical prostatectomy specimens, 1155 prostate puncture specimens, and 
5894 transurethral electrodesiccation prostate specimens. A re-read of the 7674 prostate specimens 
revealed 12 cases of sclerosing adenopathy (0.2%), 2 of which were found in radical prostatectomy 
specimens, and 10 were found in transurethral resection specimens, with no lesions found in the 
prostate puncture specimens. The clinical data, laboratory tests, pathological morphology, and immuno-
histochemical phenotype of these 12 cases of prostatic sclerosing adenopathy were analyzed and are 
summarized in Table 1.

All 12 patients were elderly men with an average age of 71.7 years (age range, 62–83 years). In terms 
of clinical symptoms, 11 patients presented varying degrees of hematuria, urinary frequency, urinary 
urgency, and difficulty in urination, and one patient had increased blood pressure. After admission to 
the hospital, the laboratory tests revealed that 11 of the 12 patients had serum total prostate-specific 
antigen (PSA) values within the normal reference range, and only one patient had a slightly higher than 
normal value. Rectal finger examination showed hyperplastic changes in all the prostate tissues, with 
varying degrees of prostatic hyperplasia visible intraoperatively, mainly in both lobes and on the right 
wall. Among the 12 cases, transurethral resection of the prostate was performed in 10 of them, and total 
cystectomy and bowel replacement with total cystectomy and double ureterostomy for bladder cancer 
was performed in two cases, respectively.

Imaging features
In the 12 patients, the computed tomography examination results showed an enlarged prostate with 
single to multiple calcified foci and, in three cases, localized protrusion into the bladder trigone with 
uneven enhancement (Figure 1). The preoperative ultrasonography results showed an enlarged prostate 
morphology, an enlarged inner gland, a thinning of the outer gland under pressure, and inhomo-
geneous parenchyma with one to multiple strong echogenic spots in all the 12 patients (Figure 2, 
Table 2).

Histopathological findings
Specimen analysis showed that 10 cases presented a fragmented prostate tissue, two cases presented the 
complete cystoprostate tissue, which was grayish-red, along with a tissue multi-sectional cut that was 
tough. No obvious nodules or masses were seen. The microscopic observation results revealed that all 
12 cases of prostate sclerosing adenopathy presented modularly distributed lesions indicative of benign 
prostatic hyperplasia. The lesions only had a few millimeters, had a nodular shape with varying degrees 
of small alveolar hyperplasia, without an obvious envelope, and with a growth pattern that mimicked 
the infiltration pattern of "prostate adenocarcinoma" (Figure 3A). The hyperplastic mesenchyme 
extruded the gland into ductal (Figure 3B), lacunar, and linear (Figure 3C) forms, and the glandular 
epithelium was covered with eosinophilic spike-like cells. Some of the glands were extruded to form 
vacuoles, and the increased number of vacuolated cells could form a structure similar to that of printed 
ring cells (Figure 3D). The interstitium was collagenous or mucinous and consisted of cells with a mild 
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Table 1 Clinical characteristics of patients with prostate sclerosing adenopathy

Case
Age of 
onset 
(yr)

Clinical 
symptoms

Difficulty 
urinating

PSA 
check 
value 
(ng/mL)

Imaging 
diagnosis Surgical findings Surgical 

approach Follow up

1 76 Difficulty 
urinating

Without 2.43 Benign 
prostatic 
hyperplasia

The lobes on both sides 
of the prostate protrude 
and protrude into the 
bladder, and the urethral 
cavity is narrowed

Transurethral 
plasma resection of 
the prostate

Survival and 
good, normal 
rectal 
examination, 73 
mo

2 62 Hematuria Bladder papilloma 5.21 Bladder 
cancer, 
invasion of the 
prostate

Irregular hyperplasia of 
the right side of the 
bladder, invading the 
adjacent prostate

Total cystectomy 
and double-layer 
ureterostomy

Died from 
bladder cancer, 
27 mo

3 63 Frequent 
urination, 
difficulty 
urinating

Cholecystectomy; 
history of 
hypertension

1.73 Prostate cancer The lobes on both sides 
of the prostate 
proliferate and protrude 
into the bladder

Transurethral 
plasma resection of 
the prostate

Survival and 
good, normal 
rectal 
examination, 69 
mo

4 68 Gross 
hematuria

History of 
gastrectomy

3.36 Bladder 
Cancer

Prostatic hyperplasia, 
multiple neoplastic new 
organisms are seen in 
the bladder triangle and 
right wall

Total cystectomy 
and intestinal 
replacement for 
new bladder

Alive, 46 mo

5 67 Frequent 
urination, 
urgency

Without 1.34 Benign 
prostatic 
hyperplasia

Irregular hyperplasia of 
the lobes on both sides 
of the prostate

Transurethral 
plasma resection of 
the prostate

Survival and 
good, normal 
rectal 
examination, 24 
mo

6 83 Frequent 
urination, 
difficulty 
urinating

History of 
hypertension, 
diabetes

3.81 Benign 
prostatic 
hyperplasia

Irregular hyperplasia of 
the lobes on both sides 
of the prostate

Transurethral 
plasma resection of 
the prostate

Survival and 
good, normal 
rectal 
examination, 21 
mo

7 67 High blood 
pressure

History of 
prostatitis, 
appendix surgery

2,76 Prostatic 
hyperplasia 
with 
calcification

Enlargement of the right 
side wall of the prostate

Transurethral 
plasma resection of 
the prostate

Survival and 
good, normal 
rectal 
examination, 2 
mo

8 83 Hematuria with 
frequent 
urination and 
urgency

Right inguinal 
hernia repair

4.91 Prostatic 
hyperplasia 
with 
calcification

Significant enlargement 
of the bilateral and 
middle lobes of the 
prostate

Transurethral 
resection of the 
prostate

Survival and 
good, 3 mo

9 72 Frequent 
urination, 
urgency

History of 
hypertension, 
diabetes

2.21 Prostatic 
hyperplasia 
with 
calcification

The lobes on both sides 
of the prostate 
proliferate and protrude 
into the bladder

Transurethral 
resection of the 
prostate

Survival and 
good, normal 
rectal 
examination, 6 
mo

10 68 Difficulty 
urinating

Without 2.39 Benign 
prostatic 
hyperplasia

Irregular hyperplasia of 
the lobes on both sides 
of the prostate

Transurethral 
resection of the 
prostate

Survival and 
good, normal 
rectal 
examination, 13 
mo

11 81 Frequent 
urination, 
urgency

Bladder papilloma 3.31 Benign 
prostatic 
hyperplasia

Irregular hyperplasia of 
the lobes on both sides 
of the prostate

Transurethral 
resection of the 
prostate

Survival and 
good, normal 
rectal 
examination, 19 
mo

12 71 Difficulty 
urinating

Without 3.07 Prostatic 
hyperplasia 
with 
calcification

Irregular hyperplasia of 
the lobes on both sides 
of the prostate

Transurethral 
resection of the 
prostate

Survival and 
good, normal 
rectal 
examination, 24 
mo

PSA refers to the detection of total prostate-specific antigen, the reference range is 0.00-4.00 ng/mL.
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Table 2 Ultrasound appearance of patients with prostate sclerosing adenopathy

Case prostate size Ultrasound image performance

1 5.8 cm × 5.0 cm 
× 5.8 cm

Full shape, regular margins, normal ratio of internal and external glands, uneven echo, and sonographic image of benign 
prostatic hyperplasia

2 3.5 cm × 4.1 cm 
× 3.2 cm

The shape is normal, the edges are regular, the ratio of internal and external glands is normal, and there is a strong echogenic 
spot in the parenchyma, with a long diameter of about 0.2 cm

3 4.7 cm × 4.5 cm 
× 3.6 cm

The volume increases, the shape is plump, the internal glands are enlarged, the external glands are compressed and thinned, the 
parenchyma echoes uniformly, and multiple hyperechoic spots are detected in the parenchyma

4 4.3 cm × 4.3 cm 
× 4.4 cm

The volume increases, the shape is plump, the internal glands are enlarged, the external glands are compressed and thinned, the 
parenchymal echo is uneven, and a strong echogenic spot is detected in the parenchyma, with a long diameter of about 0.5 cm

5 5.5 cm × 4.0 cm 
× 3.7 cm

Enlarged volume, plump shape, enlarged internal glands, thin external glands under compression, uniform parenchymal echo, 
and sonographic image of benign prostatic hyperplasia

6 5.1 cm × 3.7 cm 
× 3.2 cm

Enlarged volume, plump shape, enlarged internal glands, thin external glands under compression, uniform parenchymal echo, 
and sonographic image of benign prostatic hyperplasia

7 4.1 cm × 5.5 cm 
× 4.7 cm

Full-bodied, enlarged internal glands, thin external glands under pressure, uneven parenchymal echo, and multiple hyperechoic 
spots within the parenchyma

8 5.7 cm × 5.4 cm 
× 4.6 cm

The volume increased, the shape was plump, the edges were still regular, the internal glands were enlarged, the external glands 
were compressed and thinned, and a strong echogenic spot was detected in the parenchyma, with a long diameter of about 
0.1cm

9 5.3 cm × 5.1 cm 
× 3.2 cm

The volume increased, the shape was plump, the edges were still regular, the internal glands were enlarged, the external glands 
were compressed and thinned, and a strong echogenic spot was detected in the parenchyma, with a long diameter of about 0.6 
cm

10 4.9 cm × 4.3 cm 
× 3.2 cm

Enlarged volume, plump shape, enlarged internal glands, thin external glands under compression, uniform parenchymal echo, 
and sonographic image of benign prostatic hyperplasia

11 5.5 cm × 4.0 cm 
× 3.7 cm

Enlarged volume, plump shape, enlarged internal glands, thin external glands under compression, uniform parenchymal echo, 
and sonographic image of benign prostatic hyperplasia

12 5.5 cm × 4.6 cm 
× 4.1 cm

The volume increased, the shape was plump, the edges were still regular, the internal glands were enlarged, the external glands 
were compressed and thinned, and a strong echogenic spot was detected in the parenchyma, with a long diameter of about 0.4 
cm

Figure 1 Computed tomography images of sclerosing adenopathy of the prostate. A: Computed tomography (CT) showing an enlarged prostate with 
multiple calcifications; B: CT showing that the prostate was enlarged and calcified, partially protruding into the trigone of the bladder, and the enhancement was not 
uniform.

spindle-like morphology (Figure 3E). Observation at high magnification showed an eosinophilic 
cytoplasm with nuclei located at the base and small nucleoli but no nuclear division (Figure 3F).

Immunohistochemical phenotype
The basal cells of all the 12 cases of prostatic sclerosing adenopathy expressed molecules such as AR 
(Figure 4A), CKH (Figure 4D), P63 (Figure 4E), and CK5/6 (Figure 4C) to varying degrees, and also 
myoepithelial markers such as calponin (Figure 4B), S100 (Figure 4H), and smooth muscle actin (SMA) 
(Figure 4G). Nine of the 12 cases did not express P504S (Figure 4F), and the remaining three cases 
showed only a weakly positive expression of P504S. In addition, the prostate-specific markers PSA and 
PSAP were also expressed, P53 was not expressed, and the Ki67 proliferation index was in the 1%–3% 
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Figure 2 Ultrasound image of sclerosing adenopathy of the prostate. A-C: The prostate shape was full, showing regular margins, a normal ratio of 
internal to external glands, an uneven echo, and a sonographic image of benign prostatic hyperplasia; D-F: The prostate gland was enlarged, its shape was plump, 
the internal gland was enlarged, the external gland was compressed and thinned, the parenchymal echo was not uniform, and the parenchyma was probed with 
multiple hyperechoic spots.

range (Table 3).

Follow-up results
The mean follow-up time was 27.6 mo (3–73 mo), and 11 of the 12 patients survived well with normal 
rectal examinations and no recurrence or exacerbation of the disease. One patient died 26 mo after 
surgery due to bladder cancer.

DISCUSSION
In 1983, Chen and Schiff reported a prostate lesion that they considered most notably similar to an 
adenomatous tumor[5]. Therefore, it was named sclerosing adenopathy[6]. Sclerosing adenopathy of the 
prostate, first reported in 1987 by Young et al[7], was previously known as an adenomatous prostate 
tumor, prostatic pseudoadenoma, and fibroepithelial nodules[8-10]. It was originally used to express the 
similarity of the lesions to testicular adenomatous tumors but was abandoned due to the recognition 
that the lesions were of prostatic origin based on the immunoreactivity of PSA in acinar cells. It was 
subsequently found that sclerosing adenopathy is superficially similar to the breast lesion of the same 
name, is composed of prostate epithelial cells rather than mesothelial cells, and is characterized by 
glandular hyperplasia of varying sizes in the intercellular substance[11-14]. Sclerosing adenopathy is 
well characterized both immunohistochemically and ultrastructurally, and there are currently several 
case reports and small series of this lesion[15,16].

Sclerosing adenopathy is a rare benign proliferative lesion of the small alveoli without a markedly 
sclerotic stroma that occurs most occasionally after transurethral resection of the prostate, simple 
prostatectomy, or radical prostatectomy based on benign prostatic hyperplasia. It is detected by 
pathologists but occurs very rarely[17,18]. The histopathological pattern of sclerosing lymphadenopathy 
of the prostate is very similar to that of mammary sclerosing lymphadenopathy; however, unlike 
mammary sclerosing lymphadenopathy, prostatic sclerosing lymphadenopathy results in small lesions, 
usually with only a few millimeters[19]. It can result in single or multiple lesions, and it mostly occurs in 
the peripheral area of the prostate. It is difficult to detect the lesion via rectal ultrasound, and it cannot 
be touched via digital rectal examination. In addition, the serum PSA value is not high; thus, it is very 
difficult to measure it in clinical practice. In this group of 12 cases of prostate sclerosing lymphaden-
opathy, ultrasonography and rectal examination showed no abnormalities, and the serum PSA value 
did not increase. With the continuous improvement of ultrasound-guided technology, the probability of 
finding prostate sclerosing lymphadenopathy in biopsy tissue samples will increase; however, the 
possibility of it being misdiagnosed as prostate cancer will also increase. Research analysis found that 
2% of the cases with this condition were diagnosed as prostate cancer. T1a stage prostate cancer was 
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Table 3 Immunohistochemical expression of sclerosing adenopathy

Case AR CK5/6 P63 CKH S100 SMA Calponin P504S

1 + + ++ +++ + + - +

2 +++ +++ + + ++ ++ + -

3 ++ + + + ++ + ++ +

4 - ++ ++ +++ + + ++ -

5 - ++ + ++ - ++ + -

6 + + ++ + + + + -

7 ++ ++ + + ++ ++ + +

8 + ++ ++ +++ + + - -

9 ++ ++ + - + + - ++

10 ++ + + + + ++ - ++

11 + ++ ++ + + + - +

12 ++ + + ++ + ++ - ++

The interpretation adopted a semi-quantitative counting method, randomly selects 10 representative fields under high magnification (400 x field of view), 
and calculates the positive rate of cells (the number of positive tumor cells divided by the total number of tumor cells) × 100%, the positive rate of cells Less 
than 10% is negative, and more than 10% was positive. For positive cells, the percentage of stained cells in the cell count was negative (-), 25%-50% was 
weakly positive (+), 50%-75% Was medium positive (++), > 75% was strong positive (+++).

Figure 3 Histopathological morphological characteristics. A: The lesions are distributed uniformly, have a nodular shape, without obvious capsules, and 
the simulated prostate adenocarcinoma presents an "invasive growth" pattern. (HE × 100; scale bar, 100 μm); B: The hyperplastic stroma squeezes the glands to 
form glandular tubes of varying sizes. Eosinophilic shoed spike-like protrusions can be seen in part of the lumen (HE × 200; scale bar, 50 μm); C: The glands of 
sclerosing adenopathy are squeezed into a cord-like, thread-like, or even single-cell-like arrangement, and the cells have a shuttle-like shape (HE × 200; scale bar, 
50 μm); D: When the glandular transition is squeezed, it can form a vacuole-like structure, and the increase in the number of vacuole-like cells leads to a signet ring-
like morphology (HE × 200; scale bar, 50 μm); E: The interstitium of the disease was composed of mildly morphological spindle cells, often with collagenous or 
mucinous changes (HE × 200; scale bar, 50 μm); F: At high power, the glandular epithelium and the compressed myoepithelial components can be seen, the cell 
cytoplasm is eosinophilic, and the nucleus is located at the base (HE × 400; scale bar, 20 μm).

confirmed to be prostate sclerosing adenopathy via reexamination[20]. Therefore, surgeon pathologists 
should consider prostate biopsy specimens as of great importance to avoid overdiagnosis of sclerosing 
adenopathy as prostate cancer.
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Figure 4 Immunohistochemistry results. A: AR was strongly expressed in prostate sclerosing adenopathy (Immunohistochemistry; magnification, × 200; scale 
bar, 50 μm); B: Calponin is positively expressed in prostate sclerosing adenopathy (Immunohistochemistry; magnification, × 200; scale bar, 50 μm); C: CK5/6 is 
positively expressed in prostate sclerosing adenopathy (Immunohistochemistry; magnification, × 200; scale bar, 50 μm); D: CKH was strongly expressed in prostate 
sclerosing adenopathy (Immunohistochemistry; magnification, × 200; scale bar, 50 μm); E: P63 was moderately expressed in prostate sclerosing adenopathy 
(Immunohistochemistry; magnification, × 200; scale bar, 50 μm); F: P504S is not expressed in prostate sclerosing adenopathy (Immunohistochemistry; magnification, 
× 200; scale bar, 50 μm); G: SMA is moderately expressed in prostatic sclerosing adenopathy (Immunohistochemistry; magnification, × 200; scale bar, 50 μm); H: 
S100 is strongly expressed in prostate sclerosing adenopathy (Immunohistochemistry; magnification, × 200; scale bar, 50 μm).

Sclerosing adenopathy of the prostate has clear demarcation, is associated with small and concen-
trated lesions, nodular growth, no obvious capsule, and an infiltrative growth trend to the surrounding 
normal prostate tissue, similar to the growth pattern of prostate adenocarcinoma, but in the scope of 
growth-restricted lesions[21]. On the surface, it has a worrying appearance, with morphological 
distortions that can form stripes, threads, clusters, nests, and even single-cell arrangements. When the 
gland overproliferates, it may expand into a cyst, in which the amyloid material disappears and is 
replaced by a crystalline or myxoid material that is suggestive of prostate cancer[9,12]. In addition, 
several authors have described the lesion as presenting mild atypia and even small nucleoli, but 
generally no apparent large nucleoli. When individual cases are accompanied by moderate hetero-
geneity, heterogeneity, such as large and deep nuclear staining and prominent nucleoli, they are likely 
misdiagnosed as prostate adenocarcinoma. There is no evidence of the underlying malignancy of this 
lesion, although follow-up in our cases and others documented in the literature is admittedly limited.

In daily clinical practice, immunohistochemical markers are relied upon to help determine when 
lesions are morphologically atypical or when cellular heterogeneity occurs. Moreover, prostate basal 
cells are not considered myoepithelial cells[22], contrary to the notion of the myoepithelial origin of 
salivary gland myoepithelial cells, since they do not have actin filaments. S100 protein and smooth 
muscle actin are not expressed in normal prostate basal cells[23,24]; in contrast, the presence of the S100 
protein and SMA immunoreactivity in basal cells of sclerosing adenopathy suggests that they present 
myoepithelial differentiation, a characteristic feature based on which sclerosing adenopathy is 
diagnosed. In addition, some scholars have confirmed the existence of microfilaments in the cytoplasm 
of basal cells of sclerosing adenopathy using electron microscopy, which is consistent with the presence 
of actin filaments[25]. In rare cases, S100 protein immunoreactivity can be seen in prostate basal cell 
hyperplasias, such as adenoid basal cell carcinoma, adenoid cystic carcinoma, and atypical basal cell 
hyperplasia[26]. In addition, we have recently found that D2-40 is a sensitive marker of prostate basal 
cells[27]; therefore, D2-40 and the combination of P63 and cytokeratin can be used to differentiate 
sclerosing adenopathy from prostate cancer. However, in practice, due to the severe extrusion of basal 
cells and myoepithelial cells, the immunohistochemical expression results are not ideal, and some 
sclerosing adenopathy cases will express P504S to varying degrees, overlapping with the immunohisto-
chemistry results of patients with prostate cancer, posing great challenges during pathological 
diagnosis.

Sclerosing adenopathy of the prostate is considered a rare variant of adenopathy whose biological 
behavior remains uncertain, and the research on the risk of prostate cancer following a diagnosis of 
sclerosing adenopathy is very limited. Sclerosing adenopathy might be one of the precursors of prostate 
adenocarcinoma; however, this is unlikely because of its rarity and lack of other evidence linking its 
clinic features or pathology to cancer. When patients with sclerosing adenopathy present with cellular 
atypia, it is considered atypical sclerosing adenopathy; however, we should emphasize the use of the 
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term "atypical sclerosing adenopathy" does not imply that these lesions are precancerous. Some scholars 
have found that DNA aneuploidy occurs in some atypical sclerosing adenopathy cases, but all typical 
sclerosing adenopathy cases are DNA diploid[28]. Whether sclerosing adenopathy can be used as an 
independent feature to predict the risk of prostate cancer in men is not yet clear, and a large multi-
institutional prospective study is needed for confirmation.

Sclerosing adenopathy has a similar histological pattern to that of the following lesions and is easily 
misdiagnosed as one of them. In this group of 12 patients with sclerosing adenopathy, two were misdia-
gnosed as having prostate adenocarcinoma and one was misdiagnosed as having nephrogenic adenoma 
by the primary pathologist. Therefore, prostate adenocarcinoma sclerosing adenopathy should be 
distinguished from the following lesions[1]. Prostate adenocarcinoma, which is the most likely 
misdiagnose. The identification points include: (1) Sclerosing adenopathy is mainly located in the 
peripheral area, with small and concentrated lesions, unlike cancer, that spreads and whose growth is 
invasive; (2) Sclerosing adenopathy is glandular hyperplasia with interstitial hyperplasia that is mucoid 
or fibrous; (3) An eosinophilic basement membrane material is seen around the ducts of patients with 
sclerosing adenopathy; (4) Mild-to-moderate dysplasia of the glandular epithelium may lead to subnuc-
leation without significantly enlarged nucleoli; (5) There is no amyloid but a myxoid in the glandular 
follicular lumen. Furthermore, prostate cancer acini are lined with a layer of cuboidal or columnar cells 
without a distinctly flattened basal cell layer, as evidenced by the negative immunoreactivity for keratin 
903[29,30]; and (6) Nephrogenic adenomas differentiate from sclerosing adenomas when they are 
tubular or solid. Nephrogenic adenomas are usually confined to the lamina propria, covering a single 
layer of short columnar or subcubical epithelial cells, among which some are shoe-stud-like cells, with 
round or oval nuclei, visible nucleoli, and most express markers such as CK7, CKH, CKL, and CEA, 
whereas they do not express the markers P63, PSA, PSAP, GATA3, and CK5/6. Atypical adenomatous 
hyperplasia is also nodular hyperplasia with clear borders; however, the lesions are often interspersed 
with a small number of large acinar with a normal structure in the proliferating small glands[31].

In addition, there are no studies that show that the PSA value is related to the occurrence and 
development of prostate sclerosing adenopathy. In this study, the PSA value of the vast majority of 
patients with sclerosing adenopathy was within the reference range. Therefore, patients with sclerosing 
adenopathy should be informed that long-term follow-up and observation are required. If the PSA 
value increases significantly compared to the original value, and clinical symptoms such as frequent 
urination, urgency, dysuria, hematuria, and dysuria appear, patients should promptly consult their 
doctor, since they may have prostate cancer.

CONCLUSION
In conclusion, sclerosing adenopathy of the prostate is a morphological abnormality with characteristic 
histological features and immunohistochemical profiles. All the available evidence indicates that it is a 
benign condition that does not require treatment and is not a precancerous condition of prostate cancer. 
It is important to note, however, that many of the cases encountered to date have had a short follow-up 
period, and that it may often co-exist with other unrelated cancers in older men. The pathogenesis of 
this lesion is unclear, but its most striking feature seems to be the ability of cells to differentiate and 
proliferate. Studying and better understanding the features of sclerosing adenopathy should lead to its 
appropriate conservative management.

Sclerosing adenopathy of the prostate is a morphological abnormality with characteristic histological 
features and immunohistochemical profiles. All the available evidence indicates that it is a benign 
condition that does not require treatment and is not a precancerous condition of prostate cancer. It is 
important to note, however, that many of the cases encountered to date have had a short follow-up 
period, and that it may often co-exist with other unrelated cancers in older men. The pathogenesis of 
this lesion is unclear, but its most striking feature seems to be the ability of cells to differentiate and 
proliferate. Studying and better understanding the features of sclerosing adenopathy should lead to its 
appropriate conservative management.

ARTICLE HIGHLIGHTS
Research background
Sclerosing adenopathy of the prostate is a focal proliferative lesion, and the same name is also proposed 
for the prostate lesion due to its similarity in appearance to sclerosing adenopathy of the breast. Due to 
the presence of dense small acini in the proliferative stroma, the morphology is similar to that of 
prostate adenocarcinoma, which brings great challenges to both imaging diagnosis and pathological 
diagnosis. In addition, a small proportion of sclerosing adenopathy of the prostate co-exists with 
adenocarcinoma, which makes the diagnosis of this lesion more difficult. So far, there is still a lack of a 
large number of clinical data sample libraries for clinical pathologists to study in-depth, and further 
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exploration is needed in the future. Since we are aware of the importance of this lesion morphology, the 
clinical features, pathological morphology, and immunohistochemical phenotype of prostate sclerosing 
lesions were retrospectively analyzed in this study to further increase the importance of this lesion.

Research motivation
The objective is to investigate the clinicopathological features, diagnosis, and immunohistochemical 
phenotypes that distinguish prostate sclerosing adenopathy from other conditions.

Research objectives
This study explores the clinicopathological features, diagnosis, and immunohistochemical phenotypes 
that distinguish prostate sclerosing adenopathy from other conditions. We believe that our study makes 
a significant contribution to the literature because we show that this condition is benign, does not 
require treatment, and is not a precancerous condition of prostate cancer. However, notably, many of 
the cases encountered to date have had a short follow-up period, and this condition may often co-exist 
with other unrelated cancers in older men.

Research methods
The clinical data, laboratory tests, pathological morphology, and immunohistochemical phenotypes of 
12 cases of prostatic sclerosing adenopathy were retrospectively analyzed, and the relevant literature 
was reviewed.

Research results
The authors summarized the age, clinical symptoms, medical history, serum total prostate-specific 
antigen (PSA) value, surgical findings, surgical methods, follow-up time, and follow-up results of 12 
patients with prostate sclerosing adenopathy in detail (Table 1). The results of the study showed that the 
patients were all elderly men, with an average age of 71.7 years. The patients had symptoms of 
hematuria, frequent urination, urgency, and dysuria to varying degrees. Different degrees of prostate 
hyperplasia was seen during digital rectal examination and surgery, and the bladder was the most 
common. Lateral lobe hyperplasia is predominant. The mean postoperative follow-up time was 27.6 mo, 
and only 1 patient died of bladder cancer. In addition, 11 of the 12 patients had PSA values within the 
normal reference range. From the above description, it is not difficult to find that the clinical features of 
sclerosing adenopathy of the prostate are similar to those of benign prostatic hyperplasia and prostate 
cancer, and most of the patients' PSA values are Within the normal range, suggesting that sclerosing 
adenopathy may be a benign lesion. Pathologically, the lesions are very complex, with single or mixed 
glandular tubular, cord-like and linear structures, and focal distribution in benign prostate glands. 
Unlike prostate adenocarcinoma, immunohistochemical Expression of the basal cell (such as P63, 
CK5/6) and myoepithelial (Calponin, S100, SMA) markers, provides a very meaningful value for the 
identification of the two. In practice, when it is difficult to identify prostate sclerosing adenopathy and 
prostate cancer, we can use immunohistochemical markers to distinguish them. In addition, we can also 
use immunohistochemical PSA, and PSAP to identify sclerosing adenopathy and other neoplastic 
lesions such as nephrogenic adenoma. The above pathological characteristics can provide effective help 
for the follow-up in-depth study of the prostate. However, even though we performed a comprehensive 
systematic analysis of sclerosing adenopathy of the prostate, this study has some limitations. First, 
although we predicted a certain relationship between sclerosing adenopathy of the prostate and PSA 
values, there is still a lack of direct evidence for the two relevance of the person. Secondly, the sample 
size of this study is too small, and it is necessary to further supplement the sample size and explore it in 
depth. Finally, whether sclerosing adenopathy is a precancerous lesion of prostate cancer also lacks 
direct evidence to further prove. These issues need to be further explored in future work.

Research conclusions
Sclerosing adenopathy of the prostate is a morphological abnormality with characteristic histological 
features and immunohistochemical profiles. All the available evidence indicates that it is a benign 
condition that does not require treatment and is not a precancerous condition of prostate cancer. It is 
important to note, however, that many of the cases encountered to date have had a short follow-up 
period, and that it may often co-exist with other unrelated cancers in older men. The pathogenesis of 
this lesion is unclear, but its most striking feature seems to be the ability of cells to differentiate and 
proliferate. Studying and better understanding the features of sclerosing adenopathy should lead to its 
appropriate conservative management.

Research perspectives
Patients should be informed that long-term follow-up and observation are required. If the PSA value 
increases significantly compared to the original value, and clinical symptoms such as frequent urination, 
urgency, dysuria, hematuria, and dysuria appear, patients should promptly see their doctor, since they 
may have prostate cancer.
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Abstract
BACKGROUND 
Lesions of breast imaging reporting and data system (BI-RADS) 4 at mammo-
graphy vary from benign to malignant, leading to difficulties for clinicians to 
distinguish between them. The specificity of magnetic resonance imaging (MRI) in 
detecting breast is relatively low, leading to many false-positive results and high 
rates of re-examination or biopsy. Diffusion-weighted imaging (DWI), combined 
with perfusion-weighted imaging (PWI), might help to distinguish between 
benign and malignant BI-RADS 4 breast lesions at mammography.

AIM 
To evaluate the value of DWI and PWI in diagnosing BI-RADS 4 breast lesions.

METHODS 
This is a retrospective study which included patients who underwent breast MRI 
between May 2017 and May 2019 in the hospital. The lesions were divided into 
benign and malignant groups according to the classification of histopathological 
results. The diagnostic efficacy of DWI and PWI were analyzed respectively and 
combinedly. The 95 lesions were divided according to histopathological diagnosis, 
with 46 benign and 49 malignant. The main statistical methods used included the 
Student t-test, the Mann-Whitney U-test, the chi-square test or Fisher’s exact test.

RESULTS 
The mean apparent diffusion coefficient (ADC) values in the parenchyma and 
lesion area of the normal mammary gland were 1.82 ± 0.22 × 10-3 mm2/s and 1.24 ± 
0.16 × 10-3 mm2/s, respectively (P = 0.021). The mean ADC value of the malignant 
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group was 1.09 ± 0.23 × 10-3 mm2/s, which was lower than that of the benign group (1.42 ± 0.68 × 
10-3 mm2/s) (P = 0.016). The volume transfer constant (Ktrans) and rate constant (Kep) values were 
higher in malignant lesions than in benign ones (all P < 0.001), but there were no significant 
statistical differences regarding volume fraction (Ve) (P = 0.866). The sensitivity and specificity of 
PWI combined with DWI (91.7% and 89.3%, respectively) were higher than that of PWI or DWI 
alone. The accuracy of PWI combined with DWI in predicting pathological results was 
significantly higher than that predicted by PWI or DWI alone.

CONCLUSION 
DWI, combined with PWI, might possibly distinguish between benign and malignant BI-RADS 4 
breast lesions at mammography.

Key Words: Magnetic resonance imaging; Breast diseases; Diffusion-weighted imaging; Perfusion-weighted 
imaging

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Lesions of breast imaging reporting and data system (BI-RADS) at mammography only appeared 
a wide range of risk of being malignant (2%-96%). The specificity of magnetic resonance imaging in 
detecting breast is relatively low. This study aimed to evaluate the value of diffusion-weighted imaging 
(DWI) and perfusion-weighted imaging (PWI) in diagnosing BI-RADS 4 breast lesions. The diagnostic 
efficacy of DWI and PWI were analyzed respectively and jointly. The results suggested DWI, combined 
with PWI, might possibly help distinguish benign breast lesions from malignant ones and provide clear 
diagnostic results for patients with potentially malignant BI-RADS 4 lesions at mammography.

Citation: Zhang H, Zhang XY, Wang Y. Value of magnetic resonance diffusion combined with perfusion imaging 
techniques for diagnosing potentially malignant breast lesions. World J Clin Cases 2022; 10(18): 6021-6031
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6021.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6021

INTRODUCTION
Breast cancer is one of the most common malignant tumors threatening women[1]. In recent years, the 
incidence of breast cancer has increased year by year, topping all types of cancer in Chinese women[2]. 
Magnetic resonance imaging (MRI) has become an essential examination method to diagnose breast 
lesions due to the avoidance of ionizing radiation, high soft-tissue resolution, multi-parameter imaging, 
multi-sequence imaging, and high sensitivity[3,4]. Nevertheless, the specificity of MRI in detecting 
breast is relatively low, leading to many false-positive results and high rates of re-examination or biopsy
[3,4].

Novel functional MRI techniques, including diffusion-weighted imaging (DWI), perfusion-weighted 
imaging (PWI), and other non-invasive detection methods, have enabled the detection of pathological 
conditions of tissues to reach on a molecular-level, as well as the detection of functional status and 
change in mechanisms of organs, tissues, and cells in vivo[5]. DWI is considered the most effective 
modality for malignant tumor screening and therapeutic effect assessment for breast cancer[6-9]. PWI 
can be applied in detecting blood perfusion in tissues, where the perfusion imaging pattern is closely 
related to the density of newly-generated microvessels in tumors[10,11]. Nevertheless, these techniques 
have not been widely validated in clinical practice since they mainly act as auxiliary roles for assessing 
suspicious lesions[8,12,13]. DWI can also monitor the treatment response to neoadjuvant chemotherapy
[14] and help to determine the subtypes of breast cancer[15].

According to the MRI breast imaging reporting and data system (BI-RADS) (5th edition), potentially 
malignant breast lesions are classified as the 4th category (BI-RADS 4) with a wide variation with regard 
to the risk of malignancy, from 2% to 95%[16]. BI-RADS 4 lesions could be anything from benign to 
malignant, resulting in the difficulties for clinicians to distinguish between them[17-20].

Therefore, the present study aimed to investigate the diagnostic efficiency of the apparent diffusion 
coefficient (ADC) combined with PWI in determining the nature of lesions categorized as BI-RADS 4. 
The results help to decide the exact nature of breast lesions before the patients undergo biopsy.

https://www.wjgnet.com/2307-8960/full/v10/i18/6021.htm
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MATERIALS AND METHODS
Study design and patients
This retrospective study included patients who underwent breast MRI examination, including 
symptomatic patients presenting to clinic and patients detected abnormalities in regular screening, 
between May 2017 and May 2019 at the Department of Radiology of Hospital. The diagnostic criteria 
were the 5th edition of MRI BI-RADS[16].

The inclusion criteria were: (1) Age over 20 years old; (2) BI-RADS 4 based on mammography only; 
(3) Lesion > 5.0 mm; (4) The MRI examination of all lesions was completed before needle biopsy; and (5) 
The MRI examination included DWI and dynamic contrast enhancement imaging (DCE-MRI) in 
addition to the conventional plain scans. The exclusion criteria were: (1) Received neoadjuvant 
chemotherapy which might affect the MRI readings[14]; or (2) Clinical or pathological T4 lesion.

The study was reviewed and approved by the First Hospital of Hebei Medical University. The need 
for individual informed consent was waived by the committee.

MRI acquisition
All examinations were performed with the patients in the prone position. MRI was performed by a 1.5-T 
MRI scanner (Signa Excite HDxT; GE Healthcare, Waukesha, WI, United States) and a 3.0-T MRI 
scanner (GE Silent Discovery 750W; GE Healthcare, Waukesha, WI, United States) with an 8-channel 
phased-array bilateral breast coil. The scanning sequences and corresponding parameters were: (1) 
T2WI fat-suppressed fast spin-echo (FSE): Repetition time (TR) 6079 ms, echo time (TE) 85 ms, flip angle 
(FA) 111°, field-of-view (FOV) 36 × 36 mm2, matrix size 320 × 256, number of excitation (NEX) 1.0, slice 
thickness (ST) 5.0 mm, scan time 2.44 s; (2) T1WI FSE: TR 697 ms, TE min full, FA 111°, FOV 36 × 36 
mm2, matrix size 320 × 256, NEX 1.0, ST 5.0 mm, scan time 1.05 s; (3) DWI: TR 2881.4 ms, TE minimum, 
FOV 36 × 36 mm2, matrix size 128 × 128, ST 5.0 mm, b values 0-800 s/mm2, scan time 2.01 s; and (4) 
T1WI dynamic perfusion: TR 5.5 ms, TE min full, FA 12°, FOV 34 × 34 mm2, matrix size 160 × 150, ST 5.0 
mm, 40 phase scanning, scan time 7.12 s (Figure 1). The contrast agent was gadopentetate dimeglumine 
(Jiangsu Hengrui Pharmaceutical Co., Ltd., China) and was administered at a dose of 0.2 mmol/kg with 
infusion rate of 3.0 mL/s. The intravenous injection of contrast agent began 30 s after the start of the 
scanning.

MRI analysis 
The collected data were transmitted to the General Electric Assistant Diagnostic Workstation 4.6, and 
the image data were analyzed. Then two radiologists with more than 5 years of experience in breast 
lesion diagnosis provided an independent analysis and assessment without knowing the clinical and 
pathological results. A consensus was reached through discussion in case of any inconsistencies 
between them. Regions with enhancements in DCE-MRI sequence and high signal intensity in the DWI 
sequence were considered to be lesions. After obtaining the ADC map by post-processing, the ADC 
values were measured by manually placing the elliptic in the lesion area, and covering at least four 
minimum pixels, with the average value based on three measurements. Meanwhile, the volume transfer 
constant (Ktrans), rate constant (Kep), and extravascular extracellular volume fraction (Ve) in this region 
were measured (Figure 2).

Pathological features 
The lesion samples gained from needle biopsy were sent to the Department of Pathology at the Hospital 
to obtain the pathological results. The lesions were divided into benign and malignant groups according 
to the classification of histopathological results. The benign group included non-hyperplasic, 
hyperplasic, and atypical hyperplasic lesions. The malignant group included ductal carcinoma in situ 
and any type of invasive carcinoma[21]. For samples with mixed pathological characteristics, the more 
severe lesion prevailed (Figure 3). Surgical resection was performed for all patients whose pre-surgical 
needle biopsy results demonstrated either malignant lesions or atypical lesions.

Statistical analysis 
All data were analyzed using SPSS Version 18.0 (IBM, Armonk, NY, United States). Continuous data 
were presented as means ± SD or medians (range), according to the results of the Kolmogorov-Smirnov 
test for normal distribution, and analyzed using the Student t-test or the Mann-Whitney U-test, as 
appropriate. Categorical data were presented as numbers (percentages) and analyzed using the chi-
square test or Fisher’s exact test. Differences with P < 0.05 were considered statistically significant.

RESULTS
Characteristics of the patients and lesions
This study included 95 breast lesions in 83 female patients, of which 36 patients were in the benign 
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Figure 1 Female, 52 years old, breast carcinoma. A and B: The left breast mass in T1WI and T2WI fat-saturated sequence is shown as a long T1 and long 
T2 signal shadow; C: The left breast mass is shown as a high signal in the diffusion-weighted imaging image; D: Obvious enhancement of the tumor in the transverse 
section of the enhanced scan.

group, and 47 patients were in the malignant group. All women were Chinese Han. There were no 
statistically significant differences between the benign and malignant groups in terms of age, family 
history, history of benign breast disease, history of marriage, history of delivery, long-term use of 
exogenous estrogen, alcohol abuse, and age of menarche, but there was a statistically significant 
difference between the groups in terms of the age of menopause (P = 0.021) (Table 1). As for the 95 
lesions detected, 46 (48.4%) lesions were in the benign group, and 49 (51.6%) lesions were in the 
malignant group. The average size of the lesions was 2.2 cm (0.6-5.8 cm); the lesions were larger in the 
malignant group than in the benign group (median, 2.4 cm vs 1.5 cm, P = 0.007) (Table 2).

Perfusion parameters
Table 2 shows that the Ktrans and Kep values were both larger in the malignant group compared with the 
benign group (both P < 0.001), but there were no significant statistical differences regarding Ve (P = 
0.866).

Diffusion parameters
The ADC values in the parenchyma and lesion area of the normal mammary gland were 1.82 ± 0.22 × 
10-3 mm2/s and 1.24 ± 0.16 × 10-3 mm2/s, respectively (P = 0.021). The mean ADC value of the malignant 
group was 1.09 ± 0.23 × 10-3 mm2/s, which was lower than that of the benign group (1.42 ± 0.68 × 10-3 mm
2/s) (P = 0.016). Based on the literature[22], an ADC value of 1.20 × 10-3 mm2/s was used as the threshold 
for malignant lesions. Lesions with an ADC value lower than the threshold were considered malignant 
lesions, and those with an ADC value higher than the threshold were considered benign lesions 
(Table 3).

Diagnostic efficacy of DWI and PWI
We evaluated the diagnostic efficiency of PWI and DWI and combined examination techniques 
compared to the pathological results. The sensitivity and specificity of combined PWI and DWI were 
higher than those of PWI or DWI alone. The accuracy of combining the two test methods in predicting 
pathological results was also significantly higher than that predicted by PWI or DWI alone (Table 4).

DISCUSSION
BI-RADS 4 breast lesions at mammography only appeared a wide range of risk of being malignant (2%-
96%)[17-20]. DWI and PWI could help discriminate benign from malignant lesions[6,10,11], but those 
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Table 1 Comparison of the clinical features between benign and malignant patients.

Variables Benign (n = 36) Malignant (n = 47) P value

Age (yr) 44 (28-54) 57 (27-79) 0.238

Family history, n (%) 3 (9.7) 2 (3.8) 0.316

History of benign breast diseases, n (%) 4 (14.8) 5 (9.6) 0.673

History of marriage, n (%) 31 (86.1) 45 (95.7) 0.583

History of delivery, n (%) 29 (80.6) 42 (89.4) 0.402

Long term use of exogenous estrogen, n (%) 0 6 (11.8) 0.242

Alcohol abuse, n (%) 0 1 (1.9) 0.709

Age of menarche, n (%) 0.477

< 12 years old 2 (6.5) 5 (9.6)

≥ 12 years old 29 (93.5) 47 (90.4)

Age of menopause, n (%)1 0.021

> 55 years old 3 (9.7) 7 (13.5)

≤ 55 years old 21 (67.7) 38 (73.1)

1Patients younger than 55 and not menopausal were not included in this parameter.

Table 2 Characteristics of the lesions

Parameters Benign (n = 46) Malignant (n = 49) P value

Lesion size (cm) 1.5 (0.6-2.7) 2.4 (1.6-5.7) 0.007

Ktrans 0.076 ± 0.001 0.681 ± 0.013 < 0.001

Kep 0.140 ± 0.004 1.892 ± 0.021 < 0.001

Perfusion imaging parameters

Ve 0.577 ± 0.012 0.316 ± 0.010 0.866

Ktrans: Volume transfer constant; Kep: Rate constant; Ve: Extravascular extracellular volume fraction.

techniques are mainly considered as accessory to standard imaging modalities[12]. Therefore, this study 
aimed to evaluate the efficiency of DWI and PWI in diagnosing breast lesions categorized as BI-RADS 4 
at mammography. The results suggested that DWI, combined with PWI, might possibly distinguish 
between benign and malignant BI-RADS 4 breast lesions at mammography.

DWI has the advantages of short acquisition time, unnecessary for a paramagnetic contrast agent, and 
high sensitivity[23]. Therefore, DWI is widely used in the differential diagnosis of breast diseases, with 
the scanning parameters and diagnostic specificity being constantly optimized[24]. Among the new MRI 
techniques, DWI is considered a useful diagnostic method in differentiating benign from malignant 
lesions and assessing the therapeutic effect[2]. Studies showed that the ADC values of typical malignant 
tumors are lower than those of benign hyperplasic tissues and normal tissues[25,26]. This finding is 
partly attributable to the small extracellular space resulting from the high cell density of malignant 
tumors, which leads to the restricted diffusion of water molecules[25]. This complicated microscopic 
phenomenon can be partially converted into quantifiable parameters by measuring ADC values, which 
can thus be applied in distinguishing between different tissue sources[25,26]. In the present study, the 
mean ADC value of the observed lesion areas was lower than that of the normal breast tissues, and the 
mean ADC value of the malignant group was the lowest (except for necrotic areas). This finding is 
consistent with the results reported in previous studies[27,28]. Tsushima et al[29] found that DWI is 
extremely helpful for diagnosing breast cancer, which its sensitivity and specificity achieved 89% and 
77%, respectively.

Many studies have been conducted on the threshold point of the ADC value used to distinguish 
benign lesions from malignant ones, and their conclusions differ[28,30,31]. By referring to the methods 
used in the literature[22] and diagnostic tests, the present study used 1.20 × 10-3 mm2/s as the critical 
ADC value to distinguish benign lesions from malignant ones in the DWI examination of breast lesions. 
The accuracy obtained by comparison with the pathological results was approximately 73%. Using a 
relatively high ADC value as the critical point can effectively avoid over-diagnosis of BI-RADS 4 Lesions 
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Table 3 Apparent diffusion coefficient values by histopathological results, in relation to the 1.20 × 10-3 mm2/s cut-off point, among the 
95 lesions evaluated (mean ± SD)

Histopathological results Number of lesions < 1.20 × 10-3 mm2/s, n (%) ≥ 1.20 × 10-3 mm2/s, n (%)
Benign 46 1.42 ± 0.24 9 (19.6) 37 (80.4)

Fibrocystic hyperplasia 19 1.44 ± 0.32 4 (21.1) 15 (78.9)

Fibroadenoma 7 1.49 ± 0.27 2 (28.6) 5 (71.4)

Adenopathy 13 1.38 ± 0.26 2 (15.4) 11 (84.6)

Catheter dilatation 2 1.69 ± 0.36 1 (50.0) 1 (50.0)

Inflammation 5 1.16 ± 0.08 3 (60.0) 2 (40.0)

Malignant 49 1.08 ± 0.30 35 (71.4) 14 (28.6)

Ductal carcinoma in situ 16 1.24 ± 0.25 9 (56.3) 7 (43.7)

Invasive ductal carcinoma 24 0.92 ± 0.23 21 (87.5) 3 (12.5)

Invasive lobular carcinoma 5 1.16 ± 0.19 3 (60.0) 2 (40.0)

Neuroendocrine carcinoma 3 0.95 ± 0.67 2 (66.7) 1 (33.3)

Invasive mucinous carcinoma 1 1.84 ± 0.56 0 (0) 1 (100)

Table 4 Imaging diagnosis and pathological results of granulomatous mastitis and breast cancer by perfusion-weighted imaging and 
diffusion-weighted imaging

Positive False-positive Negative False-negative Total Sensitivity (%) Specificity (%) Accuracy (%)

PWI 41 8 39 7 95 85.4 83.0 84.2

DWI 35 14 37 9 95 79.5 72.5 75.8

PWI combined with 
DWI

44 5 42 4 95 91.7 89.3 90.5

Positive: Diagnosed malignant by magnetic resonance imaging; Negative: Diagnosed benign by magnetic resonance imaging; PWI: Perfusion-weighted 
imaging; DWI: Diffusion-weighted imaging.

at mammography. Except for 5.5% of the cases in this study, which were mucinous carcinomas (with an 
ADC value of 2.20 × 10-3 mm2/s), all lesions with ADC values > 1.74 × 10-3 mm2/s were nonmalignant, as 
indicated by the final pathological results. This critical point is close to the average of the critical values 
ranging from 1.60-1.81 × 10-3 mm2/s, as reported by previous studies[22,28,30]. Ren et al[31] showed that 
the ADC values could be used to evaluate breast lesions’ malignancy. Spick et al[32] also stated that 
DWI might partially eliminate the need for MRI-guided biopsies. They revealed that when the ADC 
value of 1.58 × 10-3 mm2/s was used as the threshold, no false-negative occurred.

PWI is an imaging method that can clearly display microvessel density[33] and reflect the neovascu-
larization of tumors, which is a necessary condition for tumor growth, progression, and metastasis[7,8,
12,34]. The hemodynamic information that it provides has enabled quantitative analysis. The 
parameters include Ktrans (which refers to the rate of the contrast agent diffusing from the inside to the 
outside of the blood vessel), Kep (which refers to the rate of the contrast agent in the extravascular tissue 
space returning to the blood vessel after diffusing for a period of time), and Ve (which is the volumetric 
ratio of the extravascular extracellular space to the total voxel). These parameters are able to quantit-
atively evaluate blood perfusion in the diseased tissue[7,35], thereby enabling quantitative and differ-
ential diagnoses of lesions. In the present study, there was a significant increase in the number of blood 
vessels throughout the breast in sequence of PWI. The reason may be that tumor blood vessels face 
smaller growth resistance, and the high metabolism level of tumors gradually stimulates the 
regeneration of blood vessels throughout the breast. In addition, studies have shown that breast cancer 
with multifocal lesions, large masses, and axillary lymph node metastases have also exhibited 
pronounced neovascularization throughout the breast, suggesting a poor prognosis[36]. It can thus be 
inferred that the significant increase in the number of new blood vessels in the breast with cancerous 
lesions will suggest the progressive growth of malignant lesions and intramammary metastasis.

Conventional MRI scanning techniques combined with DWI and PWI can provide information on the 
internal structure of the breast[27], reflect the pathological characteristics of the tissue more accurately, 
and improve the diagnostic accuracy for breast lesions by measuring ADC values and quantitative 
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Figure 2 Color image. A: The apparent diffusion coefficient (ADC) color image allows the multipoint measurement of the ADC value; B-D: Multipoint measurement 
of olume transfer constant (Ktrans) (B), rate constant (Kep) (C), and extravascular extracellular volume fraction (Ve) (D) of the lesions and adjacent normal tissues.

Figure 3 Histopathological examination showing moderate nuclear grade ductal carcinoma in situ, with stove shape II invasive ductal 
carcinoma (HE × 100).

parameters of PWI[7]. This method achieves the transition from qualitative diagnosis to quantitative 
diagnosis, thereby associating BI-RADS 4 lesions with corresponding histopathological grades. By using 
a DWI sequence combined with the quantitative parameters of PWI, a pathological classification of 
potentially malignant lesions, which were diagnosed as BI-RADS 4 lesions by mammography, was 
performed in this study to improve the accuracy of imaging diagnosis and provide different clinical 
recommendations. The present study proved that the sensitivity and specificity of DWI combined with 
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PWI were higher than that of DWI and PWI alone. Nevertheless, additional studies are necessary to 
further confirm those results. Follow-up observations with imaging methods should be performed for 
those diagnosed with benign lesions, and needle biopsies should be performed, if necessary, for those 
diagnosed as malignant lesions.

This study has limitations. Firstly, the purpose of this study was to group BI-RADS 4 lesions at 
mammography based on their histological features by dividing them into two groups. Including 
atypical hyperplasic lesions in the benign group may result in bias, and different histological subtypes 
are included in the same group. As a result, the ADC values of the group may vary greatly. Secondly, 
two radiologists independently evaluated the slides, but the concordance was not examined. Thirdly, 
ultrasound data were not available for many patients because the physicians decided not to perform it, 
the patient refused, or it was done at another hospital, and thus could not be analyzed. Fourthly, the 
sample size was small, and receiver operating characteristics and multivariable analyses could not be 
performed. Studies with larger sample size are necessary to determine the real diagnostic value of DWI 
combined for PWI and determine the adequate cutoff values for the different quantitative parameters.

CONCLUSION
In conclusion, DWI, combined with PWI, might possibly help distinguish benign breast lesions from 
malignant ones and provide clear diagnostic results for patients with potentially malignant BI-RADS 4 
lesions at mammography.

ARTICLE HIGHLIGHTS
Research background
In recent years, the incidence of breast cancer has increased year by year, topping all types of cancer in 
Chinese women. Novel functional magnetic resonance imaging (MRI) techniques, including diffusion-
weighted imaging (DWI), perfusion-weighted imaging (PWI), and other non-invasive detection 
methods, have enabled the detection of pathological conditions of tissues to reach on a molecular-level, 
as well as the detection of functional status and change in mechanisms of organs, tissues, and cells in 
vivo. According to the MRI breast imaging reporting and data system (BI-RADS) (5th edition), 
potentially malignant breast lesions are classified as the 4th category (BI-RADS 4) with a wide variation 
with regard to the risk of malignancy, from 2% to 95%. The results of this study help to decide the exact 
nature of breast lesions before the patients undergo biopsy.

Research motivation
This study aimed to evaluate the value of DWI and PWI in diagnosing BI-RADS 4 breast lesions and 
analyze the diagnostic efficacy of DWI and PWI respectively and jointly, which could help to decide the 
exact nature of breast lesions.

Research objectives
The main objective of this study is to improve the specificity of MRI in detecting breast. MRI has become 
an essential examination method to diagnose breast lesions due to the avoidance of ionizing radiation, 
high soft-tissue resolution, multi-parameter imaging, multi-sequence imaging, and high sensitivity. 
When realizing the objective, the diagnostic efficiency of the apparent diffusion coefficient (ADC) 
combined with PWI in determining the nature of lesions categorized as BI-RADS 4 will be improved.

Research methods
This retrospective study included patients who underwent breast MRI between May 2017 and May 
2019. The lesions were divided into benign and malignant groups according to the classification of 
histopathological results. The diagnostic efficacy of DWI and PWI were analyzed respectively and 
combinely.

Research results
The mean ADC value of the malignant group was lower than that of the benign group (P = 0.016). The 
volume transfer constant (Ktrans) and rate constant (Kep) values were higher in malignant lesions than in 
benign ones (all P < 0.001). The sensitivity and specificity of PWI combined with DWI (91.7% and 89.3%, 
respectively) were higher than that of PWI or DWI alone. Studies with larger sample size are necessary 
to determine the real diagnostic value of DWI combined for PWI and determine the adequate cutoff 
values for the different quantitative parameters.
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Research conclusions
The sensitivity and specificity of combined PWI and DWI were higher than those of PWI or DWI alone. 
DWI, combined with PWI, might possibly help distinguish benign breast lesions from malignant ones 
and provide clear diagnostic results for patients with potentially malignant BI-RADS 4 lesions at 
mammography.

Research perspectives
To improve the accuracy of combining PWI and DWI in predicting pathological results.
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Abstract
BACKGROUND 
Hypertrophic scars and keloid treatment is a major problem in plastic surgery. 
While small keloids can be treated with resection followed by radiotherapy, large 
keloids require treatment with a tissue expander. Conventional methods increase 
the need for auxiliary incisions, causing new scar hyperplasia.

AIM 
To introduce a new method for the treatment of keloids with an expander.

METHODS 
Between 2018 and 2021, we performed surgeries to treat large keloids in nine 
patients with a two-stage approach. In the first stage, an intrascar incision was 
made in the keloid, and a customized expander was implanted under the keloid 
and the surrounding normal skin. A period of 3-6 mo was allowed for skin 
expansion. In the second stage, after the initial incision healed, a follow-up 
surgery was performed to remove the expander, resect the keloid, and repair the 
expanded skin flap. To accomplish this, an incision was made along the scar 
boundary to avoid making a new surgical incision and creating new scars. 
Superficial radiotherapy was then performed postoperatively.

RESULTS 
Two patients had anterior chest keloids. After treatment, the anterior chest 
incision was broken repeatedly and then sutured again after debridement. It 
healed smoothly without scar hyperplasia. Keloids were successfully removed in 
7 patients without recurrence.

CONCLUSION 
This method was performed through a keloid incision and with a custom 
expander embedded. After full expansion, the keloid was directly resected using a 
linear suture, which avoids new surgical incisions and scars and can successfully 
remove large-area keloids. The treatment is effective, providing new insights and 
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strategies for the treatment of similar large-area keloid and hypertrophic scar cases in the future.

Key Words: Expander; Keloids; Superficial radiotherapy; Intrascar incision; Treatment
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Core Tip: This paper introduces a new method for the treatment of keloids with an expander. After 
treatment with a single linear incision, the surgical incision was located on the keloids. Thus, because 
there was no additional auxiliary incision, the possibility of a new keloid was reduced.
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INTRODUCTION
Keloid treatment has always been a major problem for surgeons[1,2]. Keloids are caused by fibroblast 
proliferation disorders during wound healing[1,3]. Current treatments mainly include topical or oral 
drugs, surgical treatment, radiotherapy, and laser therapy. Specifically, these include topical 
(tape/ointment) and injectable adrenocorticotropic hormones, compression therapy and silica gel 
(application of bandages, stents, plastic clothes, among others), surgical resection, sutures, surgical 
resection after skin graft or flap reconstruction, and postoperative radiotherapy, among other treatments
[5]. Drug injections can be used to treat small keloids, while surgical resection and superficial 
radiotherapy are often used to treat large keloids[5-7]. However, it is often difficult to resect keloids 
with large areas directly by surgery[8,9].

In 1979, the American Society of Plastic Surgeons officially recognized expander therapy was initiated 
in 1976, and officially recognized skin dilation as a form of expander therapy, and it has since been 
widely used[10,11]. Skin dilation, which entails embedding an expander and continuously pumping 
water to expand the normal skin and increase the area, can be used to repair skin lesions. The method is 
advantageous as it avoids donor site injury, has a good repair effect, and ensures the color and texture 
of the flap match the recipient area. Therefore, expanders have been widely used to treat hypertrophic 
scars and keloids in recent decades[12,13]. However, previously reported methods involved burying the 
expander near the scar. During skin dilation, the expanded skin flap must be rotated or pushed to repair 
skin lesions; thus, an auxiliary incision is needed. For patients with scar constitution, a new incision 
means there is a possibility for new keloid formation.

In this study, we describe a new method for treating large keloids that minimizes the need for a new 
surgical incision, thereby reducing the chances of new keloid formation. In this method, a direct incision 
was made on the keloid to form an expander bag with a capsule cavity that includes the keloid and the 
surrounding normal skin. After full expansion, the keloid was directly excised and the expanded flaps 
were pulled together and sutured linearly, minimizing the need for a new surgical incision.

MATERIALS AND METHODS
Before surgical treatment, a detailed medical history was obtained, and a physical examination was 
performed for each patient. The size and shape of the custom expanders were designed based on the 
lesion site and the shape of the surrounding normal skin. Each custom expander was 2.5 times the 
diameter of the lesion.

The skin expander was implanted during the first surgery stage. The patient was placed under 
general anesthesia, and the surgical sites were routinely disinfected. An incision, the length of the long 
axis of the scar, was made along the midline of the scar. The incision was not extended beyond the 
boundary of the scar. Based on the customized expander, the boundary of the separated expansion 
cavity was marked with Meilan. The boundary usually exceeded the shape of the expander by 1 cm. The 
full-thickness of scar tissue was cut with a blade, and taking care to maintain a uniform vertical section, 
the subcutaneous fat was cut down to the surface of the myometrium, and the cavity separated from the 
surface of the muscular membrane. During separation, the perforating vessels were electro-coagulated 
or ligated. The separated cavity was 1 cm wider than the boundary of the customized expander to 
ensure that the expander could be fully expanded without folding after implantation. Separation of the 
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injection pot cavity and pot mouth position and the injection pot from the expansion of the capsule 
cavity 10 cm was done. To achieve hard support, we ensured that the bottom of the pot was at the 
appropriate depth, it was easy to touch on the body surface, and the expansion was optimal. Prior to 
placing the expander in the separated cavity, we ensured that it had no leaks. We also checked the 
chassis position, flattened the expander, and placed the injection bottle that was inserted in the drainage 
tube in the separated cavity. We were careful not to puncture the expander during suturing.

The wound dressing was changed routinely on the second day after surgery, and the drainage tube 
was removed when the drainage volume was less than 20 mL (this volume was based on the size of the 
embedded expander and was estimated based on clinical experience). The suture was removed on the 
14th day after the first surgery, and a small amount of water was injected into the cavity twice per week. 
The volume injected was 10% of the designed capacity of the expander; however, this was not always 
the case. We paid special attention to the color and tension of the expanded flap and the sensation of 
pain around the flap area. Therefore, if the patient was obviously uncomfortable, the tension of the flap 
was too high, or the color of the flap was white, the water infusion was stopped, and the site of injection 
was monitored over time. When the expander was filled with water to 3-4 times its designed volume, 
the second stage surgery to remove the keloid was commenced. Prior to initiating the second surgery, 
the size of the expanded flap was measured to determine whether the normal skin on both sides of the 
scar was sufficient to cover the chassis.

During the second-stage surgery, the expander was removed, the scar excised, and the expanded flap 
repaired. To achieve this, an incision was made along the scar boundary to remove the lesion from the 
normal tissue completely and remove the expander and injection pot. While paying attention to the 
treatment of both sides of the flap, the flaps were pulled towards the midline of the incision and 
sutured, and an appropriate drainage tube was inserted. A multi-layer tension-reduction cosmetic 
suture using one silk suture was required. The bottom of the flap was tethered to the rib periosteum 
while ensuring that there was no tension in the suture. A full subcutaneous reduction was required in 
patients with scar constitution.

The wound was dressed, and the drainage tube was removed as described earlier. The suture was 
removed between days 10 and 14 after surgery and prior to radiotherapy[14]. Radiotherapy, totaling 20 
Gy, was administered in four sessions at a dose of 5 Gy per session. Radiotherapy was started on the 
first day post-surgery (if the first day after surgery was on the weekend, radiotherapy was suspended 
for two days and continued the following Monday)[15,16]. To prevent recurrence of keloids and 
hypertrophic scars, adequate anti-scar treatment was provided postoperatively, which included the 
early and effective application of reducing devices, external use of silicone gel for three months, and 
avoidance of foods including spicy foods, seafood, and alcohol. In addition, we ensured regular review 
and close postoperative follow-up of the patients.

RESULTS
The size of the keloids ranged from 2 cm × 5 cm to 15 cm × 13 cm in surgical patients (Table 1). The 
expansion time and designated volume of the customized expander were 3–5 mo (mean, 4 mo), and 
100–800 mL (mean, 500 mL), respectively. The total volume of water injected ranged from 320–2400 mL 
(average, 1452 mL). Keloids were completely removed, and the surgery resulted in a linear scar. One 
patient had a long-term unhealed wound in the anterior chest for half a year after scar resection and 
radiotherapy. In this patient, the wound was directly reopened and re-sutured without further 
radiotherapy. This treatment resulted in smooth healing of the wound without keloid recurrence.

Total nine patients underwent keloid repair surgery, which was conducted in two stages between 
2018 and 2021. In the first stage, customized expanders were implanted under the scars, and in the 
second stage, scar resection and expanded skin flap repair were performed. Due to the different shapes 
of the keloids, the customized expanders used were also different (Table 1).

The expander size ranged from 100-800 mL. The final expansion size was between 320 and 2400 mL. 
The water injection interval was 2 d, and each injection volume was 10% of the design capacity. When 
the tension of the flap was too high, a smaller volume could be injected. Expansion time in March-May, 
and an average of April. Representative patient cases are presented in Figure 1 and Figure 2.

DISCUSSION
Keloid-centered expansion has replaced traditional para-scar expansion. The main advantages are as 
follows: (1) Incisions are made in hypertrophic scars or keloids, and the wound has a strong tensile 
strength. This is because the healing surface includes thick scar tissue and the underlying adipose tissue. 
Therefore, in the process of expansion, incision dehiscence does not occur; (2) Unlike the traditional 
method in which the expander is embedded via an incision in the normal skin, this method of incision in 
the scar area will not add any new surgical scars, which is particularly important for people with a scar 
physique and does not require a new drainage tube incision. Furthermore, a previous report has 
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Table 1 Details of surgical patients

Patients Age (yr) Scar area (cm) Dilator size (mL) Total water injection (mL) Location

1 23 6.5 × 4.5 200 600 Chest

15 × 10 800 2400 Back2 69

5 × 3 200 600 Back

3 28 15 × 13 700 2161 Chest

4 13 2 × 5 100 350 Upper limb

5 35 6 × 4 400 1200 Chest

6 32 13 × 4 100 320 Neck

7 24 10 × 6 600 1300 Chest

8 30 15 × 5 800 2400 Abdomen

9 24 11 × 6 500 1500 Chest

Figure 1 A 69-year-old patient with keloids. A: Two prominent skin, and the edge beyond the scar base; B: In the first stage of operation, expander 
implantation was performed through an intrascar incision; C, D: The methylene blue line was the designed range of expander implantation; after expander 
implantation, normal saline was rapidly injected to dilate it; expander water injection; E: After injection of saline, the expander was removed and the expanded flap 
was sutured. Continuous superficial radiotherapy after the operation, for 4 d; F: Two weeks after the operation, immediate suture removal was done.

confirmed that a scar within the vicinity of the incision will not cause keloid hyperplasia[17]; and (3) 
During the expansion process, keloids stop developing and even partially subside due to pressure 
compression. This phenomenon has not been previously reported.

In this study, one patient presented with two keloids, and satisfactory results were achieved for both 
keloids with the keloid-centered expansion approach. In another patient, the case was complicated by 
poor wound healing for half a year, which manifested as epidermal erosion, exudation, and crusting. 
After extensive subcutaneous separation and re-suturing, the wound healed successfully. The wound 
healed poorly in this patient because the surgical tension was concentrated at the incision, which caused 
the scar at the incision to widen continuously under tension traction, and this wound was associated 
with the radiotherapy area. To avoid such complications, attention should be paid to the selection of an 
appropriate multi-gradient tension suture (specifically a flap deep and periosteum tension suture), in 
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Figure 2 A patient with an anterior chest keloid. A: The patient with an anterior chest keloid, prominent skin lesions, and edge-invasive growth appearance; 
B: Scar incision after expander implantation and normal saline expansion; C: During expander removal, methylene blue was designed to remove keloid size; D: 
Immediately after scar excision and expander removal.

addition to the need for subcutaneous tension suture. This prevents the concentration of the flap tension 
on the wound.

The method of implanting the expander via a scar incision, as described in this report, effectively 
reduces the risk of additional scarring, which is a significant advantage. In addition, during the 
expansion process, the pressure achieved with water injection plays a role in compressing the keloids. 
According to clinical observations, skin expansion under keloids can prevent and reverse the 
pathological progress of keloids. This is another significant advantage of the keloid-centered expansion 
approach. After the second-stage operation to remove the lesion, the flaps were directly sutured. The 
resulting linear incision prevents the need for an auxiliary incision. Compared with the pedicle flap and 
free flap, the technical requirements and accuracy of the keloid-centered expansion approach are 
superior.

To repair a particular area of a keloid, custom-designed expanders are required. The diameter of a 
normal skin expander should be 2–3 times the keloid diameter. After expansion, the scar can be 
successfully removed, and the wound successfully closed. If the normal skin area to be expanded is too 
small, even after expansion, there will not be sufficient normal skin, and the tension will be too high to 
remove the scar completely when closing.

In this study, postoperative radiotherapy consisted of 20 Gy, continuous irradiation for 4-5 d, starting 
from the first day after surgery. A 4–5 Gy linear accelerator electron beam radiotherapy can penetrate 2-
3 mm below the skin[18,19].

In the method described in this report, the surgical incision was simple, and no auxiliary incisions 
were required. Previous expander transfer methods included propulsion and rotation methods. An 
auxiliary incision is required to fully expand a hemispherical expanded flap using those methods. In 
this study, the expander was in the central part of the scar; thus, no auxiliary incision was needed.

The expansion process to achieve keloid compression effectively prevents the progression of keloids. 
However, there is also a risk of complications. After the expansion, the tension at the incision is large, 
and since the scar is around the incision, there is a high risk of skin damage. Therefore, after the second-
stage surgery, the probability of healing is low. To mitigate this risk, a deep tension-reduction suture 
should be considered.
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CONCLUSION
From this study of surgical patients, we present a new method, keloid-centered expansion, that we 
believe can successfully remove large keloids and have good prospects for healing since this method 
prevents the need for auxiliary incisions and reduces the risk for the formation of new keloids. The 
sequence of events associated with this method includes scar incision, customized expander 
implantation, skin expansion to remove the keloid, formation of a single linear suture incision, followed 
by postoperative radiotherapy.

ARTICLE HIGHLIGHTS
Research background
Current treatment modalities are classified as either conservative or surgical. Conservative treatments 
include intra-scar injection of anti-scar drugs, laser, external force compression, and radiotherapy, 
although complete curation is often not achieved. While small keloids can be directly resected followed 
by radiotherapy, large keloids cannot be directly resected; they require treatment with a tissue 
expander.

Research motivation
We present a new method, keloid-centered expansion keloid-centered expansion.

Research objectives
After treatment with a single linear incision, the surgical incision was located on the keloids. Thus, 
because there was no additional auxiliary incision, the possibility of a new keloid was reduced.

Research methods
In the first stage, an intrascar incision was made in the keloid, and a customized expander was 
implanted under the keloid and the surrounding normal skin. A period of 3-6 mo was allowed for skin 
expansion. In the second stage, after the initial incision healed, a follow-up surgery was performed to 
remove the expander, resect the keloid, and repair the expanded skin flap.

Research results
Keloids were successfully removed in seven patients using this approach without recurrence. In two 
patients who had anterior chest keloids, wound healing was prolonged. However, after debridement 
and re-suturing, the wound healed smoothly without scar hyperplasia.

Research conclusions
This method was performed through a keloid incision and with a custom expander embedded. After 
full expansion, the keloid was directly resected using a linear suture, which avoids new surgical 
incisions and scars and can successfully remove large-area keloids.

Research perspectives
Keloid treatment, especially large keloids, has always been a major problem for surgeons, and this study 
provides a solution for this problem, which is likely applicable for treating keloids of all sizes and for 
treating other hypertrophic scars as well.
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Abstract
BACKGROUND 
Most complex renal stones are managed primarily with percutaneous nephroli-
thotomy (PCNL). However, PCNL is still a great challenge for surgeons because 
of poor comprehension on complex adjacent structures. Novel techniques are 
required to assist in planning and navigation.

AIM 
To apply and evaluate the Hisense computer-assisted surgery (CAS) system in 
PCNL.

METHODS 
A total of 60 patients with complex renal stones were included. Thirty patients in 
the CAS group had three-dimensional (3D) virtual models constructed with the 
CAS system. The model assisted in planning and navigating in the CAS system. 
Thirty patients in the control group planned and navigated as standard PCNL, 
without the application of the CAS system. Success rate of one attempt, operation 
time, initial stone-free rate, decrease in hemoglobin, and complications were 
collected and analyzed.

RESULTS 
There were no statistically significant differences in the baseline characteristics or 
planning characteristics. The success rate of one puncturing attempt (90% vs 67%, 
P = 0.028) and the initial stone-free rate (87% vs 63%, P = 0.037) were significantly 
higher in the CAS group. However, there were no statistically significant 
differences in the operation time (89.20 ± 29.60 min vs 92.33 ± 33.08 min, P = 0.859) 
or in the decrease in hemoglobin (11.07 ± 8.32 g/L vs 9.03 ± 11.72 g/L, P = 0.300) 
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between the CAS group and the control group. No statistically significant differences in the 
incidence of complications (Clavien-Dindo grade ≥ 2) were found.

CONCLUSION 
Compared with standard PCNL, CAS-assisted PCNL had advantages in terms of the puncturing 
success rate and stone-free rate. The Hisense CAS System was recommended to assist in 
preoperative planning and intraoperative navigation for an intuitive, precise and convenient 
PCNL.

Key Words: Computer-assisted surgery system; Percutaneous nephrolithotomy; Three-dimensional 
reconstruction; Planning; Navigation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Consisting of construction, display, simulation and measurement functions, the Hisense 
computer-assisted surgery (CAS) system is a novel and all-around software based on new generation of 
three-dimensional (3D) reconstruction. Compared with standard percutaneous nephrolithotomy (PCNL), 
CAS-assisted PCNL had advantages in terms of the puncturing success rate and stone-free rate. The CAS 
System was recommended to assist in preoperative planning and intraoperative navigation for an intuitive, 
precise and convenient PCNL.
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INTRODUCTION
Renal stones, including large stones and multiple stones, are a common and intractable urological 
disease. Percutaneous nephrolithotomy (PCNL) has been recommended as the first-line treatment for 
renal stones that are larger than 2 cm[1,2]. In other cases of renal stones, PCNL is also an alternative 
treatment. However, it is difficult to achieve surgical competence in PCNL, especially for complex renal 
stones such as staghorn stones and multiple stones. Therefore, a great quantity of training is required 
for young surgeons. The study of the learning curve of a single surgeon suggested that competence in 
PCNL was reached after treating 60 cases and was excellent after treating 115 cases[3].

For excellent PCNL, novel techniques, including visual needles[4], three-dimensional (3D) printing
[5], lasers[6], electromagnetic tracking[7] and virtual reality (VR)[8], are emerging to assist surgeons in 
understanding the regional anatomy and establishing percutaneous tracts. 3D reconstruction is also a 
novel technique[9] and has showed preliminary advantages in PCNL[10]. The structures around the 
stones are reconstructed from two-dimensional (2D) clinical imaging pictures to form 3D models for 
further display, planning and navigation. These models provide a comprehensive view to show the 3D 
relationship between the stones and adjacent structures, which cannot be provided by traditional 2D 
imaging, such as fluoroscopy, ultrasound (US) and computed tomography (CT).

The Hisense computer-assisted surgery (CAS) system, consisting of construction, display, simulation 
and measurement functions, is a software based on 3D reconstruction. The system has been applied in 
pediatric hepatectomy[11] and gastrectomy[12] and is helpful for accurate preoperative planning and 
intraoperative navigation. In the present study, we applied the CAS system in PCNL and first compared 
CAS-assisted PCNL (the CAS group) and standard PCNL (the control group) to evaluate the system.

MATERIALS AND METHODS
Patients and designs
It is a retrospective study. From October 2019 to October 2020, patients with complex renal stones, 
confirmed by preoperative computed tomography urography (CTU) and managed by PCNL in the 
Urological Department of the Affiliated Hospital of Qingdao University, were retrospectively enrolled 
in the study. Complex renal stones were defined as partial staghorn stones, complete staghorn stones or 
multiple stones. However, patients with history of operations, introduction of ureteral stents or 
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nephrostomy tubes, existence of other disorders in the ipsilateral kidney, or absolute operative contrain-
dications were excluded.

Thirty patients who met the selection criteria and underwent CAS-assisted PCNL were included as 
the CAS group. In CAS-assisted PCNL, patients had 3D virtual models constructed with the CTU 
images by the CAS system (Hisense Medicine, Qingdao, China), and the model assisted in planning and 
navigating in the CAS system. At the same time, 103 patients met the selection criteria and underwent 
standard PCNL. They were ranked according to the medical record number, and the first 30 patients 
were included into the study as the control group in a 1:1 ratio to the patients in the CAS group using 
the random number method. In standard PCNL, 2D axial, sagittal and coronal images from CTU aided 
in planning and navigating, without the application of the CAS system.

All surgeries were performed by the same surgical team. Ethics approval was obtained from the 
Ethics Committee of the Affiliated Hospital of Qingdao University (QYFYWZLL26370). Informed 
consent was obtained from all the patients for this study.

CTU protocol
The CTU images, including the unenhanced, arterial, venous, and excretory phases, were obtained by a 
64 multidetector row CT scanner (Siemens, Germany) with 1-mm step intervals. The scan delay times 
for the arterial, venous, and excretory phases were 25, 60, and 600-900 s, respectively, after intravenous 
injection of contrast material. Patients were advised to hold their breath in inspiration during the 
process.

Application of the Hisense CAS system
Construction of 3D virtual model: Four-phase images of the CTU were exported in Digital Imaging and 
Communications in Medicine format and were imported into the Hisense CAS system: (1) 
Segmentation: Stones, renal collecting system, ureters, renal parenchyma, renal vascular system, bottom 
of the thoracic cavity, spine, ribs, and skin were segmented from the images of different phases by the 
technique of region growing and threshold segmentation; (2) Reconstruction: The system processed the 
segmented structures for the 3D reconstruction of separate models using the techniques of maximum 
intensity projection, multiple planar reformation, curved planar reconstruction and volume rendering; 
(3) Combination: These separate models were registered and were integrated into a fusion model; and 
(4) Modification: After noise reduction, smoothing, dyeing and diaphaneity adjustments of each 
structure in the fusion model, a final 3D virtual model was obtained (Figure 1).

Planning for PCNL: With the simulation and measurement function of the CAS system, urological 
surgeons planned for the PCNL using the 3D virtual models. The planning was divided into three parts: 
the determination of ideal entry calyx, ideal puncture path and tract number: (1) Ideal entry calyx, 
where the nephoscope enters the collecting system, is defined as the calyx that is accessible to the renal 
pelvis and has the smallest length, the largest infundibular width, and the most "favorable calyces"[13]. 
A favorable calyx is defined as a calyx whose angle from the entry calyx is larger than 95°[14]. Stones in 
the renal pelvis and favorable calyces can be easily cleared from the ideal entry calyx. (2) The puncture 
path is the tract starting at the surface of the skin and ending at the boundary of the entry calyx. And 
ideal puncture path should have the shortest distance from the skin to the ideal entry calyx and should 
pass through the thinnest renal parenchyma, with the protection of adjacent vessels and organs. We 
moved virtual puncture path to find the ideal puncture path and recorded its depth (distance a) and 
direction (Figure 2). The direction was indicated by the angle between ideal puncture path and the axial 
plane (angle a), coronal plane (angle b), and sagittal plane (angle c). The intersection between ideal 
puncture path and skin is the puncture point. Then, we recorded the position of the point by the 
latitudinal distance to the posterior midline of the body (distance b) and the longitudinal distance to the 
inferior margin of the ipsilateral twelfth rib (distance c). And (3) Tract number. There are often no 
significant residual stones after the PCNL with one tract, based on above ideal entry calyx and puncture 
path. The second entry calyx and puncture path were needed to establish another tract when significant 
residual stones were present. The planning process of the second tract was the same as that of the first 
tract. A third tract was not established for the concern of increased injuries and bleeding. Repeated 
simulation could be performed if previous planning was not satisfactory.

Navigation for PCNL: The 3D model and PCNL plan obtained from the CAS system were applied to 
navigate the PCNL. During the puncture phase, we first located the actual puncture point with 
distances b and c. Then, we set the direction of the puncture needle by angles a, b and c. With the help 
of the US (Hitachi, Japan), we punctured ideal entry calyx from the actual puncture point along the 
direction of the puncture needle, and the puncture depth was approximately the distance a. US was 
mainly used to verify the position of ideal entry calyx and to adjust the puncture path. Tract number 
was determined as mentioned in the PCNL plan. The puncture process was performed while the 
patients were in inspiration. During the tract dilation phase and the stone removal phase, it was the 
same as a standard PCNL. During all phases, the 3D model was shown on the screen using the display 
function of the CAS system. The 3D model could be magnified, rotated and translated to meet surgeons' 
requests. Stones, the collecting system, adjacent vessels and organs could be viewed in all directions to 



Qin F et al. Application of CAS system in PCNL

WJCC https://www.wjgnet.com 6042 June 26, 2022 Volume 10 Issue 18

Figure 1 The procedures of three-dimensional model construction by the computer-assisted surgery system. A: Different structures were 
segmented from different phases of CTU; B: Segmented skin, the bottom of the thoracic cavity, spine, ribs, renal arterial system, renal venous system, renal 
parenchyma, renal collecting system, ureters and stones were reconstructed respectively; C: In combination, reconstructed structures were registered and integrated 
into a fusion model; D: In modification, diaphaneity adjustment of skin, renal parenchyma and renal collecting system made it possible to observe stones.

Figure 2 Preoperative planning for percutaneous tracts with the three-dimensional model. Ideal puncture path in side view (A), back view (B), axial 
view (C) and oblique view (D) were simulated. Lengths and angles could be measured by the CAS system, taking the depth of ideal puncture path (E) and the angle 
between ideal puncture path and the coronal plane (F) for example.

find stones and to avoid injuries (Figure 3).

Surgical procedure
After general anesthesia, the patient was placed in the lithotomy position, and a ureteral catheter was 
placed for artificial hydronephrosis. Then, the patient was placed into the prone position and 
underwent main surgical procedure, including puncture phase, tract dilation phase and stone removal 
phase, with the help of the US. The tract was dilated to 24F. A 6F ureteral stent and a 14F nephrostomy 
tube were placed at the end of the surgery. CT was performed within 1 mo after the surgery. "Stone-
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Figure 3 Intraoperative navigation for percutaneous nephrolithotomy with the computer-assisted surgery system. A: Making percutaneous 
tracts with the help of the CAS system and the US; B: The CAS system showed the 3D model and the plan obtained preoperatively; C: The US showed puncture 
paths and surrounding structures in real time; D: Successful puncture was guided by parameters from preoperative planning; E: Removing stones with the reference 
from the CAS system.

free" was defined as no stone fragments or residual fragments present that more than 4 mm in diameter.

Data collection
Age, gender, body mass index (BMI), dilation of the collecting system, as well as side, type, density and 
sectional area of stones were recorded as the baseline characteristics. Entry calyx, tract length and tract 
number were recorded as the planning characteristics. Finally, the success rate of one attempt, operation 
time, initial stone-free rate, decrease in hemoglobin and complications (Clavien-Dindo grade ≥ 2) were 
analyzed. Initial stone-free rate was the proportion of patients who were "stone-free" after the first-stage 
PCNL.

Statistical analysis
Continuous data, expressed as the mean and standard deviation (SD), were analyzed by Student’s t test 
or the Mann-Whitney U test. Categorical variables, shown as the number and percentage, were 
analyzed by the chi-square or Fisher’s exact test. Statistical analyses were performed using SPSS version 
23. P < 0.05 was regarded as statistically significant.

RESULTS
Sixty patients were included in the study: 30 in the CAS group and 30 in the control group. There were 
no statistically significant differences in age, gender, BMI, malformation of the collecting system, 
dilation of the collecting system, stone side, stone type, stone density or stone sectional area between the 
two groups (Table 1).

There were 6 upper calyces, 17 middle calyces, and 7 Lower calyces selected to be the entry calyces in 
the CAS group, while there were 3 upper calyces, 22 middle calyces, and 5 lower calyces selected to be 
the entry calyces in the control group. Most surgeries were completed with one tract (87% vs 90%) in the 
CAS group and the control group. The tract lengths in the CAS group and the control group were 76.03 
± 13.26 mm and 82.53 ± 17.58 mm, respectively. No statistically significant differences were found in the 
planning characteristics between the two groups (Table 2).

A total of 27/30 punctures in the CAS group and 20/30 in the control group were successful after just 
one attempt. The success rate of one puncturing attempt was significantly higher in the CAS group (90% 
vs 67%, P = 0.028). 26/30 surgeries in the CAS group and 19/30 in the control group achieved "stone-
free", and the initial stone-free rate was significantly different between the two groups (87% vs 63%, P = 
0.037). However, there were no statistically significant differences in the operation time (89.20 ± 29.60 
min vs 92.33 ± 33.08 min, P = 0.859) or the decrease in hemoglobin (11.07 ± 8.32 g/L vs 9.03 ± 11.72 g/L, 
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Table 1 Baseline characteristics of patients and stones in the two groups

Characteristics CAS group (n = 30) Control group (n = 30) P value

Age, yr, mean ± SD 52.30 ± 14.37 49.57 ± 13.58 0.452

Gender, n (%) 0.301

Male 14 (47) 18 (60)

Female 16 (53) 12 (40)

BMI, kg/m2, mean ± SD 25.24 ± 3.58 25.29 ± 5.12 0.968

Dilation of the collecting system1, n (%) 0.635

No or mild 18 (60) 20 (66)

Moderate 8 (27) 5 (17)

Severe 4 (13) 5 (17)

Stone side, n (%) 0.426

Left 17 (57) 20 (67)

Right 13 (43) 10 (33)

Stone type, n (%) 0.434

Partial staghorn stone 4 (13) 8 (27)

Complete staghorn stone 6 (20) 5 (17)

Multiple stone 20 (67) 17 (56)

Stone density, Hounsfield units, mean ± SD 915.15 ± 334.85 824.69 ± 245.73 0.238

Stone sectional area, mm2, mean ± SD 562.95 ± 405.58 497.59 ± 566.88 0.174

1It was mild when the dilation distance of the collecting system was less than 2 cm. It was moderate when the dilation distance was between 2 cm and 4 
cm. It was severe when the dilation distance was more than 4 cm. The dilation distance of the collecting system was measured when it was longest.
CAS: Computer-assisted surgery; SD: Standard deviation.

Table 2 Planning characteristics of tracts in two groups

Characteristics CAS group (n = 30) Control group (n = 30) P value

Entry calyx1, n (%) 0.413

Upper calyx 6 (20) 3 (10)

Middle calyx 17 (57) 22 (73)

Lower calyx 7 (23) 5 (17)

Tract length1, mm, mean ± SD 76.03 ± 13.26 82.53 ± 17.58 0.111

Tract number, n (%) 1.000

1 26 (87) 27 (90)

2 4 (13) 3 (10)

1Entry calyx and tract length were collected from the first tract if there were two tracts.
CAS: Computer-assisted surgery; SD: Standard deviation.

P = 0.300) between the CAS group and the control group. Bleeding necessitating blood transfusion was 
observed in 1 patient in the CAS group and 1 patient in the control group. Urinary tract infection 
necessitating therapeutic antibiotics or enhanced supportive therapy was observed in 2 patients in the 
CAS group and 2 patients in the control group. No injuries to adjacent structures were observed in the 
two groups. There were no statistically significant differences in the incidence of these complications 
(Table 3).
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Table 3 Perioperative characteristics of percutaneous nephrolithotomy in two groups

Characteristics CAS group (n = 30) Control group(n = 30) P value

Success rate of one puncturing attempt, n (%) 27 (90) 20 (67) 0.028

Operation time, min, mean ± SD 89.20 ± 29.60 92.33 ± 33.08 0.859

Decrease in hemoglobin, g/L, mean ± SD 11.07 ± 8.32 9.03 ± 11.72 0.300

Bleeding1, n (%) 1 (3) 1 (3) 1.000

Urinary tract infection1, n (%) 2 (7) 2 (7) 1.000

Injury1, n (%) 0 (0) 0 (0) -

Initial stone-free rate, n (%) 26 (87) 19 (63) 0.037

1Complications were counted and analyzed when Clavien–Dindo grade ≥ 2.
CAS: Computer-assisted surgery; SD: Standard deviation.

DISCUSSION
Most complex renal stones are managed primarily with PCNL[15]. Preoperative planning based on CTU 
is recommended[16], and intraoperative navigation with fluoroscopy or US is commonly used. 
However, PCNL is still a great challenge for surgeons because of low stone-free rate and high 
complication rate[17]. The most critical step to meet the challenge is the establishment of perfect tracts 
from the skin to the entry calyces. For higher stone free rate and lower complication rate, we applied 
this CAS system into PCNL, especially to establish the tract.

Traditional studies tended to perform preoperative planning with 2D CT images[18]. It was difficult 
to display overall 3D views in the simulation processes and the 3D precise measurements of each 
parameter. The surgeon had to reconstruct an overall view in mind, which relied on a long-team 
learning and was easily influenced by subjective judgment. The CAS system displayed a direct and 
objective 3D model for planning. The size, number, shape, position and adjacent structures of stones 
were evaluated in a panoramic view, and ideal entry calyces were selected. During the simulation, 3D 
puncture paths from the skin to the calyces were placed and were adjusted to obtain minimal injury to 
adjacent vessels and organs. It is obvious that measurement with 2D CT images cannot provide direct 
data of the 3D structures. The calculation method for 3D data obtained from 2D CT in PCNL was 
reported[19], but the process was also complex. In the CAS system, selected lengths or angles in 3D 
space were automatically measured and recorded with the parameters. The 3D planning from the CAS 
system assisted surgeons in making more precise surgeries.

The intraoperative navigation for PCNL was traditionally provided by fluoroscopy or US. The 
repetitive use of fluoroscopy or US was needed to make suitable percutaneous tracts. Novel techniques 
have helped reduce the radiation exposure and improve the accuracy during navigation, such as laser-
guided puncture[6], ureteroscopy-assisted puncture[20], puncture with visual needles[4], marker-based 
tracking with iPADs[21] and electromagnetic tracking[7]. Navigation of the CAS system was mainly 
dependent on preoperative planning parameters rather than intraoperative techniques, which is 
different from the traditional imaging and novel techniques mentioned above. In addition, during the 
operation, the shape and position of stones and adjacent structures in display also gave reference to the 
location and adjustment of the tract. Perfect preoperative preparation and intraoperative reference 
reduced the repetitive use of fluoroscopy or US during the operation, especially when surgeons made 
percutaneous tracts. Navigation from the CAS system simplified the process for PCNL, making it more 
convenient. Surgeons also received less radiation exposure when the use of fluoroscopy was reduced.

The CAS system assisted PCNL in the preoperative planning and intraoperative navigation, and 
construction of a 3D model was a fundamental process. Initial 3D models were constructed from the 
excretory phase of contrast CT or CTU. Although adjacent structures were indistinct and incomplete, 
those models showed the relationship between stones and the collecting system, resulting in a low 
number of punctures[22]. The new generation of 3D reconstruction usually collects images from four 
phases of CTU. Structures were segmented from the phase in which they were most distinct. In 
particular, because of the clear display of renal arteries, segmental arteries and main branches, which 
did not exist in previous 3D renal pelvis model[22], injury to the renal artery system was generally 
avoided. In addition, noise reduction, smoothing and dyeing made structures more distinct from each 
other, and the transparency adjustments of the skin, kidney and collecting system made stones clearer, 
which improved the visual effect[23].

At present, a few studies have reported the application of the new generation of 3D reconstruction in 
PCNL. Tsaturyan et al[23] described technical details of 3D reconstruction in 3 patients. Li et al[9] 
reported 3D reconstruction in a cohort of 15 patients and provide reference in planning strategy and 
evaluation indicators. But these pilot studies did not include a control group. The study of Huang et al
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[10] seemed to be the only controlled study, in which they verified the advantages of the technique in 
reducing number of punctures, number of tracts and volume of bleeding. Compared with our study, 
they had a larger sample size, but they adopted dual-source CT in the control group, which was not a 
standard imaging method. Besides, extra softwares were often used for post-processing procedures after 
3D reconstruction in mentioned studies. 3D reconstruction and post-processing procedures were all 
performed in the CAS system in our study.

The perioperative characteristics showed the preliminary advantages of the CAS system. In the 
present study, demographic characteristics and stone characteristics that may influence the stone-free 
rate[24] were analyzed, and the patients in the two groups were relatively homogeneous without 
significant differences. Because of the absence of preoperative ipsilateral lesions or operations and the 
absence of second-stage surgeries, the initial stone-free rate accurately reflected the efficiency of the 
first-stage surgeries. The CAS group obtained a higher initial stone-free rate. Under the limitation of 
tract number, establishing efficient tracts to remove as many stones as possible is helpful to improve the 
stone-free rate[5]. We think that the display of the 3D models in the CAS system helped surgeons 
understand the 3D relationship between structures, which was conducive to the establishment of 
efficient tracts. In addition, accurate 3D measurement enabled the morphometry to be applied to the 
establishment of efficient tracts. For example, the angle between the entry calyx and the calyx to be 
reached is an independent predictive factor for accessing a particular calyx[14]. Therefore, we compared 
the measured data of the included angles of calyces to select ideal entry calyces. We also found a 
significantly higher success rate of one attempt in the CAS group, and this may be related to extra help 
from the CAS system. The quantitative planning data and intuitive reference of the 3D models increased 
the success rate of one attempt in the CAS group. Infection, bleeding and injury were major complic-
ations of PCNL[25], but most of these complications could be treated with conservative management
[26]. Therefore, we focused on complications whose Clavien-Dindo grade ≥ 2. The CAS system seemed 
to help reduce bleeding due to the visualization of the renal vascular system, but no significant 
differences were found in the incidence of any complication. More patients are needed to explore the 
influence of the system on the development of complications.

We applied an intuitive, precise and convenient computer-assisted surgery system in PCNL and the 
new generation of 3D reconstruction was the key technique. The controlled study showed advantages in 
terms of the puncturing success rate and stone-free rate. In the future, resident training and patient care 
education may benefit from the system. The system and planning parameters will also promote the 
combination with other techniques and the application of novel techniques such as VR[8] and robot-
assisted surgery[27] in PCNL. However, there are several limitations in this study. Patients were in the 
supine position when the CTU images were obtained, but they were in the prone position during the 
surgery. There was a change in the organ position between the two positions, which may alter the tract 
angles and injury rates[28]. Patients were advised to hold their breath for still preoperative images, but 
respiratory movement during the surgery could not be avoided. The system failed to provide the data 
and images in real time. Therefore, we reserved ultrasound to observe respiratory movement and the 
deformation of tissues for adjustments during surgery. In addition, further study is required due the 
lack of data from the tract dilation phase and stone removal phase. More patients should be included to 
explore the influence of the system on the development of complications. The system adds additional 
costs and procedures to the treatment, which need to be reduced and simplified to promote the clinical 
application of the system.

CONCLUSION
With multiple functions of the Hisense CAS system, an intuitive, precise and convenient PCNL could be 
achieved. The 3D construction of the model was the first and fundamental step, in which the new 
generation of 3D reconstruction was the key technique. This controlled study demonstrated the 
advantages of CAS-assisted PCNL in terms of the success rate of using only one puncturing attempt and 
the initial stone-free rate over standard PCNL. The System was recommended to assist in preoperative 
planning and intraoperative navigation for PCNL.

ARTICLE HIGHLIGHTS
Research background
Percutaneous nephrolithotomy (PCNL) is still a great challenge for surgeons because of poor compre-
hension on complex adjacent structures.

Research motivation
Novel techniques are required to assist in planning and navigation.
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Research objectives
To apply and evaluate the Hisense computer-assisted surgery (CAS) system in PCNL.

Research methods
A total of 60 patients with complex renal stones were included. CAS-assisted PCNL (the CAS group) 
and standard PCNL (the control group) were compared in a retrospective study. Success rate of one 
attempt, operation time, initial stone-free rate, decrease in hemoglobin, and complications were 
collected and analyzed.

Research results
The success rate of one puncturing attempt (90% vs 67%, P = 0.028) and the initial stone-free rate (87% vs 
63%, P = 0.037) were significantly higher in the CAS group. Compared with standard PCNL, CAS-
assisted PCNL had advantages in terms of the puncturing success rate and stone-free rate.

Research conclusions
The Hisense CAS System was recommended to assist in preoperative planning and intraoperative 
navigation for an intuitive, precise and convenient PCNL.

Research perspectives
Consisting of construction, display, simulation and measurement functions, the CAS system is a novel 
and all-around software based on new generation of three-dimensional (3D) reconstruction. Compared 
with standard PCNL, CAS-assisted PCNL had advantages in terms of the puncturing success rate and 
stone-free rate. The CAS System was recommended to assist in preoperative planning and intraop-
erative navigation for an intuitive, precise and convenient PCNL.
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Abstract
BACKGROUND 
Gastric antral vascular ectasia (GAVE) has diverse associations and presumed 
causes, which include liver cirrhosis, chronic kidney disease, and autoimmune 
disease. This heterogeneity of underlying disorders suggests that the pathogenesis 
of GAVE may be variable.

AIM 
To compare the clinical features and long-term outcomes of GAVE according to 
endoscopic patterns and etiologies.

METHODS 
The medical records and endoscopic images of 23 consecutive patients diagnosed 
with GAVE by endoscopy at Yeungnam University Hospital from January 2006 to 
December 2020 were retrospectively reviewed. Patients were allocated to cirrhosis 
(16 patients) and non-cirrhosis groups (7 patients). GAVE subtypes, as determined 
by endoscopy, were categorized as punctate (a diffuse, honeycomb-like appear-
ance, 17 patients) or striped (a linear, watermelon-like appearance, 6 patients).

RESULTS 
All GAVE patients with cirrhosis (16/16, 100%) had a punctate pattern by 
endoscopy, whereas the majority of patients (6/7, 85.7%) without cirrhosis had a 
striped pattern (P < 0.001). Overt GAVE bleeding (10/23, 43%) was significantly 
more common in the non-cirrhosis group than in the cirrhosis group (6/7, 85.7% 
vs 4/16, 25.0%; P = 0.019), and more common in the striped group than in the 
punctate group (5/6, 83.3% vs 5/17, 29.4%; P = 0.052). However, mean numbers of 
admissions due to GAVE bleeding and argon plasma coagulation (APC) sessions 
to address overt bleeding were similar in the cirrhosis and non-cirrhosis groups 
and in the punctate and striped groups. All patients with GAVE bleeding were 
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successfully treated by APC, and no patient died from GAVE-related blood loss during a median 
follow-up of 24 mo.

CONCLUSION 
Punctate-type GAVE is strongly associated with liver cirrhosis, and GAVE patients without 
cirrhosis tend to be more prone to overt bleeding. However, the presence of cirrhosis and 
endoscopic patterns did not influence long-term clinical courses or outcomes in cases of overt 
bleeding.

Key Words: Gastric antral vascular ectasia; Cirrhosis; Endoscopy; Gastrointestinal bleeding; Argon plasma 
coagulation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The study shows that punctate (diffuse, honeycomb)-type gastric antral vascular ectasia (GAVE) 
is strongly associated with liver cirrhosis, whereas striped (linear, watermelon)-type GAVE is strongly 
associated with non-cirrhotic underlying disease. Additionally, GAVE patients without cirrhosis tended to 
be more prone to overt bleeding. However, the presence of cirrhosis and endoscopic GAVE patterns did 
not influence clinical courses or the outcomes of overt bleeding after endoscopic APC treatment. It 
appears that clinical manifestations are dependent on etiologies, but that etiologies do not influence 
clinical courses in cases of GAVE bleeding.

Citation: Kwon HJ, Lee SH, Cho JH. Influences of etiology and endoscopic appearance on the long-term outcomes 
of gastric antral vascular ectasia. World J Clin Cases 2022; 10(18): 6050-6059
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6050.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6050

INTRODUCTION
Gastric antral vascular ectasia (GAVE), also known as “watermelon stomach”, is a rare clinical condition 
related to upper gastrointestinal (GI) bleeding, which varies from chronic occult blood loss requiring 
serial transfusions to acute hemorrhage[1]. GAVE was first described by Rider et al[2] in 1953 and fully 
defined by Jabbari et al[3] in 1984, who described patients with hyperemic striae in gastric antrum. 
GAVE is characterized by a unique endoscopic appearance, which takes two forms, punctate (a diffuse, 
honeycomb-like appearance) and striped (a linear, watermelon-like appearance). Striped GAVE has the 
endoscopic appearance of red stripes radiating from antrum and converging at pylorus, whereas the 
punctate form is characterized by diffuse red spots indicating dilated blood vessels in antrum.

Liver cirrhosis is the most frequent underlying condition associated with GAVE and portal 
hypertension is seen in approximately 40% of reported cases[4,5], though GAVE may not respond to 
therapies directed at reducing portal pressure. In addition, GAVE has been associated with other 
diverse medical conditions including chronic renal failure, diabetes, and autoimmune and connective 
tissue disorders such as systemic lupus erythematosus, rheumatoid arthritis, and systemic sclerosis[6-
10]. Thus, the heterogeneity of underlying diseases observed in GAVE patients suggests its pathogenesis 
may be variable[11].

Epidemiologic evidence indicating that the clinical outcomes of GAVE patients with or without 
cirrhosis differ is lacking. Although numerous studies have investigated GAVE and many case reports 
and series have been reported, little information is available on the effects of its etiologies and gross 
endoscopic appearances on long-term clinical courses or outcomes, especially in Asians. In this study, 
we aimed to determine whether the presence of cirrhosis and endoscopic patterns are related to the 
clinical features and course of GAVE.

MATERIALS AND METHODS
Study design and patients
This retrospective cohort study was approved by the Institutional Review Board of Yeungnam 
University Hospital (IRB No. 2021-10-044), which waived the requirement for written informed consent 
due to the retrospective nature of the study. We reviewed the medical records of 23 consecutive patients 
diagnosed with GAVE by endoscopy at our institution from January 2006 to December 2020. Baseline 
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demographic data such as gender, etiology of liver disease, and severity of liver disease (as determined 
using Child-Pugh scores) were collected, as were details of medical comorbidities (liver cirrhosis, 
chronic renal failure, autoimmune or connective tissue disease, diabetes, and others), medications 
[proton pump inhibitors (PPIs), non-steroidal anti-inflammatory drugs (NSAIDs), and anticoagulant 
and antiplatelet use], and follow-up durations. Laboratory findings such as hemoglobin levels, platelet 
counts, serum urea nitrogen and creatinine, serum albumin, and prothrombin activity were also 
reviewed. Patients were categorized into two groups based on the presence (16 patients) or absence (7 
patients) of cirrhosis. Cirrhosis was diagnosed based on a combination of clinical findings, liver function 
tests, and computed tomographic or ultrasonographic appearances of liver and spleen. Only patients 
aged 18 or older were included in the analysis. Median follow-up duration was 24 mo (range 6-84 mo) 
in the cirrhosis group and 26 mo (range 4-96 mo) in the non-cirrhosis group.

Diagnosis and endoscopic classification
GAVE was diagnosed during upper GI endoscopy by skilled gastroenterologists. Histologic specimens 
were not required to differentiate GAVE from portal hypertensive gastropathy. GAVE was diagnosed 
primarily based on endoscopic patterns and in uncertain cases by histology[12]. Endoscopy reports and 
photographs were reviewed independently by two gastroenterologists (Cho JH and Kwon HJ) unaware 
of clinical statuses. When these two gastroenterologists disagreed regarding diagnoses, a third 
independent gastroenterologist (Lee SH) reviewed the information available and made final decisions. 
Patients were classified into one of two groups according to the two typical endoscopic appearances of 
GAVE, that is, to a “punctate” (diffuse, honeycomb) group (17 patients) with sharply demarcated red 
spots diffusely spread within antrum (Figure 1A) or a “striped” (linear, watermelon) type group (6 
patients) with prominent flat or raised red stripes radiating longitudinally from pylorus to antrum 
(Figure 1B)[6]. During upper GI endoscopy, bleeding from GAVE lesions and the presence of other 
nonbleeding lesions were noted (these included lesions due to portal hypertension in patients with 
cirrhosis). Overt GI bleeding was defined based on the presence of symptoms, such as hematemesis, 
melena, or hematochezia, a change in hemodynamics, or gross bleeding by upper GI endoscopy. 
Median follow-up duration was 23 mo (range 6-84 mo) in the punctate group and 27 mo (range 4-96 mo) 
in the striped group.

Endoscopic procedure
Argon plasma coagulation (APC) treatment for GAVE consisted of electrocoagulation of all angiectatic 
lesions during an endoscopic session with an APC probe introduced through the working channel of an 
endoscope. Argon gas flow ranged from 0.8 L/min to 1 L/min, and electric power output from 50 W to 
70 W. Angioectasia was managed using a combination of focal pulse and ‘‘spray-painting’’ techniques. 
During endoscopic sessions, argon and coagulation smoke were regularly aspirated, and coagulum on 
probes was removed when required. Treatment time per session varied from 20 min to 40 min. All 
patients received PPI therapy for 3 wk to 4 wk to promote mucosal healing after the procedure. The 
endpoint of treatment was defined as complete or near complete disappearance of vascular ectasia. In 
cases of anemia recurrence requiring transfusion of packed red blood cells or cases of overt GI bleeding 
recurrence, another APC session was performed. The criteria for successful APC treatment were 
cessation of GI bleeding and the need for transfusion. Numbers of APC sessions per patient were 
documented and APC treatment success rates were evaluated.

Statistical analysis
Data were analyzed using SPSS version 20.0 for Windows (SPSS Inc, Chicago, IL). GAVE patients with 
or without cirrhosis were compared with respect to multiple factors, which included demographics, 
associated underlying diseases, laboratory values, and clinical outcomes of endoscopic APC treatment. 
Patients with punctate or striped GAVE were also compared. Continuous variables are expressed as 
mean ± SD and were compared using the Student’s t test or the Mann-Whitney test. Categorical 
variables are expressed as absolute numbers and proportions and were compared using Fisher’s exact 
test. All statistical tests were two-sided, and statistical significance was accepted for P < 0.05.

RESULTS
Patient characteristics
Over the fifteen-year study period (January 2006 to December 2020), 23 patients were diagnosed with 
GAVE at our institution. Mean patient age was 59.8 ± 12.6 years (range 41-79) and 14 (60.9%) were male. 
Indications for initial endoscopy were screening for varices (8 patients), iron deficiency anemia (5), 
melena (8), or hematemesis (2). The etiology of cirrhosis was viral in 6 patients, alcohol in 6, auto-
immune hepatitis in 1, nonalcoholic steatohepatitis in 1, and others in 2 (Table 1). The Child-Pugh classi-
fication was used to grade liver disease severity in cirrhotic patients. Eight patients with cirrhosis were 
classified as Child-Pugh B (50%), five as A (31.3%), and three as C (18.7%). Ten patients (62.5%) with 
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Table 1 Comparison of endoscopic patterns and baseline characteristics in patients with or without cirrhosis

Cirrhosis (n = 16) No cirrhosis (n = 7) P value

Endoscopic pattern of GAVE, n (%) < 0.001

Punctate (Diffuse) 16 (100) 1 (14.3)

Stripe (Linear) 0 6 (85.7)

Age, yr, mean ± SD 55.4 ± 12.2 69.8 ± 6.1 0.015

Gender (males/females) 12/4 2/5 0.066

BMI, kg/m2, mean ± SD 23.4 ± 4.0 25.0 ± 4.6 0.397

Etiology of cirrhosis, n (%)

Viral 6 (37.5)

Alcohol 6 (37.5)

Autoimmune hepatitis 1 (6.3) NA NA

NASH 1 (6.3)

Cryptogenic 2 (12.5)

Child Pugh Score, n (%)

Class A 5 (31.3)

Class B 8 (50.0) NA NA

Class C 3 (18.7)

Other associated diseases, n (%)

Chronic kidney disease 2 (12.5) 5 (71.4) 0.011

SLE 0 1 (14.3) 0.304

Hypertension 3 (18.8) 2 (28.6) 0.621

Diabetes mellitus 5 (31.3) 3 (42.9) 0.657

Medication, n (%)

PPI use 6 (37.5) 3 (42.9) 1.000

Antiplatelet use 0 1 (14.3) 0.304

Anticoagulant use 0 1 (14.3) 0.304

Initial laboratory findings, mean ± SD

Hemoglobin level, g/dL 7.8 ± 3.4 6.2 ± 1.6 0.494

Platelet count, k/μL 103.9 ± 73.0 176.8 ± 62.2 0.041

Total bilirubin, mg/dL 1.74 ± 1.35 1.15 ± 1.30 0.188

Albumin, g/dL 2.52 ± 0.36 3.03 ± 0.60 0.048

INR 1.23 ± 0.27 1.09 ± 0.25 0.179

BUN, mg/dL, 23.3 ± 14.0 44.9 ± 39.1 0.416

Creatinine, mg/dL 1.12 ± 0.44 3.65 ± 2.93 0.244

BMI: Body mass index; NA: Not applicable; NASH: Nonalcoholic steatohepatitis; NSAID: Nonsteroidal anti-inflammatory inhibitor drug; PPI: Proton 
pump inhibitor; SLE: Systemic lupus erythematosus; INR: International normalized ratio; BUN: Blood urea nitrogen.

cirrhosis had esophageal varices.

Comparison between patients with or without cirrhosis
The characteristics of patients in the cirrhosis and non-cirrhosis groups at GAVE diagnosis are 
summarized in Table 1. Mean age was significantly greater in the cirrhosis group (69.8 ± 6.1 vs 55.4 ± 
12.2, P = 0.015). Men predominated in the cirrhosis group (12/16, 75.0%) and women in the non-
cirrhosis group (5/7, 71.4%). Mean group body mass indices (BMIs) were not significantly different. In 
the non-cirrhosis group, the most common associated disease was chronic kidney disease (5/7, 71.4%), 
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Figure 1 Two main typical endoscopic views of gastric antral vascular ectasia. A: Punctate (diffuse, honeycomb)-type gastric antral vascular ectasia 
(GAVE) showing sharply demarcated, punctate red spots diffusely scattered in antrum; B: Striped (linear, watermelon)-type GAVE showing bright red bands radiating 
longitudinally from pylorus.

and this was followed by diabetes mellitus (3/7, 42.9%), and the prevalence of chronic kidney disease 
was significantly greater in the non-cirrhosis group (5/7, 71.4% vs 2/16, 12.5%; P = 0.011). The 
frequencies of other associated diseases, except chronic kidney disease, were similar in the two groups. 
Although no patient received corticosteroids or NSAIDs, 2 patients in the non-cirrhosis group were on 
antiplatelet or anticoagulant medication, respectively, which did not amount to a significant difference 
versus the cirrhotic group. As regards initial laboratory findings, platelet count and serum albumin level 
were significantly lower in the cirrhosis group (103.9 ± 73.0 k/μL vs 176.8 ± 62.2 k/μL, P = 0.041; and 
2.52 ± 0.36 g/dL vs 3.03 ± 0.60 g/dL, P = 0.048, respectively). Mean hemoglobin levels were not 
significantly different in the cirrhosis and non-cirrhosis groups (7.8 ± 3.4 vs 6.2 ± 1.6, respectively, P = 
0.494). Total bilirubin and international normalized ratio (INR) were non-significantly greater in the 
cirrhosis group (1.74 ± 1.35 vs 1.15 ± 1.30, and 1.23 ± 0.27 vs 1.09 ± 0.25; P = 0.188 and 0.179, respectively). 
Blood urea nitrogen (BUN) and serum creatinine were higher in the non-cirrhosis group (44.9 ± 39.1 vs 
23.3 ± 14.0, and 3.65 ± 2.93 vs 1.12 ± 0.44, respectively), but again differences were not significant (NS, P 
= 0.416 and 0.244, respectively). However, group endoscopic patterns were significantly different; all 
patients in the cirrhosis group had punctate GAVE, whereas 6/7 patients (85.7%) in the non-cirrhosis 
group had striped GAVE (P < 0.001).

Comparison between endoscopic types
The characteristics of patients in the punctate and striped groups at diagnosis are summarized in 
Table 2. Mean age was significantly greater in the striped group (70.8 ± 6.3 vs 56.1 ± 12.0, P = 0.011). Men 
predominated in the punctate group (13/17, 76.5%), and women predominated in the striped group 
(5/6, 83.3%). Group BMIs were not significantly different. Sixteen of the 17 patients in the punctate 
group (16/17, 94.1%) had concurrent cirrhosis, whereas no patient in the striped group (0/6, 0%) had 
cirrhosis (P < 0.001). In the striped group, the most common associated disease was chronic kidney 
disease (5/6, 83.3%), which was followed by diabetes mellitus (3/6, 50%), and patients in this group had 
an increased prevalence of chronic kidney disease (5/6, 83.3% vs 2/17, 11.8%; P = 0.014). The 
frequencies of other associated diseases were not significantly different in the two groups. As regards 
initial laboratory findings, serum bilirubin was significantly higher in the punctate group (1.88 ± 1.39 vs 
0.64 ± 0.41, P = 0.044), but creatinine was significantly higher in the striped group (4.27 ± 2.79 vs 1.07 ± 
0.45, P = 0.034), and BUN was non-significantly higher in the striped group (51.9 ± 39.9 vs 22.5 ± 13.8, P 
= 0.130). Mean hemoglobin levels were similar in the punctate and striped groups (7.5 ± 3.4 vs 6.6 ± 1.4, 
P = 0.528), but platelet counts and serum albumin levels were non-significantly lower in the punctate 
group (114.5 ± 81.5 vs 159.6 ± 51.1, and 2.51 ± 0.39 vs 3.00 ± 0.59; P = 0.168 and 0.070, respectively). INR 
was non-significantly higher in the punctate group (1.23 ± 0.26 vs 1.08 ± 0.28, respectively, P = 0.130).

Clinical outcomes
Ten of the 23 patients (43.5%) were diagnosed with overt GAVE bleeding, and this was significantly 
more common in the non-cirrhosis group than in the cirrhosis group (6/7, 85.7% vs 4/16, 25.0%; P = 
0.019, Table 3), and more common in the striped group than in the punctate group (5/6, 83.3% vs 5/17, 
29.4%; P = 0.052, Table 4). Endoscopic APC treatment was required significantly more frequently in the 
non-cirrhosis group than in the cirrhosis group (6/7, 85.7% vs 4/16, 25.0%; P = 0.019), and more 
frequently required in the striped group than in the punctate group (5/6, 83.3% vs 5/17, 29.4%; P = 
0.052). However, numbers of admissions due to GAVE bleeding were no different in the cirrhosis and 
non-cirrhosis groups (3.00 ± 2.45 vs 3.00 ± 2.83, NS) and in the punctate and striped groups (3.00 ± 2.83 
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Table 2 Comparison of the baseline characteristics of patients with punctate or striped patterns

Punctate (n = 17) Stripe (n = 6) P value

Age, yr, mean ± SD 56.1 ± 12.0 70.8 ± 6.3 0.011

Gender (males/females) 13/4 1/5 0.018

BMI, kg/m2, mean ± SD 23.5 ± 3.9 25.2 ± 2.6 0.612

Liver cirrhosis, n (%) 16 (94.1) 0 < 0.001

Other associated diseases, n (%)

Chronic kidney disease 2 (11.8) 5 (83.3) 0.003

SLE 0 1 (16.7) 0.261

Hypertension 3 (17.6) 2 (33.3) 0.576

Diabetes mellitus 5 (29.4) 3 (50.0) 0.621

Initial laboratory findings, mean ± SD

Hemoglobin level, g/dL 7.5 ± 3.4 6.6 ± 1.4 0.528

Platelet count, k/μL 114.5 ± 81.5 159.6 ± 51.1 0.168

Total bilirubin, mg/dL 1.88 ± 1.39 0.64 ± 0.41 0.044

Albumin, g/dL 2.51 ± 0.39 3.00 ± 0.59 0.070

INR 1.23 ± 0.26 1.08 ± 0.28 0.130

BUN, mg/dL, 22.5 ± 13.8 51.9 ± 39.9 0.130

Creatinine, mg/dL 1.07 ± 0.45 4.27 ± 2.79 0.034

BMI: Body mass index; SLE: Systemic lupus erythematosus; INR: International normalized ratio; BUN: Blood urea nitrogen.

Table 3 Comparison of the clinical outcomes of patients with or without cirrhosis

Cirrhosis (n = 16) No cirrhosis (n = 7) P value

Overt bleeding, n (%) 4 (25.0) 6 (85.7) 0.019

APC treatment, n (%) 4 (25.0) 6 (85.7) 0.019

No. of admissions d/t GAVE bleeding, mean ± SD 3.00 ± 2.45 3.00 ± 2.83 NS

No. of APC sessions, mean ± SD 4.50 ± 4.95 4.80 ± 5.08 NS

Success of APC 4/4 6/6 NS

Surgery 0 0 NS

Death due to GAVE bleeding 0 0 NS

Follow-up, month, median (range) 24 (6-84) 26 (4-96) NS

APC: Argon plasma cauterization; GAVE: Gastric antral vascular ectasia; NS: Not significant.

vs 3.00 ± 2.45, NS). In addition, no patient in either group needed therapy escalation to surgery. All 10 
patients with GAVE bleeding underwent endoscopic APC treatment on a weekly or fortnightly basis, 
and all responded well to treatment. The mean numbers of APC sessions in patients with GAVE 
bleeding were similar in the cirrhosis and non-cirrhosis groups (4.50 ± 4.95 vs 4.80 ± 5.08, NS) and in the 
punctate and striped groups (4.00 ± 4.34 vs 5.25 ± 5.44, NS). Median follow-up durations were 24 mo and 
26 mo in cirrhosis and non-cirrhosis groups, respectively, and 23 mo and 27 mo in punctate group and 
striped groups, respectively (neither intergroup difference was significant). During follow-up, 3 patients 
in the cirrhosis group and 1 patient in the non-cirrhosis group died of a cause other than GAVE 
bleeding (hepatocellular carcinoma in 1, hepatic failure in 1, and multiple organic failure in 2). No 
patient succumbed to GI hemorrhage.
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Table 4 Comparison of the clinical outcomes of patients with punctate or striped patterns

Punctate (n = 17) Stripe (n = 6) P value

Overt bleeding, n (%) 5 (29.4) 5 (83.3) 0.052

APC treatment, n (%) 5 (29.4) 5 (83.3) 0.052

No. of admissions d/t GAVE bleeding, mean ± SD 3.00 ± 2.83 3.00 ± 2.45 NS

No. of APC sessions, mean ± SD 4.00 ± 4.34 5.25 ± 5.44 NS

Success of APC 5/5 5/5 NS

Surgery 0 0 NS

Death due to GAVE bleeding 0 0 NS

Follow-up, month, median (range) 23 (6-84) 27 (4-96) NS

APC: Argon plasma cauterization; GAVE: Gastric antral vascular ectasia; NS: Not significant.

DISCUSSION
The pathogenesis of GAVE is unknown but seems to be related to liver cirrhosis in most cases. Several 
authors have suggested that portal hypertension is the most influential contributor to the development 
of GAVE. Tobin et al[7] reported that patients with GAVE-induced gastric bleeding after bone marrow 
transplantation had hepatic veno-occlusive disease, which supports suggestions that portal 
hypertension might be a predisposing factor of GAVE. On the other hand, it has been demonstrated that 
GAVE lesions may develop in patients with cirrhosis independently of portal hypertension[8,11]. 
Indeed, Spahr et al[8] reported that portal decompression using a transjugular intrahepatic 
portosystemic shunt or a surgical end-to-side portacaval shunt was ineffective at treating GAVE 
bleeding. In addition to cirrhosis, several other disorders such as chronic kidney disease[9], chronic 
valvular, ischemic, or hypertensive heart disease, and a variety of autoimmune diseases[13], including 
Raynaud’s phenomena, rheumatoid arthritis, primary biliary cirrhosis, and systemic sclerosis (diffuse 
and limited), have been also associated with the development of GAVE.

The remarkable heterogeneity of diseases associated with GAVE generates a wide array of factors 
that might cause angioectasia. Several factors have been suggested to play roles in the pathogenesis of 
GAVE. Charneau et al[14] reported that gastric antral motility was remarkably different in cirrhotic 
patients with or without GAVE. Others have suggested prostaglandin E2[15], gastrin[16], vasoactive 
intestinal polypeptide (VIP), and the proliferation of local neuroendocrine cells containing 5-hydroxy-
tryptamine (5-HT)[17] are causative factors. Thus, it appears GAVE is probably caused by vasodilation 
and impaired motility[17] driven by these neurohumoral factors[15-18]. However, the pathophy-
siological changes leading to GAVE have not been fully explained[19,20]. It seems complex interplay 
between various factors underlies the development of vascular ectasias, and that differences in gross 
endoscopic appearances, i.e., punctate-type or striped-type, depend on the relative influences of these 
factors. As described above, the assumed pathophysiology of GAVE is entirely different from that of 
portal hypertensive gastropathy, although at diagnosis, GAVE can be confused with this condition.

In our study, all 16 patients with cirrhosis had punctate-type GAVE and almost all patients (16/17) 
with punctate-type GAVE had concurrent cirrhosis. In contrast, 6 of 7 patients without cirrhosis had 
striped-type GAVE; the other patient had punctate-type GAVE. Thus, in this study punctate-type GAVE 
appeared to be associated with cirrhosis, and striped-type GAVE was not. Several reports have 
described linear lesions within antrum in non-cirrhotic patients and diffuse lesions in cirrhotic patients
[1,6,21,22], and our results concur with these observations.

We also found that GAVE patients without cirrhosis more frequently exhibited overt bleeding and 
required APC treatment than those with cirrhosis. Unfortunately, we could not adjust our multivariate 
analysis for GI bleeding confounders due to the small number of overt GAVE bleeding cases included. 
Nonetheless, these observations do indicate GAVE with cirrhosis-associated nonvariceal GI bleeding is 
rare. However, in contrast to our results, in a retrospective study of 30 patients that underwent APC for 
GAVE bleeding (17 patients had cirrhosis), Lecleire et al[23] reported that patients with cirrhosis more 
frequently exhibited overt bleeding (65% vs 15%, P = 0.01), whereas patients without cirrhosis more 
frequently had occult bleeding as revealed by isolated iron deficiency anemia (35% vs 85%, P = 0.01). 
However, Wang et al[24] in a retrospective case-control study, reported that multivariate regression 
analysis adjusted for confounders showed the absence of cirrhosis best predicted active bleeding from 
GAVE with an odds ratio of 5.151 (95% confidence interval: 1.08-24.48, P = 0.039). In this previous study, 
of 84 GAVE patients with cirrhosis, 27 (32.1%) had overt bleeding, and of 26 patients without cirrhosis, 
17 (63.4%) had overt bleeding. The reason for a significant difference between the incidences of overt 
bleeding according to the presence or absence of cirrhosis in GAVE remains unclear, although it has 
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been shown circulating neurohumoral factor levels, such as those of prostaglandin E, VIP, and 5-HT, 
differ in GAVE patients with or without cirrhosis[15-18]. Future studies are needed to clarify 
mechanistic differences between patients with or without cirrhosis in order to determine whether 
neurohumoral factors are responsible for clinically observed differences.

APC has been the endoscopic treatment of choice for GAVE since its introduction. In general, patients 
exhibit good initial response and low complication rates, but recurrent bleeding rates are usually high, 
and rates of 35.0% to 78.9% have been reported[25-27]. In the present study, endoscopic APC was 
performed in 10 patients with GAVE bleeding (4 patients had cirrhosis) and no complication was 
recorded after APC treatment. However, as has also been reported, 8 of the 10 patients required 
additional hospitalization due to GAVE bleeding after APC treatment and only two patients did not 
(one in the non-cirrhosis group and one in the cirrhosis group). In order to compare the clinical courses 
of GAVE bleeding cases with or without cirrhosis or with punctate or striped GAVE, we focused on the 
number of admissions due to GAVE bleeding. Although the proportion of patients with overt GAVE 
bleeding that received APC treatment was significantly greater among those without cirrhosis than 
those with cirrhosis, mean numbers of admissions due to GAVE bleeding and of APC sessions in overt 
bleeding patients were similar in the cirrhosis and non-cirrhosis groups and in the striped and punctate 
groups. These results suggest vulnerability to bleeding depends on GAVE etiology, but that clinical 
course after overt bleeding does not.

All patients with GAVE bleeding were successfully treated by APC. No patient needed surgery or 
died of GAVE-related blood loss, and mortalities during follow-up were similar in the cirrhosis and 
non-cirrhosis groups and in the punctate and striped groups. These findings suggest that APC is 
effective and safe for treating GAVE bleeding. Furthermore, the outcomes of endoscopic APC were 
similar regardless of endoscopic appearance or the presence of cirrhosis, which concurs with the results 
of a previous study[1]. Based on the above findings, we conclude that the presence of cirrhosis and 
endoscopic type have no influence on response to endoscopic APC treatment. We cannot explain why 
regardless of etiology, APC is an effective hemostatic treatment for GAVE. Indeed, the pathophysiologic 
features of GAVE are undetermined, and thus, open to debate.

Some limitations of the present study warrant consideration. First, some clinical data such as radiolo-
gically determined portal vein diameters and liver fibroscan data were missing due to the retrospective 
design of the study and lack of availability. Second, the sample size was small, especially numbers of 
bleedings and APC cases, and thus, it was not possible to compare study groups with respect to some 
variables or perform further multivariate analysis to identify risk factors of GAVE bleeding. 
Nevertheless, this study is one of the few to compare long-term clinical courses according to the 
presence or absence of cirrhosis and endoscopic type in a non-Western region.

CONCLUSION
GAVE patients without cirrhosis tended to be more prone to overt bleeding; however, the long-term 
clinical courses of GAVE bleeding after endoscopic APC treatment were similar irrespective of the 
presence of cirrhosis or endoscopic appearance. These findings suggest that the etiologies of GAVE may 
result in different clinical manifestations, especially bleeding, but do not influence the clinical course of 
GAVE bleeding. Additional studies are needed to identify the factors that play key roles in the 
development and clinical course of GAVE and to clarify its pathophysiologic mechanism. Furthermore, 
although these issues remain to be clarified, we recommend that when GAVE is diagnosed endoscop-
ically, a careful investigation should be undertaken to determine whether liver cirrhosis and other non-
cirrhotic disease processes associated with GAVE are present.

ARTICLE HIGHLIGHTS
Research background
Gastric antral vascular ectasia (GAVE) is associated with diverse medical conditions such as liver 
cirrhosis, chronic kidney disease, and autoimmune disease. This heterogeneity of underlying disorders 
suggests that the pathogenesis of GAVE may not be uniform.

Research motivation
Many studies have sought to determine whether clinical features differ in GAVE with or without 
cirrhosis. However, few have examined the effects of its etiologies and endoscopic patterns on long-
term clinical courses or outcomes, especially in Asians.

Research objectives
To determine whether etiologies and endoscopic patterns are related to the clinical features and course 
of GAVE.
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Research methods
A retrospective analysis of 23 consecutive patients diagnosed with GAVE from January 2006 to 
December 2020 was conducted. Patients were allocated to cirrhosis (16 patients) and non-cirrhosis 
groups (7 patients), and GAVE subtypes, as determined by endoscopy, were categorized as punctate (a 
diffuse, honeycomb-like appearance, 17 patients) or striped (a linear, watermelon-like appearance, 6 
patients).

Research results
Punctate-type GAVE was strongly associated with liver cirrhosis, whereas striped-type GAVE was 
strongly associated with non-cirrhotic underlying disease. Additionally, GAVE patients without 
cirrhosis experienced overt bleeding more often and required APC treatment more frequently than 
those with cirrhosis. However, mean numbers of admissions due to GAVE bleeding and of APC 
sessions for overt bleeding were similar in the cirrhosis and non-cirrhosis groups and in the striped and 
punctate groups.

Research conclusions
GAVE etiologies may result in different clinical manifestations, especially as regards bleeding. 
However, etiologies and endoscopic patterns were not found to influence long-term clinical courses or 
treatment outcomes in cases of overt bleeding.

Research perspectives
This study is one of the few to analyze the effects of GAVE etiologies and endoscopic patterns on long-
term clinical courses and outcomes. Additional studies are needed to identify those factors that play key 
roles in the development and clinical course of GAVE and to clarify its pathophysiologic mechanism.
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Abstract
BACKGROUND 
The pathogenesis of hemorrhoids is mainly anal cushion prolapse. Although the 
traditional treatment has a certain curative effect, it is not ideal. The remission rate 
of postoperative symptoms is low. Even if temporary remission is achieved, 
patients with hemorrhoids easily relapse after 1-2 years. The new technique of 
using staplers to treat prolapsed hemorrhoids has good therapeutic effects in 
clinical practice.

AIM 
To explore the effect of TST33 mega stapler prolapse and hemorrhoid mucosal 
resection in the treatment of patients with severe prolapsed hemorrhoids.

METHODS 
A total of 204 patients with severe prolapse hemorrhoids who were admitted to 
the department of anorectal in our hospital from April 2018 to June 2020 were 
selected, and the patients were randomly divided into group A and group B with 
102 cases in each group using a randomized controlled clinical research program. 
Patients in Group A were treated with a TST33 mega stapler and hemorrhoid 
mucosal resection to treat prolapse, and patients in Group B were treated 
according to the Procedure for Prolapse and Hemorrhoids; the operation time, 
intraoperative blood loss, hospital stay, the difference in operation time, intraop-
erative blood loss, hospitalization time, pain degree before and after operation, 
degree of anal edema, anal Wexner score, and surgical complications were 
compared between the two groups of patients.

RESULTS 
The operation time, intraoperative blood loss and hospitalization time in Group A 
were significantly lower than those in Group B (P < 0.05). The cure rate of Group 
A was 98.04%, compared with 95.10% cure rate of Group B, and the difference 
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was not statistically significant (P > 0.05). The visual analogue scale (VAS) at 12 h and 24 h 
postoperatively in Group A were significantly lower than those in Group B (P < 0.05). The 
comparison of the VAS scores between Group A and Group B at 48 h, 72 h and 96 h postoper-
atively revealed that the difference was not statistically significant (P > 0.05). One day postoper-
atively, the degree of perianal edema in Group A was compared with that in Group B, and the 
difference was not statistically significant (P > 0.05). Seven days postoperatively, the degree of 
perianal edema in Group A was significantly lower than that in Group B (P < 0.05). The 
comparison of anal Wexner scores between the two groups preoperatively and at 1 mo, 3 mo and 6 
mo postoperatively showed that the difference was not statistically significant (P > 0.05). The 
Wexner scores of the two groups at 1 mo, 3 mo and 6 mo postoperatively were significantly lower 
than the scores preoperatively (P < 0.05). The postoperative complication rate of Group A was 
2.94% lower than that of Group B (11.76%), which was statistically significant (P < 0.05).

CONCLUSION 
TST33 mega anastomotic hemorrhoidectomy treatment for patients with severe prolapse 
hemorrhoids, leads to less postoperative pain, the rapid recovery of perianal edema and has fewer 
complications.

Key Words: TST33 mega stapler; Prolapse of hemorrhoids; Severe prolapsed hemorrhoids; Hemorrhoids; 
Circumcision

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hemorrhoids are common benign perianal diseases, accounting for more than 80% of the 
incidence of all anorectal diseases. Severe prolapsed hemorrhoids due to the increase in hemorrhoid 
volume and defecation by fecal extrusion eventually lead to the fracture of anal muscle fibers.
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INTRODUCTION
The symptoms are more serious and the hemorrhoids generally need to be pushed back with the hand 
after prolapse, so severe prolapsed hemorrhoids require surgical treatment[1,2]. The procedure for 
prolapse and hemorrhoids (PPH) can lift and pull the anal cushion by circular resection of the rectal 
mucosa approximately 2–3 cm above the tooth line and anastomosis. The advantage is that the short-
term therapeutic effect is still acceptable, but the PPH is prone to various complications after surgery, 
the recurrence rate is high, and the long-term curative effect is poor. The use of tissue-selecting therapy 
staplers (TSTs) has been reported, but reports are rare. To some extent, this operation reduces the 
disadvantages of the PPH caused by circular resection, but because of selective resection, the use of 
TSTs does not change the high recurrence rate after PPH. The TST33 mega stapler has an open window, 
and the resection tissue boundary is open, so more pathological hemorrhoids are able to be resected. 
Under the premise of solving PPH complications, the use of TSTs also improves the postoperative 
recurrence rate to a certain extent[3]. To further summarize and analyze the surgical treatment methods 
for patients with severe prolapsed hemorrhoids, this study compared the effect of TST33 mega staplers 
to provide a basis for clinical practice, which is reported as follows.

MATERIALS AND METHODS
General information
A total of 204 patients with severe prolapsed hemorrhoids that were admitted to the anorectal 
department of our hospital from April 2018 to June 2020 were selected and randomly divided into 
Group A and Group B, with 102 cases in each group, by a single-blind, randomized and controlled 
clinical research scheme. Inclusion criteria: (1) The age range of patients is 19 to 65 years; (2) The 
diagnostic criteria for patients with severe prolapsed hemorrhoids refer to the criteria in the Chinese 
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Guidelines for the Diagnosis and Treatment of Hemorrhoids (2020)[3]; (3) Non-circular hemorrhoids 
Suspended for more than half a year, reaching Ⅲ and Ⅳ degree; (4) Conservative treatment for more 
than 3 mo is not effective; and (5) The research plan obtains the informed consent of patients and their 
families. The exclusion criteria were as follows: (1) Patients with a rectal tumor; (2) Patients with a 
perianal abscess, or anal fistula formation; (3) Patients with liver and kidney function diseases; (4) 
Patients with coagulation diseases; (5) Patients with a history of drug use or addiction; and (6) Patients 
with mental or psychological diseases.

Surgical methods
The patients in the two groups were given routine preoperative preparation, improved preoperative 
examination, and fasted on the day of operation. All patients were given intraspinal anesthesia, and the 
left lateral position was used for the operation.

Group A: For patients undergoing TST33 mega stapler hemorrhoid mucosal resection surgery, the 
appropriate anal mirror was selected (single opening, double opening or three opening anal mirror). 
The anal mirror was inserted and the inner tube was removed to expose the hemorrhoid tissue to be 
removed, and sutured with “0” silk sutures at the distance of 2.5-5 cm from the dentate line. Sutures 
were only placed in the mucosa and submucosa, a needle was placed in each opening suture, and a 
continuous bag was used. Sutures were only placed in the mucosa and submucosa, a needle was placed 
in each opening suture, and a continuous bag was used. The tail wing of the stapler was opened 
counterclockwise. After the head and body of the stapler were completely loosened, the head of the 
stapler was inserted into the anal expander. The two ends of the purse line were tightened and knotted 
around the central rod. The suture was exported from the symmetrical side hole of the stapler body 
through the suture export rod. Moderate traction was performed, the stapler was screwed clockwise, 
and the traction rectal tissue was pulled into the stapler nail slot. At this time, the feel knob was 
resistant, and the pointer of the stapler indicator window was displayed in the firing range. For female 
patients, surgeons paid attention to whether the posterior wall of the vagina was sutured. The stapler 
was hit, completing the cutting and anastomosis. For a fixed wait time of 30 s, the stapler was spun 
counterclockwise with a loose 3/4 circle tail, and removed. Observation of anastomotic stoma was 
performed if there was active bleeding Line 8' sutures were used for hemostasis. The 'cat ear' in the 
middle of the anastomosis was ligated with “0” silk thread. External hemorrhoid stripping to the teeth 
near the line parallel low ligation was performed.

Group B: The PPH was used for the treatment of hemorrhoids, and a PPH stapler was used for the 
treatment of internal hemorrhoids. External hemorrhoid stripping to the teeth near the line parallel low 
ligation was performed.

The patients in the two groups could go to the recovery unit after anesthesia recovery, and their diet 
gradually changed from a half-stream diet to an ordinary diet. The total infusion volume was controlled 
within 500 mL 6 h after the operation to reduce the incidence of urinary retention. Antibiotics were 
routinely used for 5 d after the operation, and dressing treatment was performed after sitting in the 
bath.

Observation indices and evaluation criteria
The operation time, intraoperative blood loss, hospitalization time, cure rate, pain degree, anal edema 
degree, anal Wexner score and surgical complications were compared between the two groups.

The criteria for healing[5] were postoperative defecation or standing for a long time and no 
hemorrhoid prolapse when coughing, tired, and loaded was defined as a cure.

The visual analogue scale (VAS) was used to evaluate the degree of pain[5], with 0 indicating no pain, 
and 10 indicating the most pain. The pain scores at 12 h, 24 h, 48 h, 72 h and 96 h postoperatively were 
observed.

Observe the edema around the anal margin on the 1st and 7th postoperative day. Degree I: no edema of 
the anal margin; degree II: mild edema of the anal margin occupies less than 1/4 circle of the perianal; 
degree III: edema of the anal margin occupies more than 1/4 circle of the perianal, and ≤ 1/2 circle; 
degree IV: Anal marginal edema occupies more than 1/2 circle perianal.

Anal Wexner score[7] evaluates the patient’s preoperative and postoperative anal function, mainly 
from the patient’s stool frequency, defecation difficulty, incomplete defecation feeling, the time required 
for each defecation, whether defecation requires assistance, and defecation Unsuccessful times/24 h, 
duration of constipation, a total score of 32 points, the higher the score, the worse the anal defecation 
function of patients.

Statistical analysis
In this study, measurement indices such as operation time, intraoperative blood loss and hospitalization 
time were tested by normal distribution, which were in accordance with the approximate normal distri-
bution or normal distribution and are expressed as mean ± SD. The t-test was used for comparisons 
between the two groups. Non-counting data are represented by percentages, and the χ2 test was used for 
comparisons. The Mann–Whitney U test was used for comparisons of grade counting data between the 
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groups. Professional SPSS 21.0 software for data processing was used, with the test level α = 0.05.

RESULTS
Baseline data comparison of patients in the A and B groups
The baseline data for age, height, weight, course of disease, sex, prolapse of hemorrhoids, constipation, 
bleeding and pain were compared between Group A and Group B, and the difference was not statist-
ically significant (P > 0.05, Table 1).

Comparison of surgery-related indicators between Group A and Group B
The operation time, intraoperative blood loss and hospitalization time in Group A were significantly 
lower than those in Group B (P < 0.05, Table 2).

Comparison of cure rate between Group A and Group B
The cure rate of Group A was 98.04%, compared with the cure rate of 95.10% for Group B, and the 
difference was not statistically significant (P > 0.05, Table 3).

Postoperative VAS scores for Group A and Group B
The VAS scores of patients in group A at 12 h and 24 h after operation were lower than those in group B, 
and the difference was statistically significant (P < 0.05). There was no significant difference between 
group A and group B at 48 h, 72 h, and 96 h after operation (P > 0.05), as shown in Table 4.

Comparison of postoperative perianal edema between Group A and Group B
One day postoperatively, the degree of perianal edema in Group A was compared with that in Group B, 
and the difference was not statistically significant (P > 0.05). Seven days postoperatively, the degree of 
perianal edema in Group A was significantly lower than that in Group B (P < 0.05, Table 5).

Comparison of the anal Wexner score between the two groups
Comparisons of preoperative, postoperative, 1 mo, 3 mo, and 6 mo, anal Wexner scores were made 
between the two groups, and the difference was not statistically significant (P > 0.05). The Wexner 
scores of the two groups at 1 mo, 3 mo and 6 mo postoperatively were significantly lower than the 
scores preoperatively (P < 0.05, Table 6).

Comparison of the complication rate between two groups
The postoperative complication rate of Group A was 2.94% lower than that of Group B (11.76%), which 
was statistically significant (P < 0.05, Table 7).

DISCUSSION
Hemorrhoids are common diseases in the anorectal system. On the one hand, the occurrence of 
hemorrhoids is related to varicose veins. Hemorrhoids are caused by venous congestion of the rectal 
submucosal and anal skin hemorrhoids[8-10]. Subnuclear prolapse aggravates venous congestion, and 
venous congestion aggravates the development of hemorrhoids, forming a vicious cycle. Anastomotic 
hemorrhoid mucosal circumcision is a traditional surgical treatment, but it has been reported that the 
operation has more postoperative complications and patients are prone to recurrence, mainly because 
the stapler used in the operation does not have enough space to remove larger amounts of rectal 
mucosa, resulting in incomplete resection, so the long-term effect is not good. At the same time, 
prolapsed hemorrhoids will lead to their own rectal elongation, expansion, volume increase, rectal 
muscle thinning or disappearance of pathological changes, which cannot be effectively removed and 
easily lead to recurrence[11,12].

Selective supraclavicular mucosal resection was improved on the basis of traditional surgical 
suspension and devascularization. The mucosal and submucous tissues above the supraclavicular 
nucleus were selectively resected, and the normal mucosal tissues between the supraclavicular nuclei 
were retained, so the trauma to the patients was decreased. This study found that the operation time, 
intraoperative blood loss and hospitalization time in Group A were lower than those in Group B, 
suggesting that the use of TST33 mega stapler hemorrhoid mucosal resection in the treatment of severe 
prolapsed hemorrhoids has reduced trauma and shorter hospitalization times, which is basically 
consistent with the conclusions of previous studies[13,14]. TST33 mega stapler hemorrhoid mucosal 
resection surgery has a large window vision, and the operation is smoother. The large window has no 
resection limitation, and the resection range is greater, which can fully allow for the “pulling” effect but 
also protect normal tissue. At the same time, the operation height is reduced. The operation height of 
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Table 1 Comparison of baseline data between group A and group B, n (%)

Basic information Group A (n = 102) Group B (n = 102) t/χ2 value P value

Age (yr) 46.9 ± 8.1 45.0 ± 9.0 1.585 0.115 

Height (cm) 168.1 ± 4.1 166.8 ± 5.4 1.936 0.054 

Weight (kg) 66.3 ± 6.4 67.8 ± 7.8 -1.501 0.135 

Course of disease (yr) 10.91 ± 1.20 11.15 ± 0.98 -1.564 0.119 

Sex 1.012 0.314 

Male 59 (57.84) 66 (64.71)

Female 43 (42.16) 36 (35.29)

Degree of hemorrhoid prolapse 1.357 0.244 

III stage 69 (67.65) 61 (59.8)

IV stage 33 (32.35) 41 (40.2)

Constipate 3.526 0.060 

Yes 41 43

No 61 59

Bleeding 1.225 0.268 

Yes 88 (86.27) 93 (91.18)

No 14 (13.73) 9 (8.82)

Pain 1.079 0.299

Yes 84 (82.35) 78 (76.47)

No 18 (17.65) 24 (23.53)

Table 2 Comparison of surgery-related indicators between group A and group B (mean ± SD)

Groups Operation time (min) Intraoperative blood loss (mL) Hospital stay (d)

Group A (n = 102) 17.94 ± 3.60 4.81 ± 1.03 5.8 ± 1.2

Group B (n = 102) 26.40 ± 4.11 10.52 ± 2.50 7.0 ± 1.4

t value -6.396 -21.328 -7.668 

P value 0.000 0.000 0.000 

Table 3 Comparison of cure rate between group A and group B, n (%)

Groups Cure Get better

Group A (n = 102) 100 (98.04) 2 (1.96)

Group B (n = 102) 97 (95.10) 5 (4.90)

t value 1.331

P value 0.249

the PPH is 4 cm, and the operation height of the TST33 mega stapler is 2.5-3.5 cm. This height can 
partially remove hemorrhoid tissue and reduce the recurrence rate to a certain extent. In this study, the 
postoperative complication rate of Group A was 2.94% lower than that of Group B (11.76%), suggesting 
that TST33 mega stapler hemorrhoid mucosal resection can reduce the incidence of surgical complic-
ations in patients with severe prolapsed hemorrhoids.

This study also showed that the VAS scores at 12 h and 24 h after the operation in Group A were 
lower than those in Group B, suggesting that TST33 mega stapler mucosal resection for severe 
prolapsed hemorrhoids could significantly reduce postoperative pain. There are many influencing 
factors for postoperative pain. TST33 mega stapler hemorrhoid mucosal resection surgery is performed 
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Table 4 Postoperative visual analogue scale scores of patients in groups A and B (mean ± SD, scores)

Groups 12 h after operation 24 h after operation 48 h after operation 72 h after operation 96 h after operation

Group A (n = 102) 3.11 ± 0.98 3.30 ± 0.85 2.40 ± 0.76 1.48 ± 0.50 0.81 ± 0.30

Group B (n = 102) 3.61 ± 1.00 3.59 ± 0.98 2.58 ± 0.65 1.62 ± 0.66 0.88 ± 0.28

t value -3.607 -2.258 -1.818 -1.708 -1.723

P value 0.000 0.025 0.071 0.089 0.086

Table 5 Comparison of the degree of perianal edema between group A and group B, n (%)

Groups I stage II stage III stage IV stage

1st  day after operation

Group A (n = 102) 91 6 3 2

Group B (n = 102) 76 15 6 5

Z value -1.128

P value 0.259

7th day after operation

Group A (n = 102) 93 6 2 1

Group B (n = 102) 80 14 5 3

Z value -2.286

P value 0.022

Table 6 Comparison of anal Wexner scores between the two groups (mean ± SD, scores)

Groups Preoperative 1 mo after surgery 3 mo after surgery 6 mo after surgery

Group A (n = 102) 22.67 ± 3.70 14.38 ± 3.36 8.74 ± 2.60 6.16 ± 1.84

Group B (n = 102) 23.25 ± 3.98 15.24 ± 3.62 9.40 ± 2.74 6.63 ± 1.81

t value -1.078 -1.759 -1.765 -1.839

P value 0.282 0.080 0.079 0.067

Table 7 Comparison of surgical complication rates between the two groups, n (%)

Group Anus drop Anastomotic stenosis within 3 mo Perianal infection Urinary retention Complication rate

Group A (n = 102) 3 0 0 0 3 (2.94)

Group B (n = 102) 7 3 0 2 12 (11.76)

χ2 value 5.829

P value 0.016

above the dentate line, where the dominant nerve is mainly the visceral nerve, which is not sensitive to 
pain. There is less resected rectal mucosa, so the postoperative pain is relatively reduced[15]. This study 
also found that 7 d after the operation, the degree of perianal edema in Group A was lower than that in 
Group B, suggesting that TST33 mega stapler hemorrhoid mucosal resection in the treatment of severe 
prolapsed hemorrhoids for postoperative perianal edema was reduced to some extent, and two surgical 
methods for the treatment of severe prolapsed hemorrhoids can improve anal function. TST33 mega 
stapler hemorrhoid mucosal resection reduces the number of anastomotic nails implanted and reduces 
the anal bulge, thus protecting anal contraction defecation functions[16,17].

In the process of the operation, we believe that attention should be given to the following aspects. 
First, the appearance of a “cat ear” between anastomotic stomas after TST operation is very common. 
Ligation with “0” silk thread is a simple, safe and reliable method. Second, surgeons should check 
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whether there is bleeding in the anastomotic stoma carefully before removing the anal mirror, and the 
bleeding tendency should be removed to stop bleeding by “8” sutures to strengthen the anastomotic 
stoma. Third, the size of the resected tissue should be evaluated before the operation and the height and 
mode of the purse suture should be adjusted according to the need to play an individualized treatment 
role. Fourth, the height of the purse-string should be appropriately lowered. Choose 2.5 cm-3.5 cm on 
the tooth line, and remove part of the internal hemorrhoid tissue, which has a certain value for 
improving the postoperative curative effect[18-20].

This study analyzed the advantages of TST33 mega stapler hemorrhoid mucosal resection in the 
treatment of severe prolapsed hemorrhoids and showed the reduced incidence of postoperative 
complications, which was in line with the patient-oriented treatment concept of modern surgery and 
provided a certain basis for the clinical operation in the treatment of severe prolapsed hemorrhoids. 
However, due to the small number of cases included in this study, the lack of a large sample with a 
long-term follow-up and survey, the long-term efficacy and recurrence need to be further evaluated by 
increasing the sample size, improving the corresponding observation index, and carrying out 
prospective studies with in-depth analysis.

CONCLUSION
In summary, TST33 mega stapler hemorrhoid mucosal resection in the treatment of patients with severe 
prolapsed hemorrhoids yielded satisfactory results, less postoperative pain, perianal edema recovery 
block, and fewer complications.

ARTICLE HIGHLIGHTS
Research background
Although traditional treatment has certain curative effect, it is not ideal. Postoperative symptom relief 
rate is low. Even if temporarily relieved, hemorrhoids patients are easy to relapse.

Research motivation
In this study, the authors further summarized and analyzed the surgical treatment methods for patients 
with severe prolapsed hemorrhoids, and compared the effect of TST33 mega staplers to provide a basis 
for clinical practice.

Research objectives
This study aimed to explore the effect of TST33 mega stapler prolapse and hemorrhoid mucosal 
resection in the treatment of patients with severe prolapsed hemorrhoids.

Research methods
A total of 204 patients with severe prolapsed hemorrhoids that were admitted to the anorectal 
department of our hospital from April 2018 to June 2020 were selected and randomly divided into 
Group A and Group B, with 102 cases in each group, by a single-blind, randomized and controlled 
clinical research scheme.

Research results
This study found that the operation time, intraoperative blood loss and hospitalization time in Group A 
were lower than those in Group B, suggesting that the use of TST33 mega stapler hemorrhoid mucosal 
resection in the treatment of severe prolapsed hemorrhoids has reduced trauma and shorter hospital-
ization times, which is basically consistent with the conclusions of previous studies, TST33 mega stapler 
hemorrhoid mucosal resection surgery has a large window vision, and the operation is smoother. This 
study also showed that the visual analogue scale scores at 12 h and 24 h after the operation in Group A 
were lower than those in Group B, suggesting that TST33 mega stapler mucosal resection for severe 
prolapsed hemorrhoids could significantly reduce postoperative pain.

Research conclusions
TST33 mega stapler hemorrhoid mucosal resection in the treatment of severe prolapsed hemorrhoids 
patients yielded satisfactory results, less postoperative pain, perianal edema recovery block, and fewer 
complications.

Research perspectives
This study analyzed the advantages of TST33 mega stapler hemorrhoid mucosal resection in the 
treatment of severe prolapsed hemorrhoids and showed the reduced incidence of postoperative 
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complications, which was in line with the patient-oriented treatment concept of modern surgery and 
provided a certain basis for the clinical operation in the treatment of severe prolapsed hemorrhoids. 
However, due to the small number of cases included in this study, the lack of a large sample with a 
long-term follow-up and survey, the long-term efficacy and recurrence need to be further evaluated by 
increasing the sample size, improving the corresponding observation index, and carrying out 
prospective studies with in-depth analysis.
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Abstract
BACKGROUND 
Icotinib could have potential effect and tolerability when used sequentially with 
chemotherapy for advanced epidermal growth factor receptor (EGFR)-mutated 
non-small cell lung cancer (NSCLC).

AIM 
To evaluate the efficacy and safety of chemotherapy followed by icotinib 
maintenance therapy as first-line treatment for advanced EGFR-mutated NSCLC.

METHODS 
This multicenter, open-label, pilot randomized controlled trial enrolled 68 EGFR-
mutated stage IIIB/IV NSCLC patients randomized 2:3 to the icotinib alone and 
chemotherapy + icotinib groups.

RESULTS 
The median progression-free survival in the icotinib alone and chemotherapy + 
icotinib groups was 8.0 mo (95%CI: 3.84-11.63) and 13.4 mo (95%CI: 10.18-16.33), 
respectively (P = 0.0249). No significant differences were found in the curative 
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effect when considering different cycles of chemotherapy or chemotherapy regimen (all P > 0.05).

CONCLUSION 
A sequential combination of chemotherapy and EGFR-tyrosine kinase inhibitor is feasible for stage 
IV EGFR-mutated NSCLC patients.

Key Words: Advanced stage; Chemotherapy; Epidermal growth factor receptor mutation; First-line treatment; 
Icotinib

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The combination of chemotherapy and epidermal growth factor receptor (EGFR)-tyrosine kinase 
inhibitor (TKI) (concomitant or intercalated) generally showed improved efficacy compared with EGFR-
TKI alone as the first-line treatment for advanced non-small cell lung cancer (NSCLC). This study aimed 
to evaluate the efficacy and safety of chemotherapy followed by icotinib maintenance therapy as first-line 
treatment for advanced EGFR-mutated NSCLC. Sixty-eight advanced NSCLC patients were randomized 
2:3 to icotinib-alone or chemotherapy plus icotinib. The chemotherapy plus icotinib group showed higher 
progression-free survival than the icotinib alone group. Our study suggested that the sequential 
combination of chemotherapy and EGFR-tyrosine kinase inhibitor is feasible for stage IV EGFR-mutated 
NSCLC patients.

Citation: Sun SJ, Han JD, Liu W, Wu ZY, Zhao X, Yan X, Jiao SC, Fang J. Sequential chemotherapy and icotinib 
as first-line treatment for advanced epidermal growth factor receptor-mutated non-small cell lung cancer. World J 
Clin Cases 2022; 10(18): 6069-6081
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6069.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6069

INTRODUCTION
Globally, lung cancer is the malignancy with the highest incidence and mortality. In 2018, 2.1 million 
new lung cancers and 1.8 million deaths were reported, with an annual age-standardized incidence rate 
of 22.5 per 100000 individuals and an age-standardized yearly mortality rate of 18.6 per 100000 
individuals[1]. Non-small cell lung cancers (NSCLCs) represent the greatest number (85%-90%) of 
malignant lung tumors[2], and almost half of NSCLCs are adenocarcinomas. Adenocarcinomas display 
activating mutations in the epithelial growth factor receptor (EGFR) gene, making such cancers 
candidates for EGFR tyrosine kinase inhibitor (EGFR-TKI) therapy[3-5]. In Asians, individuals 
harboring EGFR mutations account for 51.4% of adenocarcinoma NSCLCs[3-5]. Currently, EGFR-TKIs 
are the guideline-recommended first-line treatment for advanced NSCLC with EGFR mutations[5].

Despite the improvement in progression-free survival (PFS) by EGFR-TKIs, acquired resistance 
inevitably develops after about 10 mo of treatment[3,6]. Due to the complexity of the EGFR-TKI 
resistance mechanisms[6-8], a combined treatment approach could be used to prevent or delay 
resistance development[7]. One of the combination therapies of interest and most frequently explored is 
chemotherapy + TKI. In clinical trials, a combination of chemotherapy and EGFR-TKI (concomitant or 
intercalated) generally showed improved efficacy compared with EGFR-TKI alone as the first-line 
treatment for advanced NSCLC[9-13]. Nevertheless, the best combinational strategy remains contro-
versial.

In preclinical studies, compared with concurrent administration of gefitinib alone, the sequential 
administration of pemetrexed or paclitaxel with gefitinib exerted stronger anti-tumor activity by 
enhancing cell cytotoxicity[14-18]. Sequential chemotherapy followed by maintenance EGFR-TKI 
therapy may be a potential strategy, as suggested by recent clinical trials[19-21]. Icotinib was suggested 
to have potential effects and tolerability when used sequentially with chemotherapy[22-24]. Therefore, 
the present pilot study aimed to evaluate the efficacy and safety of different sequential combinations of 
chemotherapy (varying cycle number and chemotherapeutic agents), followed by icotinib maintenance 
vs icotinib alone as a first-line treatment for advanced EGFR-mutated NSCLC. The results might help 
improve the treatment strategies for these patients.

https://www.wjgnet.com/2307-8960/full/v10/i18/6069.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6069
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MATERIALS AND METHODS
Study design and patients
This multicenter, open-label, pilot randomized controlled trial (RCT) was conducted in four centers in 
China between November 2012 and July 2015. The study was carried out according to the principles of 
the Declaration of Helsinki and the guidelines of the Good Clinical Practice of the International Council 
for Harmonization. The trial was approved by the ethics committees of General Hospital of People's 
Liberation Army. All patients signed an informed consent form before any study procedure.

The inclusion criteria were: (1) Age 18-72 years; (2) patients with treatment-naïve advanced lung 
cancer having EGFR-sensitive mutation confirmed by pathological examinations; (3) stage IIIB or IV 
lung cancer; (4) Eastern Cooperative Oncology Group (ECOG) score of 0-2; (5) normal cardiac, liver, and 
renal functions, and routine blood test results; (6) expected survival > 3 mo; (7) negative urine 
pregnancy test within 7 d before screening for women of child-bearing age, and agreement to apply 
effective contraception measures to prevent pregnancy during and within 3 mo after the study for fertile 
men and women; and (8) signed informed consent forms. The exclusion criteria were: (1) Brain 
metastases; (2) active infection (according to the judgment of investigators); (3) major organ failure, such 
as decompensated cardiopulmonary failure; (4) newly developed myocardial infarction or cerebral 
infarction within 3 mo; (5) presence of a second malignant tumor (except for cured cervical cancer or 
skin cancer); (6) interstitial lung disease; or (7) pregnant or breastfeeding women.

Trial registration: ClinicalTrials.gov, NCT01665417. Registered on August 12, 2012, https://clinical-
trials.gov/ct2/show/NCT01665417.

Randomization and blinding
This study involved three randomizations. The patients were first randomized 2:3 to icotinib-alone vs 
chemotherapy + icotinib. The patients in the chemotherapy group were then randomized 1:1 to two vs 
four cycles of chemotherapy and further randomized 1:1 to pemetrexed and cisplatin (PP) vs docetaxel 
and cisplatin (DP) (Figure 1). All randomizations were carried out using a central randomization system 
designed by an independent biostatistician. The stratification factors after randomization included 
clinical stage (IIIB vs IV), type of EGFR mutation (exon 19 mutation vs exon 21 mutation), ECOG score 
(0-1 vs 2), and smoking status (non-smokers vs mild smokers vs regular smokers). This study was a pilot 
study, and the patients, treating physicians, and data assessors could not be blind to treatment 
allocation due to the nature of the treatments.

Treatment
Icotinib was provided by Betta Pharmaceutical Co., Ltd. (Zhejiang, China). Two or four cycles of PP 
(pemetrexed disodium 500 mg/m2 iv d1, cisplatin 75 mg/m2 iv d1, q3w) or DP (docetaxel 75 mg/m2 iv 
d1, cisplatin 75 mg/m2 iv d1, q3w) were administered to the patients assigned to the first-line 
chemotherapy + icotinib treatment. Icotinib hydrochloride (oral, 125 mg, tid) was used as maintenance 
therapy or second-line therapy until disease progression or the occurrence of severe toxicity for patients 
with clinical benefits or progressive disease after chemotherapy. Second-line chemotherapy after disease 
progression on icotinib was the crossover of the first-line chemotherapy. The chemotherapy regimen 
after DP/PP treatment had no restriction.

For the patients assigned to first-line icotinib treatment, 125 mg icotinib was administered orally three 
times per day until disease progression or the occurrence of severe toxicity. For second-line treatment, 
the patients received the PP (pemetrexed disodium 500 mg/m2 iv d1, cisplatin 75 mg/m2 iv d1, q3w) or 
DP (docetaxel 75 mg/m2 iv d1, cisplatin 75 mg/m2 iv d1, q3w) chemotherapy regimen, at the discretion 
of the treating physician.

Assessment
For patients on first-line chemotherapy, the tumor response was assessed after every two cycles of 
chemotherapy. During icotinib maintenance therapy, treatment efficacy assessment was performed 4 
wk after treatment initiation and then every 6 wk until disease progression. For patients on first-line 
icotinib therapy, tumor response was assessed 4 wk after treatment initiation and then every 6 wk until 
disease progression. The tumors were assessed by plain and enhanced pulmonary computed 
tomography (CT) scanning, abdominal ultrasound examination, CT scanning or magnetic resonance 
imaging (MRI), ultrasound examination of superficial lymph nodes, brain MRI (if necessary), and 
emission CT (if necessary). The response to treatment was classified as complete response (CR), partial 
response (PR), stable disease (SD), and progressive disease (PD) according to RECIST 1.1[25]. The safety 
evaluation was performed using physical examinations and laboratory examinations (hematological 
and blood biochemical examinations). All adverse events were recorded from the informed consent 
until 30 d after the last dose of the study drug. The severity of the adverse events was assessed and 
documented according to the National Cancer Institute-Common Toxicity Criteria 3.0. The investigators 
judged the relationship between the adverse events and treatment.

https://clinicaltrials.gov/ct2/show/NCT01665417
https://clinicaltrials.gov/ct2/show/NCT01665417
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Figure 1 Study design. DP: Docetaxel/cisplatin; EGFR: Epithelial growth factor receptor; PD: Progressive disease; PP: Pemetrexed/cisplatin; PR: Partial 
response; SD: Stable disease.

Outcomes
The study's primary endpoint was PFS, defined as the date of the start of treatment to the date of PD 
(per RECIST 1.1) or death, whichever occurred first. The secondary endpoint was overall survival (OS), 
defined as the time from the start of treatment to death. Other efficacy endpoints included overall 
response rate (ORR) and disease control rate (DCR). The ORR was defined as the proportion of patients 
achieving CR or PR, and the DCR was defined as the proportion of patients achieving CR, PR, or SD.

Statistical analysis
All analyses were performed using SAS 9.2 (SAS Institute, Inc., NC, United States). The efficacy analysis 
was performed in the full analysis set, defined as all randomized patients who received at least one dose 
of the study drug. The safety set included all randomized patients who received at least one dose of the 
study drug. Continuous data are presented as means ± SD and medians (ranges). Categorical data are 
presented as numbers (percentages). PFS and OS were analyzed using the Kaplan-Meier method and 
the log-rank test. The ORR and DCR were summarized as percentages and Clopper-Pearson 95%CIs. 
Two-sided P values of < 0.05 were considered statistically significant.

RESULTS
Characteristics of the participants
Between November 2012 and July 2015, 68 participants were recruited: 24 in the icotinib-alone group 
and 44 in the chemotherapy + icotinib group. The participants who received single-dose treatment (22 in 
the icotinib-alone group and 36 in the chemotherapy + icotinib group) were included in the analysis. All 
participants were randomized, and treatment was initiated. The characteristics of the participants are 
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shown in Table 1. All patients except one had stage IV NSCLC.

Response to treatment
Table 2 shows the responses to treatment. No participants achieved CR. In the icotinib-alone group, the 
ORR was 54.5% (95%CI: 32.2-75.6) and the DCR was 90.9% (95%CI: 70.8-98.9) compared with 44.1% 
(95%CI: 27.2-62.1) and 97.1% (95%CI: 84.7-99.9), respectively, in the chemotherapy + icotinib group.

When considering the number of chemotherapy cycles, the ORR was 47.6% (95%CI: 25.7-70.2) and the 
DCR was 100.0% (95%CI: 83.9-100.0) for two cycles, and the ORR was 38.5% (95%CI: 13.9-68.4) and the 
DCR was 92.3% (95%CI: 64.0-99.8) for four cycles. When considering the chemotherapy types, the ORR 
was 40.0% (95%CI: 16.3-67.7) and the DCR was 100.0% (95%CI: 78.2-100.0) for DP, and the ORR was 
47.4% (95%CI: 24.4-71.1) and the DCR was 94.7% (95%CI: 74.0-99.9) for PP. When considering each 
chemotherapy regimen, the ORR was 33.3%-60.0%, and the DCR was 88.9%-100%.

Survival
In the icotinib group, the median follow-up was 23.1 (range, 2.5-71.9) mo. The median follow-up in the 
chemotherapy + icotinib group was 36.0 (range, 5.1-75.7) mo. Figures 2 and 3 present the PFS and OS, 
respectively. The median PFS in the icotinib-alone and chemotherapy + icotinib groups was 8.0 mo 
(95%CI: 3.8-11.6) vs 13.4 mo (95%CI: 10.2-16.3), respectively (P = 0.0249). The median OS was 23.1 
(95%CI: 9.7-50.3) vs 36.0 mo (95%CI: 22.2-45.4), respectively (P = 0.4511). The median PFS of the 
participants who received two and four chemotherapy cycles was 12.1 mo vs 15.1 mo, and the median 
OS was 36.1 mo vs 33.9 mo, with no significant differences (PFS, P = 0.6605; OS, P = 0.9239). The PFS 
after two cycles of DP, two cycles of PP, four cycles of DP, and four cycles of PP was 11.9, 15.2, 15.2, and 
15.1 mo, respectively; the median OS was 36.1, 28.0, 36.1, and 33.9 mo, respectively. No significant 
difference was observed among the different treatment regimens (PFS, P = 0.1815; OS, P = 0.9549).

Table 3 presents the treatment received after icotinib-based therapy. The treatment profile was similar 
in the two groups.

Treatment-related adverse events
The rates of all-grade treatment-related adverse events (TRAEs) were lower in the icotinib-alone group 
compared with the chemotherapy + icotinib group, and included rash (40.9% vs 55.9%), gastrointestinal 
system disorders (0.0% vs 82.4%), alanine transaminase elevation (27.3% vs 41.2%), aspartate 
aminotransferase elevation (13.6% vs 29.4%), leukopenia (0.0% vs 64.7%), and thrombocytopenia (0.0% 
vs 11.8%). Grade 3-4 TRAEs were not observed in the icotinib-alone group. However, grade 3-4 
gastrointestinal system disorders (5.9%) and leukopenia (8.8%) were recorded in the chemotherapy + 
icotinib group (Table 4).

DISCUSSION
Sequential chemotherapy followed by maintenance TKI may be a potential strategy for advanced 
NSCLC with EGFR mutation. However, the optimal regimen remains to be determined. In this study, 
icotinib was selected because of the potential effect and tolerability of sequential chemotherapy and 
icotinib[22-24]. The present study indicated that the sequential combination of chemotherapy followed 
by icotinib improved PFS by 5.4 mo compared with icotinib alone as the first-line therapy of NSCLC. In 
addition, no differences were observed between two and four cycles of chemotherapy and between PP 
and DP. Therefore, for patients with advanced NSCLC with EGFR mutation, a sequential combination 
of chemotherapy and an EGFR-TKI is feasible. Considering the chemotherapy toxicity, the efficacy of a 
two-cycle chemotherapy regimen was comparable to that of a four-cycle chemotherapy regimen.

In the present study, no significant differences were observed in OS (36 mo vs 23.1 mo) and PFS (8.0 
mo vs 13.4 mo), which was probably due to the small sample size or the fact of crossover of the 
treatment group upon disease progression. Considering the synergistic effect of EGFR-TKIs and 
chemotherapy in the elimination of tumor cells, as reported by some preclinical studies, gefitinib and 
erlotinib were combined with two chemotherapy regimens (cisplatin + gemcitabine; carboplatin + 
paclitaxel), thus launching four large phase III clinical studies, including INTACT 1 and 2 and TRIBUTE
[26,27]. These studies showed no significant difference between chemotherapy and combined treatment 
groups (PFS and OS), which might be because the participants were not selected according to their 
EGFR mutation status[28]. A retrospective analysis of the OPTIMAL study on EGFR mutation (exon 19 
deletion or exon 21 L858R mutation) showed that the OS of patients treated with chemotherapy alone 
was significantly lower than that of patients who received TKI and sequential chemotherapy [median 
OS: 11.2 vs 29.7 mo, HR = 2.97 (1.74-5.07)]. Although it was a retrospective analysis, it also suggested 
that sequential treatment with TKI and chemotherapy for selected patients with EGFR mutation could 
prolong patient OS[29]. However, a phase II clinical study in Japan, NEJ00, reported that in NSCLC 
patients with EGFR mutation, the combined therapy of gefitinib, pemetrexed, and carboplatin was 
significantly superior to chemotherapy followed by targeted therapy[30]. Among the 80 enrolled 
patients, 41 received concurrent combination therapy, while 39 also had sequential therapy. The median 
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Table 1 Patient characteristics

Chemotherapy + icotinib, n = 34
Icotinib Chemotherapy + icotinib

2DP 2PP 4DP 4PP

n = 22 n = 34 n = 11 n = 10 n = 4 n = 9

Age (yr) 57.0 ± 7.4 52.7 ± 11.05 52.9 ± 11.5 49.8 ± 9.2 49.8 ± 13.7 57.1 ± 11.7

Sex

Male 11 (50.0) 9 (26.5) 2 (18.2) 2 (20.0) 2 (50.0) 3 (33.3)

Female 11 (50.0) 25 (73.5) 9 (81.8) 8 (80.0) 2 (50.0) 6 (66.7)

Stage

IIIB 0 1 (2.9) 0 0 0 1 (11.1)

IV 22 (100.0) 33 (97.1) 11 (100.0) 10 (100.0) 4 (100.0) 8 (88.9)

EGFR mutation

19 Del 12 (54.5) 19 (55.9) 5 (45.5) 5 (50.0) 4 (100.0) 5 (55.6)

21 L858R 7 (31.8) 14 (41.2) 5 (45.5) 5 (50.0) 0 4 (44.4)

Other 3 (13.6) 1 (2.9) 1 (9.1) 0 0 0

Smoking

Yes 6 (27.3) 4 (11.8) 1 (9.1) 1 (10.0) 1 (25.0) 1 (11.1)

No 15 (68.2) 30 (88.2) 10 (90.9) 9 (90.0) 3 (75.0) 8 (88.9)

Quit smoking 1 (4.5) 0 0 0 0 0

ECOG PS

0 5 (22.7) 6 (17.6) 1 (9.1) 2 (20.0) 0 3 (33.3)

1 13 (59.1) 25 (73.5) 7 (63.6) 8 (80.0) 4 (100.0) 6 (66.7)

2 2 (9.1) 0 0 0 0 0

Other 2 (9.1) 3 (8.8) 3 (27.3) 0 0 0

Data are mean ± SD or number (%). EGFR: Epithelial growth factor receptor; ECOG PS: Eastern Cooperative Oncology Group performance status.

PFS was 18.3 mo vs 15.3 mo [HR = 0.71 (0.42-1.2), P = 0.02], and median OS was 41.9 mo vs 30.7 mo [HR 
= 0.51 (0.26-0.99), P = 0.042], respectively. The response rates in the two groups were similar (87.8% and 
84.6%, respectively). Furthermore, phase II clinical studies conducted in China reported similar results 
for gefitinib combined with pemetrexed-based chemotherapy[31]. Based on the results of NEJ005, the 
phase III clinical study NEJ009 further confirmed that the efficacy of gefitinib combined with 
carboplatin and pemetrexed was superior to that of single-drug gefitinib treatment[32], which showed 
that the PFS was 20.9 mo (18.0-24.2) vs 11.2 mo (9.0-13.4) [HR = 0.43 (0.39-0.62), P < 0.001], and more 
importantly, OS was 52.2 mo vs 38.8 mo (HR = 0.69, P = 0.013). Subsequently, CTRI/2016/08/007149, 
conducted in India and almost completely similar to NEJ009, further confirmed that the efficacy of 
gefitinib combined with carboplatin and pemetrexed was significantly superior to that of gefitinib alone
[33]. It also demonstrated that the PFS of gefitinib combined with pemetrexed-based chemotherapy was 
longer than 16 mo and longer than 20.9 mo in NEJ009, which was a much longer PFS than achieved by 
gefitinib alone. In particular, two phase III clinical trials, NEJ009 and CTRI/2016/08/007149, confirmed 
the benefits of OS in the combination treatment group. The studies mentioned above mainly focused on 
targeting, a synchronous combination of chemotherapy, or alternating sequential combination of 
targeting and chemotherapy. However, evidence on the use of sequential therapy based on 
chemotherapy followed by the target drug in EGFR-mutant patients is lacking. Studies at the molecular 
level confirmed that sequential chemotherapy with the EGFR-TKI erlotinib after docetaxel could 
enhance the M-phase stagnation of tumor cell division and growth, resulting in cell apoptosis. They 
suggested a synergistic effect between molecular targeted therapy and appropriate sequential 
chemotherapy. These experimental results indicated that the use of chemotherapy first to induce tumor 
cell stagnation and apoptosis in the M phase, followed by EGFR-TKIs to enhance this effect[34], would 
result in sequential therapy having a superposition effect, which might be used as a feasible option. 
Similar to the present study, Han et al[13] compared gefitinib + pemetrexed + carboplatin vs gefitinib 
alone vs pemetrexed + carboplatin and reported a higher ORR with the TKI + chemotherapy 
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Table 2 Response to treatment

n PR (95%CI) SD (95%CI) PD (95%CI) NE (95%CI) ORR (95%CI) DCR (95%CI)

Icotinib 22 54.5 (32.2-75.6) 36.4 (17.2-59.3) 4.5 (0.1-22.8) 4.5 (0.1-22.8) 54.5 (32.2-75.6) 90.9 (70.8-98.9)

Chemotherapy + icotinib 34 44.1 (27.2-62.1) 52.9 (35.1-70.2) 2.9 (0.1-15.3) 44.1 (27.2-62.1) 97.1 (84.7-99.9)

2-cycle chemo 21 47.6 (25.7-70.2) 52.4 (29.8-74.3) 47.6 (25.7-70.2) 100.0 (83.9-100.0)

2DP 11 36.4 (10.9-69.2) 63.6 (30.8-89.1) 36.4 (10.9-69.2) 100.0 (71.5-100.0)

2PP 10 60.0 (26.2-87.8) 40.0 (12.2-73.8) 60.0 (26.2-87.8) 100.0 (69.2-100.0)

4-cycle chemo 13 38.5 (13.9-68.4) 53.8 (25.1-80.8) 7.7 (0.2-36.0) 38.5 (13.9-68.4) 92.3 (64.0-99.8)

4DP 4 50.0 (6.8-93.2) 50.0 (6.8-93.2) 50.0 (6.8-93.2) 100.0 (39.8-100.0)

4PP 9 33.3 (7.5-70.1) 55.6 (21.2-86.3) 11.1 (0.3-48.2) 33.3 (7.5-70.1) 88.9 (51.8-99.7)

DP 15 40.0 (16.3-67.7) 60.0 (32.3-83.7) 40.0 (16.3-67.7) 100.0 (78.2- 100.0)

PP 19 47.4 (24.4-71.1) 47.4 (24.4-71.1) 5.3 (0.1-26.0) 47.4 (24.4-71.1) 94.7 (74.0-99.9)

Total 56 48.2 (34.7-62.0) 46.4 (33.0-60.3) 3.6 (0.4-12.3) 1.8 (0.0-9.6) 48.2 (34.7-62.0) 94.6 (85.1-98.9)

DCR: Disease control rate; NE: Not evaluable; ORR: Overall response rate; PD: Progressive disease; PR: Partial response; SD: Stable disease.

Table 3 Subsequent treatments

Chemotherapy + icotinib, n = 34
Icotinib Chemotherapy + icotinib

2DP 2PP 4DP 4PP

n = 22 n = 34 n = 11 n = 10 n = 4 n = 9

Chemotherapy 13 (59.1) 16 (47.1) 6 (54.6) 4 (40.0) 2 (50.0) 4 (44.4)

Osimertinib 10 (45.5) 17 (50.0) 6 (54.6) 4 (40.0) 2 (50.0) 5 (55.6)

Other TKI 2 (9.1) 3 (8.8) 1 (9.1) 0 0 2 (22.2)

Radiotherapy 3 (13.6) 7 (20.6) 1 (9.1) 3 (30.0) 2 (50.0) 2 (22.2)

Other 3 (13.6) 5 (14.7) 1 (9.1) 2 (20.0) 0 2 (22.2)

TKI: Tyrosine kinase inhibitor.

Table 4 Possible treatment-related adverse events

All-grade TRAE Grade 3-4 TRAE

Icotinib (n = 22) Chemotherapy + icotinib (n = 34) Icotinib (n = 22) Chemotherapy + icotinib (n = 34)

Rash 9 (40.9) 19 (55.9) 0 (0.0) 0 (0.0)

Gastrointestinal system disorders 0 (0.0) 28 (82.4) 0 (0.0) 2 (5.9)

Alanine transaminase elevation 6 (27.3) 14 (41.2) 0 (0.0) 0 (0.0)

Aspartate aminotransferase elevation 3 (13.6) 10 (29.4) 0 (0.0) 0 (0.0)

Leukopenia 0 (0.0) 22 (64.7) 0 (0.0) 3 (8.8)

Thrombocytopenia 0 (0.0) 4 (11.8) 0 (0.0) 0 (0.0)

TRAE: Treatment-related adverse event.

combination than for TKI alone or chemotherapy alone (82.5% vs 65.9% vs 32.5%), with similar trends in 
PFS and OS. Similar results were also reported by Wen et al[35] and Yan et al[36]. Another RCT focused 
on first-line chemotherapy and TKI sequential treatment in patients with advanced non-squamous 
NSCLC[37,38]. PFS and OS were similar in the pemetrexed + cisplatin + gefitinib and gefitinib 
monotherapy groups in the ITT population and EGFR-mutated subgroup, but the sample size in the 
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Figure 2 Progression-free survival of patients. A: Progression-free survival (PFS) with icotinib vs chemotherapy followed by icotinib; B: PFS with two-cycle 
chemotherapy followed by icotinib vs four-cycle chemotherapy followed by icotinib; C: PFS with DP followed by icotinib vs PP followed by icotinib; D: PFS with icotinib 
vs various chemotherapy regimens followed by icotinib. DP: Docetaxel/cisplatin; PP: Pemetrexed/cisplatin.

EGFR-mutated subgroup was too small to draw a firm conclusion. The combination therapy may 
outperform the monotherapy ORR as chemotherapy and TKIs do not affect the cancer cells using the 
same mechanisms (i.e., hitting the cells in multiple ways), and intratumor heterogeneity may be present 
(i.e., using multiple drugs increases the likelihood of killing cells resistant to one of the drugs used). The 
immune system can also be activated[9,34,39,40]. Nevertheless, the PFS in the sequential treatment 
group in the present study was superior to that in the TKI-alone therapy group. The reason for the 
inconsistent results in these two studies might be that the number of patients with EGFR mutation in 
either study was small, affecting the consistency of the study results. Of note, the recent results of the 
FLAURA trial showed that first-line osimertinib achieved better OS and PFS than the comparator EGFR-
TKIs[41], and sequential osimertinib with chemotherapy as a first-line option should be investigated. 
Due to the TRAE profile of osimertinib, the sequential use of chemotherapy and osimertinib could 
decrease the occurrence of TRAEs in the first-line treatment of NSCLC. Furthermore, the combination of 
EGFR-TKIs with vascular endothelial growth factor inhibitors could be a potential strategic option[42] 
and should also be examined.

In the present study, four cycles of chemotherapy were not better in terms of ORR, DCR, PFS, and OS 
compared with two cycles. Two cycles might be enough to eliminate tumor cells sensitive to 
chemotherapy and activate the immune system, while four cycles might lead to adverse events and 
decreases in blood immune cells[43]. In addition, fewer cycles could help reduce the physical, psycho-
logical, and economic burden of chemotherapy[43]. The rate of grade ≥ 3 TRAEs was 14.3% in the two-
cycle subgroup and 15.4% in the four-cycle subgroup. Hence, the present study suggests similar efficacy 
and safety for the two- and four-cycle regimens, which could be supported by a meta-analysis that 
suggested no added benefit of six cycles of first-line chemotherapy compared with three and four cycles
[43]. However, this study was not powered to compare two- vs four-cycle regimens, and additional 
studies are necessary to examine this point.

There are many therapeutic options in lung cancer, including chemotherapy, targeted therapy, and 
immunotherapy[2,44-48]. Icotinib is a promising targeted therapy for EGFR-mutated NSCLC[18,22-24]. 
The present study selected the combination of icotinib (or other EGFR-TKIs) and chemotherapy since it 
is the most studied combination in NSCLC, with apparent benefits in response and survival[9,18,24,34-
36,49]. Still, the combination of EGFR-TKIs and immunotherapy could be a promising option for 
NSCLC[50-52], but some evidence suggests that immunotherapy is not effective in patients with EGFR-
mutated NSCLC, probably because of the specific tumor microenvironment[52,53]. Indeed, early trials 
showed that immunotherapy monotherapy was inferior to EGFR-TKIs in EGFR-mutated NSCLC[52,
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Figure 3 Overall survival of patients. A: Overall survival (OS) with icotinib vs chemotherapy followed by icotinib; B: OS with two-cycle chemotherapy followed 
by icotinib vs four-cycle chemotherapy followed by icotinib; C: OS with docetaxel/cisplatin followed by icotinib vs PP followed by icotinib; D: OS with icotinib vs various 
chemotherapy regimens followed by icotinib. DP: Docetaxel/cisplatin; PP: Pemetrexed/cisplatin.

53]. Subsequent studies showed that the combination of immunotherapy with EGFR-TKIs in EGFR-
mutated NSCLC resulted in high rates of serious AEs (33.3%-71.4% of grade 3-4 AEs)[54-56]. Therefore, 
additional studies are necessary before being able to use immunotherapy with EGFR-TKIs in patients 
with EGFR-mutated NSCLC.

Roviello et al[57] reported that EGFR-TKIs led to good outcomes in older adults with EGFR-mutated 
NSCLC. We agree that EGFR-TKIs could be a valuable and less toxic treatment option for older adults 
who often have difficulties with chemotherapy. Unfortunately, in the present study, the sample size was 
too small to be able to examine the influence of age on the treatment outcomes. Furthermore, as per the 
inclusion criteria, no patients > 72 years old were enrolled. Nevertheless, examining treatment options 
specifically in older adults is indeed a future direction for research.

This study had some limitations. This study was an exploratory study with a small sample size, and 
the analysis of OS had limited power. In addition, it was restricted to Chinese patients. It was an invest-
igator-initiated trial. Only icotinib was provided, and the patients had to pay for the chemotherapy. This 
could have influenced recruitment. Although the trial was open to stage IIIB-IV patients, only one stage 
IIIB participant was actually recruited, mostly limiting the conclusions to stage IV patients. Due to the 
limited generalizability, the efficacy of sequential chemotherapy followed by TKI in the Caucasian 
population requires further investigation. Whether the results could also be generalized to non-stage IV 
patients remains to be examined.

CONCLUSION
For patients with stage IV NSCLC and EGFR mutation, sequential chemotherapy followed by TKI 
maintenance therapy is feasible. No significant differences were found in terms of the influence of the 
different number of chemotherapy cycles or different chemotherapy drugs on the curative effect, 
suggesting that fewer chemotherapy cycles could result in the same therapeutic effect in these specific 
patients.
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ARTICLE HIGHLIGHTS
Research background
In 2018, 2.1 million new lung cancers and 1.8 million deaths were reported, and non-small cell lung 
cancers (NSCLCs) represent the greatest number (85%-90%) of malignant lung tumors. In Asians, 51.4% 
of epidermal growth factor receptor (EGFR)-mutated NSCLC was reported and EGFR-tyrosine kinase 
inhibitors (TKIs) have proved to be an effective treatment for this population.

Research motivation
Drug resistance always occurs after 10 mo of EGFR-TKIs treatment, and combination therapy could be 
an alternative to solve this difficulty. However, the most adequate combinational strategy remains 
controversial.

Research objectives
Some clinical studies have reported that sequential chemotherapy followed by maintenance EGFR-TKIs 
might be a potential strategy compared with EGFR-TKIs monotherapy. The efficacy and tolerability of 
icotinib has been demonstrated in many studies. Therefore, this pilot randomized controlled trial (RCT) 
aims to evaluate the efficacy and safety of combination therapy compared with monotherapy.

Research methods
This multicenter, open-label, pilot RCT enrolled 68 EGFR-mutated stage IIIB/IV NSCLC patients 
randomized 2:3 to the icotinib-alone and chemotherapy + icotinib groups.

Research results
A statistically significant difference was observed between the icotinib-alone and chemotherapy + 
icotinib groups regarding median progression-free survival (P = 0.0249). No statistically significant 
difference was found between two and four cycles of chemotherapy which means that the sequential 
combination of chemotherapy and EGFR-TKIs is feasible. Sequential chemotherapy followed by 
maintenance EGFR-TKIs might be a potential strategy for EGFR-mutated NSCLC patients; however, the 
optimal regimen remains to be determined.

Research conclusions
The sequential combination of chemotherapy and EGFR-TKIs could be a feasible strategy for stage IV 
EGFR-mutated NSCLC patients. It is suggested that 2-cycle sequential combination chemotherapy could 
have similar effectiveness to that of 4-cycle sequential combination chemotherapy in these patients.

Research perspectives
Future studies should involve a large population from multiple centers around the world to further 
validate the efficacy and safety of sequential treatment in EGFR-mutated NSCLC patients.
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Abstract
BACKGROUND 
Enhanced recovery after surgery advocates that consuming carbohydrates two 
hours before anesthesia is beneficial to the patient's recovery. Patients with 
diabetes are prone to delayed gastric emptying. Different guidelines for 
preoperative carbohydrate consumption in patients with diabetes remain contro-
versial due to concerns about the risk of regurgitation, aspiration and 
hyperglycemia. Ultrasonic gastric volume (GV) assessment and blood glucose 
monitoring can comprehensively evaluate the safety and feasibility of 
preoperative carbohydrate intake in type 2 diabetes (T2D) patients.

AIM 
To evaluate the impact of preoperative carbohydrate loading on GV before 
anesthesia induction in T2D patients.

METHODS 
Patients with T2D receiving surgery under general anesthesia from December 
2019 to December 2020 were included. A total of 78 patients were randomly 
allocated to 4 groups receiving 0, 100, 200, or 300 mL of carbohydrate loading 2 h 
before anesthesia induction. Gastric volume per unit weight (GV/W), Perlas 
grade, changes in blood glucose level, and risk of reflux and aspiration were 
evaluated before anesthesia induction.

RESULTS 
No significant difference was found in GV/W among the groups before anes-
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thesia induction (P > 0.05). The number of patients with Perlas grade II and GV/W > 1.5 mL/kg 
did not differ among the groups (P > 0.05). Blood glucose level increased by > 2 mmol/L in 
patients receiving 300 mL carbohydrate drink, which was significantly higher than that in groups 1 
and 2 (P < 0.05).

CONCLUSION 
Preoperative carbohydrate loading < 300 mL 2 h before induction of anesthesia in patients with 
T2D did not affect GV or increase the risk of reflux and aspiration. Blood glucose levels did not 
change significantly with preoperative carbohydrate loading of < 200 mL. However, 300 mL 
carbohydrate loading may increase blood glucose levels in patients with T2D before induction of 
anesthesia.

Key Words: Type 2 diabetes; Preoperative; Carbohydrate loading; Gastric volume; Ultrasound assessment; 
Hyperglycemia

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Enhanced recovery after surgery advocates that consuming carbohydrates two hours before 
anesthesia is beneficial to the patient's recovery. Patients with diabetes are prone to delayed gastric 
emptying. Different guidelines for preoperative carbohydrate consumption in patients with diabetes remain 
controversial due to concerns about the risk of regurgitation, aspiration and hyperglycemia. In this study, 
the preoperative carbohydrate load of type 2 diabetes (T2D) patients 2 h before anesthesia induction was 
found by ultrasonic gastric volume assessment and blood glucose monitoring. 200 mL does not increase 
the risk of reflux, aspiration, and hyperglycemia, but 300 mL glucose load may cause hyperglycemia in 
T2D patients before induction of anesthesia.

Citation: Lin XQ, Chen YR, Chen X, Cai YP, Lin JX, Xu DM, Zheng XC. Impact of preoperative carbohydrate 
loading on gastric volume in patients with type 2 diabetes. World J Clin Cases 2022; 10(18): 6082-6090
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6082.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6082

INTRODUCTION
Enhanced recovery after surgery (ERAS) is a set of perioperative protocols to reduce complications, 
facilitate recovery, and decrease the length of hospitalization[1,2]. Insulin resistance is a critical 
complication of injury or stress. Most patients receiving surgery may develop postoperative insulin 
resistance. The resulting hyperglycemia is often associated with an increased risk of morbidity and 
mortality. ERAS recommends preoperative carbohydrate loading to decrease postoperative 
hyperglycemia by 50%, optimizing recovery[3-5].

More than 10% of the world population is reported to have diabetes[6], and nearly 15% of surgical 
patients have type 2 diabetes (T2D)[7]. Complications and hospital stays are greater in these patients 
than in non-diabetic patients[8,9]. Delayed gastric emptying (gastroparesis) is also more frequent in 
patients with diabetes[10,11]. Therefore, preoperative carbohydrate loading may adversely affect gastric 
volume (GV) in diabetic patients. Moreover, carbohydrate loading-induced hyperglycemia may 
outweigh the potential benefits of ERAS protocols in such patients. Laffin et al[12] found no significant 
difference in the hyperglycemic incidence between the groups with and without carbohydrate loading
[12]. However, other studies have reported high rates of adverse outcomes, such as postoperative 
wound infections, cardiac events, and other complications caused by hyperglycemia, in diabetic patients 
receiving preoperative carbohydrate loading[13]. It is important to further study the change in blood 
glucose levels in diabetic patients receiving preoperative carbohydrate loading.

Perlas used ultrasound to grade GV, which was measured in the right decubitus and supine positions 
to assess the risk of aspiration, The visualization of gastric antrum content was scored using the Perlas 
grading system: Grade 0, no content visible in the supine or right lateral (RLD) position; grade 1, clear 
gastric fluid content only in the RLD position, but not in the supine position; and grade 2, clear gastric 
fluid content visible in both supine and RLD positions[14]. Perlas grade II and GV > 1.5 mL/kg have 
been reported to be associated with a high risk of reflux and aspiration[15,16]. Therefore, ultrasono-
graphy is used to evaluate GV both qualitatively and quantitatively. It is an economical, safe, non-
invasive, and repeatable technique to assess the risk of anesthesia before surgery[17]. Data on 
preoperative carbohydrate loading in patients with T2D are limited[18,19]. In this study, we assessed 
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GV, the incidence of hyperglycemia, and the risk of gastric reflux and aspiration using ultrasonography. 
We also evaluated the time and dose of preoperative carbohydrates using stratified analysis. These 
assessments allowed us to determine the safety and feasibility of preoperative carbohydrate loading in 
patients with T2D.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Data of adult patients (age: 40-80 years) who received surgery under general anesthesia were enrolled 
according to the following inclusion criteria: (1) American Society of Anesthesiologists Physical Status 
Classification System (ASA) classified as II-III; (2) Definite diagnosis of T2D for > 2 years; (3) 
Preoperative blood glucose < 10 mmol/L; (4) Glycosylated hemoglobin (HbA1c) < 8.5%; and (5) Body 
mass index (BMI) of 18-35 kg/m2. Patients were excluded from the study if they had any of the 
following: (1) Pregnancy; (2) Cardiac or renal dysfunction; (3) Hypothyroidism; (4) Obesity (BMI > 35 
kg/m2); (5) Digestive system diseases, including gastroesophageal reflux, peptic ulcer, digestive system 
tumors, cholelithiasis or history of upper gastrointestinal surgery; (6) Receiving antiemetic drugs or 
other drugs affecting gastrointestinal motility before operation; (7) Preoperative gastrointestinal 
decompression or nutrition; or (8) Unwilling to participate in the study.

Patients and study design
Overall, 80 patients with T2D who received surgery under general anesthesia from December 2019 to 
December 2020 were enrolled in the study. Of them, 2 patients were excluded due to unclear images of 
the gastric antrum. Finally, 78 patients with complete follow-up data were included in the study. The 
flow chart of the study is presented in Figure 1. The day before surgery, patients who fulfilled the study 
criteria and provided written consent were randomly allocated to 4 groups. Randomization was 
performed using computer-generated random numbers indicating different volumes of carbohydrate 
loading. Patients received a clear carbohydrate drink (0, 100, 200, or 300 mL) 2 h before anesthesia 
induction on the day of surgery. Each group uses the same concentration of carbohydrate drink that 
contains 14.2 g of carbohydrate per 100 mL (Yichang Human Medical Food Co., Ltd.). Randomization 
was performed using computer-generated four-digit random numbers indicating the treatment, which 
were kept in sealed envelopes. An envelope was opened according to the random number from small to 
large based on the time sequence of inclusion of each subject. The ultrasound examiner was blinded by 
the study protocol, as was the staff involved in the medical procedures and data collection process. All 
patients received surgery under general endotracheal anesthesia. Intraoperative fluid management was 
limited to a glucose-free solution, and no exogenous insulin was administered. Postoperative care was 
standardized as clinically indicated.

Data collection and assessment
Ultrasonography was performed by an experienced investigator certified by the Chinese Health 
Commission. GV was assessed on the day of surgery before carbohydrate loading (T0, basal value), 2 
min after carbohydrate loading (T1), and before anesthesia induction (T2). A standard convex 
ultrasound probe was used to scan the gastric antrum in the sagittal plane between the liver and 
pancreas, at first in the supine position and then in the RLD position. The gastric antrum content visual-
ization was scored using the Perlas grading system: Grade 0, no content visible in the supine or RLD 
position; grade 1, clear gastric fluid content only in the RLD position, but not in the supine position; and 
grade 2, clear gastric fluid content visible in both supine and RLD positions[14]. The longitudinal (D1) 
and anteroposterior (D2) diameters of the antrum were determined, which were repeated 3 times and 
averaged (Figure 2). The gastric antral area (CSA) was calculated using the following formula: CSA = π 
× D1 × D2/4. A mathematical model was used to measure GV: 27 + 14.6 × CSA - 1.28 × age. In addition, 
blood glucose levels were monitored before carbohydrate loading (T0) and anesthesia induction (T2). 
Patients with GV per unit weight (GV/W) > 1.5 mL/kg were regarded as having a high risk of reflux 
and aspiration. Gastrointestinal decompression was performed before anesthesia induction in these 
patients. If the blood glucose level was > 10 mmol/L at T2, the surgery was delayed until it normalized.

Statistical analysis
The sample size was determined on the basis of the GV/W at different time periods. The average 
GV/W at T0, T1 and T2 in the control group was 0.66, 0.64, and 0.70 mL/kg, respectively, in our 
preliminary study. The values at T0, T1, and T2 in groups receiving 100 mL, 200 mL, and 300 mL 
carbohydrate drink were 0.45, 1.2, and 0.53 mL/kg; 0.70, 3.20, 0.85 mL/kg; and 0.65, 4.67, 0.8 mL/kg, 
respectively. Based on these values, we found that a sample of at least 20 patients in each group and 80 
patients in total would ensure 80% power for the study to evaluate the effect of preoperative 
carbohydrate loading on GV. The 80% power was calculated considering a two-sided type I error of 0.05 
by log-rank test and 20% loss to follow-up.
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Figure 1 Flow diagram of the study selection process.

Figure 2 Ultrasonic images of gastric antrum after drinking different volumes of carbohydrates. A: Control group (0 mL); B: Group 1 (100 mL); C: 
Group 2 (200 mL); D: Group 3 (300 mL). L: Liver; P: Pancreas; SMV: Superior mesenteric vein; IVC: Inferior vena cava.

All statistical analyses were performed in SPSS (version 24.0, IBM, New York, United States). 
Normally distributed continuous data are presented as mean ± SD. Categorical data are presented as 
frequency or rate. Age, height, weight, BMI, course of the disease, HbA1c (%), and fasting blood glucose 
were compared using one-way ANOVA. The ASA scores, gender, and control of blood glucose were the 
Chi-square test or Fisher exact test. The GV per unit body weight and peripheral capillary blood glucose 
were examined with the repeated measures analysis of variance. The Bonferroni method was applied 
for pairwise comparisons in the repeated measures analysis of variance. All statistical analyses were 
two-sided tests. A P < 0.05 indicated a statistically significant difference.
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RESULTS
Patient characteristics
A total of 78 patients with T2D were randomly allocated to 4 groups, with the control group receiving 0 
mL, group 1 receiving 100 mL, group 2 receiving 200 mL, and group 4 receiving 300 mL carbohydrate 
drink. All groups were well balanced for characteristics, including gender, age, BMI, height, weight, 
ASA grade, disease course, HbA1c, fasting blood glucose level, and control of blood glucose (Table 1).

Analysis of GV
GV was assessed at 3 different time points as described above. Gastric content was first evaluated using 
the Perlas A scale. No difference was observed in patients with Perlas grade II at T0 and T2 among the 
groups (P > 0.05). GV/W was increased significantly at T1 in groups 1, 2, and 3. At T2, GV/W decreased 
significantly, with no statistical difference observed between T0 and T2 in all the groups (P > 0.05) 
(Figure 3). Moreover, the number of patients with GV/W > 1.5 mL/kg was similar among the groups (P 
> 0.05) (Figure 3).

Analysis of blood glucose levels
The blood glucose level in all patients was tested before carbohydrate loading (T0) and anesthesia 
induction (T2). In groups 1, 2, and 3, blood glucose levels increased significantly at T2 compared with 
that at T0 (P < 0.05). In patients receiving 300 mL of the carbohydrate drink (group 3), the blood glucose 
level at T2 increased by > 2 mmol/L, which was significantly higher than that in groups 1 and 2. This 
finding indicates that a 300 mL carbohydrate load may increase the blood glucose level in patients with 
T2D before anesthesia induction (Figure 4).

DISCUSSION
Preoperative carbohydrate loading improves glycemic control and postoperative recovery in 
nondiabetic patients[3,4]. However, the practice of carbohydrate loading in patients with T2D is contro-
versial because of reflux and aspiration concerns due to increased GV and delayed emptying. In our 
study, no difference was found in GV/W between T0 and T2 in all groups. This finding indicates that 
GV does not increase with a carbohydrate loading of < 300 mL. Our results are in line with those of 
previous studies, which reported no delay in gastric emptying in patients with T2D compared with 
healthy control subjects[20]. Our patients drank 14.2% liquid carbohydrates with low osmotic pressure. 
Delayed gastric emptying seems to affect solids rather than liquids in patients with diabetes, which can 
possibly explain the similar GV between T0 and T2 in our study[10,21]. Furthermore, in our study, the 
preoperative fasting blood glucose level was controlled less than 10 mmol/L, which may reduce the 
incidence of delayed gastric emptying in T2D. Previous studies have shown that severe acute 
hyperglycemia may lead to delayed gastric emptying[22]. In summary, carbohydrate loading of < 300 
mL 2 h before anesthesia induction does not significantly affect GV in patients with T2D.

The risk of reflux and aspiration was further evaluated using Perlas grading determined by 
ultrasonography. Patients with Perlas grade I had < 100 mL gastric content, whereas those with grade II 
had obvious gastric content in both supine and RLD positions[23]. Moreover, GV/W > 1.5 mL/kg helps 
determine the risk of reflux and aspiration[24-26]. In our study, the number of patients with Perlas 
grade II and GV/W > 1.5 mL/kg did not differ among the groups. This finding further confirms that 
preoperative carbohydrate loading does not increase the risk of reflux and aspiration in patients with 
T2D. However, it should be noted that all our groups had patients with Perlas grade II and GV/W > 1.5 
mL/kg. This indicates the importance of performing routine preoperative GV ultrasonography in 
patients with diabetes.

Change in blood glucose level was another focus of our study. In the control group, group 1 and 
group 2, blood glucose level increased by < 2 mmol/L after carbohydrate loading. However, in patients 
receiving 300 mL of the carbohydrate drink (group 3), blood glucose levels increased by 3.4 mmol/L 
after 2 h. Studies have shown that a change in blood glucose level of < 2 mmol/L after carbohydrate 
loading does not increase perioperative complications[12,27,28]. Therefore, our results support a 
preoperative carbohydrate loading of < 200 mL in patients with T2D, although the optimal time for 
preoperative carbohydrate loading remains unaddressed. Carbohydrate loading 3 h before surgery does 
not pose a risk for hyperglycemia or aspiration in diabetic patients[12,20]. However, some researchers 
do not recommend the 2-h interval between carbohydrate loading and surgery due to concerns of 
delayed gastric emptying[29]. In our study, carbohydrate loading 2 h before anesthesia induction did 
not affect GV or increase the risk of reflux and aspiration. Future studies are warranted to confirm our 
results.

Our study has certain limitations. First, the blood glucose level of the enrolled patients was well 
controlled, and their preoperative FPG was < 10 mmol/L. Further stratified analysis must be performed 
in patients with different levels of blood glucose and HbA1c. Second, data about primary diseases in our 
patients were lacking. Because primary diseases may affect GV and gastric emptying, the lack of such 
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Table 1 Baseline characteristics of included patients

Variables Control Group 1 Group 2 Group 3 χ2 F P value

ASA grade (II/III) 18/2 18/1 18/2 17/2 1.000

Gender (M/F) 12/8 10/9 8/12 12/7 2.83 0.422

Age (yr) 62.0 ± 8.8 65.6 ± 9.5 57.4 ± 9.6 62.1 ± 10.9 1.79 0.209

BMI (kg/m2) 23.8 ± 2.3 24.3 ± 3.2 23.9 ± 2.0 25.3 ± 3.1 0.91 0.443

Height (cm) 162.5 ± 7.8 163.1 ± 6.9 165.1 ± 6.1 164.1 ± 7.4 0.39 0.759

Weight (kg) 63.5 ± 11.3 64.5 ± 8.2 65.5 ± 9.9 68.1 ± 9.9 0.60 0.623

Course of disease (yr) 9.50 ± 4.26 9.42 ± 3.91 9.15 ± 4.34 8.74 ± 4.25 0.13 0.942

HbA1c (%) 7.34 ± 0.37 7.34 ± 0.50 7.49 ± 0.46 7.46 ± 0.56 0.53 0.663

Fasting blood glucose (mmol/L) 7.35 ± 2.13 7.08 ± 1.21 6.95 ± 0.80 6.56 ± 1.20 1.03 0.386

Control of blood glucose (oral/injection of insulin) 16/4 14/5 16/4 17/2 1.76 0.568

ASA: American society of anesthesiology; BMI: Body mass index; HbA1c: Hemoglobin A1c.

Figure 3 Comparison of gastric volume per unit weight in four groups of patients at different time points. Gastric volume per unit weight (GV/W) 
was increased significantly at T1 in groups 1, 2, and 3. At T2, GV/W decreased significantly, with no statistical difference observed between T0 and T2 in all the 
groups (aP < 0.05, T0 vs T1, T1 vs T2). NS: Not significant.

data could have introduced a bias in result interpretation. Finally, single-center study design and 
insufficient data limit further application of our results. Prospective, large-scale, randomized, and multi-
centered studies are needed to further validate our results.

CONCLUSION
Preoperative carbohydrate loading < 300 mL 2 h before anesthesia induction in patients with T2D did 
not affect GV or increase the risk of reflux and aspiration. Blood glucose level did not significantly 
change with preoperative carbohydrate loading of < 200 mL. However, 300 mL carbohydrate loading 
may increase blood glucose levels in patients with T2D before anesthesia induction. In conclusion, it is 
safe for patients with T2D to drink 200 mL 14.2% carbohydrate 2 h before surgery. In the future, we will 
study whether preoperative consumption of 200 mL of 14.2% carbohydrate can reduce postoperative 
insulin resistance and promote recovery of patients.
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Figure 4 Comparison of blood glucose in four groups of patients at T0 and T2. In groups 1, 2, and 3, blood glucose levels increased significantly at T2 
compared with that at T0. In patients receiving 300 mL of the carbohydrate drink (group 3), the blood glucose level at T2 increased by > 2 mmol/L, which was 
significantly higher than that in control and group 1 (aP < 0.05, T0 vs T2; bP < 0.05, group 3 vs control; cP < 0.05, group 3 vs group 1).

ARTICLE HIGHLIGHTS
Research background
More than 10% of the world's population and almost 15% of surgical patients are reported to have type 
2 diabetes (T2D). Diabetic patients are prone to delayed gastric emptying due to the risk of reflux, 
aspiration and hyperglycemia.

Research motivation
Different guidelines for preoperative carbohydrate loading in diabetic patients are still controversial.

Research objectives
This study is conducted to evaluate the safety and feasibility of preoperative carbohydrate loading on 
gastric volume (GV) before anesthesia induction in T2D patients.

Research methods
Patients with T2D were randomly allocated to 4 groups receiving 0, 100, 200, or 300 mL of carbohydrate 
loading 2 h before anesthesia induction. Gastric volume per unit weight (GV/W), Perlas grade, changes 
in blood glucose level, and risk of reflux and aspiration were evaluated before anesthesia induction.

Research results
No significant difference was found in GV/W among the groups before anesthesia induction (P > 0.05). 
The number of patients with Perlas grade II and GV/W > 1.5 mL/kg did not differ among the groups (P 
> 0.05). Blood glucose level increased by > 2 mmol/L in patients receiving 300 mL carbohydrate drink, 
which was significantly higher than that in groups 1 and 2 (P < 0.05).

Research conclusions
Preoperative carbohydrate loading < 300 mL 2 h before anesthesia induction in patients with T2D did 
not affect GV or increase the risk of reflux and aspiration. Blood glucose levels did not change 
significantly with preoperative carbohydrate loading of < 200 mL. However, 300 mL carbohydrate 
loading may increase blood glucose levels in patients with T2D before induction of anesthesia.

Research perspectives
Our study illustrates the safety and recommended volume of preoperative carbohydrate loading in 
patients with T2D.
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Abstract
BACKGROUND 
Adalimumab (ADA) and infliximab (IFX) are the cornerstones of the treatment of 
Crohn’s disease (CD). It remains controversial whether there is a difference in the 
effectiveness and safety between IFX and ADA for CD.

AIM 
To perform a meta-analysis to compare the effectiveness and safety of ADA and 
IFX in CD.

METHODS 
PubMed, Embase, Cochrane Library, and Web of Science databases were 
searched. Cohort studies were considered for inclusion. The primary outcomes 
were induction of response and remission, maintenance of response and 
remission, and secondary loss of response. Adverse events were secondary 
outcomes.

RESULTS 
Fourteen cohort studies were included. There was no apparent difference between 
the two agents in the induction response [odds ratio (OR): 1.27, 95% confidence 
interval (CI): 0.93-1.74, P = 0.14] and remission (OR: 1.11, 95%CI: 0.78–1.57, P = 
0.57), maintenance response (OR: 1.08, 95%CI: 0.76–1.53, P = 0.67) and remission 
(OR: 1.26, 95%CI: 0.87–1.82, P = 0.22), and secondary loss of response (OR: 1.01, 
95%CI: 0.65–1.55, P = 0.97). Subgroup analysis revealed ADA and IFX had similar 
rates of response, remission, and loss of response either in anti-tumor necrosis 
factor-α naïve or non-naïve patients. Further, there was a similar result regardless 
of whether CD patients were treated with optimized therapy, including dose 
intensification, shortening interval, and combination immunomodulators. 
However, ADA had a fewer overall adverse events than IFX (OR: 0.62, 95%CI: 
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0.42–0.91, P = 0.02).

CONCLUSION 
ADA and IFX have similar clinical benefits for anti-tumor necrosis factor-α naïve or non-naïve CD 
patients. Overall adverse events rate is higher in patients in the IFX group.

Key Words: Crohn disease; Adalimumab; Infliximab; Clinical efficacy; Adverse effects; Meta-analysis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Differences in immunogenicity and route of administration among adalimumab (ADA) and 
infliximab (IFX) allow for potential variability in therapeutic properties and efficacy. However, clear 
recommendations have been limited due to a lack of head-to-head comparison. We conducted a meta-
analysis to synthesize current results and compared the efficacy and safety of ADA and IFX. The results 
showed that both have similar clinical benefits for anti-tumor necrosis factor-α naïve or non-naïve Crohn’s 
disease patients. Overall adverse events rate is higher in patients in the IFX group. ADA and IFX can be 
selected based on a possible history of adverse events and patient compliance.

Citation: Yang HH, Huang Y, Zhou XC, Wang RN. Efficacy and safety of adalimumab in comparison to 
infliximab for Crohn's disease: A systematic review and meta-analysis. World J Clin Cases 2022; 10(18): 6091-
6104
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6091.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6091

INTRODUCTION
Crohn's disease (CD) is an incurable chronic progressive condition characterized by abdominal pain, 
diarrhea, and weight loss. Aminosalicylic acid preparations, glucocorticoids, immunosuppressants, and 
biological agents have been used for treatment. Of these, biological agents are most widely used, 
especially anti-tumor necrosis factor-α (anti-TNF-α) blockers, including infliximab (IFX) and 
adalimumab (ADA). They all have been proven effective in inducing and maintaining remission and are 
routinely used in the treatment of CD[1,2]. We do not know, however, which treatment should be 
considered the priority?

IFX, a chimeric monoclonal antibody against TNF-α, is the first approved anti-TNF-α for moderate to 
severe CD. ADA is a humanized monoclonal antibody against TNF-α. IFX is given by intravenous 
infusion every 8 wk, whereas ADA is administered subcutaneously every 4 wk. Differences in immuno-
genicity and route of administration among them allow for potential variability in therapeutic 
properties and efficacy. However, clear recommendations have been limited due to a lack of head-to-
head treatment comparison. A network meta-analysis published in 2014 found that ADA may be the 
most efficacious agent for maintenance of remission in CD in biologic-naïve patients[3], while many 
new clinical practice experience studies have shown their effectiveness and safety data were 
comparable. Furthermore, even though there has been cumulative research, few studies have focused on 
secondary loss of response, anti-TNF naïve or non-naïve patients, and the benefits of treatment 
optimization, such as dose intensification, shortening interval, and combination with immunomodu-
lators. We performed a meta-analysis to synthesize these results and compared the efficacy and safety of 
ADA and IFX.

MATERIALS AND METHODS
Our protocol was registered with PROSPERO (CRD: 42021191655). We followed the Preferred Reporting 
Items for the Systemic Review and Meta-Analysis guidelines.

Search retrieval
We performed literature search of electronic sources, including PubMed, Cochrane Library, Web of 
Science, and Embase, from initiation until October 31, 2020. No language restrictions were applied. The 
search terms included “Crohn disease,” “adalimumab”, and “infliximab” as Medical Subject Headings 
terms and their entry terms (Crohn disease: Crohn*; ileitis. Adalimumab: Humira; Exemptia. Infliximab: 
Remicade) to improve search outcomes. We also screened references of relevant articles to avoid 
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omissions.

Inclusion and exclusion criteria 
We included cohort studies comparing ADA and IFX for treating adults with CD. Comparisons of 
induction of remission and response rates, maintenance of remission and response rates, secondary loss 
of response rates, and the incidence of adverse events were among the outcomes of included studies. 
Excluded studies included those conducted in the pediatric population, those that did not investigate 
patients with inflammatory bowel disease, and those that did not report any outcomes of interest.

Study selection
Two investigators (Yang HH and Huang Y) independently screened the titles, abstracts, and full texts of 
all papers to determine trial eligibility for inclusion. Investigators used a consensual approach to 
determine the inclusion or exclusion of selected studies after full-text assessment. Any disagreement 
was resolved through discussion or with a third researcher. The study characteristics were extracted 
independently by two authors using a standardized datasheet.

Data extraction
We collected the following variables: First author’s name, year of publication, country or area, study 
design, number of patients, gender, median age, Montreal classification, duration of follow-up, previous 
treatment, and outcomes of interest. The endpoint of this meta-analysis mainly included the induction 
response and remission, maintenance response and remission, overall adverse events rate, severe 
adverse events rate, and the rate of opportunistic infections.

The outcomes of interest included: (1) Induction of clinical remission defined as Crohn’s disease 
activity index (CDAI) < 150, Harvey Bradshaw Index (HBI) ≤ 4, or by physician's global assessment after 
≤ 14 wk; (2) Induction of clinical response was defined as ΔCDAI ≥ 70, ΔHBI ≥ 2, or by physician's 
global assessment after ≤ 14 wk; (3) Maintenance of remission referred to clinical remission after ≤ 54 
wk; (4) Maintenance of response referred to clinical response after ≤ 54 wk; (5) Secondary loss of 
response was defined as a reappearance of disease activity after achieving induction response, coupled 
with the need to change treatment, including dose intensification, the addition of an immunomodulator, 
or need to discontinue treatment; and (6) Secondary outcomes included a comparison of the incidence of 
overall adverse events, severe adverse events, and opportunistic infections in trials of maintenance 
therapy.

Quality assessment
One author assessed the quality of included studies through the Newcastle-Ottawa Quality Assessment 
Scale (NOS). High-quality studies were defined by a total score of ≥ 6.

Statistical analysis
RevMan 5.3 and Stata 16.0 software were used for statistical analysis. Odds ratio (OR) and concomitant 
95% confidence interval (CI) were evaluated for the quantitative analyses. The random-effect model was 
used. Heterogeneity was explored by calculating I2 and employing the Q test. An I2 estimate > 50% and 
a P < 0.05 were regarded markers of significant heterogeneity, and its causes were investigated. We 
performed sensitivity analyses and subgroup analyses to detect the source of heterogeneity. P < 0.05 
was considered to indicate a significant difference. Subgroup analyses were conducted based on the 
following grouping criteria: (1) Studies evaluating outcomes on anti-TNF naïve patients vs studies on 
non-naïve patients; (2) Studies evaluating outcomes on more perianal diseases in IFX group vs equal 
perianal disease in IFX and ADA group; (3) Studies evaluating primary outcomes given with treatment 
optimization, i.e. shortening the administration intervals, increasing the dose, and/or combination with 
immunomodulator therapy; and (4) Studies evaluating secondary outcomes at ≤ 48 wk vs > 48 wk. 
Funnel plots and Egger’s test was used to test for publication bias.

RESULTS
Literature search
A preliminary search of the above database identified 2228 documents. Of these, we removed 562 
duplicates, discarded 1632 studies after screening the titles and abstracts, and assessed the full text of 34 
studies for eligibility. Finally, 14 cohort studies were included, and 20 were excluded. The flow diagram 
describes this process in detail (Figure 1).

Study characteristics 
Study design, outcomes, the definition of outcomes, inclusion criteria, and follow-up time differed 
among the included studies. Our meta-analysis consisted of two prospective cohort studies and 12 
retrospective cohort studies. Three pieces of research evaluated maintenance response or remission at 54 
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Figure 1 Flow chart for literature search. IFX: Infliximab; ADA: Adalimumab; CTZ: Certolizumab; CD: Crohn’s disease; UC: Ulcerative colitis. 

wk[4-6], five at 48 wk[7-11], and one at 26 wk[12]. Regarding the definition of outcomes, most 
incorporated studies evaluated clinical response or remission by CDAI or HBI except for the study by 
Macaluso et al[10]. In addition, seven studies only included anti-TNF-naïve patients[4,7-9,12,13], and no 
study only included patients who failed anti-TNF treatment. Follow-up intervals across studies varied, 
ranging from 4 to 14 wk for induction period and 26 to 168 wk for maintenance period. The high NOS 
scores reflected the high quality of the enrolled studies. Thirteen studies got a score of ≥ 6, except for the 
study by Bau et al[14], which scored 5. Table 1 showed the overall characteristics of the selected studies.

Primary outcomes
Induction of response: Five studies (1040 patients) recorded induction of response[6,7,9,10,15]. No 
difference was shown between groups in response rates (OR: 1.27, 95%CI: 0.93–1.74, P = 0.14). Of the 
1040 patients in five studies, 515 received ADA therapy. The heterogeneity of those studies was insigni-
ficant (P = 0.58, I2 = 0%) (Figure 2A). Sensitivity analysis showed no significant changes to the exclusion 
of any one of the studies (Supplementary Table 1). Subgroup analysis revealed no remarkable difference 
between groups (Table 2).

Induction of remission: When combining all four studies[6,8,9,16] reporting induction of remission data 
(318 on ADA therapy and 494 on IFX therapy), we found no difference between the two groups of 
patients (OR: 1.11, 95%CI: 0.78–1.57, P = 0.57). Heterogeneity was low (P = 0.85, I2 = 0%) (Figure 2B). 
Subsequent subgroup analysis showed similar results (Table 2). In sensitivity analyses, excluding any 
one of the studies did not significantly impact the results (Supplementary Table 1).

Maintenance of response: Of the 14 studies, seven reported the response rate in maintenance therapy[4,
6,7,9-12]. A number of 1828 patients were included: 896 IFX-treated vs 932 ADA-treated. Data analysis 
showed that ADA and IFX had a similar rate of maintenance of response (OR: 1.08, 95%CI: 0.76–1.53, P 
= 0.67). Heterogeneity was significant (P = 0.03, I2 = 56%) (Figure 3A). Cosnes et al[12] evaluating 
response at 26 wk increased heterogeneity. In the sensitivity analysis, the result remained unchanged 
with the exclusion of any study (Supplementary Table 1). Subgroup analyses also showed no difference 
between the two groups (Table 2).

Maintenance of remission: There were 770 patients (328 on ADA therapy) available for analysis from 
six studies[5-9,11]. Data analysis showed that ADA and IFX had a similar rate of maintenance of 
remission (OR: 1.26, 95%CI: 0.87–1.82, P = 0.22). Heterogeneity was low (P = 0.29, I2 = 19%) (Figure 3B). 
Subgroup analyses also showed no statistical differences (Table 2). Sensitivity analysis indicated that the 
results were stable (Supplementary Table 1).

Secondary loss of response: Six studies with 1307 patients were included (603 receiving ADA and 704 
IFX therapy)[5-7,9,12,17]. There was no statistical difference between the two treatments (OR: 1.01, 
95%CI: 0.65–1.55, P = 0.97). Heterogeneity was notable (P = 0.05, I2 = 54%) (Figure 4). Heterogeneity was 
linked to the study by Narula et al[9], which found that IFX had more rate of loss of response than ADA. 

https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
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Table 1 Characteristics of selected studies

Ref. Study 
design

Patientinclusion 
criteria

ADA/IFX, 
n

Definition 
of 
remission

Definition 
of 
secondary 
loss of 
response

Induction of 
response/remission 
in wk

Maintenance of 
response/remission 
in wk

Adverse 
events NOS

Zorzi et al[6], 
2012

Retrospective Active CD 49/44 CDAI < 
150

No 
improvement 
or worsening 

4/6 54 Multiple 6

Kestens et al[4], 
2013

Retrospective Naïve CD 100/100 NS NS NS 54 Multiple 9

Ma et al[17], 
2014

Retrospective Naïve CD 101/117 NS Requiring 
dose 
escalation

NS NS NS 8

Tursi et al[15], 
2014

Retrospective CD 67/59 HBI ≤ 5 NS 6-14 NS Multiple 8

Cosnes et al[12], 
2016

Prospective Naïve CD 264/127 CDAI < 
150

Disease 
activity

NS 26 Multiple 8

Varma et al[8], 
2016

Retrospective Naïve CD 18/63 CDAI < 
150

NS 12 48 Multiple 7

Narula et al[9], 
2016

Prospective Naïve CD 111/251 HBI < 5 Dose 
escalation

12 48 Multiple 8

Bau et al[14], 
2017

Retrospective Refractory CD 62/68 NS NS NS 168 Multiple 5

Otake et al[5], 
2017 

Retrospective CD 29/39 CDAI < 
150

Multiple NS 54 NS 8

Doecke et al
[16], 2017

Retrospective CD 144/183 CDAI ≤ 
150

NS 14 NS NS 7

Benmassaoud et 
al[7], 2018

Retrospective Naïve CD 77/143 HBI ≤ 4 Need for 
dose 
escalation

12 48 Multiple 8

Di Domenic-
antonio et al
[13], 2018

Retrospective Naïve CD 505/367 NS NS NS NS Multiple 9

Macaluso et al
[10], 2019

Retrospective Naïve and non-
naïve CD

Naïve: 
214/107; 
non-
naïve: 
47/47

NS NS 12 48 Multiple 9

Kaniewska et al
[11], 2019

Retrospective CD 95/82 CDAI < 
150

NS NS 48 Multiple 7

CD: Crohn's disease; ADA: Adalimumab; IFX: Infliximab; CDAI: Crohn's disease activity index; HBI: Harvey Bradshaw Index; NOS: Newcastle-Ottawa Quality 
Assessment Scale; NS: Not stated.

On sensitivity analyses, the results remained the same after excluding any one study 
(Supplementary Table 1). There was also no significant difference between ADA and IFX when 
subgroup analysis was done (Table 2).

Secondary outcomes
Overall adverse events: The incidence of overall adverse events was recorded in a total of eight cohort 
studies[4,5,7-11,14] that included 1653 patients, of which ADA was less than IFX (OR: 0.62, 95%CI: 
0.42–0.91, P = 0.02). There was high heterogeneity (P = 0.04, I2 = 53%) (Figure 5A). Subgroup analysis 
revealed that ADA had fewer overall adverse events than IFX in ≤ 48 wk follow-up time (OR: 0.50, 
95%CI: 0.33–0.76, P = 0.001); and in anti-TNF-α-naïve patients, IFX had more adverse events (OR: 0.67, 
95%CI: 0.50–0.89, P = 0.005) (Table 2). Sensitivity analysis indicated that the results were slightly 
unstable (Supplementary Table 1).

Severe adverse events: Our analysis of seven studies[6,8,9,11,12,14,15] with a total of 1547 patients 
showed ADA had a similar rate of severe adverse events with IFX (OR: 0.75, 95%CI: 0.32–1.72, P = 0.49). 

https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
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Table 2 Subgroup analysis

Subgroup analysis
Outcomes of interest

Grouping criteria Categories Studies, n Patients, n OR 95%CI I2, % P value

Naïve 3 727 1.17 (0.80-1.70) 0 0.41Anti-TNF naivety

Non-naïve 3 313 1.44 (0.55-3.78) 47 0.46

Yes 5 1040 1.27 (0.93-1.74) 0 0.14

Induction of response

Use optimization

No 0 0 - - - -

Naïve 2 392 1.08 (0.68-0.72) 0 0.75Anti-TNF naivety

Non-naïve 2 420 1.15 (0.67-1.96) 0 0.62

Yes 3 731 1.08 (0.76-1.55) 0 0.66

Induction of remission

Use optimization

No 1 81 1.69 (0.34-8.44) - 0.52

Naïve 5 1468 1.08 (0.72-1.62) 63 0.71Anti-TNF naivety

Non-naïve 3 354 1.10 (0.64-1.90) 0 0.73

Yes 6 1645 1.12 (0.77-1.63) 62 0.57

Maintenance of response

Use optimization

No 1 177 0.64 (0.18-2.29) - 0.50

Naïve 3 442 1.39 (0.92-2.11) 0 0.12Anti-TNF naivety

Non-naïve 3 328 1.24 (0.56-2.72) 53 0.59

Yes 3 458 1.41 (0.95-2.09) 0 0.09

Maintenance of remission

Use optimization

No 3 312 1.18 (0.46-2.99) 55 0.73

Naïve 3 353 1.09 (0.54-2.18) 42 0.81Anti-TNF naivety

Non-naïve 3 947 0.91 (0.46-1.80) 72 0.78

Yes 5 1247 1.07 (0.69-1.67) 56 0.75

Secondary loss of response

Use optimization

No 1 53 0.48 (0.13-1.68) 54 0.99

Naïve 5 1184 0.67 (0.50-0.89) 1 0.005Anti-TNF naivety

Non-naïve 4 469 0.41 (0.31-1.31) 79 0.13

≤ 48 wk 6 1323 0.50 (0.33-0.76) 41 0.001

Overall adverse events

Assessment time

> 48 wk 2 330 1.00 (0.62-1.60) 0 0.98

Naïve 3 1021 0.88 (0.40-1.92) 73 0.74Anti-TNF naivety

Non-naïve 4 526 0.45 (0.03-6.51) 81 0.56

≤ 48 wk 4 746 1.32 (0.80-2.19) 0 0.28

Severe adverse events

Assessment time

> 48 wk 3 801 0.52 (0.09-3.05) 80 0.47

Naïve 4 1654 0.78 (0.54-1.14) 0 0.21Anti-TNF naivety

Non-naïve 2 256 1.88 (0.93-3.82) 0 0.08

≤ 48 wk 3 782 0.85 (0.56-1.28) 0 0.43

Opportunistic infections

Assessment time

> 48 wk 3 1128 1.12 (0.38-3.24) 57 0.84

anti-TNF: Anti-tumor necrosis factor; OR: Odds ratio; CI: Confidence interval.

Sensitivity analysis was performed due to notable heterogeneity (P = 0.003, I2 = 72%) (Figure 5B). 
Heterogeneity mainly originated from Zorzi et al[6] with more severe adverse events occurring in IFX 
therapy. The result remained unchanged with the exclusion of any study (Supplementary Table 1). 
Subgroup analysis also showed similar results (Table 2).

Opportunistic infections: Six studies[4,7,9,13-15] reported side effects, with a total number of 1910 cases 
(ADA: IFX = 922:988). Opportunistic infections rates in the IFX and ADA groups were similar (OR: 0.96, 
95%CI: 0.66-1.40, P = 0.83), and no apparent heterogeneity was detected (Figure 5C). There was no 

https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
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Figure 2 Forest plot for induction efficacy comparing adalimumab and infliximab. A: Induction of response; B: Induction of remission. ADA: 
Adalimumab; IFX: Infliximab; CI: Confidence interval.

Figure 3 Forest plot for maintenance efficacy comparing adalimumab and infliximab. A: Maintenance of response; B: Maintenance of remission. 
ADA: Adalimumab; IFX: Infliximab; CI: Confidence interval.

significant difference when subgroup analysis was done (Table 2). Sensitivity analysis showed no 
significant changes when any one of the studies was excluded (Supplementary Table 1).

https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
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Figure 4 Forest plot comparing infliximab and adalimumab for the incidence of secondary loss of response. ADA: Adalimumab; IFX: Infliximab; 
CI: Confidence interval.

Figure 5 Forest plot for comparisons of the rate of adverse events for adalimumab and infliximab. A: Overall adverse events; B: Severe adverse 
events; C: Opportunistic infection. ADA: Adalimumab; IFX: Infliximab; CI: Confidence interval.

Publication bias and GRADE evaluation
The symmetry of the funnel plot indicated there was no publication bias (Figure 6). The Egger’s test 
showed no significant publication bias for maintenance of response (P = 0.7024 > 0.05), maintenance of 
remission (P = 0.1003 > 0.05), secondary loss of response (P = 0.0510 > 0.05), and overall adverse events (
P = 0.6717 > 0.05). GRADE evidence of all outcomes was judged as “low”. The results are shown in 
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Table 3 GRADE evidence profile

Quality 
assessment-No. 
of studies

Quality 
assessment-
study design

Quality 
assessment-
risk of bias

Quality 
assessment-
inconsistency

Quality 
assessment-
indirectness

Quality 
assessment-
imprecision

Quality 
assessment-
Publication bias

Summary of 
findings-
number of 
patient, with 
IFX

Summary of 
findings-
number of 
patient, with 
ADA

Summary of 
findings-
effect, relative 
(95%CI)

Summary of 
findings-
effect, 
absolute 
(95%CI)

Summary of 
findings-
effect, 
Quality

Induction of response

5 Observational 
study

Not serious Not serious Not serious Not serious Not found 403/525 417/515 OR: 1.27 (0.93-
1.74)

768 per 1000 ⨁⨁◯◯

Induction of remission

4 Observational 
study

Not serious Not serious Not serious Not serious Not found 368/494 244/318 OR: 1.11 (0.78-
1.57)

745 per 1000 ⨁⨁◯◯

Maintenance of response

7 Observational 
study

Not serious Not serious Not serious Not serious Not found 611/896 639/932 OR: 1.02 (0.83-
1.25)

682 per 1000 ⨁⨁◯◯

Maintenance of remission

6 Observational 
study

Not serious Not serious Not serious Not serious Not found 255/442 219/328 OR: 1.26 (0.87-
1.82)

577 per 1000 ⨁⨁◯◯

Secondary loss of response

6 Observational 
study

Not serious Not serious Not serious Not serious Not found 191/704 172/603 OR: 1.01 (0.65-
1.55)

271 per 1000 ⨁⨁◯◯

Overall adverse events

8 Observational 
study

Not serious Not serious Not serious Not serious Not found 364/900 205/753 OR: 0.62 (0.42-
0.91)

404 per 1000 ⨁⨁◯◯

Severe adverse events

7 Observational 
study

Not serious Not serious Not serious Not serious Not found 139/859 80/688 OR: 0.75 (0.32-
1.72)

162 per 1000 ⨁⨁◯◯

Opportunistic infection

6 Observational 
study

Not serious Not serious Not serious Not serious Not found 144/988 85/922 OR: 0.96 (0.66-
1.40)

146 per 1000 ⨁⨁◯◯

GRADE Working Group grades of evidence: High quality (⨁⨁⨁⨁): Further research is unlikely to change our confidence in the estimate of effect; Moderate quality (⨁⨁⨁◯): Further research is likely to have an important impact on 
our confidence in the estimate of effect and may change the estimate; Low quality (⨁⨁◯◯): Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; 
Very low quality (⨁◯◯◯): We are very uncertain about the estimate. ADA: Adalimumab; IFX: Infliximab; OR: Odds ratio; CI: Confidence interval.

Table 3.
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DISCUSSION
The immunogenicity of anti-TNF-α agents triggered the formation of anti-drug antibodies (ADAbs) 
specific to the agent administered. ADAbs of IFX or ADA and reduced serum concentrations in 
association with ADAbs together lead to decreased clinical benefit and increased adverse events. 
Although the immunogenicity of IFX is usually higher than that for ADA, we found both of them have 
similar response characteristics in CD patients. In our meta-analyses, no significant differences in 
primary outcomes were found between groups treated with IFX and ADA. These results were 
consistent with the results of most published studies[5-12,15-17]. One unexpected finding was the extent 
to which the overall adverse events rate of IFX was higher than that of ADA. Our meta-analysis 
indicated that physicians may choose on an individual basis, according to a possible history of adverse 
events to either IFX or ADA and to patient compliance, to give either an intravenous infusion or a self-
administered subcutaneous injection.

CD is a heterogeneous disease, and the therapeutic efficacy differs between the types of disease, e.g., 
location of disease, the existence of stenosis and/or fistula, or perianal involvement. There was no 
significant difference between IFX and ADA groups in the location of disease and existence of stenosis 
and/or fistula of included studies. However, IFX patients had more perianal diseases in the studies of 
Benmassaoud et al[7], Varma et al[8], Narula et al[9], and Cosnes et al[12]. Clinicians tended to choose 
IFX over ADA in patients with more severe disease activity or phenotypes (perianal disease) due to its 
intravenous administration and weight-based dosing schedule. We attempted to adjust for these 
differences through subgroup analysis, which led to the same conclusions (Supplementary
Tables 2 and 3). Additionally, Ji et al[18] found the cumulative rate of nonrecurrence or aggravation of 
fistula at 24 mo was not significantly different between IFX and ADA groups (62.5% vs 83.9%, P = 0.09). 
Current evidence suggested that IFX and ADA had similar effects in patients with perianal disease.

Biologic-naïve or non-naïve patients were important factors to influence the results. It is controversial 
whether ADA had similar efficacy to IFX in previous anti-TNF exposure CD patients. Macaluso et al[10] 
compared clinical benefits between IFX and ADA only in biologic non-naïve CD patients and reported 
that there was no difference in clinical benefits at 12 wk and after 1 year (P = 0.600 and P = 0.620, 
respectively). A retrospective case-control study[19] found that the risk for ADAbs to IFX was higher 
than ADAbs to ADA when patients had prior antibodies to anti-TNF. They did not investigate clinical 
efficacy. However, Sasson and Ananthakrishnan[20] found that patients with high ADAbs titers 
exhibited similar rates of clinical efficacy to ADA therapy compared to those with low titers (at 3 mo 
and 12 mo P = 0.81 and 0.62 respectively). This may mean IFX and ADA have similar efficacy in 
previous anti-TNF exposed CD patients. Our findings indicated that either in naïve or non-naïve 
patients ADA and IFX had similar clinical response and remission. More studies conducted on previous 
anti-TNF exposure CD patients will be necessary.

Co-immunosuppression affected the results of the analysis. The finding that combination therapy 
with an immunomodulator is superior with IFX but not with ADA was reported in Kestens et al[4], 
Benmassaoud et al[7], and Doecke et al[16]. The possible reason is that IFX combined with immunomod-
ulator treatment reduces its immunogenicity. However, clinical efficacy of ADA combination therapy 
did not differ from that of ADA monotherapy (71.8% vs 68.1% at week 26, P = 0.63)[21]. Therefore, more 
patients in the IFX group were combined with immunomodulator treatment than in the ADA group in 
the Narula et al[9] study. No change was found in results after sensitivity analysis was conducted. 
Patients were on concomitant immunomodulation at anti-TNF induction to improve the efficacy of the 
induction of the remission and discontinued co-therapy due to adverse effects or intolerability (from the 
beginning). When loss of response occurred, concomitant therapy was resumed (later add on). Only the 
Cosnes et al[12] study used immunomodulators later. No different results were found after sensitivity 
analysis was performed. Furthermore, CD patients who lost response were allowed to shorten intervals 
and double dosage. These optimization strategies also impacted the results. We conducted subgroup 
analyses comparing the outcomes between using dose optimization and not and found the clinical effect 
of ADA was similar to IFX.

Similar to the findings of many studies[4,10,17], the significantly higher rate of overall adverse events 
can be seen in patients using IFX, which could be attributed to infusion or allergic reactions. 
Benmassaoud et al[7] reported that IFX group patients were more likely to have infusion or injection 
reactions than ADA. A higher rate of allergic reactions in the IFX was observed in a study by Narula et 
al[9]. However, we noted that the difference did not exist in anti-TNF-α non-naïve patients and with 
long follow-up time. We were unable to evaluate long-term safety due to the different follow-up times 
of each study. Larger and long-term comparison studies will be necessary. In addition, the instability of 
the results also require further studies to establish these findings.

Additionally, we failed to evaluate long-term results due to the different follow-up times of each 
study. Inokuchi et al[22] performed a retrospective study to evaluate long-term prognosis. They 
observed that the rates of cumulative steroid-free remission rates and surgery-free did not differ 
significantly between the two groups after a median observation period of 64.2 mo (P = 0.42 and P = 
0.74, respectively). The goal of CD treatment requires more than clinical healing. Mucosal healing and 
tissue healing are expected to stop disease progression and reduce recurrence. Tursi et al[15] found that 
mucosal healing and histological healing were comparable between the two groups (P = 0.946 and P = 

https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/c5d84109-4bf5-4eeb-859d-20a16599a21e/WJCC-10-6091-supplementary-material.pdf
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Figure 6 Funnel plot. A: Maintenance of response; B: Maintenance of remission; C: Secondary loss of response; D: Overall adverse events. OR: Odds ratio; SE: 
Standard error.

0.895, respectively).
Although biologic agents targeting TNF-α have achieved remarkable progress in treating CD, some 

patients do not respond to the induction therapy or lose response over time (secondary loss of 
response). The anti-drug antibodies or low serum drug concentrations play a critical part in the loss of 
response[23]. If ADA is superior to IFX for remission, ADA should have a lower rate of secondary loss 
of response than IFX. However, we failed to find a difference in the secondary loss of response between 
the two groups, which contradicted our hypothesis. It was further demonstrated that both have similar 
effects.

This work is the first direct comparison meta-analysis to evaluate the comparative effectiveness and 
safety of ADA and IFX in CD. Previous network meta-analyses addressed similar outcomes in the 
Bayesian setting indirect comparison. In our study, we enrolled comparative trial data resulting in more 
credible results. Furthermore, head-to-head clinical trials comparing ADA and IFX would not be 
feasible in the future; therefore, our studies will help guide optimal therapies.

Our current study has some limitations. First, we only included observational studies and failed to 
control adequately confounders, such as disease severity, disease phenotype, steroid use, etc. In addition 
to clinical benefits, we should consider other factors, such as patients’ preferences and costs. Future 
studies are needed to address these questions.

CONCLUSION
IFX and ADA have similar response characteristics either in anti-TNF naïve and non-naïve CD patients, 
and ADA therapy has fewer overall adverse events. Our study indicates that IFX or ADA can be freely 
chosen as treatment based on physician and patient agreement. Eventually, the decision of which 
treatment to start may depend on factors such as patient preference and cost.
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ARTICLE HIGHLIGHTS
Research background
Infliximab (IFX) is often selected as the first-line anti-tumor necrosis factor-α (TNF-α) agent for Crohn’s 
disease (CD), despite the lack of data showing its superiority over adalimumab (ADA).

Research motivation
By comparing the effectiveness and safety between ADA and IFX, we wanted to determine if IFX or 
ADA is superior to the other for treatment of CD.

Research objectives
The present meta-analysis was performed to evaluate the comparative effectiveness and safety of ADA 
and IFX for CD to assist clinicians in making treatment choices.

Research methods
The clinical studies that compared the effectiveness or safety of ADA and IFX in the treatment of CD 
were searched in PubMed, Embase, Cochrane Library, and Web of Science databases.

Research results
Our meta-analysis of CD patients who were naïve or non-naïve to anti-TNF-α agents found no 
significant differences between IFX and ADA on many measures of effectiveness, including clinical 
response, clinical remission, and secondary loss of response. Interestingly, we observed a higher rate of 
overall adverse events in patients using IFX compared to ADA.

Research conclusions
IFX and ADA are comparable in clinical outcomes for patients with CD who are naïve or non-naïve to 
anti-TNF-α antagonists. However, fewer overall adverse events are noted in ADA patients.

Research perspectives
Our study provide reassurance to clinicians by synthesizing current literature suggesting that the ADA 
and IFX have similar effectiveness in “real-world” use. Larger, long-term, and prospective head-to-head 
comparison studies will be necessary to confirm these results. More research also will be necessary to 
explore the cost of anti-TNF-α agents.
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Abstract
BACKGROUND 
Currently, the mainstay of chronic eosinophilic pneumonia (CEP) treatment is 
corticosteroids, usually with a favorable response and good prognosis. However, 
relapse is common, requiring long-term use of corticosteroids, with risk of 
significant treatment-related complications. The dire need to develop new 
treatments for patients with CEP, who are dependent on, or resistant to corticost-
eroids has led to exploring novel therapies. We herein describe a patient with 
acute relapse of CEP, who was successfully treated with benralizumab, an IL-5Rα 
antagonist that has demonstrated rapid anti-eosinophil action in patients with 
asthma. Currently, only three recent patient reports on CEP relapse, also 
demonstrated successful treatment with benralizumab alone, without corticost-
eroids.

CASE SUMMARY 
A 31-year-old non-smoking woman presented in our hospital with a 3 wk history 
of shortness of breath, dry cough and fever up to 38.3 °C. Laboratory examination 
revealed leukocytosis 10240 K/µL, eosinophilia 900 K/µL and normal values of 
hemoglobin, platelets, creatinine and liver enzymes. Computed tomography of 
the chest showed a mediastinal lymphadenopathy and consolidations in the right 
upper and left lower lobes. CEP was diagnosed, and the patient was treated with 
hydrocortisone intravenously, followed by oral prednisone, with prompt 
improvement. Three months later, she presented with relapse of CEP: aggravation 
of dyspnea, rising of eosinophilia and extension of pulmonary infiltrates on chest 
X-ray. She was treated with benralizumab only, with clinical improvement within 
2 wk, and complete resolution of lung infiltrates following 5 wk.

CONCLUSION 
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https://dx.doi.org/10.12998/wjcc.v10.i18.6105
mailto:shimixyz@gmail.com


Izhakian S et al. Treatment of eosinophilic pneumonia with benralizumab

WJCC https://www.wjgnet.com 6106 June 26, 2022 Volume 10 Issue 18

Due to Benralizumab’s dual mechanism of action, it both neutralizes IL-5Rα pro-eosinophil 
functions and triggers apoptosis of eosinophils. We therefore maintain benralizumab can serve as 
a reasonable therapy choice for every patient with chronic eosinophilic pneumonia and a good 
alternative for corticosteroids.

Key Words: Benralizumab; Eosinophilic pneumonia; Interstitial lung disease; Corticosteroid withdrawal; 
Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Chronic eosinophilic pneumonia (CEP) is an idiopathic pulmonary disease, characterized by 
marked eosinophil accumulation in the pulmonary parenchyma. Currently, the mainstay of CEP treatment 
is corticosteroids. However, relapse is common, requiring long-term use of corticosteroids, with the risk of 
significant treatment-related adverse effects. Herein, we describe a patient with an acute CEP relapse, 
successfully treated with benralizumab alone, without corticosteroids. Currently, only three patients with 
acute relapse of CEP, were reported successfully treated with benralizumab alone, without corticosteroids. 
This therapy option may be particularly beneficial for patients who have previously suffered serious 
adverse effects from or have any contraindications to chronic corticosteroid treatment.

Citation: Izhakian S, Pertzov B, Rosengarten D, Kramer MR. Successful treatment of acute relapse of chronic 
eosinophilic pneumonia with benralizumab and without corticosteroids: A case report. World J Clin Cases 2022; 
10(18): 6105-6109
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6105.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6105

INTRODUCTION
Chronic eosinophilic pneumonia (CEP) is an inflammatory lung disease, clinically characterized by 
isolated pulmonary involvement, with appearance of pulmonary eosinophilic infiltrates[1] that 
permeate the lungs, presenting symptoms include cough, fever and dyspnea[2]. Response to oral 
corticosteroids (OCS), the commonly administered treatment for CEP, is usually dramatic and rapid[3]. 
However, in approximately 50% of the patients, CEP relapses under tapering of OCS, and thus long-
term OCS administration is required[3]. Unfortunately, chronic OCS treatment has a proven increased 
risk for treatment-related adverse effects and complications, (e.g., hypertension, diabetes mellitus, 
osteoporosis and infections)[4]. Therefore, the dire need to develop new treatments for patients with 
CEP, who are dependent on, or resistant to OCS has led to exploring novel therapies. Benralizumab, an 
IL-5Rα antagonist has demonstrated rapid anti-eosinophil action in patients with asthma. Successful 
treatment with benralizumab, was also recently reported in three patients with acute relapse of CEP[5-
7]. We herein describe an additional patient with an acute relapse of CEP who was successfully treated 
with benralizumab alone, without corticosteroids.

CASE PRESENTATION
Chief complaints
On July 26, 2020, a 31-year-old non-smoking healthy woman was evaluated in our hospital. She 
presented with a 3-wk history of shortness of breath, dry cough and fever up to 38.3 °C.

History of present illness
Two weeks prior to the presentation at our medical center, the patient was examined at a local 
emergency department for the same complaints, which had then appeared for one week. At that time, a 
chest X-ray showed infiltrates in the right upper and left lateral lung fields (Figure 1A). The laboratory 
examination revealed mild leukocytosis 11200 K/µL, eosinophilia 800 K/µL and an elevated level of 
serum C-reactive protein 45 mg/L. Nasopharyngeal swabs were negative for coronavirus disease 2019 
(COVID-19). She was discharged home from the local hospital with recommendations for oral treatment 
with cefuroxime 500 mg and roxithromycin 150 mg, both twice daily for 7 days.

https://www.wjgnet.com/2307-8960/full/v10/i18/6105.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6105
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Figure 1 Imaging examinations of the present patient. A: Chest X-ray (frontal view) shows infiltrates in the right upper and left lateral lung fields (two weeks 
prior to the patient’s presentation in our hospital); B: CT of the chest (axial plain) reveals a mediastinal lymphadenopathy, and pulmonary consolidations in the right 
upper and left lower lobes (at first presentation); C: Chest X-ray (frontal view) and D: (lateral view) show disappearance of the pulmonary infiltrates (6 wk after the 
presentation); E: Chest X-ray (frontal view) and F: (lateral view) reveal a new infiltrate in the right lower lobe (4.5 mo after the presentation); G: Chest X-ray (frontal 
view) and H: (lateral view) reveal absorption of the infiltrate 5 wk after beginning of benralizumab treatment.

History of past illness
No specific history of past illness was reported.

Physical examination
The patient's temperature was 37.3 °C, heart rate 97 beats per minute, respiratory rate 16 breaths per 
minute, blood pressure 103/71 mmHg and oxygen saturation in room air 97%. On the chest 
examination, crepitation was detected on the left lung base. The rest of the physical examination was 
unrevealing.

Laboratory examinations
Abnormal laboratory findings included leukocytosis 10240 K/µL and eosinophilia 900 K/µL. Results of 
other routine blood tests were normal. A screening panel was negative for allergic bronchopulmonary 
aspergillosis, including Aspergillus specific immunoglobulin E and Aspergillus fumigatus serum 
precipitant. No antinuclear and anti-neutrophil cytoplasmic antibodies were detected. Serologic tests for 
Toxocara, Strongyloides, Schistosoma and Echinococcus were negative.

Imaging examinations
Computed tomography (CT) of the chest (axial plain) showed a mediastinal lymphadenopathy, and 
pulmonary consolidations in the right upper and left lower lobes (Figure 1B).



Izhakian S et al. Treatment of eosinophilic pneumonia with benralizumab

WJCC https://www.wjgnet.com 6108 June 26, 2022 Volume 10 Issue 18

FINAL DIAGNOSIS
Eosinophilic pneumonia was diagnosed based on clinical symptoms, peripheral blood eosinophilia, 
peripheral lung consolidation on chest CT and prompt response to systemic glucocorticoid therapy.

TREATMENT
The patient was treated with hydrocortisone intravenously at a dosage of 100 mg three times per day, 
for 2 days, with rapid improvement of dyspnea and cough. The treatment was switched to oral 
prednisone, at a daily dosage of 40 mg, which was tapered down during the following 2 mo. On 
September 6, 2020, the patient was feeling well, eosinophilia had resolved, and pulmonary infiltrates no 
longer appeared on chest X-ray (Figures 1C and D).

OUTCOME AND FOLLOW-UP
On December 6, 2020, the patient was reevaluated, due to recurrence of dyspnea, cough and fever. 
Laboratory examination demonstrated blood eosinophilia 600 K/µL, white blood cells 8.8 k/micL and 
C-reactive protein 0.2 mg/dL. Chest X-ray revealed a new infiltrate in the right lower lobe of the frontal 
view (Figure 1E), which was clearer in the lateral view (Figure 1F). Acute relapse of CEP was diagnosed. 
We discussed with the patient treatment options, including the advantages and disadvantages of 
therapy with OCS vs anti-interleukin-5 drug, benralizumab. It was decided to start (on December 7, 
2020) benralizumab subcutaneously, at a dosage of 30 mg monthly, without OCS. Following 2 wk, the 
patient reported significant improvement of the symptoms. One month after the first injection of benral-
izumab, eosinophils were zero and WBC 4 k/micL; CRP was not taken. Five weeks after the first 
injection, a chest X-ray was unrevealing (Figure 1G and H). Two months later, the patient received the 
second and third injections of benralizumab and demonstrated sustained clinical and radiographic 
remission of CEP.

DISCUSSION
To the best of our knowledge, we present the fourth recent report in the medical literature regarding 
rapid improvement of acute flare of CEP, following treatment with benralizumab, without OCS. In 
previous cases, benralizumab therapy was initiated after frequent, acute CEP relapses, or as an 
alternative after patient refusal to reinitiate OSC, due to treatment-related adverse effects. Isomoto et al
[5] described a 58-year-old woman with CEP and a history of refractory asthma. She had three flares of 
her concomitant disease in the preceding year, which necessitated OCS therapy. Only for the fourth 
flare, her treating physician initiated a different therapy, one injection of benralizumab, which induced 
remission of her asthma and CEP following 16 wk. Izumo et al[6] described a 43-year-old healthy 
woman who presented with chronic cough. She was diagnosed with CEP and successfully treated with 
prednisolone. However, her symptoms worsened after prednisolone cessation. Following patient refusal 
to re-initiation of OCS, due to treatment-related adverse effects, benralizumab treatment was initiated. 
After 6 mo of benralizumab therapy, sustained remission of CEP was achieved. Yazawa et al[7] 
described a 70-year-old woman with a history of bronchial asthma who had dyspnea and cough for one 
month, and was diagnosed with CEP. She refused OCS and therefore was treated with benralizumab, 
which resulted in resolution of symptoms, hypoxemia and lung infiltrates. Moreover, 12 mo benral-
izumab maintenance treatment without OCS, provided sustained remission of CEP.

CEP is an idiopathic lung disease that is characterized by isolated pulmonary involvement, with 
marked eosinophil accumulation in the pulmonary parenchyma[1,2]. Therefore, we maintain benral-
izumab is a reasonable therapy choice for every patient with CEP. Predominately, due to its dual 
mechanism of action, benralizumab a humanized monoclonal antibody, as an interleukin-5 receptor α 
(IL-5Rα) antagonist, neutralizes the pro-eosinophil functions of IL-5R, by binding to its α subunit and by 
binding to FcγRIIIa receptor expressed by natural killer cells, triggers apoptosis of eosinophils via 
antibody-dependent cell-mediated cytotoxicity[8]. This therapy is especially important in patients with 
CEP, who present with specific clinical scenarios. As demonstrated, treatment with benralizumab may 
be beneficial for patients with frequent CEP relapses. Clearly, benralizumab could be the drug of choice 
in patients who demonstrate serious adverse effects following OCS therapy. Likewise, benralizumab 
therapy seems to be preferred in patients with comorbidities that are expected to be aggravated under 
OCS treatment.
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CONCLUSION
For treatment of CEP, we maintain benralizumab can serve as a reasonable therapy choice for every 
patient and a good alternative for OCS.
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Abstract
BACKGROUND 
For advanced lung squamous cell carcinoma, immune checkpoint inhibitors (ICIs) 
have been regarded as one of the optimal therapies. While immune-related 
adverse events (irAEs) are common in ICI treatment, cutaneous toxicities are 
among the most common irAEs. Most immune-related skin toxicity grades are 
low, and the prognosis is good. However, Stevens-Johnson syndrome (SJS) is a 
rare but extremely severe cutaneous adverse drug reaction with high mortality.

CASE SUMMARY 
We report a rare case of SJS induced by pembrolizumab. The case involved a 68-
year-old female who was diagnosed with advanced squamous cell carcinoma of 
the lung. SJS appeared after one cycle of immunotherapy combined with 
chemotherapy. After treatment with prednisone hormone symptoms, anti-
infection, gamma globulin, and antipruritic agents, the skin toxicity of the patients 
gradually decreased and eventually disappeared. Although the antitumor 
treatment was stopped due to serious adverse reactions, the tumor of the patient 
remained stable for nearly half a year after one cycle of immune therapy 
combined with chemotherapy, which also corroborates the delayed effect of 
immunotherapy.

CONCLUSION 
We believe our report can provide some references for the treatment of SJS and 
the treatment of immune-related adverse reactions.

https://www.f6publishing.com
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Core Tip: Stevens-Johnson syndrome (SJS) is a rare but extremely severe cutaneous adverse drug reaction 
with high mortality. The case involved a 68-year-old female who was diagnosed with advanced squamous 
cell carcinoma of the lung. SJS syndrome appeared after one cycle of immunotherapy. After the optimal 
supportive treatment, skin toxicity disappeared.

Citation: Wu JY, Kang K, Yi J, Yang B. Pembrolizumab-induced Stevens-Johnson syndrome in advanced 
squamous cell carcinoma of the lung: A case report and review of literature. World J Clin Cases 2022; 10(18): 
6110-6118
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6110.htm
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INTRODUCTION
Pembrolizumab is an anti-PD-1 (programmed death 1) humanized IgG4 monoclonal antibody that 
blocks the PD-1 receptor to enable T cell killing. Pembrolizumab, combined with chemotherapy, has 
shown improved efficacy in patients with advanced squamous cell carcinoma of the lung[1], with drug-
related adverse events reported in 64% of patients[2]. However, adverse events of grade 3 or higher 
were reported in less than 10% of patients and included cutaneous side-effect cases.

Stevens-Johnson syndrome (SJS) is a severe type of pleomorphic erythema and a rare adverse 
mucocutaneous reaction with a mortality rate of up to 35%[3]. While SJS is characterized by maculo-
papular rash – pruritus – and is often related to adverse drug reactions[4,5], the mechanism of SJS has 
not been determined. It has been reported that at least 200 kinds of drug reactions are related to SJS. 
However, cases in which anti-PD-1/anti-PD-L1 drugs contribute to SJS are rare[3]. There have been 
several reports of anti-PD-1/anti-PD-L1 therapy inducing SJS[6-14,15]. Here, we present our report of a 
rare case of pembrolizumab-associated SJS in a female patient with advanced squamous cell carcinoma 
of the lung.

CASE PRESENTATION
Chief complaints
The patient was a 68-year-old female without a history of smoking. On October 1st, 2020, she was 
admitted due to repeated cough and breathlessness for 1 mo.

History of present illness
Systemic examinations, including chest computed tomography (CT), whole abdominal CT, brain 
magnetic resonance imaging (MRI), bone scintigraphy, and blood tests, were performed. The test results 
showed that the levels of tumor markers were clearly elevated, and CT indicated a lung mass in the 
right lobe, several bilateral nodules, multiple mediastinal lymph nodes, and a solitary liver metastasis. 
Squamous cell carcinoma of the lung was diagnosed through CT-guided percutaneous needle lung 
biopsy, and polymerase chain reaction (PCR) revealed no epidermal growth factor receptor, anaplastic 
lymphoma kinase, or receptor tyrosine kinase mutations. According to the American Joint Commission 
on Cancer 8th edition staging system, she was clinically diagnosed with stage IVA lung squamous cell 
carcinoma (cT4N2M1b). According to the 2020 National Comprehensive Cancer Network guidelines, 
the combination of immunotherapy and chemotherapy is the best optional treatment for patients with 
advanced lung squamous cell carcinoma. On October 14, 2020, the patient was treated with one cycle of 
paclitaxel 270 mg d1 + cisplatin 120 mg d1 chemotherapy combined with pembrolizumab therapy. On 
November 4, 2021, which was nearly three weeks after one cycle of chemotherapy, the patient started 
with low fever, sore throat, and severe fatigue. Then, the patient was considered to be related to cold 
exposure. Penicillin treatment was used in the hospital nearby, but the patient's symptoms did not 
improve, which lasted for almost 5 d. On November 9th, small papules and typical erythema, 
accompanied by severe itchiness and general discomfort, gradually appeared on the patient's skin and 
were mainly distributed in the anterior chest and face. Considering the severity of the patient's 
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symptoms, the patient visited our hospital on November 12th. The patient’s temperature was normal. 
The pain in her throat persisted. The physical examination of the patient showed that multiple 
erythematous papules could be detected on the patient’s head, neck, chest, and back (covering 30% of 
the total body skin) (Figure 1), most of which fused to form blisters. The patient reported that these 
papules felt mild itchiness but painful. Eyelid edema was obvious. There were some ulcers around the 
lip. The patient’s oral ulcers were too painful to allow her to eat anything.

History of past illness
There was no remarkable past medical history with no alcohol consumption or history of smoking.

Personal and family history
Family and personal history were unremarkable. She had no significant medical history or drug allergy.

Physical examination
A poor general condition, SCORTEN (severity-of-illness score for TEN) score of 4 points. Nikolsky’s 
sign was positive. Koebner phenomenon was negative. Erythematous papules could be detected on the 
patient’s head, neck, chest, and back (covering 30% of the total body skin) with mild itchy but painful 
symptoms. Eyelid edema was obvious. There were some ulcers around the lip. Her oral ulcers were too 
painful to allow her to eat anything. No other apparently positive signs were found.

Laboratory examinations
She was admitted to our hospital, and the relevant blood tests after admission are shown in Table 1 
below.

Imaging examinations
Chest and abdominal CT scans showed that the primary lung lesions and liver metastases were 
significantly reduced, and the overall response evaluation was PR according to RECIST 1.1 (Response 
Evaluation Criteria in Solid Tumors).

FINAL DIAGNOSIS
We arranged an urgent consultation with a dermatologist. According to the skin and mucous membrane 
performance of the patient during these days, the rapid development of the disease, and history of PD-1 
inhibitor use, pembrolizumab-induced SJS was diagnosed.

TREATMENT
Therefore, we immediately administered moderate- to high-potency topical steroids to treat the affected 
areas, oral antihistamines for pruritus and oral prednisone at 40 mg/d. After three days of treatment, 
the dermatologic toxicities were clearly aggravated. On November 18 (Figure 2), the rash began to 
spread to almost the entire body (covering more than 45% of the total body skin). The blisters were 
formed superficially in the epidermis with skin ulceration, and most of them had blood and fluid 
oozing. Part of the epidermis was peeled off from the surface of the body, exposing a moist, painful, 
flushed erosive surface. The oral ulcers continued to be aggravated. Both the itchiness and pain 
worsened, and the patient became severe (G3-4). At this point, we suspended immunotherapy, 
administered high potency topical steroids to the affected areas and prophylactically used antibiotics; 
additionally, we increased the prednisone dose to 100 mg. After three days of treatment, the cutaneous 
toxicities continued to worsen (Figure 3).

OUTCOME AND FOLLOW-UP
By referring to the opinions from the consultation, intravenous methylprednisolone 120 mg/d (2 
mg/kg/d), gamma globulin 20 g/d, topical gentamicin, and diluted potassium permanganate were 
administered. Sepprayi 25 mg (recombinant human type II tumor necrosis factor receptor-antibody 
fusion protein, rhTNFR:Fc) was injected subcutaneously twice a week, and oral antihistamine was 
administered for pruritus. After a week of treatment, the dermatologic toxicities were gradually 
alleviated (Figure 4). Then, oral prednisone was gradually reduced, and topical drug administration 
continued. The treatment lasted for 3 mo, and the skin toxicity eventually disappeared (Figure 5). In 
terms of lung carcinoma, the pulmonary nodule was smaller than the baseline and remained stable 
during the 6-mo evaluation. In May 2021, the latest re-examination showed that although the patient did 
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Table 1 Some blood test of the patient

Time November 18, 2021 November 26, 2021 December 1, 2021 December 7, 2020

White blood cell 10.3×108/L (3.5-9.5) 10.01×108/L (3.5-9.5) 9.28×108/L (3.5-9.5) 10.76×108/L (3.5-9.5)

Red blood cell 2.68×1012/L (3.8-5.1) 3.01×1012/L (3.8-5.1) 2.86×1012/L (3.8-5.1) 2.63×1012/L (3.8-5.1)

Hemoglobin 78 g/L (115-150) 98 g/L (115-150) 97.9 g/L (115-150) 89.3 g/L (115-150)

Thrombocyte 115×109/L (125-350) 124×109/L (125-350) 135×109/L (125-350) 133×109/L (125-350)

C-reactive protein 22.07 mg/L (0-10) 60.5 mg/L (0-10)

Erythrocyte sedimentation rate 44 mm/h (0-22) 51 mm/h (0-22)

Procalcitonin 0.05 ng/mL (< 0.05) 0.05 ng/mL (< 0.05) 0.09 ng/mL (< 0.05)

D-dimer 0.83 ng/mL (< 0.5 mg/L) 646 ng/mL (< 0.5 mg/L)

Immunoglobulin G (IgG) 22.2 g/L (7.0-12.6)

ANA reaction Positive

ANA drop degree 0.486

Anti-SSA/Ro antibody Strongly positive (+++)

Anti-SSB Positive (++)

Interleukin-6 39.26 pg/mL (0-7)

Figure 1 Multiple erythematous papules can be detected on the patient’s head, neck, chest and back (covering 30% of the total body 
skin).

not receive any antitumor treatment, the lesion remained stable.

DISCUSSION
Since the 21st century, the introduction of immunotherapy treatments has dramatically revolutionized 
the treatment paradigm of non-small-cell lung cancer (NSCLC)[16]. However, immune checkpoint 
inhibition usually leads to systemic adverse reactions, which are immune-related adverse events, 
mainly encompassing rash, colitis, pneumonitis, hepatitis, and thyroiditis[17]. Dermatologic toxicities 
seem to be the most frequently reported adverse events. SJS is a rare and severe dermatologic toxicity 
with high mortality[4]. The first SJS case induced by pembrolizumab in NSCLC was reported in a 
Japanese case[14]. Our case report is the first Chinese case of pembrolizumab-associated SJS in NSCLC.

At present, the exact mechanism of SJS remains undefined. The currently recognized theory is the T 
cell-mediated type IV delayed hypersensitivity reaction[18,19]. The drug triggering SJS binds the T cell 
receptor and MHC class I, and as a result, it leads to the massive replication of cytotoxic T cells, which 
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Figure 2 The rash began to spread to almost all over the body (covering more than 45% of the total body skin).

Figure 3 Cutaneous toxicities continued to worsen, and extensive skin ulceration was observed.

directly kill keratinocytes, and the release of granulysin, which destroys cells in the skin and the mucous 
membrane[20]. Yun-Shiuan’s research showed that the blockade of PD-1/PD-L1 may contribute to the 
imbalance of the immune system, manifesting the enhancement of the T cell response and increasing the 
incidence of hypersensitivity[21]. During the treatment of SJS induced by ipilimumab and nivolumab in 
a melanoma patient[22], an increase in CD8+ T cells in the dermal epidermal junction and an increase in 
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Figure 4 After a week of treatment, the dermatologic toxicities were gradually alleviated. A: The itchiness of the patient was significantly relieved, 
large blisters and ulcers basically disappeared; B: The dermis began to recover gradually.

Figure 5 The patient recovered very well.

PD-L1 expression in keratinocytes were noted. Unfortunately, the biopsy analysis of our case has not 
been finished, and therefore, this viewpoint cannot be further confirmed. Overall, the mechanism of SJS 
caused by immunosuppressive drugs requires further research.

Cutaneous toxicities of immune checkpoint inhibitors might result in a longer PFS (progression-free 
survival) and a higher OS (overall survival) rate[23]. Bairavi and his colleagues demonstrated that 
NSCLC patients with one irAE and multisystem irAEs incrementally improved OS and PFS. Longer 
immune checkpoint inhibitor durations were an independent risk factor for the development of irAEs. 
In our case, it was rare that such severe AEs occurred after just one cycle of immunotherapy[24]. Susana 
also indicated that the median PFS was 9.49 mo in the group with irAEs vs 1.99 mo in the group without 
irAEs (P < 0.0001) in NSCLC treated with nivolumab[25]. In our case, the condition of the patient was 
stable for up to 6 mo just after one cycle of the treatment. Thus, we speculate that skin toxicities and 
delayed immunological effects both contributed to such a long progression-free survival time.

There is no standard treatment regimen for SJS[26], and multidisciplinary care, best supportive care, 
and corticosteroids are currently the most important components of its therapy[20]. By applying high-
dose corticosteroids early, we can rapidly arrest SJS, while the optimal cutoff time of corticosteroids 
remains controversial because of its adverse drug reaction[27]. From the author’s perspective, the 
appropriate duration of high-dose corticosteroids is within 4 wk. The combination of IVIG and steroids 
seems to bring better outcomes to patients with SJS[28].

In addition to corticosteroids and IVIG, drugs that suppress the immune response or inflammatory 
factors are also being tried in the treatment of SJS. Over the last several years, several retrospective trials 
have advocated the benefits of cyclosporine in the treatment of SJS/TEN[29,30]. Cyclosporine inhibits 
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the activation of CD4+ and CD8+ T cells in the early phase, subsequently inhibiting the secretion of 
granulysin, granzyme, and perforin[31]. Despite a lack of randomized control trials, cyclosporine has 
proven to have a mortality benefit in the treatment of SJS/TEN without a low risk of side effects. In our 
case, we did not use cyclosporine due to the lack of experience in the early phase of treatment for SJS. In 
the late phase, we used recombinant human tumor necrosis factor receptor type II-Fc fusion protein 
antibody as recommended by the dermatologist. The reason we used Sepprayi is that it can reduce the 
level of inflammatory factors, such as tumor necrosis factor-α (TNF-α), inhibiting the occurrence of 
hypersensitivity[32]. In our case, Sepprayi had a clear effect on the improvement of the patient's inflam-
matory response. However, more clinical practice and data support are needed due to limited trials.

CONCLUSION
Immunotherapy, as a new treatment in the 2010s, has a definite effect on the treatment of advanced lung 
cancer. However, there remain many difficulties to be overcome in the treatment of serious adverse 
reactions related to immunotherapy. The combination of high-dose corticosteroid shock therapy, IVIG, 
cyclosporine, and best supportive care might reduce mortality in the treatment of SJS. The incidence of 
serious immune-related skin toxicity, such as SJS, is low, but the lethality is still very high. However, 
there is still a long way to go for immune-related adverse events, such as predictors for adverse events 
and ways to prevent them in advance. In future studies, we might focus more on the prediction, 
prevention, and treatment of irAEs, although immunotherapy is in full swing.
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Abstract
BACKGROUND 
Hepatic epithelioid hemangioendothelioma (EHE) is a rare vascular endothelial 
cell tumor of the liver, consisting of epithelioid and histiocyte-like vascular 
endothelial cells in mucus or a fibrotic matrix. Immunohistochemistry is usually 
positive for vascular markers, such as factor VIII-related antigen, CD31, and 
CD34. Hepatic EHE can have a varied clinical course; treatment includes liver 
transplantation, liver resection, chemotherapy, and radiation therapy.

CASE SUMMARY 
A 46-year-old woman with abdominal discomfort and elevated serum carcinoem-
bryonic antigen was found to have multiple low-density lesions in the liver and 
lung on computed tomography (CT) evaluation. An ultrasound-guided fine 
needle aspiration biopsy revealed a fibrous stroma with dendritic cells, containing 
intracellular vacuoles. Immunohistochemical staining found that the tumor cells 
were positive for CD34, CD31, and factor VIII-related antigen. The patient 
received four courses of combined chemotherapy and was followed-up for 13 
years, at which time the patient was in stable condition without disease 
progression and a confined neoplasm, as evidenced by CT scans.

CONCLUSION 
The histology and immunohistochemical characteristics of hepatic EHE are well 
described. Chemotherapy may be effective in patients with extrahepatic lesions.

Key Words: Epithelioid hemangioendothelioma; Liver neoplasm; Immunohistochemistry; 
Antineoplastic combined chemotherapy protocols; Treatment; Case report
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Core Tip: The gold standard diagnosis for hepatic epithelioid hemangioendothelioma includes epithelioid 
and histiocyte-like vascular endothelial cells in mucus or a fibrotic matrix, and positive vascular markers. 
Chemotherapy may be an effective treatment; close follow-up is necessary.

Citation: Mo WF, Tong YL. Hepatic epithelioid hemangioendothelioma after thirteen years’ follow-up: A case 
report and review of literature. World J Clin Cases 2022; 10(18): 6119-6127
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6119.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6119

INTRODUCTION
Hepatic epithelioid hemangioendothelioma (EHE) is a rare malignant tumor of vascular origin, with an 
incidence of 0.1-0.2/100000[1,2]. Oral contraceptives, polyvinyl chloride, asbestos, thorotrast contrast 
medium, hepatic trauma, and viral hepatitis have been identified as risk factors for subsequent 
development of disease[3]. While laboratory findings always reveal abnormal liver function, tumor 
markers are always at normal levels. The patient described in this case report had a history of hepatitis 
A and normal liver function, but with a mildly elevated tumor marker [carcinoembryonic antigen (CEA) 
at 6.9 ng/mL]. The patient received four courses of chemotherapy and was found to remain in stable 
condition after 13 years of follow-up.

CASE PRESENTATION
Chief complaints
A 46-year-old woman with no significant past medical history presented at the hospital with a 1-mo 
history of epigastric discomfort and asthenia.

History of present illness
The patient had no other symptoms.

History of past illness
The patient had a history of acute hepatitis that had resolved without complications 20 years previously.

Personal and family history
The patient had no personal or family history of other diseases.

Physical examination
Physical examination revealed no remarkable findings.

Laboratory examinations
Laboratory testing on admission showed no abnormalities in markers of inflammation or abnormal liver 
function, or in peripheral blood panel or biochemical tests. Hepatitis B surface antigen (HBsAg), 
hepatitis B core antibody (HBcAb) and hepatitis C virus antibody (HCVAb) were negative. Tumor 
markers were in the normal ranges, except for a mildly elevated CEA (6.9 ng/mL; normal range: 0-5.0 
ng/mL).

Imaging examinations
Abdominal ultrasound revealed multiple irregular hypoechoic lesions in the liver. Color doppler flow 
imaging showed spots of avascular reflective material. Contrast-enhanced computed tomography (CT) 
showed multiple low-density lesions in the right lobe of the liver. The largest was located in segment 8 
and was 2.9 cm, 2.3 cm. Some lesions had mild-moderate enhancement during the arterial contrast-
enhanced phase. The density was lower than the normal liver parenchyma during the portal vein and 
lag phase (Figure 1). Magnetic resonance (MR) T1-weighted images showed multiple low signal ovoid 
lesions in the right lobe of the liver that had a high signal on T2-weighted images (Figure 2). Chest X-
rays yielded no remarkable findings. Ultrasound revealed enlarged bilateral lymph nodes in the neck, 
axilla, and groin.

https://www.wjgnet.com/2307-8960/full/v10/i18/6119.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6119
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Figure 1 Contrast-enhanced computed tomography. Multiple low-density lesions (black arrow) with mild-moderate peripheral enhancement are seen in the 
right lobe of the liver.

LABORATORY EXAMINATIONS
Laboratory testing on admission showed no abnormalities in markers of inflammation or abnormal liver 
function, or in peripheral blood panel or biochemical tests. HBsAg, HBcAb and HCVAb were negative. 
Tumor markers were in the normal ranges, except for a mildly elevated CEA (6.9 ng/mL; normal range: 
0-5.0 ng/mL).

FINAL DIAGNOSIS
An ultrasound-guided fine needle aspiration biopsy revealed few hepatocytes and fibrous tissue with 
mildly heteromorphic spindle cell (dendritic cell) infiltration. The neoplastic cells were medium to large, 
with eosinophilic cytoplasm and vesicular nuclei having small, inconspicuous nucleoli. Signet ring cell-
like structures were seen with intracytoplasmic lumina, occasionally containing red blood cells 
(Figure 3). Immunohistochemical staining indicated that the tumor cells were positive for CD31 
(H12164PD590, EuroBioscience), CD34 (H12166F, EuroBioscience), and factor VIII-related antigen 
(FVIII-RAG, BH0012044, Goybio) (Figure 4A-C), while cells were negative for Pan Cytokeratin 
(CK+AFs-AE1/AE3+AF0-) (PD00330, Dako) (Figure 4D). Other results were lysozyme+-, P53+-/+ACY-
ndash+ADs-, vimentin+-, EMA+-, CK8+ACY-ndash+ADs-, AFP+ACY-ndash+ADs-, CK18+ACY-
ndash+ADs-, hepatocyte+ACY-minus+ADs-, CK20+ACY-minus+ADs-, and CD68+ACY-minus+ADs-
,which weren't been shown in this article. Immunohistochemical staining results revealed evidence 
of+ACY-nbsp+ADs- endothelial differentiation, and consistent with hepatic epithelioid hemangioen-
dothelioma (EHE).

TREATMENT
During the patient’s hospital stay, she was given four cycles of combined chemotherapy with 
ifosfamide, cisplatin, epirubicin and recombinant human (rh) endostatin (Endostar; Simcere, Nanjing, 
China) injection.

OUTCOME AND FOLLOW-UP
After 13 years of follow-up, the patient remains in stable condition. A repeated CT scan found that the 
size of the lesions had not changed (Figure 5) and her liver function was normal.

DISCUSSION
Hepatic EHE is a rare tumor of vascular origin, with an incidence of 0.1-0.2/100000[1,2]. Fewer than 600 
cases involving the liver are available in the literature, and it was first reported by Ishak et al[4] in 1984. 
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Figure 2 Magnetic resonance weighted image. A: T1-weighted image shows low signal ovoid lesions in the right lobe of liver; B: The lesions have a 
heterogeneous high signal in the T2-weighted image; C: The largest lesion in the right lobe is mildly heterogeneous with peripheral enhancement and an arterial 
contrast enhancement pattern; D: Peripheral enhancement of lesions is increased in spots visible in a venous contrast enhancement pattern; E: Lesions show 
diffusion restriction on a diffusion-weighted image.

Hepatic EHE is as a low-to-moderate grade tumor with a malignant potential intermediate between 
hemangioma and hemangiosarcoma[4]. Its metastasis rate is 27%-45% and the most common tissues of 
origin are the lungs (81%) and celiac lymph nodes (39%)[1]. The median age has been reported as 41.7 
years, with a female predominance of 3:2[3], and the clinical manifestations are variable. The most 
frequent symptoms are right upper quadrant pain (48.6%), hepatomegaly (20.4%), and a constitutional 
syndrome with progressive liver damage and weight loss (15.6%)[3]. Some patients present with Budd-
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Figure 3 Liver biopsy. A: Mildly heteromorphic spindle cells (dendritic cells) with interdigitating processes (hematoxylin and eosin, 200 ×); B:  Intracellular 
vascular lumina containing a red blood cell (black arrow) (hematoxylin and eosin, 400 ×).

Chiari syndrome or liver failure, while others present with incidental findings[1,5]. Laboratory findings 
may reveal abnormal liver function. Nearly 75% of patients have elevated alkaline phosphatase (AKP), 
2.7% have elevated alpha-fetoprotein (AFP), and 18.8% have elevated serum CEA[1,3]. Our patient had 
good liver function, with normal AKP, AST, ALT, and AFP. Her CEA was elevated but other markers 
were in their normal ranges. Oral contraceptives, polyvinyl chloride, asbestos, thorotrast contrast agent, 
and hepatic trauma have been identified as risk factors for subsequent disease development[3], and 
viral hepatitis is considered as an etiology[1,4,6]. This patient had a history of viral hepatitis A, but it 
had resolved without complication 20 years before she presented with hepatic EHE, making a viral 
etiology implausible. Because of its nonspecific manifestation, the diagnosis of hepatic EHE depends 
mainly on radiology and histopathology.

Most lesions are peripheral, extending to the capsular margin and are frequently hypoechoic with 
heterogeneous internal architecture on sonography[7,8]. On CT, lesions are almost hypodense with 
peripheral contrast enhancement[7,9-11]. Capsular retraction adjacent to the mass is seen in fewer than 
25% of patients[9,12]. On MR, T1-weighted images of lesions frequently have a low signal and T2-
weighted images have heterogeneous-increased signals. Peripheral enhancement with a thin 
nonenhancing rim corresponding to a narrow vascular zone can be seen with arterial contrast[7,11-13]. 
A lollipop sign, which is indicative of hepatic or portal veins terminating at or just within the periphery 
of lesions, seems to be specific for hepatic EHE[14]. The mean apparent diffusion coefficients of lesions 
were found to be high compared with other hepatic malignancies, which may be helpful in suggesting 
the diagnosis[15]. MR appears to be superior to CT, and MR with contrast may be important.

Pathologic diagnosis depends on the vascular nature of the tumor. Histologically, it is comprised of a 
fibrous stroma with myxohyaline areas including dendritic and epithelioid cells, often with intracellular 
vacuoles[1,4]. Immunohistochemical staining is positive for the expression of endothelial antigens, such 
as FVIII-RAG (98%), CD34 (94%), or CD31 (86%), and negative for epithelial markers[1,6]. This tumor 
was CD34+, vimentin+, and CD31+, and negative for epithelial markers like CK (AE1/AE3) and CK18. 
Podoplanin was shown to be specifically expressed in hepatic EHE (78%), and may be useful as a 
diagnostic marker of EHE in liver tumors[9]. Characteristic ultrastructural features include investing 
basal lamina, cytoplasmic intermediate filaments, Weibel–Palade bodies, and pinocytotic vesicles[4]. 
High cellularity, more than mitotic count, predicts an unfavorable prognosis[1,3,4]. A recent study 
reported that these tumors often have t(1;3) (p36.3; q25) translocations, resulting in WWTR1-CAMTA1 
fusion[16]. YAP 1-TFE3 fusions have also been identified in about 10% of patients[17].

Treatment options are limited by the rarity of the tumor and currently include liver transplantation 
(44.8%), chemotherapy or radiotherapy (21.0%), and liver resection (9.4%), with 24.8% of patients 
receiving no treatment[3]. Complete liver resection should be performed if possible, but the multicentric 
origin of the tumor and multinodular growth make that difficult to accomplish[18]. Liver trans-
plantation is an effective treatment for patients who are not candidates for resective surgery and those 
with extrahepatic manifestations or progressive liver failure[19,20]. Hepatic EHE is not sensitive to 
radiotherapy or chemotherapy, but some studies have found that 5-fluorouracil, doxorubicin, 
thalidomide, and interferon were effective[14,21,22]. One-year survivals following liver transplantation, 
without treatment, radiotherapy or chemotherapy, and liver resection have been reported as 96%, 
39.3%, 73.3%, and 100%. The corresponding 5-year rates were 54.5%, 4.5%, 30%, and 75%[3]. Hepatic 
EHE is of vascular origin, vascular endothelial growth (VEGF) receptors have been detected in EHE 
tumor cells, and VEGF has a role in tumor growth[23]. Combination treatment anti-VEGF drugs and cell 
cycle inhibitors, such as bevacizumab and capecitabine[24,25], pegylated liposomal doxorubicin[26], 
and metronomic cyclophosphaide[27] have been effective. For patients with extrahepatic lesions, it has 



Mo WF et al. Long-term follow-up of hepatic epithelioid hemangioendothelioma

WJCC https://www.wjgnet.com 6124 June 26, 2022 Volume 10 Issue 18

Figure 4 Histopathology, immunostaining of tumor cells. A: Anti-CD31+ (200 ×); B: Anti-CD34+ (200 ×); C: Anti-factor VIII-related antigen+ (200 ×); D: 
Anti-CK− (Pan) (200 ×).

been reported that adjuvant chemotherapy may prevent recurrence[28].
Because the disease was multifocal in our patient, orthotopic liver transplantation may have been 

justified as a curative procedure. Unfortunately, a donor shortage and cost limitations made immediate 
transplantation unrealistic. Consequently, we choose to treat her with combined chemotherapy that 
included ifosfamide, cisplatin, epirubicin and rh-endostatin. rh-endostatin is purified in an Escherichia 
coli system, with an additional nine amino acid sequence of soluble protein[29]. It targets neovascular 
endothelial cells and has antiangiogenetic and antitumor activity. Preclinical and clinical studies 
showed synergistic effects of rh-endostatin and other agents that inhibit the growth of malignant 
tumors, with minimal toxicity[30-32]. A review by Xu et al[33] suggests that the combination of rh-
endostatin with chemotherapy, radiotherapy, and biotherapy (i.e. fusion protein, or molecular-targeted 
therapy on cancers, etc.) may be the optimal strategy for cancer treatment[33]. Ling et al[34] reported 
that the antiangiogenic activity of rh-endostatin was mediated in vitro and in vivo by blocking VEGF-
induced tyrosine phosphorylation of KDR/Flk-1 in endothelial cells. The vascular nature and 
endothelial origin of our patient’s tumor led us to choose rh-endostatin for her treatment. To date, the 
size of her lesions has not increased, and the patient is in stable condition with normal liver function. 
The patient is followed-up regularly, and liver transplantation is still recommended.

CONCLUSION
In conclusion, hepatic EHE is a rare tumor, and its atypical symptoms and varied radiographic 
appearance make it hard to differentiate from other tumors. Diagnosis depends on histopathology. 
Liver resection is the treatment of choice in patients with resectable lesions, and liver transplantation is 
justied as a curative procedure for multinodular disease. Donor shortage and a long waiting time, 
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Figure 5 Contrast-enhanced follow-up computed tomography scans. A: After 4 years, diameter of the low-density lesion was 16 mm; B: After 12 years, 
diameter of the low-density lesion was 17 mm.

among other reasons, limit the use of liver transplantation. Chemotherapy including rh-endostatin may 
increase the effectiveness of hepatic EHE treatment. The focus is on its therapeutic efficacy while 
awaiting a suitable donor liver and for patients with extrahepatic manifestations. Further research is 
needed.
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Abstract
BACKGROUND 
Cervical pregnancy is increasing in morbidity, and a definite diagnosis in early 
stages is challenging due to its specific onset site. Surgery is the mainstay of 
treatment for cervical pregnancy, but it may result in the loss of natural fertility. 
Therefore, it is a great challenge to pursue a safe and effective treatment for 
cervical pregnancy.

CASE SUMMARY 
We report the case of a cervical pregnancy successfully treated by ultrasound-
guided cervical-intramuscular lauromacrogol injection combined with hyster-
oscopy. A 23-year-old woman with minor irregular vaginal bleeding was 
admitted to our department with suspected ectopic pregnancy. Transvaginal 
ultrasound revealed a gestational sac (approximately 22 mm x 13 mm) situated in 
the cervical canal with a yolk sac and blood flow signals. No cardiac activity was 
detected. Serum beta progesterone was 17.06 ng/mL, and serum beta human 
chorionic gonadotropin (β-HCG) was 5077.0 IU/L. The patient was diagnosed 
with cervical pregnancy. She was treated by ultrasound-guided cervical-
intramuscular injections of lauromacrogol (3 mL) in combination with aborting 
under hysteroscopic visualization. A gradual decrease in β-HCG levels and 
normal ultrasound findings were observed. Postoperative pathologic examination 
showed the presence of villi and changes in the endometrium in the secretory 
phase. The patient was discharged on day 6, and her β-HCG level was 0.67 
mIU/mL after 1 wk. There was no statistical difference between baseline and 1-
week postoperative data in terms of serum indices including liver function, renal 
function, and routine blood analysis after treatment. The patient subsequently 

https://www.f6publishing.com
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became pregnant 2 mo later and no abnormalities were detected on routine screening during 
pregnancy.

CONCLUSION 
Ultrasound-guided cervical-intramuscular lauromacrogol injection combined with hysteroscopy 
may be effective and safe in the treatment of cervical pregnancy.

Key Words: Cervical pregnancy; Lauromacrogol; Hysteroscopy; Effectiveness; Safety; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study reports a typical clinical case of cervical pregnancy who received a conservative 
treatment combining ultrasound-guided lauromacrogol injection with hysteroscopy. The effectiveness and 
safety of the conservative treatment were evaluated, and the patient obtained a good outcome.

Citation: Ye JP, Gao Y, Lu LW, Ye YJ. Effectiveness and safety of ultrasound-guided intramuscular lauromacrogol 
injection combined with hysteroscopy in cervical pregnancy treatment: A case report. World J Clin Cases 2022; 
10(18): 6128-6135
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6128.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6128

INTRODUCTION
Cervical pregnancy is a type of ectopic pregnancy associated with induced abortion, diagnostic 
curettage, cesarean section, spontaneous abortion, cervical surgery, and assisted reproductive 
technology[1,2]. It results in increased morbidity and is diagnosed in around 0.15% of all ectopic 
pregnancies[3]. A definite diagnosis in the early stages is challenging due to the specific onset site. It is 
commonly diagnosed by ultrasound because of vaginal bleeding[4], and is often accompanied by critical 
medical conditions. Surgery is the mainstay in the conventional management of cervical pregnancy, but 
tends to cause cervical adhesions and decreased function, resulting in the loss of natural fecundity. With 
significant advances in clinical diagnostic techniques and a growing demand for fertility, non-invasive 
or minimally invasive surgery has attracted increasing attention[5]. Currently, conservative treatment 
combining a local injection of methotrexate (MTX) or potassium chloride, oral mifepristone, and hyster-
oscopy is commonly used for cervical pregnancy with good efficacy[6-9]. However, high drug doses 
may induce damage to liver and renal function, as well as female fertility. In this context, it is 
challenging to develop a conservative treatment with a good safety profile[10].

Here, we report a typical case of cervical pregnancy treated by ultrasound-guided lauromacrogol 
injection combined with hysteroscopy. The effectiveness and safety were evaluated and the patient had 
a good outcome.

CASE PRESENTATION
Chief complaints
The patient was 23 years old. She previously had five pregnancies and five abortions, including one 
ectopic pregnancy. She had menopause for 39 d and a little irregular vaginal bleeding for 10 d, and the 
last menstruation was recorded on January 23, 2020. She visited our hospital on March 2, 2020 due to 
similar symptoms. Her serum beta progesterone (P) was 17.06 ng/mL, and beta human chorionic 
gonadotropin (β-HCG) was 5077.0 IU/L. The patient was diagnosed with cervical pregnancy by 
transvaginal ultrasound (Figure 1) and was hospitalized.

History of present illness
The patient had menopause for 39 d and a little irregular vaginal bleeding for 10 d, and the last 
menstruation was recorded on January 23, 2020.

History of past illness
The patient had five intrauterine pregnancies including one tubal ectopic pregnancy, but no delivery.

https://www.wjgnet.com/2307-8960/full/v10/i18/6128.htm
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Figure 1 Transvaginal ultrasound image before admission.

Personal and family history
There was no abnormality in personal and family history.

Physical examination
Physical examination showed that the patient’s blood pressure was 122/83 mmHg, pulse rate was 89 
bpm, temperature was 37.4℃, and respiratory rate was 20 breaths/min. Obstetrical examination 
findings included non-vaginal delivery, smooth vagina, slight bleeding, smooth and full cervix with no 
pain when held, severe uterine anteversion without tenderness, and normal bilateral fallopian tubes and 
ovaries.

Laboratory examinations
Serum beta progesterone was 17.06 ng/mL, and β-HCG was 5077.0 IU/L.

Imaging examinations
B-ultrasound was scheduled for the following day, and a gestational sac (approximately 22 mm x 13 
mm) was situated in the cervical canal with a yolk sac and blood flow signals inside.  In the meantime 
transvaginal ultrasound-guided tunnel puncture was thus arranged after routine disinfection using a 
21G-EV type needle. Approximately 2 mL of fluid was obtained from the mass. Multiple lauromacrogol 
injections (3 mL) were performed targeting the cystic wall and cavity (Figure 2A). No pain or bleeding 
at the puncture area was observed during and after treatment. The patient was then transferred to the 
ward. Postoperative uterine three-dimensional B-ultrasound revealed the absence of blood flow signals 
around the gestational sac (Figure 2B).

FINAL DIAGNOSIS
The patient was diagnosed with cervical pregnancy.

TREATMENT
At 15:09 on March 4, aborting under hysteroscopic visualization was performed under general 
anesthesia with intubation. A villous tissue block (approximately 1 cm x 1.5 cm) was present and 
removed (around 8 g) after intramuscular injection of 3 U of pitavastatin and 1 wk with a suction tube. 
Further hysteroscopy revealed a rough cervical canal with a little bleeding, and balloon compression for 
hemostasis was provided. The procedure was uneventful and the intraoperative blood loss was approx-
imately 50 mL. On March 5, no abnormalities were observed on B-ultrasound (Figure 3A). β-HCG was 
2049.0 IU/L on March 6, 1213.0 IU/L on March 7, 496.6 IU/L on March 9, and 0.68 IU/L on March 17. 
No abnormalities were detected in the uterine cavity on transvaginal ultrasound on March 6, and 
postoperative pathologic examination on March 17 showed the presence of villi and changes in the 
endometrium in the secretory phase (Figure 3B).

In addition, there were no significant differences between baseline and 1-wk postoperative data with 
regard to serum indices including liver function, renal function, and routine blood analysis (Table 1).

During the follow-up period, the patient had normal menstruation on April 12, with a normal volume 
and color, which finished within 5 d (Table 2).
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Table 1 Changes in routine blood index, liver function, and renal function before and one week after conservative treatment

Before One week after

Hemoglobin (g/L) 126 124

White blood cell count (× 109/L) 4.2 3.9

Platelet count (× 109/L) 167 184

Alanine aminotransferase (U/L) 11 18

Aspartate aminotransferase (U/L) 19 16

Creatinine (μmol/L) 49 42

Urea nitrogen (mmol/L) 3 2.6

Uric acid (μmol/L) 183 180

Ovarian function assessment: During the follow-up period, the patient had normal menstruation (normal volume and red) on April 12, which lasted 5 d 
(Table 2).

Table 2 Levels of serum reproductive hormones on the 5th day of menstruation

Before (September 9, 2019) After (May 8, 2020)

Follicle-stimulating hormone (mIU/mL) 5.53 5.89

Luteinizing hormone (mIU/mL) 4.16 6.37

Progesterone (ng/mL) 0.28 0.26

Testosterone (nmol/L) 1.28 1.34

Prolactin (ng/mL) 26.23 45.59

Estradiol (pmol/L) 121.9 292.3

Endometriosis (mm) 6 7

Antral follicle count (n) 7 6

Figure 2  Ultrasound-guided puncture images (A) and after puncture (B).

There were 5-7 antral follicles in the left ovary and 6-8 follicles in the right ovary. The endometrium 
was 11 mm thick on the 15th day of menstruation. On September 18, 2020 (day 79 of subsequent 
pregnancy), nuchal translucency examination suggested normal fetal development (Figure 4). No 
abnormalities were observed on routine screening during pregnancy. A live healthy infant was 
delivered on April 8, 2021.
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Figure 3  Postoperative ultrasound (A) and pathologic examination (B).

Figure 4  Nuchal translucency examination.

OUTCOME AND FOLLOW-UP
Reproductive hormones, antral follicle count, and the endometrium all recovered to normal values, and 
no impairment of liver and renal function was observed after treatment. These findings indicate that 
lauromacrogol injection combined with hysteroscopy is effective and safe in the treatment of cervical 
pregnancy, and does not have adverse effects on fertility. Gestational and postnatal examinations 
showed subsequent normal fetal development. Thus, no short-term adverse effects were observed 
following this treatment strategy and subsequent pregnancy can be expected.

DISCUSSION
Cervical pregnancy is mainly composed of fibrous connective tissue. It can cause compromised cervical 
contractions and a high risk of extensive bleeding[11]. If inappropriately managed, the outcome can be 
catastrophic. Conventional treatment mainly includes hysterectomy. With improvements in clinical 
diagnostic techniques and an increasing demand for fertility, non-invasive or minimally invasive 
surgery is preferred by both doctors and families. Therefore, the hysterectomy rate significantly 
decreased from 89.5% in 1979 to 21.7% in 1994[12]. Conservative treatments mainly include MTX + 
curettage + interventional embolization + mifepristone or potassium chloride, local injection of vasocon-
strictor, ligation of the uterus, blood vessels, and internal iliac artery, cervical cerclage, cervical Foley 
tube tamponade, electrosurgical excision, and radiofrequency ablation[10,13-15]. However, the safety of 
conservative treatment has been less studied. MTX and mifepristone are commonly used drugs with 
definite efficacy in the treatment of cervical pregnancy. However, in the context of a high dose, patients 
can develop nausea, vomiting, or impaired liver and renal function, in addition to unpredictable 
fertility. It was reported that a minimum 3 mo interval after MTX application is required for a 
subsequent pregnancy[16].

Lauromacrogol is a novel vascular sclerosant harboring hydrophilic and lyophilic groups, which 
conform to a directional alignment on a liquid surface to allow a significant decline in surface tension. It 
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is important in sclerotherapy, as it can cause sterile inflammation with the groups which can help obtain 
protein precipitation in several seconds and thus cause damage to the lipid bilayer of the cell 
membrane, thereby leading to fibrous tissue hyperplasia and adhesions[17,18]. In addition, it has great 
applications in digestive, cardiovascular, and nervous system diseases[19,20]. However, there is a 
paucity of reports on lauromacrogol as a hemostatic agent in ectopic pregnancy. Wei et al[21] previously 
adopted ultrasound-guided local lauromacrogol injection plus suction curettage in the treatment of type 
II cesarean scar pregnancy with a favorable therapeutic outcome, but the safety of lauromacrogol was 
not evaluated.

Our patient had five intrauterine pregnancies including one tubal ectopic pregnancy, but no delivery. 
Considering the strong will of the patient and her family for fertility preservation, an attempt was made 
to decrease the blood supply in the gestational sac using local injections of lauromacrogol, instead of 
uterine artery embolization, combined with ultrasound-guided intervention. It has been established that 
lauromacrogol can block the blood circulation of the embryo and cervical vein without interfering with 
the blood supply to the ovary. The sclerosis and hemostasis induced by lauromacrogol are mainly 
realized in the following two ways: Vascular lauromacrogol injection can cause direct damage to 
vascular endothelial cells in attached veins at the site of injection, allowing local thrombosis, the 
formation of a protective layer for fibrous tissue surrounding the ruptured vessels, and an increase in 
vascular resistance. In that way, hemostasis can be obtained by regional vascular compression 
contributing to decreased blood flow. In addition, lauromacrogol injection can cause superficial small 
areas of fibrosis in veins around the injection site, resulting in vascular compression and occlusion[22]. 
Here, B-ultrasound 24 h after lauromacrogol injection showed no blood supply to the gestational sac. 
Hysteroscopic curettage was instantly performed with a little intraoperative bleeding. This suggested 
the favorable vascular stiffening and rapid onset of action (3-24 h) of lauromacrogol, which greatly 
decreased intraoperative bleeding, shortened the time to curettage, and increased the success rate[23]. 
Lauromacrogol is also a type of local anesthetic that can achieve local analgesia and alleviate discomfort 
in patients during treatment. Polycinol injection combined with uterine curettage under ultrasound 
intervention for cesarean scar pregnancy has no significant effect on endometrial thickness and scar 
thickness in patients. After the operation, the blood supply to the uterine scar recovers well, and the 
menstrual recovery time is significantly shorter than that following MTX treatment. In addition, the 
fertility of patients can be well preserved[24].

Liver and renal function in our patient were also evaluated and showed no difference before and after 
treatment. Consistent with the existing literature, lauromacrogol had no adverse effects on the liver and 
kidneys. Similar results were observed for reproductive hormones, ovarian volume, antral follicle count, 
and the endometrium, resulting in a well preserved uterus and ovarian physiological functions. The 
patient had normal menstruation 40 d after treatment. She conceived naturally after 2 mo with normal 
fetal development (Figure 4) and successful delivery.

CONCLUSION
The present case demonstrated the effectiveness and safety of lauromacrogol injection plus hyster-
oscopy in the treatment of cervical pregnancy, which had no adverse effects on liver and renal function, 
fertility, and fetal development following subsequent conception. This treatment strategy deserves to be 
promoted and applied in the clinic. Lauromacrogol, a sclerosant used to treat cystic disease or vascular 
disease, has certain adverse reactions, such as low-grade fever, local pain, venous embolism, and 
anaphylactic reaction, most of which are mild and self-limited. However, there is a risk of serious 
adverse reactions during the treatment of venous disease, and the occurrence of adverse heart events 
should be prevented[25]. Further research on clinical indications, contraindications, and its potential as 
a replacement for conventional hemostatic agents and blasticidin is necessary.
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Abstract
BACKGROUND 
A right-sided sigmoid colon is an extremely rare anatomic variation that should 
be considered as a possibility by surgeons and radiologists before surgery. Here, 
we report the first clinical case of a carcinoma in a right-sided sigmoid colon 
revealed by a preoperative computed tomography (CT).

CASE SUMMARY 
A 56-year-old Chinese man was admitted to the hospital with abdominal pain. CT 
revealed a redundant sigmoid colon with a mass on the right side of the cecum 
and ascending colon. Laparoscopy confirmed an abnormal course in the 
descending colon and sigmoid colon. Subsequently, hemicolectomy was 
performed in an open manner after laparoscopic exploration. Pathological 
examination revealed an infiltrative mucinous adenocarcinoma with two lymph 
node metastases. The patient was discharged without any complications after a 
week. There were no signs of recurrence or metastasis during the 3-month follow-
up period.

CONCLUSION 
We report a rare anomaly of a right-sided sigmoid colon with carcinoma, which 
should be differentiated from ascending colon cancer and pericecal hernia to 
prevent errors and other surgical complications.

Key Words: Right-sided sigmoid colon; Sigmoid colon; Colon carcinoma; Redundant 
sigmoid colon; Pericecal hernia; Case report
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Core Tip: The right-sided sigmoid colon was first described by a few cadaveric studies and may not have 
been fully recognized by clinicians in recent years due to its relative rarity. Recognizing this variation is 
essential for interventional and diagnostic colonoscopy and associated surgeries. This is the first clinical 
case of a carcinoma located in a right-sided sigmoid colon.

Citation: Lyu LJ, Yao WW. Carcinoma located in a right-sided sigmoid colon: A case report. World J Clin Cases 
2022; 10(18): 6136-6140
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6136.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6136

INTRODUCTION
Recognizing variations in the sigmoid colon is of key importance to surgeons and radiologists. Here, we 
report an atypical anatomic variation of a right-sided sigmoid colon with carcinoma, which was 
incidentally observed during an emergency computed tomography (CT) scan for abdominal pain. To 
the best of our knowledge, this is the first clinical case of a carcinoma located in a right-sided sigmoid 
colon detected by a preoperative CT scan. We present the following case in accordance with the CARE 
Reporting Checklist.

CASE PRESENTATION
Chief complaints
A 56-year-old Chinese man was admitted to our hospital with abdominal pain in the right lower 
quadrant for 3 days.

History of present illness
The patient had experienced irregular and formless bowel movements for three months prior to 
presentation at our hospital. The patient also had right lower quadrant abdominal pain, which could not 
be relieved after defecation. The patient had no other accompanying symptoms, including any obvious 
symptoms of bowel obstruction.

History of past illness
The patient had no previous surgical history.

Personal and family history
The patient did not have a history of smoking or drinking. There was no personal or family history of 
acute or chronic diseases.

Physical examination upon admission
The patient was 169 cm tall and weighed 65 kg. Physical examination revealed tenderness in the right 
lower quadrant, but no palpable mass was found.

Laboratory examinations
Laboratory tests showed moderate increases in platelets and CA724, and normal levels of white blood 
cells and CA199. No abnormal results were found in other biochemical tests.

Imaging examinations
CT showed an atypical location of the redundant sigmoid colon with heterogeneously enhanced circum-
ferential wall thickening on the right side of the cecum and ascending colon (Figures 1 and 2). We 
reported the atypical location of the sigmoid colon with a mass, suspected the presence of a pericecal 
hernia, and informed the surgeons accordingly.

Colonoscopy showed an annular stricture of the sigmoid colon caused by a tumor 28 cm from the 
anus. Subsequent biopsy indicated malignancy.

https://www.wjgnet.com/2307-8960/full/v10/i18/6136.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6136


Lyu LJ et al. Carcinoma in right-sided sigmoid colon

WJCC https://www.wjgnet.com 6138 June 26, 2022 Volume 10 Issue 18

Figure 1 A 56-year-old man with right-sided sigmoid colon carcinoma. A: Axial post-contrast computed tomography (CT) scan in the arterial phase 
demonstrates that the stomach (s) and splenic flexure of colon are normal (*); B: Axial post-contrast CT scan in the arterial phase shows the descending colon 
entering the peritoneum. The sigmoid colon with the tumor (*) is located on the right side of the ascending colon (a); C: Axial post-contrast CT scan in the arterial 
phase shows the descending colon (d) crossing to the right at the level of the L4 vertebra and continuing as the sigmoid colon (s) on the right. The tumor (*) is 
located in a redundant right-sided sigmoid colon. The cecum (c) is displaced toward the left at the level of the L4 transverse process instead of the right pelvic region. 
The inferior mesenteric artery (arrows) is shown running to the right instead of its normal left-sided course.

Figure 2 A 56-year-old man with right-sided sigmoid colon carcinoma. A: Coronal post-contrast computed tomography (CT) scan in the arterial phase 
demonstrates that the descending colon (d) crosses to the right and continues as the sigmoid colon (s). The tumor (*) is located in a redundant right-sided sigmoid 
colon occupying the subhepatic region. The ascending colon (a) and the cecum (c) have been displaced; B: Maximum Intensity Projection (MIP) demonstrates that 
the tumor (*) is located in the right abdomen. The inferior mesenteric artery (arrows) is shown running to the right instead of its normal left-sided course; C: Volume 
Rendering Technique (VRT) demonstrates abnormal positions of both the sigmoid colon and descending colon. The descending colon (d) is shown crossing to the 
right and continuing as the sigmoid colon (s). The tumor (red part) is located in a redundant right-sided sigmoid colon. The ascending colon (a) and cecum (c) have 
been displaced. The ileocecal junction (blue part) is at the L4 level, indicating that the cecum was undescended during embryogenesis.

FINAL DIAGNOSIS
Due to inconclusive radiological signs, the patient underwent laparoscopic exploration. Intraoper-
atively, the surgeons detected atypical positions of both the sigmoid colon and descending colon. They 
converted the surgery to an open operation for safety considerations.

The surgeons found a mass that almost completely blocked the lumen of the sigmoid colon. The 
redundant sigmoid colon was located on the right side of the ascending colon and cecum and was 
supplied by the branches of the inferior mesenteric artery, which ran to the right instead of its standard 
left-sided course. The descending colon started at the splenic flexure and crossed to the right at the level 
of the L4 vertebra, and occupied the subhepatic region to continue as the sigmoid colon. The small 
intestine was normal. Pathological examination revealed an infiltrative mucinous adenocarcinoma with 
two lymph node metastases, pT4N1M0 stage IIIB (UICC-TNM: 8th edition).
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TREATMENT
The surgeons performed a hemicolectomy with regional lymphadenectomy during laparotomy. No 
bowel perforation was observed.

OUTCOME AND FOLLOW-UP
The patient was discharged on postoperative day 7 without any complications. Moreover, there were no 
signs of recurrence or metastasis during the 3-month follow-up period.

DISCUSSION
The sigmoid colon shows the greatest variation in length and position[1]. The variation in length is 
mainly related to racial differences and a high-fiber diet[2], the position of the sigmoid colon loop is a 
means of adapting to the general length of the sigmoid colon[2]. A study by Saxena et al[3] suggested 
that the sigmoid colon of young children (age < 5 years) is often situated entirely on the right side for 
redundancy; this is not the case in adults. The presence of a right-sided sigmoid colon is very rare in 
adults and may be related to fixation anomalies[1], redundancy of the colon, or secondary rotation of 
the colon during embryogenesis[4].

In most cases of right-side colon carcinoma, the carcinoma is observed to be located in the ascending 
colon. In our case, circumferential wall thickening of the colon occupied the subhepatic region on the 
right of the ascending colon, and the ileocecal junction was displaced toward the left at the level of the 
L4 transverse process instead of the right pelvic region, indicating that the cecum was undescended due 
to midgut malrotation during embryogenesis[4]. Colonoscopy revealed a stricture 28 cm from the anus, 
demonstrating a sigmoid colon other than the ascending colon. The identification of the tumor location 
is crucial for determining the appropriate clinical course because the sigmoid colon and ascending colon 
have different embryological origins[5], and a recent study[6] demonstrated that right-sided colon 
carcinomas exhibit exophytic pathological behavior and poorer overall survival than left-sided colon 
carcinomas.

In the present case, the colon with wall thickening on the right side of the ascending colon was similar 
to a rare type of internal hernia occurring near the cecum, namely, pericecal hernia[7]. However, 
pericecal hernia usually involves a small bowel other than the sigmoid colon; such pericecal hernias 
usually produce acute intestinal obstruction, which can be confirmed by CT. In addition, it is expected 
that the descending colon and sigmoid colon should be observed in the standard position relative to the 
pericecal hernia and the inferior mesenteric artery. On CT images of the present case, no small bowel 
herniation or obvious dilation was observed. The descending colon crossed to the right side at the level 
of the L4 vertebra, where it entered the peritoneal cavity and continued as the sigmoid colon on the 
right side. Notably, the inferior mesenteric artery ran to the right instead of its normal left-sided course.

Shrivastava et al[8] first described the right-sided sigmoid colon in a cadaveric study in 2013. Flores-R
íos et al[9] reported a case of secondary right-sided descending and sigmoid colon caused by a 
wandering spleen due to laxity or abnormal development of the peritoneal ligaments, which was 
different from our case. Subsequently, there were two case reports[1,10] of right-sided sigmoid colons, 
which were discovered incidentally during surgery.

To the best of our knowledge, this is the first clinical case of carcinoma located in the right-sided 
sigmoid colon revealed by a preoperative CT scan and confirmed by surgery. Surgeons and radiologists 
should be aware of this rare variation when examining patients experiencing abdominal pain in the 
right lower quadrant.

The limitation of our case was the lack of appropriate intraoperative images compatible with the 
volume rendering image (Figure 2C), which could have provided readers with an intuitive 
understanding.

CONCLUSION
We report a rare anomaly of the right-sided sigmoid colon with carcinoma that could be detected by 
careful examination with a preoperative CT scan. This is a major congenital colon anomaly that should 
be recognized preoperatively and needs to be differentiated from the ascending colon and pericecal 
hernia to prevent errors and other surgical complications.
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Abstract
BACKGROUND 
In recent years, the cosmetic intervention related infections caused by nontuber-
culous mycobacteria (NTM) are increasing as the informal cosmetic treatments are 
performed. However, many dermatologists are inexperienced in the diagnosis 
and management of similar cases. Here we report a case of subcutaneous infection 
caused by Mycobacterium abscessus (M. abscessus) following cosmetic injections of 
botulinum toxin.

CASE SUMMARY 
A 53-year-old woman presented with multiple abscesses and nodules on her 
forehead and both temporal sites for half a month after cosmetic injections of 
botulinum toxin. Her lesions did not show any alleviation after 2-wk prescription 
of antibiotics. Laboratory examinations indicated that she had no sign of 
immunodeficiency and the whole body of computed tomography did not find any 
systemic infection or diseases. The pathology of skin tissue showed inflammatory 
cell infiltration with the negative results of Periodic acid Schiff (PAS) and Acid-
fast staining and the culture yielded no microbiome. Afterwards, the puncture on 
abscess was performed and M. abscessus was successfully isolated. The pathogen 
was identified by acid-fast staining and DNA sequencing. The patient was treated 
with the strategy of clarithromycin, ofloxacin, and amikacin according to the 
result of drug sensitivity test and got complete remission of the lesions.

CONCLUSION 
The case presents the whole process of diagnosis and management of NTM 
infection after cosmetic intervention and highlights the diagnostic thoughts. In a 
word, the mycobacterium infection should be aware in patients after cosmetic 
performance.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i18.6141
mailto:1191656901@qq.com
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Core Tip: The article reports a case of subcutaneous infection caused by Mycobacterium abscessus after 
cosmetic intervention. We present the medical history and whole process of diagnosis and management of 
the case and made a literature review of similar infections. The paper is trying to provide some more 
experience for dermatologists.
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INTRODUCTION
Nontuberculous mycobacteria (NTM) refer to mycobacteria other than Mycobacterium tuberculosis and 
leprosy with the common involved organs of the lung, bone, soft tissues, skin, and lymph nodes[1]. 
Mycobacterium abscessus (M. abscessus) is one of the common pathogens in NTM, which is a fast-growing 
mycobacterium causing skin and soft tissue infections. Meanwhile, the atypical mycobacterial infections 
are increasing at injection-related sites as the informal cosmetic treatments are performed, which 
deserves the attention of the cosmetic and medical supervision[2-4]. The case presented here is a 
subcutaneous infection caused by M. abscessus following cosmetic injections of botulinum toxin.

CASE PRESENTATION
Chief complaints
A 53-year old female patient visited our department with the complaint of multiple nodules for half a 
month on the forehead and both temporal sites after the injection of botulinum toxin (Figure 1A-C).

History of present illness
The lesions initially presented with erythema after 10 d of the injection then developed to nodules and 
abscesses after half a month. The patient did not have any concomitant symptoms such as fever, cough, 
fatigue, sweats, or diarrhea. She was prescribed with antibiotics for 2 wk without alleviation of the 
lesions.

History of past illness
The patient did not have any underlying disease or take any drugs in the past.

Personal and family history
Nothing special.

Physical examination
Physical examination indicated multiple red papules, nodules, and abscesses on the forehead and both 
temporal sites with a diameter of 1-3 cm.

Laboratory examinations
The routine blood, urine, and stool tests as well as kidney and liver function tests were in normal levels. 
The levels of C3, C4 and C-reactive protein were normal. The patient was negative for syphilis, HIV, 
antinuclear antibodies, and rheumatoid factor. CD3 and CD4 counts were done to check for any 
immunodeficiency and were within normal limits (Supplementary Table 1).

Imaging examinations
Computed tomography (CT) of the whole body did not find any systemic infection or diseases.

https://www.wjgnet.com/2307-8960/full/v10/i18/6141.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6141
https://f6publishing.blob.core.windows.net/04ba2ffb-9cd9-4ac0-8c51-4aa24953d462/WJCC-10-6141-supplementary-material.pdf
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Figure 1 Patient’s photographs before and after treatment. A-C: Multiple red papules, nodules, and abscesses were seen on the forehead and both 
temporal sites with a diameter of 1 cm-3 cm; D-F: The lesions were cured after the treatment for 7 mo.

FINAL DIAGNOSIS
The patient underwent skin biopsy on the nodules of left temporal site. The pathology of skin tissue 
showed a large number of inflammatory cells including neutrophils, lymphocytes, and multinucleated 
giant cells distributed in the derma (Figure 2A and 2B). However, periodic acid Schiff (PAS) and acid-
fast staining were negative. Meanwhile, the skin tissue did not yield any microbiome after culture on 
different media for bacteria, fungus, or mycobacterium. Considering the low biopsy- and culture-
positive rate of some microorganisms, a puncture on abscess of right temporal site was further 
performed. Gray-white colonies were yielded after being cultured on Mycobacterium Roche's Medium 
(MRM) for 5 days at 35 °C (Figure 3A). Meanwhile, the pus was positive for acid-fast staining and M. 
abscessus was identified by DNA sequencing (Figure 3B). The drug sensitivity test indicated that the 
microbiome was sensitive to clarithromycin, moxifloxacin, azithromycin, cefoxitin, and amikacin, and 
was resistant to isoniazid, streptomycin, dapsone, and rifampicin (Supplementary Table 2).

TREATMENT
The patient was initially intramuscularly injected with amikacin 0.2 g and given oral clarithromycin 0.25 
g twice a day for 2 wk and then adjusted to moxifloxacin 0.4 g per day and clarithromycin 0.25 g twice a 
day because of dizziness and vomiting caused by amikacin.

OUTCOME AND FOLLOW-UP
The patient did not show any side effects and presented complete remission of the lesions during the 
subsequent treatment for 7 mo (Figure 1D-F).

https://f6publishing.blob.core.windows.net/04ba2ffb-9cd9-4ac0-8c51-4aa24953d462/WJCC-10-6141-supplementary-material.pdf
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Figure 2 Histopathology. The histopathology indicated a large number of mixed inflammatory cell infiltrates in the deep dermis, including neutrophils, histiocytes, 
and lymphocytes (A: HE × 40, B: HE × 100).

Figure 3 Microbiological evidence. A: Cultures on Mycobacterium Roche's Medium yielded cream-colored, yeast-like colonies within 5 d at 35 °C; B: Scattered 
pink rod-shaped bacteria after acid-fast staining (× 100).

DISCUSSION
With the development of un-standard invasive performance in cosmetic industry, related iatrogenic 
complications are increasing in the last two decades. Injection pain, local edema, erythema, and 
transient nausea are common complications with mild symptoms. Life-threatening complications are 
rarely seen, while severe idiosyncratic reactions can cause patients to die from shock and pseudoan-
eurysm of the superficial temporal artery may break and cause bleeding to death[5]. Infections are also 
common complications, which usually can be easily cured with empiric antibiotic therapy. However, 
atypical mycobacterial infections are increasing these years and resistant to regular antibiotic treatment. 
To meet the challenge of NTM diagnosis and management, we should learn more about it. In Table 1, 
previous cases of mycobacterial infections caused by cosmetic performance are reviewed[2-4,6-14], the 
results of which are consistent with the previous studies[1]. It is common to be seen in female patients 
aged 25 to 45 years. This phenomenon can be attributed to the fact that these people are more often 
seeking invasive cosmetic performance.

The rare pathogen of M. abscessus is the main mycobacteria isolated from lesions cultured, which can 
involve the skin, soft tissue, and lymph nodes in immunocompetent or immunosuppressed patients[1,
15]. The cutaneous infection caused by M. abscessus generally occurs following surgery, subcutaneous 
injection, or acupuncture[16]. Because M. abscessus has a hydrophobic biofilm, by which M. abscessus can 
be resistant to disinfectants and heavy metals, and lead to nosocomial infections[17]. The lesions of the 
patient presented here develop at the injected point of botulinum toxin. We suspected that the infection 
may be caused by the non-standard aseptic operation and injection, surgery, equipment contamination, 
or intraoperative infection. Iatrogenic infections have become one of the common causes of fast-growing 
mycobacterial infection because of the unstandardized aseptic operation during injection and surgery 
causing an increase in opportunistic infections and great pain to patients. Therefore, when managing 
such cases, attention should be paid to these agents.
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Table 1 Patients’ information statistics for subcutaneous infection caused by nontuberculous mycobacteria following cosmetic 
procedures

No Ref. Sex/Age 
(yr)

Duration after 
injection 
(mo/wk/d)

Skin symptoms Site of 
infection Culture Treatment and course Outcome

P1 The 
present 
case

F/53 Botulinum toxin 
(1.5 mo)

Erythematousnodules Cheek, 
forehead

M. abscessus Clarithromycin, 
moxifloxacin, amikacin 
2/d (7 mo)

Cure

P2 Chen et al
[2]

F/32 Botulinum toxin 
(2 mo)

Nodules and abscesses Forehead and 
periorbial 
areas

M. abscessus Clarithromycin 250 mg 
2/d, rifampicin 450 mg 
1/d, and ethambutol 250 
mg 3/d (3 mo)

Cure

P3 Chen et al
[2]

F/34 Botulinum toxin 
(10 d)

Painful papules and 
nodules

Lower jaw, 
malar, and 
temple 
regions

M. abscessus Clarithromycin 250 mg 
2/d, rifampicin 450 mg 
1/d (6 mo)

Cure

P4 Mello et al
[3]

F/28 Sunflower oil, 
deoxycholate, 
sinetrol, and 
caffeine 
subcutaneous 
application (4 
wk)

Pain and erythema Abdomen 
and flanks

M. lentiflavum Clarithromycin, 500 mg 
2/d and levofloxacin 500 
mg 1/d (8 mo)

Cure

P5 Tan et al[4] F/36.6 
(28-45) (5 
cases)

Autologous fat 
grafting for 
cosmetic breast 
augmentation (20 
d)

Erythema, breast 
contour disruption, 
breast asymmetry

Breast M. Fortuitum (2), M. 
abscessus (1), and M. 
chelonei (2)

Clarithromycin 500 mg 
2/d, amikacin 800 mg 
1/d, and imipenem 500 
mg 4/d (54 wk) 
Azithromycin 500 mg 
1/d, ethambutol 750 mg 
1/d, rifampicin 600 mg 
1/d (6 mo), and surgical 
debridement

Cure

P6 Yeon et al
[6]

F/34 Botulinum toxin 
(3.5 mo)

Erythematousnodules Left mandible M. immunogemom Clarithromycin 500 mg 
2/d (7 m)

Cure

P7 Fang et al
[7]

F/28 Botulinum toxin 
(2 wk)

Erythemaand painful 
nodules

Lower 
extremities

M. abscessus Clarithromycin, 
moxifloxacin, and 
rifampicin (6 mo)

Cure

P8 Thanas 
arnaksorn 
et al[8]

F/42 Botulinum toxin 
(5 wk)

Erythematous nodules Frontalis area 
and right 
orbicularis 
oculi area

Histopathologically 
confirmed

Clarithromycin 500 mg/d 
and levofloxacin500 
mg/d (6 mo)

Cure

P9 Saeb-Lima 
et al[9]

F/45 Botulinum toxin 
(5 mo)

Erythematousplaques 
and nodules

Procerus 
muscle zone 
and the pars 
externa of 
orbicularis 
oculi muscle

Histopathologically 
confirmed

Clarithromycin, 
azithromycin, and 
rifampicin (40 d)

Cure

P10 Hammond 
et al[10]

F/40 Lipofilling (2 mo) Multiple painful 
nodules

Buttock M. chelonae Clarithromycin 500 mg 
2/d (2.5 mo), 
ciprofloxacin 500mg 2/d 
(3 mo), and surgery

Cure

P11 Yoo et al
[11]

F/56 Filler injections (3 
mo)

Nodules Cheek M. volinskyi Doxycycline 100 mg 2/d 
and ciprofloxacin 750 mg 
6/d (5 mo)

Cure

P12 Fiore et al
[12]

F/31 Poly-L-lactic acid 
(3 mo)

Erythematous nodules Cheek M. mucogenicum Ciprofloxacin 500 mg and 
clarithromycin 500 mg 
2/d (6 mo)

Cure

P13 Eustace et 
al[13]

M/28 Hair transplant 
(2 mo) 

Nodules Sculp M. abscessus Clarithromycin 250 mg 
2/d, doxycycline 100 mg 
1/d (3 mo), and drainage

Cure

P14 Yang et al
[14]

F/29 Facial injection 
with autologous 
fat (9 mo)

Abscesses Temporal and 
lower orbital 
regions

M. abscessus Moxifloxacin, clarith-
romycin, and ethambutol 
(12 mo)

Cure

F: Female; M: Male; M. abscessus: Mycobacterium abscessus.
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The skin lesions can be the initial symptoms or secondary to disseminated infections, which often 
present with multiple papules, herpes, nodules, erythema, or abscesses[1]. The initial symptoms of our 
patient presented as multiple erythema then developed to nodules and abscess. She was prescribed with 
multiple antibiotics but without remission of the lesions. The unspecific infection caused by fungus, M. 
tuberculosis, or NTM was suspected. Finally, the patient was diagnosed as having subcutaneous 
infection caused by M. abscessus. The golden standard for diagnosing NTM infections is histopathology 
and mycobacteria culture. Acid-fast staining is the most convenient and common laboratory test, while 
PCR sequencing and DNA chip technology have emerged as fast and accurate methods in identifying 
NTM[15]. However, the acid-fast staining of nodule of this patient was negative and did not yield any 
culture on MRM. Fortunately, the puncture fluid of abscess was positive for acid-fast staining and M. 
abscessus was yielded and identified by PCR sequencing. Therefore, once NTM infection is clinically 
suspected, multiple specimens should be tested by histopathology, culture, and molecular biology 
identification. The successful diagnosis of this patient depended on the awareness of mycobacterial 
infections and attitude of insistence.

NTM are intracellular colonies whose high hydrophobicity on the cell surface and cell wall 
permeability barrier make them resistant to traditional anti-tuberculosis drugs and difficult to treat[17]. 
M. abscessus is the most resistant strain of mycobacterium, and is highly resistant to traditional anti-
tuberculosis drugs; hence, it needs to be tested for drug susceptibility when yielding positive cultures. 
M. abscessus is often sensitive to clarithromycin, amikacin, and cefoxitin. However, a single drug is easy 
to induce drug resistance according to the guidelines of the American Thoracic Society and the 
American Society of Infectious Diseases, therefore the combination of two kinds of sensitive drugs is 
recommended for treatment until the lesions are completely healed[18]. Meanwhile, drug susceptibility 
testing needs to be performed once culture of NTM is yielded to ensure the effective treatment.

CONCLUSION
NTM infection should be aware in patients with refractory lesions, particularly followed by cosmetic 
procedure. Moreover, the drug sensitivity test needs to be performed to obtain early diagnosis and 
appropriate treatment to avoid dissemination and deformity.
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Abstract
BACKGROUND 
Anti-N-methyl-D-aspartate receptor encephalitis (NMDARe) is capable of 
presenting a relapsing course and coexisting with myelin oligodendrocyte 
glycoprotein antibody disease, whereas it has been relatively rare. We describe a 
man with no history of tumor who successively developed anti-NMDARe and 
anti-myelin oligodendrocyte glycoprotein antibody disease.

CASE SUMMARY 
A 29-year-old man was initially admitted with headache, fever, intermittent 
abnormal behavior, decreased intelligence, limb twitching and loss of conscious-
ness on July 16, 2018. On admission, examination reported no abnormality. 
During his presentation, he experienced aggravated symptoms, and the re-
examination of cranial magnetic resonance imaging (MRI) indicated punctate 
abnormal signals in the left parietal lobe. External examination of cerebrospinal 
fluid and serum results revealed serum NMDAR antibody (Ab) (-), cerebrospinal 
fluid NMDAR-Ab (+) 1:10 and Epstein-Barr virus capsid antigen antibody IgG (+). 
Due to the imaging findings, anti-NMDARe was our primary consideration. The 
patient was treated with methylprednisolone and gamma globulin pulse therapy, 
mannitol injection dehydration to reduce intracranial pressure, sodium valproate 
sustained-release tablets for anti-epilepsy and olanzapine and risperidone to 
mitigate psychiatric symptoms. The patient was admitted to the hospital for the 
second time for “abnormal mental behavior and increased limb movements” on 
December 14, 2018. Re-examination of electroencephalography and cranial MRI 
showed no abnormality. The results of autoimmune encephalitis antibody 
revealed that serum NMDAR-Ab was weakly positive and cerebrospinal fluid 
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NMDAR-Ab was positive. Considering comprehensive recurrent anti-NMDARe, the patient was 
treated with propylene-hormone pulse combined with immunosuppressive agents (mycophe-
nolate mofetil), and the symptoms were relieved. The patient was admitted for “hoarseness and 
double vision” for the third time on August 23, 2019. Re-examination of cranial MRI showed 
abnormal signals in the medulla oblongata and right frontal lobe, and synoptophore examination 
indicated concomitant esotropia. The patient’s visual acuity further decreased, and the re-
examination of cranial MRI + enhancement reported multiple scattered speckled and patchy 
abnormal signals in the medulla oblongata, left pons arm, left cerebellum and right midbrain, 
thalamus. The patient was diagnosed with an accompanying demyelinating disease. Serum anti-
myelin oligodendrocyte glycoprotein 1:10 and NMDAR antibody 1:10 were both positive. The 
patient was diagnosed with myelin oligodendrocyte glycoprotein antibody-related inflammatory 
demyelinating disease of the central nervous system complicated with anti-NMDARe overlap 
syndrome. The patient was successfully treated with methylprednisolone, gamma globulin pulse 
therapy and rituximab treatment. The patient remained asymptomatic and follow-up MRI scan 6 
mo later showed complete removal of the lesion.

CONCLUSION 
We emphasize the rarity of this antibody combination and suggest that these patients may require 
longer follow-up due to the risk of recurrence of two autoimmune disorders.

Key Words: Autoimmune encephalitis; Recurrent anti-N-methyl-D-aspartate receptor encephalitis; Myelin 
oligodendrocyte glycoprotein; Psoriasis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Here we present a man with autoimmune encephalitis in whom antibodies against N-methyl-D-
aspartate receptor and myelin oligodendrocyte glycoprotein were sequentially detected. This is the first 
recurrent N-methyl-D-aspartate receptor encephalitis case in the literature for which antibodies of N-
methyl-D-aspartate receptor and myelin oligodendrocyte glycoprotein were positive simultaneously and 
both supratentorial and infratentorial cranial magnetic resonance imaging were involved. Also, the patient 
responded very well with the optic nerve injury and encephalitis completely recovering. Psoriasis detected 
at the 6-mo follow-up may also be an immune-related disease, but the mechanism is unknown.

Citation: Yin XJ, Zhang LF, Bao LH, Feng ZC, Chen JH, Li BX, Zhang J. Overlapping syndrome of recurrent anti-
N-methyl-D-aspartate receptor encephalitis and anti-myelin oligodendrocyte glycoprotein demyelinating diseases: 
A case report. World J Clin Cases 2022; 10(18): 6148-6155
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6148.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6148

INTRODUCTION
In several individuals, anti-N-methyl-D-aspartate receptor encephalitis (anti-NMDARe) may occur with 
myelin oligodendrocyte glycoprotein (MOG) antibody disease sequentially or simultaneously[1-3]. 
However, there have been few reports of recurrent anti-NMDARe with MOG antibody disease overlap 
syndrome worldwide. We present a case of a young man initially admitted with headache, fever, 
behavioral abnormalities and intellectual decline, followed by hoarseness, blurred vision, disturbance of 
consciousness as well as seizures. Magnetic resonance imaging (MRI) involved multiple regions (e.g., 
the parietal lobe, frontal lobe, midbrain, thalamus, cerebellum and medulla oblongata). From this case, 
we recommend the simultaneous detection of viruses, autoimmune encephalitis-associated antibodies 
and central nervous system demyelination-associated antibodies for patients suspected of having 
central nervous system demyelinating disease or anti-NMDARe. The aim is to increase the 
understanding of autoimmune encephalitis overlap syndrome as their clinical and prognostic features 
may differ from those of single-antibody disease.

https://www.wjgnet.com/2307-8960/full/v10/i18/6148.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6148
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CASE PRESENTATION
Chief complaints
A 29-year-old man presented to the Neurology Department of our hospital complaining of headache, 
fever, intermittent abnormal behavior, decreased intelligence, limb twitching and loss of consciousness. 
During his presentation, he experienced aggravated symptoms.

The patient was admitted to the hospital for the second time for abnormal mental behavior and 
increased limb movements.

The patient was admitted for hoarseness and double vision for the third time. During his 
presentation, the patient’s visual acuity further decreased.

History of present illness
The patient began to experience symptoms of headache, fever, nausea and vomiting 7 d before 
admission. He experienced limb weakness, intermittent behavioral abnormalities and decreased 
intelligence 4 d before admission. He experienced limb twitching and loss of consciousness 2 d before 
admission.

History of past illness
The patient had a history of previous surgery for otitis media.

Personal and family history
The daughter of the uncle in the family suffered from lupus erythematosus.

Physical examination
First admission: Clear consciousness, poor orientation to time, place and personality, poor numeracy 
and unremarkable physical examination.

Second admission: Intermittent clear consciousness, uncooperative rest of nervous system.
Third admission: Horizontal movement of the eyeball was limited, nystagmus to the left in left vision, 

nystagmus to the right in right vision, vertical nystagmus in upper and lower visions, decreased lateral 
acupuncture sensation in bilateral face, weak closure of left eyelid, less sensitive corneal reflex, left 
central facial paralysis, less powerful elevation of right soft palate, left deviation of uvula, left muscle 
strength grade 4, less stable finger and nose, decreased tendon reflexes in four extremities and positive 
Babinski sign on the left side were identified.

Laboratory examinations
First admission: Mycobacterium tuberculosis antibody detection reported no abnormality. 
Cerebrospinal fluid examination revealed: white blood cells 40 × 106/L; total protein 0.4 g/L; glucose 
3.12 mol/L; and chloride 126.9 mmol/L. External examination of cerebrospinal fluid and serum results 
revealed: serum NMDAR antibody (Ab) (-); cerebrospinal fluid NMDAR-Ab (+) 1:10; cerebrospinal fluid 
herpes simplex virus antibody (HSVI, II IgG, IgM) (-); rubella virus antibody (RVIgG, IgM) (-); cytomeg-
alovirus (CMVIgG, IgM) (-); Epstein-Barr virus (EBV) early antigen antibody IgG, IgM, IgA (-); EBV 
virus capsid antigen antibody IgM, IgA (-); and EBV virus capsid antigen antibody IgG (+).

Second admission: The results of autoimmune encephalitis antibody were serum NMDAR-Ab weakly 
positive and cerebrospinal fluid NMDAR-Ab positive.

Third admission: Serum anti-MOG (+) 1:10 and NMDAR antibody (+) 1:10 were examined.

Imaging examinations
First admission: Head MRI, chest X-ray and electroencephalography were normal. Re-examination of 
cranial MRI showed punctate abnormal signals in the left parietal lobe (Figure 1A).

Second admission: Examination of electroencephalography and cranial MRI showed no abnormality 
(Figure 1B).

Third admission: Examination of cranial MRI showed abnormal signals in the medulla oblongata and 
right frontal lobe (Figure 1C), and synoptophore examination indicated concomitant esotropia. In such a 
period, the re-examination of cranial MRI + enhancement reported multiple scattered speckled and 
patchy abnormal signals in the medulla oblongata, left pons arm, left cerebellum and right midbrain 
(Figure 1D-F).

MULTIDISCIPLINARY EXPERT CONSULTATION
Lin Wang, MD, Chief Physician, Department of Neurology, Beijing Xuanwu Hospital. The patient 
confirmed the diagnosis of anti-NMDARe for first admission. The patient should undergo medical 
treatment with methylprednisolone and gamma globulin pulse therapy and olanzapine to improve 
sleep. In addition, this patient required regular re-examination of electroencephalography.
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Figure 1 Imaging changes in the pathogenesis of overlapping syndrome. A: Punctate abnormality in left parietal lobe (first episode); B: Normal sagittal 
position; C: High signal intensity was identified in the medulla oblongata in the T2 sagittal view; D: High signal intensity was identified in the left medulla oblongata 
and cerebellum of Flair; E: Flair showed hyperintensity in the left pontine arm and left cerebellum; F: Flair showed hyperintensity in the right midbrain.

Hongzhi Guan, MD, Professor and Chief, Department of Central Nervous System Infection, Beijing 
Xiehe Hospital. The patient confirmed the diagnosis of recurrent anti-NMDARe for second admission. 
The patient had psychiatric symptoms, language disorder, autonomic dysfunction and other symptoms 
in this attack, which were considered to be comprehensive recurrent type. First, the presence of tumors 
in the patient’s body was assessed, gamma globulin and hormone pulse therapy were standardized in 
those without tumors, and the hormone dose was reduced to 75 mg, 1 tablet every 2 wk. At the same 
time, according to the consensus, immunosuppressant (mofetil) 1-2 mg/d, orally for at least 1 year, 
antiepileptic treatment with sodium valproate and olanzapine increased to 2 mg/time to control 
psychiatric symptoms.

FINAL DIAGNOSIS
The final diagnosis of the presented case was MOG antibody-related inflammatory demyelinating 
disease of the central nervous system complicated with anti-NMDARe overlap syndrome.

TREATMENT
The patient underwent medical treatment with methylprednisolone and gamma globulin pulse therapy 
and olanzapine to improve sleep after the first admission. The patient was assessed to be tumor-free at 
the second admission and given standard gamma globulin and steroid pulse therapy with a steroid dose 
reduced to 75 mg, 1 tablet every 2 wk. At the same time, according to the consensus, immunosup-
pressive agents (mofetil) 1-2 mg/d, orally for at least 1 year and antiepileptic treatment with sodium 
valproate and olanzapine increased to 2 mg/time to control psychiatric symptoms was prescribed. At 
the last admission, the patient was successfully treated with methylprednisolone, gamma globulin pulse 
therapy and rituximab treatment.
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OUTCOME AND FOLLOW-UP
The patient had an uneventful clinical course, whilst dexamethasone was decreased progressively until 
its cessation. At the follow-up visit 1 year after hospital discharge, the patient was asymptomatic. An 
MRI scan showed complete removal of the lesion. However, we observed scattered red rashes on both 
upper limbs and trunk. Since dermoscopy showed scattered red spots and plaque changes on the glans 
penis and ventral surface of the extremities and a few scales, the diagnosis of psoriasis was considered. 
Halometasone ointment was applied externally.

DISCUSSION
The concept of anti-NMDARe was first introduced in 2007 by Dalmau et al[4]. MOG antibodies are 
related to demyelinating diseases of the central nervous system. Therefore, the concept of MOG 
antibody-related demyelinating diseases of the central nervous system (MOG antibody disease) was 
proposed[6,7]. Some patients suffering anti-NMDARe have positive serum MOG antibody, and some 
patients suffering MOG antibody have positive cerebrospinal fluid anti-NMDAR antibody, which is 
called MOG antibody disease with anti-NMDARe overlap syndrome (MNOS)[1,8,9]. In several 
individuals, anti-NMDARe may occur with MOG antibody disease sequentially or simultaneously[1-3]. 
However, there have been rare reports of recurrent anti-NMDARe with MOG antibody disease overlap 
syndrome worldwide.

Encephalitis is a neurological disorder caused by diffuse or multiple inflammatory lesions of the brain 
parenchyma. Among them, autoimmune encephalitis generally refers to a type of encephalitis mediated 
by autoimmune mechanisms[10]. At present, the proportion of autoimmune encephalitis accounts for 
10%-20% of encephalitis cases, of which anti-NMDARe is the most common, accounting for about 80%
[11,12]. Autoimmune encephalitis should be differentiated from central nervous system infections 
caused by herpes simplex encephalitis, epidemic encephalitis B, neurosyphilis, bacteria, fungi, parasites, 
Creutzfeldt-Jakob disease and the presence or absence of opportunistic infectious diseases associated 
with immunosuppressive or anti-tumor agents[13,14].

Cerebrospinal fluid antibodies were negative in the acute phase of the above infectious diseases[15]. 
In this case, relevant examinations such as cerebrospinal fluid cytology, culture, virus, antibody, cranial 
MRI, electroencephalogram, tumor screening [tumor markers, chest computed tomography, scrotum, 
both kidneys, hepatobiliary b-ultrasound] and positron emission tomography-computed tomography 
were perfected for differential significance[9,16]. We report a young man who initially presented with 
headache, fever and epilepsy as the first symptoms, followed by behavioral abnormalities, intellectual 
decline, dyskinesia and decreased autonomic function in accordance with the course of “bimodal 
encephalitis” reported in the literature[17]. Combined with cerebrospinal fluid NMDAR antibody (+) 
1:10, EBV viral capsid antigen antibody IgG (+), negative tumor screening program and other examin-
ations, it was considered to be anti-NMDARe secondary to non-tumor viral encephalitis. The 
disadvantage of this case is that metagenomic next-generation sequencing was not further refined to 
identify the presence of other bacterial or viral infections.

Five months after improvement of treatment, the patient once again developed psychiatric symptoms 
and increased limb movements, and the cerebrospinal fluid NMDAR antibody (+) was 1:10. Given the 
definition of recurrent anti-NMDARe, i.e. new symptoms not able to be explained by other reasons or 
aggravation of original symptoms were identified 2 mo after the improvement of NMDARe treatment[2,
10], the diagnosis of recurrent anti-NMDARe could be confirmed. Subsequently, the patient developed 
hoarseness and double vision, and the re-examination of cranial MRI + enhancement indicated new 
lesions. On the whole, anti-NMDARe was not related to optic nerve damage and sensory disturbance in 
clinical practice, and patients suffering demyelinating diseases of the central nervous system are 
considered to be combined with MRI and clinical manifestations. The detection of serum MOG antibody 
indicated MOG (+) 1:10, by complying with the diagnostic criteria of MOG antibody disease[18]. Then 
diagnosis of anti-NMDARe with MOG antibody disease overlap syndrome was confirmed.

Characteristics of this case include: (1) Etiology: it has been reported in the literature that anti-
NMDARe is related to tumors, but the incidence of tumors detected in patients suffering MNOS is 
small, and the prognosis is good[2,10,19]. The present patient agreed with previous literature reports in 
which no tumor was detected during a 2-year course; (2) Affected population: MOG antibody disease 
and anti-NMDARe are usually more common in women, and the incidence of MNOS in children is 
higher than that in adults[1,5,9]. However, the patient in this case was an adult male, it was relatively 
rare; (3) Clinical manifestations: the clinical symptoms of recurrent anti-NMDARe are mild, overall 
manifested as a single symptom, which is mild when recurrent[10,20]. Nevertheless, this patient was 
inconsistent with existing literature reports, showing psychiatric symptoms, language impairment and 
autonomic dysfunction. At the time of recurrence, he displayed considerable clinical symptoms, i.e. 
comprehensive recurrent anti-NMDARe; (4) MRI findings: the cranial MRI of patients suffering anti-
NMDARe may be unremarkable, or there may be only scattered cortical and subcortical dot-like 
abnormalities[4,20]. The first two episodes in this patient were consistent with the findings in previous 
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reports. All patients suffering MNOS will have supratentorial lesions and less infratentorial lesions[1], 
but both supratentorial and infratentorial cranial MRI were involved in this patient; (5) Prognosis: the 
optic nerve injury and encephalitis of this patient recovered completely, thereby not complying with the 
findings of Titulaer et al[2], who found that patients suffering MNOS had a delayed recovery from 
demyelinating disease and a more pronounced residual deficit; and (6) Concomitant disease: At present, 
anti-NMDARe secondary to EBV-related viral encephalitis has not been reported worldwide, and 
psoriasis was reported by dermatoscopy during the 6-mo follow-up of the patient. Psoriasis[21] is an 
immune-mediated polygenic genodermatosis, which may be the result of a combination of genetic, 
environmental and immunological factors. To the best of the authors’ knowledge, there have been no 
reported related cases worldwide.

CONCLUSION
In clinical practice, simultaneous detection of viruses, autoimmune encephalitis-related antibodies and 
central nervous system demyelination-related antibodies is recommended for patients suffering from 
suspected central nervous system demyelinating disease or anti-NMDARe. First, when the patient has a 
typical course of “bimodal symptoms,” i.e. the first peak has “fever, psycho-behavioral abnormalities, 
epilepsy” as the symptoms and the second peak has “psycho-behavioral abnormalities, memory loss, 
dyskinesia, autonomic dysfunction” as the primary symptoms to consider autoimmune encephalitis 
secondary to viral encephalitis. Second, when anti-NMDARe patients are identified to develop 
symptoms involving the optic nerve and spinal cord (e.g., decreased visual acuity, limb motor or 
sensory impairment), the coexistence of MOG antibody disease should be considered. Third, when 
patients suffering MOG antibody disease develop encephalitis symptoms (e.g., psycho-behavioral 
abnormalities or cognitive impairment) and novel lesions are seen on cranial MRI, anti-NMDARe 
coexistence should be considered.
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Abstract
BACKGROUND 
Ornithine transcarbamylase deficiency (OTCD) is an X-linked inherited disorder 
and characterized by marked elevation of blood ammonia. The goal of treatment 
is to minimize the neurological damage caused by hyperammonemia. OTCD can 
be cured by liver transplantation (LT). Post-transplant patients can discontinue 
anti- hyperammonemia agents and consume a regular diet without the risk of 
developing hyperammonemia. The neurological damage caused by hyperam-
monemia is almost irreversible.

CASE SUMMARY 
An 11.7-year-old boy presented with headache, vomiting, and altered cons-
ciousness. The patient was diagnosed with late-onset OTCD. After nitrogen 
scavenging treatment and a protein-free diet, ammonia levels were reduced to 
normal on the third day of admission. Nevertheless, the patient remained in a 
moderate coma. After discussion, LT was performed. Following LT, the patient’s 
blood ammonia and biochemical indicators stabilized in the normal range, he 
regained consciousness, and his nervous system function significantly recovered. 
Two months after LT, blood amino acids and urine organic acids were normal, 
and brain magnetic resonance imaging showed a decrease in subcortical lesions.

CONCLUSION 
LT can significantly improve partial neurological impairment caused by late-onset 
OTCD hyperammonemic encephalopathy, and LT can be actively considered 
when early drug therapy is ineffective.

https://www.f6publishing.com
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Core Tip: There are differing views on the timing of liver transplantation (LT) for ornithine transcar-
bamylase deficiency (OTCD) and whether it makes sense to perform LT in a patient with severe 
neurological impairment. We report a case of late-onset OTCD with severe neurological impairment, 
whose nervous system function recovered after LT. In late-onset OTCD patients with severe neurological 
impairment, LT can be considered.

Citation: Fu XH, Hu YH, Liao JX, Chen L, Hu ZQ, Wen JL, Chen SL. Liver transplantation for late-onset ornithine 
transcarbamylase deficiency: A case report. World J Clin Cases 2022; 10(18): 6156-6162
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6156.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6156

INTRODUCTION
Ornithine transcarbamylase deficiency (OTCD) is the most common urea cycle disorder, with an 
incidence of approximately 1/56500 to 1/80000 reported in the literature[1-4]. The 2019 Urea Cycle 
Disorders Diagnosis and Management guidelines recommend liver transplantation (LT) for patients 
with severe urea cycle disorders who do not have severe neurological impairment and have stable 
metabolic status[5]. Opinions regarding LT for children with pre-existing severe brain damage differ as 
LT does not restore pre-existing neurological damage and due to the high risk of LT in children with 
acute encephalopathy; there is no experience regarding the extent to which neurological damage can be 
restored after surgery[5]. We report a patient with late-onset OTCD with good neurological recovery 
after LT.

CASE PRESENTATION
Chief complaints
An 11.7-year-old boy was admitted to our hospital due to headache, vomiting and altered mental status.

History of present illness
Two days before admission, the patient complained of a headache without obvious inducement, 
accompanied by vomiting 25 times. The headache did not improve with cold medication. He became 
unconscious 12 h before admission, and relevant tests were completed at a referring hospital. His blood 
ammonia was > 500 µmol/L. He was referred to our hospital for further treatment.

History of past illness
The patient was the product of a first pregnancy and first birth (G1P1) mother, and delivered by 
cesarean section at term with a birth weight of 3.0 kg. His perinatal condition was unremarkable, with 
no history of asphyxia. He was generally healthy and developed normally for a child of the same age. 
Prior to this episode, the family was not aware that the patient had OTCD.

Personal and family history
The patient had no significant family history. No patients in the family had OTCD or symptoms 
associated with the disease.

Physical examination
On physical examination, he was in a moderate comatose state [Glasgow coma score (GSC) 6] and was 
unresponsive to sound. His eyes could not be closed, the pupils were equally large and round, about 3 
mm in diameter, and light reflex was delayed. There were no significant abnormalities on cardiopul-
monary or abdominal examinations. Muscle strength in the limbs could not be tested, muscle tone was 
normal, and all pathological signs were negative.

https://www.wjgnet.com/2307-8960/full/v10/i18/6156.htm
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Laboratory examinations
Laboratory tests showed a significantly elevated blood ammonia level (Table 1). Liver function and 
coagulation times were abnormal. Blood tandem mass spectrometry showed moderately elevated 
glutamine. Citrulline and arginine were in the normal range. Urine organic acid gas phase mass 
spectrometry showed that uracil and orotic acid levels were elevated. Blood ammonia levels during the 
first week of admission are shown in Figure 1. During the remainder rest of his hospital stay, levels 
were in the normal range.

Whole exome gene testing revealed the OTC gene exon2 hemizygote variant c.119G > A (p.R40H), 
inherited from his mother. The missense mutation was located in the well-studied exon functional 
domain without benign variation [Pathogenic moderate (PM) 1]. The frequencies of all normal 
population databases (dsSNP, 1000 genomes) were less than 0.0005 (PM2). This is a variant with 
different amino acid changes at the same locus reported in the literature as pathogenic variants (PM5). 
Pathogenic missense mutations of this gene are common, and benign missense mutations are rare 
[Pathogenic supporting (PP) 2]. The literature reported that variant to caused impaired gene function as 
show by in vitro functional assays [Pathogenic strong (PS) 3]. In summary, according to American 
College of Medical Genetics (ACMG)guidelines, this variant is likely pathogenic (PM1 + PM2 + PM5 + 
PP2 + PS3).

Imaging examinations
Brain magnetic resonance imaging (MRI) revealed that large patches of symmetrical high signal 
shadows on T2 weighted imaging (T2WI) and fluid attenuated inversion recovery in the cerebral 
hemispheres, and diffusion WI (DWI) revealed a significant high signal, more pronounced in the 
bilateral dorsal thalamus, caudate nucleus, lenticular nucleus, insula, cingulate gyrus and frontal lobe 
into the cortex at the falx.

FINAL DIAGNOSIS
Hyperammonemic encephalopathy and ornithine transcarbamylase deficiency.

TREATMENT
After admission, the patient underwent continuous hemodiafiltration (Disposable hemodialysate filter 
and supporting pipeline, Prismaflex M100 set, Gambro Industries, Meyzieu, France; blood flow velocity 
150-300 mL/min, replacement velocity 1000-2500 mL/h, dialysis velocity 1500-5000 mL/h) to lower the 
blood ammonia level. The impairment of consciousness worsened, and the repeat blood ammonia level 
was 511.72 µmol/L. Within a few hours, he fell into a severe coma (GSC 3) and developed central 
respiratory failure. We immediately provided ventilation, reduced intracranial pressure (mannitol and 
hypertonic sodium), nitrogen scavenger agents including sodium benzoate and arginine, antibiotics to 
inhibit ammonia production by intestinal bacteria, along with multiple nutritional support treatments.

On day 3, blood ammonia decreased to normal and was maintained in the normal range for the 
remainder of the hospital stay. The continuous hemodiafiltration parameters (blood flow velocity 120 
mL /min, replacement velocity 500 mL/h, dialysis velocity 2500 mL/h) were gradually adjusted 
downwards. On day 6, the patient discontinued hemodiafiltration. On day 7, the patient’s consciousness 
changed from deep coma to moderate coma. On day 12, the patient was weaned from the ventilator; 
however, he remained in a moderate coma.

On day 31, modified piggyback orthotopic LT (anastomosis of the donor inferior vena cava to the 
recipient inferior vena cava) was performed, the donor was deceased. Postoperatively, the patient was 
treated with tacrolimus, sodium mescaline, and methylprednisolone. On day 35 (day 4 after surgery), 
the patient was conscious (opened eyes autonomously, obeyed commands, verbal response was “T”). A 
repeat brain MRI more than 2 mo after transplantation showed that the previous subcortical lesions had 
largely disappeared; however, hydrocephalus was worse (Figure 2). He was discharged after 3 mo and 
underwent abdominal ventricular drainage at another hospital.

OUTCOME AND FOLLOW-UP
At follow-up, 6 mo after surgery, he could sit, squat, and walk smoothly on his own. He could say 
simple superlatives, and his command execution rate was approximately 30%. He showed poor 
emotional control and a greater temper to his parents; however, he was gentler to strangers and his 
brother.
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Table 1 Laboratory data

Parameter On admission After LT Reference range

Blood ammonia, µmol/L 461.2 ↑ 51.2 14-65

Blood lactic acid, mmol/L 4.47 ↑ 0.78 0.5-2.2

APTT, s 37.3 24.1 26.1-40.7

PT, s 23.1 ↑ 12.6 9.3-12.9

INR 2.030 ↑ 1.10 0.72-1.15

Fibrinogen, g/L 1.88 2.36 1.57-3.93

ALT, U/L 73 ↑ 44 ↑ 0-40

AST, U/L 50 ↑ 31 0-40

ALP, U/L 564 ↑ 126 40-500

GGT, U/L 15 107 ↑ 0-50

TBIL, µmol/L 30.8 ↑ 4.0 0.9-17.1

IBIL, µmol/L 25.6 ↑ 1.8 2-17

Albumin, g/L 45.5 41.9 35-55

Serum creatinine, µmol/L 63.5 42.3 64-104

Serum uric acid, µmol/L 442.90 ↑ 365.6 90-420

Ceruloplasmin 24.4 absent 22-322

Blood amino acids

Glutamine, µmol/L 66.28 ↑ 15.83 1.0-55.0

Citrulline, µmol/L 14.7 14.19 5.50-45.00

Arginine, µmol/L 13.57 5.38 1.00-70.00

Urine organic acid

Uracil, mmol/molCr 29.4 ↑ 0.0 0.0-8.0

Urinary orotic acid, mmol/molCr 123.3 ↑ 0.0 0.0-2.0

↑: Higher than the reference value; LT: Liver transplantation; APTT: Activated partial thromboplastin time; PT: Prothrombin time; INR: International 
normalized ratio; ALT: Alanine aminotransaminase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; TBIL: 
Total bilirubin; IBIL: Indirect bilirubin.

DISCUSSION
OTCD can develop at any age. Depending on the time of onset, OTCD can be divided into the neonatal-
onset type and the late-onset type (age of onset > 28 d)[6]. Patients with neonatal onset usually present 
in the first few hours and days after birth with severe disease and high mortality. The clinical 
presentation of late-onset disease varies widely, with no specific clinical manifestations before initial 
onset. Acute onset of late-onset OTCD can be induced by infection, prolonged fasting, or fatigue. The 
outcome for conservative treatment is poor in patients with hyperammonemia crisis, and 5-year 
survival is approximately 45%[7].

Outcomes in urea cycle disorders are related to blood ammonia levels and the duration of the coma. 
According to a European questionnaire, patients with blood ammonia levels > 300 μmol/L or peak 
blood ammonia levels > 480 μmol/L during the first episode suffered neurological dysfunction[8]. 
Although patients with late-onset OTCD generally have better outcomes than those with neonatal onset, 
there is a higher incidence of residual neurological damage, and the mortality rate for late-onset OTCD 
with coma on the first episode is high. In a follow-up study that included 90 OTCD cases, 18 patients 
had coma as their first presentation and 6 of them died[9]. Among 16 genetically confirmed cases of late-
onset OTCD reported in the Chinese literature[10], nine died shortly after hospital admission, 
suggesting the disease’s aggressive nature at acute onset. In our case, the patient was physically fit and 
had normal development before the presentation. Headache and vomiting were the primary manifest-
ations; these symptoms were not taken seriously until the onset of unconsciousness, which delayed the 
treatment. Although blood ammonia levels reduced to the normal range after aggressive treatment, 
neurological damage did not improve with the normalization of blood ammonia. The patient was in a 
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Figure 1 Blood ammonia changes during the first week of admission.

moderate coma before LT.
OTCD is treated with a low-protein diet and long-term oral ammonia-lowering medications. LT is the 

radical treatment for OTCD. After LT, patients no longer need to restrict their diet or take nitrogen 
scavenging agents[5]. Statistics on LT in patients with urea circulation disorders show that the 5-year 
survival rate of patients after LT can exceed 90%[11,12]. There is no consensus regarding the indications 
or timing of LT. It is now believed that LT should be performed in all patients with neonatal onset to 
prevent neurological damage[13]. The indications and timing of LT for late-onset OTCD must be 
determined by the clinical symptoms, including poor drug efficacy, recurrent episodes of hyperam-
monemia, growth retardation, and inability to strictly control the diet[14]. Although post-transplant 
patients require long-term immunosuppressive drugs, there is evidence that OTCD patients who 
underwent LT have a better quality of life than those who did not and no longer risked death due to 
sudden-onset hyperammonemia[11,15].

The present patient had an acute onset, a long duration of hyperammonemia, severe brain damage, 
and was in a moderate coma before LT. Therefore, the optimal time window for LT was missed, and the 
choice of LT and the extent to which the patient would recover from neurological damage after 
transplantation were a concern for his physicians and parents. Most LTs for OTCD patients are carried 
out in the context of stable metabolism, and there are few reports of LT in patients with severe 
neurological injury. Nevertheless, given the patient’s inability to regain consciousness, we performed 
LT, and he was conscious 4 d later. After LT, he did not take nitrogen scavenging agents, and blood 
ammonia, liver, and kidney function biochemistry were maintained in the normal range at regular 
follow-up. Kawagishi et al[16] reported a patient who underwent LT for recurrent hyperammonemia 
due to late-onset OTCD, and blood ammonia was maintained in the normal range without further 
nitrogen scavenging agents after surgery. Nevertheless, at 16 mo after surgery showed no change in 
subcortical lesions. Brain MRI in our patient was repeated about 2 mo after surgery, and suggested a 
significant reduction in abnormal cranial signals compared with the previous MRI, indicating that LT 
was effective in the treatment of this patient, However, brain MRI showed that hydrocephalus had 
progressed and brain atrophy was present, suggesting that some neurological damage may not be 
reversed after LT.

Several studies have shown that LT could be used as a radical treatment which significantly improves 
the quality of life[11,17]. However, it is not clear whether LT is beneficial for OTCD patients who 
already have severe neurological damage. This case report suggests that LT can be attempted in 
children with late-onset OTCD, even if severe neurological impairment is already present. Neurological 
recovery after LT in this patient was unexpected; the recovery of higher functions such as emotional 
control and spatial thinking require long-term rehabilitation training and psychotherapy, and its effects 
need to be observed during follow-up.
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Figure 2 Brain magnetic resonance imaging. A: On admission, brain magnetic resonance imaging (MRI), T2 fluid attenuated inversion recovery (FLAIR) 
imaging showed a large symmetrical high signal, more pronounced in the bilateral dorsal thalamus, caudate nucleus, lenticular nucleus, insula, cingulate gyrus and 
frontal lobe into the cortex at the falx; B: On admission, a high signal was observed on diffusion weighted imaging (DWI) of bilateral dorsal thalamus, caudate nucleus, 
lenticular nucleus, insula, frontal lobe into the cortex at the falx; C: Two months after liver transplantation (LT), brain MRI, T2 FLAIR imaging showed that the cerebral 
sulcus fissure was widened and deepened bilaterally in the cerebral hemispheres, and the cortex was atrophied, with a patchy high signal in the frontal lobes 
bilaterally; D: Two months after LT, brain MRI, DWI did not show any significant abnormal signal, and the abnormal signal in the original bilateral cerebral hemispheric 
cortex, dorsal thalamus, basal ganglia area, insula, cingulate gyrus, and frontal and temporal lobes was no longer obvious.

CONCLUSION
In summary, patients with late-onset OTCD and acute hyperammonemic encephalopathy are at high 
risk, and LT can significantly improve the neurological damage caused by this disease. As a radical cure 
for OTCD, LT should be considered more aggressively.

FOOTNOTES
Author contributions: Hu YH, Liao JX, Chen L, Hu ZQ and Wen JL were responsible for the treatment and 
management of the patient; Fu XH and Chen SL collected the patient’s clinical data and wrote the paper; all authors 
were involved in writing the manuscript and read and approved the final manuscript.

Supported by the Sanming Project of Medicine in Shenzhen, No. SZSM201812005.

Informed consent statement: Informed written consent was obtained from the patient for the publication of this 
report and any accompanying images.

Conflict-of-interest statement: The authors declare that they have no conflict of interest.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was 
prepared and revised according to the CARE Checklist (2016).

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

https://creativecommons.org/Licenses/by-nc/4.0/


Fu XH et al. Liver transplantation for ornithine transcarbamylase deficiency

WJCC https://www.wjgnet.com 6162 June 26, 2022 Volume 10 Issue 18

Country/Territory of origin: China

ORCID number: Xiao-Hui Fu 0000-0002-9000-224X; Yu-Hui Hu 0000-0002-6989-2460; Jian-Xiang Liao 0000-0001-9769-
3365; Li Chen 0000-0002-9029-9581; Zhan-Qi Hu 0000-0001-5926-3962; Jia-Lun Wen 0000-0002-1399-5890; Shu-Li Chen 
0000-0001-9989-6414.

S-Editor: Guo XR 
L-Editor: Webster JR 
P-Editor: Guo XR

REFERENCES
Wilcken B. Problems in the management of urea cycle disorders. Mol Genet Metab  2004; 81 Suppl 1: S86-S91 [PMID: 
15050980 DOI: 10.1016/j.ymgme.2003.10.016]

1     

Summar ML, Koelker S, Freedenberg D, Le Mons C, Haberle J, Lee HS, Kirmse B, European registry and network for 
intoxication type metabolic diseases (E-IMD). The incidence of urea cycle disorders. Mol Genet Metab 2013; 110: 179-180 
[PMID: 23972786 DOI: 10.1016/j.ymgme.2013.07.008]

2     

Dionisi-Vici C, Rizzo C, Burlina AB, Caruso U, Sabetta G, Uziel G, Abeni D. Inborn errors of metabolism in the Italian 
pediatric population: a national retrospective survey. J Pediatr  2002; 140: 321-327 [PMID: 11953730 DOI: 
10.1067/mpd.2002.122394]

3     

Kido J, Nakamura K, Mitsubuchi H, Ohura T, Takayanagi M, Matsuo M, Yoshino M, Shigematsu Y, Yorifuji T, Kasahara 
M, Horikawa R, Endo F. Long-term outcome and intervention of urea cycle disorders in Japan. J Inherit Metab Dis  2012; 
35: 777-785 [PMID: 22167275 DOI: 10.1007/s10545-011-9427-0]

4     

Häberle J, Burlina A, Chakrapani A, Dixon M, Karall D, Lindner M, Mandel H, Martinelli D, Pintos-Morell G, Santer R, 
Skouma A, Servais A, Tal G, Rubio V, Huemer M, Dionisi-Vici C. Suggested guidelines for the diagnosis and management 
of urea cycle disorders: First revision. J Inherit Metab Dis  2019; 42: 1192-1230 [PMID: 30982989 DOI: 
10.1002/jimd.12100]

5     

Division of genetics and metabolism, Child diseases and health care branch, Chinese association for maternal and child 
health. Consensus on diagnosis and treatment of ornithine trans-carbamylase deficiency. Zhejiang Daxue Xuebao Yixueban  
2020; 49: 539-547 [PMID: 33210478 DOI: 10.3785/j.issn.1008-9292.2020.04.11]

6     

Wakiya T, Sanada Y, Mizuta K, Umehara M, Urahasi T, Egami S, Hishikawa S, Fujiwara T, Sakuma Y, Hyodo M, 
Murayama K, Hakamada K, Yasuda Y, Kawarasaki H. Living donor liver transplantation for ornithine transcarbamylase 
deficiency. Pediatr Transplant  2011; 15: 390-395 [PMID: 21585627 DOI: 10.1111/j.1399-3046.2011.01494.x]

7     

Enns GM. Neurologic damage and neurocognitive dysfunction in urea cycle disorders. Semin Pediatr Neurol  2008; 15: 
132-139 [PMID: 18708004 DOI: 10.1016/j.spen.2008.05.007]

8     

Brassier A, Gobin S, Arnoux JB, Valayannopoulos V, Habarou F, Kossorotoff M, Servais A, Barbier V, Dubois S, Touati 
G, Barouki R, Lesage F, Dupic L, Bonnefont JP, Ottolenghi C, De Lonlay P. Long-term outcomes in Ornithine 
Transcarbamylase deficiency: a series of 90 patients. Orphanet J Rare Dis  2015; 10: 58 [PMID: 25958381 DOI: 
10.1186/s13023-015-0266-1]

9     

Sun Y, Li XM, Zhang TX, Li DL, Ji KQ, Yan CZ, Zhao YY. Clinical research of two cases of late-onset ornithine 
carbamoyltransferase deficiency. Zhonghua Shenjingke Zazhi  2019; 52: 399-405 [DOI: 
10.3760/cma.j.issn.1006-7876.2019.05.007]

10     

Morioka D, Kasahara M, Takada Y, Shirouzu Y, Taira K, Sakamoto S, Uryuhara K, Egawa H, Shimada H, Tanaka K. 
Current role of liver transplantation for the treatment of urea cycle disorders: a review of the worldwide English literature 
and 13 cases at Kyoto University. Liver Transpl  2005; 11: 1332-1342 [PMID: 16237708 DOI: 10.1002/Lt.20587]

11     

Molema F, Martinelli D, Hörster F, Kölker S, Tangeraas T, de Koning B, Dionisi-Vici C, Williams M; additional 
individual contributors of MetabERN. Liver and/or kidney transplantation in amino and organic acid-related inborn errors 
of metabolism: An overview on European data. J Inherit Metab Dis  2021; 44: 593-605 [PMID: 32996606 DOI: 
10.1002/jimd.12318]

12     

Kido J, Matsumoto S, Mitsubuchi H, Endo F, Nakamura K. Early liver transplantation in neonatal-onset and moderate urea 
cycle disorders may lead to normal neurodevelopment. Metab Brain Dis  2018; 33: 1517-1523 [PMID: 29948653 DOI: 
10.1007/s11011-018-0259-6]

13     

Wakiya T, Sanada Y, Urahashi T, Ihara Y, Yamada N, Okada N, Ushijima K, Otomo S, Sakamoto K, Murayama K, 
Takayanagi M, Hakamada K, Yasuda Y, Mizuta K. Impact of enzyme activity assay on indication in liver transplantation 
for ornithine transcarbamylase deficiency. Mol Genet Metab  2012; 105: 404-407 [PMID: 22264779 DOI: 
10.1016/j.ymgme.2011.12.019]

14     

Foschi FG, Morelli MC, Savini S, Dall'Aglio AC, Lanzi A, Cescon M, Ercolani G, Cucchetti A, Pinna AD, Stefanini GF. 
Urea cycle disorders: a case report of a successful treatment with liver transplant and a literature review. World J 
Gastroenterol  2015; 21: 4063-4068 [PMID: 25852294 DOI: 10.3748/wjg.v21.i13.4063]

15     

Kawagishi N, Satoh K, Enomoto Y, Akamatsu Y, Sekiguchi S, Satoh A, Fujimori K, Takasago Y, Ito T, Ohura T, Satomi 
S. Improved quality of life and unchanged magnetic resonance brain imaging after living donor liver transplantation for 
late-onset ornithine transcarbamylase deficiency: report of a case. Surg Today  2005; 35: 1087-1091 [PMID: 16341494 
DOI: 10.1007/s00595-005-3071-y]

16     

Kasahara M, Sakamoto S, Horikawa R, Koji U, Mizuta K, Shinkai M, Takahito Y, Taguchi T, Inomata Y, Uemoto S, 
Tatsuo K, Kato S. Living donor liver transplantation for pediatric patients with metabolic disorders: the Japanese 
multicenter registry. Pediatr Transplant  2014; 18: 6-15 [PMID: 24283623 DOI: 10.1111/petr.12196]

17     

http://orcid.org/0000-0002-9000-224X
http://orcid.org/0000-0002-9000-224X
http://orcid.org/0000-0002-6989-2460
http://orcid.org/0000-0002-6989-2460
http://orcid.org/0000-0001-9769-3365
http://orcid.org/0000-0001-9769-3365
http://orcid.org/0000-0002-9029-9581
http://orcid.org/0000-0002-9029-9581
http://orcid.org/0000-0001-5926-3962
http://orcid.org/0000-0001-5926-3962
http://orcid.org/0000-0002-1399-5890
http://orcid.org/0000-0002-1399-5890
http://orcid.org/0000-0001-9989-6414
http://orcid.org/0000-0001-9989-6414
http://www.ncbi.nlm.nih.gov/pubmed/15050980
https://dx.doi.org/10.1016/j.ymgme.2003.10.016
http://www.ncbi.nlm.nih.gov/pubmed/23972786
https://dx.doi.org/10.1016/j.ymgme.2013.07.008
http://www.ncbi.nlm.nih.gov/pubmed/11953730
https://dx.doi.org/10.1067/mpd.2002.122394
http://www.ncbi.nlm.nih.gov/pubmed/22167275
https://dx.doi.org/10.1007/s10545-011-9427-0
http://www.ncbi.nlm.nih.gov/pubmed/30982989
https://dx.doi.org/10.1002/jimd.12100
http://www.ncbi.nlm.nih.gov/pubmed/33210478
https://dx.doi.org/10.3785/j.issn.1008-9292.2020.04.11
http://www.ncbi.nlm.nih.gov/pubmed/21585627
https://dx.doi.org/10.1111/j.1399-3046.2011.01494.x
http://www.ncbi.nlm.nih.gov/pubmed/18708004
https://dx.doi.org/10.1016/j.spen.2008.05.007
http://www.ncbi.nlm.nih.gov/pubmed/25958381
https://dx.doi.org/10.1186/s13023-015-0266-1
https://dx.doi.org/10.3760/cma.j.issn.1006-7876.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/16237708
https://dx.doi.org/10.1002/Lt.20587
http://www.ncbi.nlm.nih.gov/pubmed/32996606
https://dx.doi.org/10.1002/jimd.12318
http://www.ncbi.nlm.nih.gov/pubmed/29948653
https://dx.doi.org/10.1007/s11011-018-0259-6
http://www.ncbi.nlm.nih.gov/pubmed/22264779
https://dx.doi.org/10.1016/j.ymgme.2011.12.019
http://www.ncbi.nlm.nih.gov/pubmed/25852294
https://dx.doi.org/10.3748/wjg.v21.i13.4063
http://www.ncbi.nlm.nih.gov/pubmed/16341494
https://dx.doi.org/10.1007/s00595-005-3071-y
http://www.ncbi.nlm.nih.gov/pubmed/24283623
https://dx.doi.org/10.1111/petr.12196


WJCC https://www.wjgnet.com 6163 June 26, 2022 Volume 10 Issue 18

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 June 26; 10(18): 6163-6167

DOI: 10.12998/wjcc.v10.i18.6163 ISSN 2307-8960 (online)

CASE REPORT

Disseminated strongyloidiasis in a patient with rheumatoid arthritis: 
A case report

Jin-Hao Zheng, Lu-Yu Xue

Specialty type: Critical care 
medicine

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Ahmed OM, Egypt

Received: October 28, 2021 
Peer-review started: October 28, 
2021 
First decision: March 7, 2022 
Revised: March 16, 2022 
Accepted: April 22, 2022 
Article in press: April 22, 2022 
Published online: June 26, 2022

Jin-Hao Zheng, Lu-Yu Xue, Department of Critical Care Medicine, Huashan Hospital Affiliated 
to Fudan University, Shanghai 200040, China

Corresponding author: Lu-Yu Xue, Doctor, Occupational Physician, Department of Critical 
Care Medicine, Huashan Hospital Affiliated to Fudan University, No. 12 Middle Urumqi Road, 
Shanghai 200040, China. icuxueluyu@163.com

Abstract
BACKGROUND 
Strongyloidiasis is usually a chronic infection but it can develop into a fatal 
disease in immunosuppressed patients.

CASE SUMMARY 
A 68-year-old male with rheumatoid arthritis was treated with a variety of 
immunosuppressants for the past 3 years. Recently, the patient presented with a 
partial small-bowel obstruction, petechia, coughing and peripheral neuropathy. 
The diagnosis was difficult to clarify in other hospitals. Our hospital found 
Strongyloides stercoralis larvae with active movement in the routine stool and 
sputum smears. The diagnosis of disseminated strongyloidiasis was established. 
Ivermectin combined with albendazole was used for treatment. The patient 
responded to therapy and was discharged.

CONCLUSION 
This case underscores the importance of comprehensive differential diagnosis in 
immunocompromised patients.

Key Words: Strongyloidiasis; Rheumatoid arthritis; Immunosuppressants; Small-bowel 
obstruction; Ivermectin; Albendazole; Case report
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Core Tip: Strongyloidiasis is usually a chronic infection but it can develop into a fatal disease in 
immunosuppressed patients. Here, we present a case of an immunocompromised patient with disseminated 
strongyloidiasis that was ignored by other hospitals. We discuss the challenges of diagnosis and the 
treatment. Since the disease was widespread, ivermectin combined with albendazole was used for 
treatment. This case underscores the importance of comprehensive differential diagnosis in immunocom-
promised patients.

Citation: Zheng JH, Xue LY. Disseminated strongyloidiasis in a patient with rheumatoid arthritis: A case report. 
World J Clin Cases 2022; 10(18): 6163-6167
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6163.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6163

INTRODUCTION
Strongyloidiasis is a disease caused by the human pathogenic parasitic roundworm Strongyloides 
stercoralis (S. stercoralis). Most larvae are excreted in the stool but re-infection or self-infection can occur 
when the mature larvae burrow into the intestinal wall or the anal tissue. S. stercoralis infections can 
become chronic and even fatal in immunosuppressed patients[1]. This report describes the clinical 
features of disseminated strongyloidiasis in an immunosuppressed patient as well as the diagnosis and 
treatment.

CASE PRESENTATION
Chief complaints
A 68-year-old male with repeated multi-joint pain for 3 years, abdominal pain and abdominal distension 
for 2 mo and progressive difficulty in swallowing, coughing, hoarseness and dysphonia for 1 wk.

History of present illness
The patient with rheumatoid arthritis was treated successively using a variety of immunosuppressants 
(methylprednisolone, tocilizumab, adalimumab, rituximab) for the past 3 years. Recently, the patient 
received treatment in several hospitals for a partial small-bowel obstruction of unknown origin which 
reoccurred repeatedly after treatment. As the patient’s condition worsened, new symptoms appeared 
including petechia, progressive difficulty in swallowing, coughing, hoarseness and dysphonia. A 
neurologist considered peripheral neuropathy because electromyography indicated peripheral nerve 
axonal damage. High-dose intravenous immunoglobulin therapy (2 g/kg over 5 d) was not effective, so 
plasmapheresis was recommended. At the same time, a parasite was detected in the stool, however, the 
species was neither identified nor treated. Due to the progress of bulbar palsy, the patient was referred 
to our hospital.

History of past illness
Diabetic history: Diabetic history for several years, maximum 18 mmol/L. Taking insulin medication, 
blood sugar is unsatisfactory for control.

Personal and family history
The patient had no specific personal and family history.

Physical examination
Upon admission, he displayed weight loss, stable vital signs, hoarseness, dysarthria, wet rales audible in 
both lungs, weak bowel sounds, muscle strength grade 3 in all limbs and diminished tendon reflexes.

Laboratory examinations
His biochemistry panel was as follows: K of 3.4 mmol/L, Na of 129 mmol/L, Ca of 1.88 mmol/L, and 
albumin of 25 g/L. Stool-Rt and sputum smears tested positive for S. stercoralis larvae with active 
movement (Figure 1).

Imaging examinations
A chest CT showed bilateral infiltrates indicating pneumonia. Echocardiography showed impaired 
movement of the left ventricular myocardium (EF 42%).
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Figure 1 Larva of Strongyloides stercoralis separated from the stool of the patient. A: 10 × 10; B: 10 × 40.

FINAL DIAGNOSIS
The diagnosis of disseminated strongyloidiasis was established.

TREATMENT
After 1 wk of treatment with albendazole 400 mg tid and other supportive treatments, the sputum 
smear was still positive. The addition of ivermectin 0.2 mg/kg/d × 2 d every 2 wk was then given. On 
day 4 of ivermectin treatment, the sputum smear and stool tested negative for intestinal parasites. After 
2 wk of comprehensive treatment, the patient's mental state gradually improved and muscle strength of 
the limbs recovered. After 6 wk of hospitalization, his abdominal pain and all previously mentioned 
symptoms except for the joint pain had dissipated. The patient was discharged and given a small dose 
of methylprednisolone + methotrexate + celecoxib to control the rheumatoid arthritis and relieve the 
joint pain. We used albendazole for 4 wk total and ivermectin for a total of 6 wk[2].

OUTCOME AND FOLLOW-UP
At 3 mo after discharge, a follow-up chest CT and electromyography showed lung and cardiac function 
had recovered.

DISCUSSION
Strongyloidiasis is a zoonotic intestinal parasitosis caused by S. stercoralis. It is estimated that 30–100 
million people are infected worldwide with this parasite[3]. Most infected individuals are asymptomatic 
or present with intermittent symptoms[4]. Immunosuppressed patients can develop hyperinfection 
syndrome and disseminated nematode disease which have high mortality rates[5-7]. Strongyloidiasis 
has been reported following concomitant tocilizumab and methylprednisolone treatment[8]. Some case 
reports suggest that paralytic ileus may be caused by massive intestinal infestation with S. stercoralis[9].

Our case has two important clinical features. First, the patient had a history of immunosuppression 
and subsequently developed clinical symptoms (e.g., intestinal obstruction, pneumonia and petechia). 
The patient’s heart was also affected. Previous hospitals detected the presence of parasites but focused 
instead on the neurological manifestations. We confirmed the presence of S. stercoralis larvae in the 
patient’s stool and sputum[10]. Second, the patient presented with choking and hoarseness at the time 
of diagnosis. Head, neck, mediastinal MRI, cerebrospinal fluid and other examinations found no 
evidence of neurological invasion. Therefore, we considered two possibilities: (1) Nutritional 
deficiencies in vitamin B1, vitamin B12 and folic acid due to long periods of fasting, causing 
malabsorption and intestinal obstruction which can lead to peripheral neuropathy[11]; and (2) 
Neurotoxic biological agents (e.g., TNF inhibitors, anti-IL-6 receptor antibody), which can cause 
peripheral neuropathy in approximately 42% of cases[12].

The Centers for Disease Control and Prevention and World Health Organization recommend 
ivermectin as the first choice for strongyloidiasis. In endemic areas, a combination of albendazole and 
ivermectin is recommended[13], and Moxidectin has also been tried as a treatment[14]. Repeated or 
extended dosing is preferred until worms are no longer detected[15]. Considering that the patient was 
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still taking low-dose methylprednisolone and methotrexate tablets for rheumatoid arthritis, we adopted 
a multi-dose and long course of treatment. At the 3 mo follow-up, no recurrence of the disease was 
detected, so the treatment was effective.

CONCLUSION
This case highlights important considerations for patients receiving immunosuppressive therapy. It is 
necessary to improve medical workers’ awareness of strongyloidiasis to avoid delays in diagnosis and 
ensure adequate management of infected patients.
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Abstract
BACKGROUND 
Cerebrotendinous xanthomatosis (CTX) is a rare autosomal recessive metabolic 
disease caused by mutations in CYP27A1. It has a low incidence rate, insidious 
onset, and diverse clinical manifestations. It can be easily misdiagnosed and can 
go unrecognized by clinicians, leading to delayed treatment and worsened patient 
outcomes.

CASE SUMMARY 
A 38-year-old male was admitted to our hospital with a history of unabating 
unstable posture and difficulty in walking for more than 30 years. Subsequently 
based on the patient's medical history, clinical symptoms, magnetic resonance 
imaging and gene sequencing results, he was finally diagnosed with CTX. Due to 
the low incidence rate of the disease, clinicians have insufficient knowledge of it, 
which makes the diagnosis process more tortuous and prolongs the diagnosis 
time.

CONCLUSION 
Prompt diagnosis and treatment of CTX improve patient outcomes.

Key Words: Cerebrotendinous xanthomatosis; CYP27A1; Sterol 27-hydroxylase; c.380G>; 
c.1563dupA; Case report
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Core Tip: Cerebrotendinous xanthomatosis (CTX) is a rare disease for which prompt diagnosis and 
treatment improve patient outcomes. In addition, unreported new mutation and previously reported 
mutation were found in this patient. Thus, it provides new data for the further study of the pathogenesis of 
CTX and enriches the pathogenic mutation spectrum of CYP27A1.

Citation: Li ZR, Zhou YL, Jin Q, Xie YY, Meng HM. CYP27A1 mutation in a case of cerebrotendinous 
xanthomatosis: A case report. World J Clin Cases 2022; 10(18): 6168-6174
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6168.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6168

INTRODUCTION
Cerebrotendinous xanthomatosis (CTX) is a rare autosomal recessive lipid deposition disorder charac-
terized by systemic signs and neurological dysfunction[1]. CTX is a treatable genetic metabolic disease, 
and early diagnosis and treatment can delay the progression of the disease to a considerable extent[2]. 
We report a case of CTX caused by mutations at two sites in CYP27A1. This case report will help 
clinicians to better understand CTX and its presentation, leading to early diagnosis and treatment, 
thereby improving the quality of life of patients.

CASE PRESENTATION
Chief complaints
A 38-year-old male was admitted to our hospital with a history of unabating postural instability and 
difficulty in walking for more than 30 years.

History of present illness
The patient was first brought for treatment at the age of 5 years. Clinical documentation at that time 
reported that the patient had exhibited unabating postural instability and difficulty in walking that did 
not improve with rest. He also exhibited cognitive impairment and irritability.

History of past illness
Since childhood, the patient experienced frequent episodes of chronic diarrhea lasting multiple weeks. 
At the age of 11 years, the patient underwent bilateral cataract surgery. At the age of 36 years, the 
patient presented with bilateral masses on the Achilles tendons coupled with thickening of the Achilles 
tendons.

Personal and family history
The patient had no specific personal and family medical history.

Physical examination
Neurological examination revealed gait ataxia, increased muscle tension in both lower limbs, bilateral 
hyperreflexia of the Achilles and knee tendons, a bilateral positive Babinski sign, and bilateral positive 
ankle clonus, indicating that the pyramidal tracts were damaged bilaterally. In addition, the patient also 
presented with arched feet and egg-sized, hard, painless lumps in both achilles tendons (Figure 1).

Laboratory examinations
Blood lipid level examination revealed a total cholesterol concentration of 4.03 mmol/L (reference 
range: 2.60–5.20 mmol/L).

Imaging examinations
Magnetic resonance imaging (MRI) (Figure 2A and B) of the brain showed T2-weighted and FLAIR 
imaging hyperintensity in the bilateral cerebellar dentate nuclei. Electroencephalography showed 
abnormal slow-wave activity, composed of θ and δ waves, bilaterally in the posterior regions. MRI 
(Figure 2C and D) of the right ankle indicated fusiform swelling and abnormal signals in the Achilles 
tendons.

Genetic testing
Based on the patient's medical history, clinical manifestations, and imaging analyses, it was unclear if 
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Figure 1 These two pictures (A, B) showed arched feet and egg-sized, hard, painless lumps in both achilles tendons.

Figure 2 Magnetic resonance imaging. A, B: Magnetic resonance imaging (MRI) of the brain showed T2-weighted and FLAIR imaging hyperintensity in the 
bilateral cerebellar dentate nuclei; C, D: MRI of the right ankle showed fusiform swelling and abnormal signals in the achilles tendons.

CTX was involved, and gene sequencing was required to confirm the diagnosis. After informing the 
patient, the patient was eager to identify the underlying cause and had hopes for treatment; therefore he 
agreed to undergo gene sequencing analyses. Genomic DNA was extracted from the peripheral blood 
cells of the patient, and first-generation sequencing of the exon coding region of CYP27A1 revealed that 
the gene had a compound heterozygous mutation of c.380G>A (Figure 3) and c.1563dupA (Figure 4). 
Further examination demonstrated that the mother and sister of the patient were carriers of the 
c.1563dupA mutation.

FINAL DIAGNOSIS
Based on the patient's medical history, clinical manifestations, auxiliary examinations and gene 
sequencing results, the diagnosis of CTX was confirmed.
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Figure 3 C.380G>A mutation in CYP27A1 gene of patient and his families. A: Patient; B: Mother; C: Sister.

TREATMENT
After the diagnosis of CTX, the patient was prescribed chenodeoxycholic acid (CDCA) at 250 mg three 
times per day and instructed to adhere to a low-cholesterol diet.

OUTCOME AND FOLLOW-UP
After 1 year of treatment, the patient felt that the symptoms of weakness in both lower limbs had 
improved slightly, but he did not report any additional changes. The patient reported no adverse 
reactions to CDCA.

DISCUSSION
The main cause of CTX is sterol 27-hydroxylase deficiency caused by the mutation of CYP27A1[3]. 
CYP27A1 encodes sterol 27-hydroxylase and is the only gene known to be associated with CTX[4]. Sterol 
27-hydroxylase is involved in the biosynthesis of primary bile acids, including cholic acid and CDCA
[5]. Sterol 27-hydroxylase deficiency obstructs the synthesis of primary bile acids, which causes the 
accumulation of bile acid synthesis pathway intermediates and derivative metabolites such as 
cholesterol and cholestanol. These substances are easily deposited in various lipophilic tissues, and 
therefore, they are more common in the brain, lens, and tendons[6]. They can negatively influence the 
function of cellular calcium channels, destroy the stability of cell membranes, and initiate the apoptosis 
pathway[7].

Currently, CTX is considered a rare disease, as are only a few hundred reported cases worldwide. 
However, we believe that this value is likely underestimated owing to the diversity of symptoms and 
the frequent delay in diagnosis. Consequently, the number of CTX cases is likely to be considerably far 
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Figure 4 c.1563dupA mutation in CYP27A1 gene of patient and his families. A: Patient; B: Mother; C: Sister.

higher than that reported. The primary manifestations of CTX are infant-onset chronic refractory 
diarrhea, juvenile-onset bilateral cataracts, tendinous xanthomas, and progressive neurological 
dysfunction[8]. Neurophenotypes include ataxia, pyramidal tract signs, cognitive impairment, and 
peripheral neuropathy[8]. When the above symptoms are unexplained by common diseases at any age, 
the possibility of CTX should be considered, and further examinations should be performed. In the case 
of our patient, almost all the aforementioned symptoms occurred, although they varied in age at 
presentation. The constellation of symptoms observed in our patient caused us to consider CTX before 
other possible diseases.

There are no recognized diagnostic criteria for CTX; thus, clinicians must make their diagnoses based 
on medical history, family history, and clinical characteristics, following which the diagnosis must be 
confirmed by performing blood biochemistry tests, plasma cholesterol assessment, MRI, and gene 
sequencing. Our patient’s gene sequencing results showed two mutation sites in CYP27A1: c.380G>A 
located on exon 2 and c.1563dupA located on exon 9. Among these, the mutation site c.380G>A has been 
reported previously[9], but the c.1563dupA mutation is novel and yet to be reported. As our patient 
possesses a known pathogenic mutation in CYP27A1, we are currently unable to determine whether the 
new gene mutation is pathogenic; further research is needed to confirm the same. In addition, the 
biochemical diagnosis of CTX is based on the increase in serum cholestanol and urine bile alcohols 
levels[4]. The typical imaging findings indicating the prevalence of CTX include T2-weighted and 
FLAIR imaging hyperintensity in the dentate nucleus[10]. The current case supports the inclusion of 
high signal intensity of the two dentate nuclei on MRI as a typical feature of CTX[11]. The typical 
imaging manifestations of CTX are high signal in T2 weighted imaging and FLAIR imaging of dentate 
nucleus.

In CTX treatment, there is currently no clear treatment plan, and the condition can be treated sympto-
matically based on the different clinical manifestations. Bile acid supplements, such as CDCA, provide a 
source of primary bile acids, which can inhibit the synthesis of bile acids through a negative feedback 
mechanism, thereby prevent the accumulation of cholesterol and cholestanol[12]. Consequently, early 
oral bile acid supplement treatment is recommended[13]. In addition, cataract extraction is common 
performed in these patients, and xanthoma can be surgically removed.
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Our patient was prescribed CDCA replacement therapy. At a follow-up visit 6 months post-
treatment, the symptoms of the patient had improved slightly. Based on previous studies, we 
understand that the clinical process of CTX is progressive[14]. Saussy et al[14] compared three cases of 
CTX and concluded that early and uninterrupted treatment can delay progression of the disease, avert 
nervous system involvement, and improve the quality of life of patients. Once the neurological 
symptoms are completely determined, the therapeutic effect will be considerably reduced.

CONCLUSION
Herein, we reported a case where first-generation sequencing of CYP27A1 was performed in a patient 
with CTX, leading to the detection of an unreported new mutation as well as a previously reported 
mutation. Consequently, this case provides new data for further examination of the pathogenesis of 
CTX and enriches the pathogenic mutational spectrum of CYP27A1. In addition, the diagnosis of our 
patient helped him to receive genetic counseling and guidance regarding fertility. We hope that our case 
report enables other clinicians to more deeply understand the diagnosis and treatment of CTX, leading 
to early diagnoses and treatment and improved patient prognoses.
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Abstract
BACKGROUND 
Clear cell sarcoma-like tumor of the gastrointestinal tract (CCSLGT) is a rare 
malignant gastrointestinal mesenchymal soft tissue tumor. Its genetic feature is 
EWSR1 gene rearrangement. Histologically, it is often accompanied by a varying 
number of CD68-positive osteoclast-like giant cells. CCSLGT mostly occurs in the 
small intestinal wall of young people and children. In terms of clinical manifest-
ations, there is no significant difference between it and other gastrointestinal 
tumors, and the diagnosis depends on immunohistochemistry and gene detection.

CASE SUMMARY 
A 16-year-old man developed dizziness and fatigue 2 mo ago, and 10 d ago 
showed progressive exacerbation of paroxysmal epigastric pain and stopped 
flatulence and defecation. Computed tomography showed a soft tissue mass in 
the distal ileum. After complete resection of the lesion, it was diagnosed by 
combined immunohistochemical and genetic examination as CCSLGT. After 
surgery, the patient gradually developed lymph node, liver, lung, bone, left thigh, 
pleura and adrenal metastasis. The survival time was 4 years and 8 mo.

CONCLUSION 
Whole abdominal computed tomography enhancement is recommended for 
patients with gastrointestinal symptoms. There is no effective treatment for 
CCSLGT with multiple metastases via the lymphatic system and bloodstream after 
surgical resection.

Key Words: Clear cell sarcoma-like tumor of the gastrointestinal tract; Metastasis; X-ray 
computed tomography; Case report
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Core Tip: Clear cell sarcoma-like tumor of the gastrointestinal tract (CCSLGT) is a rare malignant 
mesenchymal tumor with unique morphological, immunophenotypic and molecular genetic characteristics. 
Its clinical manifestations are unspecific, and the diagnosis depends on immunohistochemistry and gene 
testing. Positron emission tomography/computed tomography is recommended for patients with CCSLGT, 
which can provide functional and metabolic information in addition to anatomical information, and 
effectively reduce missed lesions. Currently, there is no effective treatment for CCSLGT.

Citation: Huang WP, Li LM, Gao JB. Postoperative multiple metastasis of clear cell sarcoma-like tumor of the 
gastrointestinal tract in adolescent: A case report. World J Clin Cases 2022; 10(18): 6175-6183
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6175.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6175

INTRODUCTION
Clear cell sarcoma-like tumor of the gastrointestinal tract (CCSLGT) is a rare malignant mesenchymal 
soft tissue tumor that can occur in any part of the gastrointestinal tract, mostly in the small intestinal 
wall, followed by the stomach, colon and peritoneum[1,2]. Zambrano et al[3] first reported in 2003 that, 
because of the characteristic appearance of osteoclast-like giant cells in the tumor, they believed that this 
type of tumor had some but not all of the characteristics of soft tissue clear cell sarcoma. The etiology 
and pathogenesis of CCSLGT are not clear. Its genetic feature is EWSR1 gene rearrangement, which is 
seen in 81% of cases[4]. Histologically, CCSLGT shows diffuse sheet-like or irregular nest-like arr-
angement of interstitial tumor cells infiltrating the mucosal and plasma layers of the gastrointestinal 
wall, with visible pseudopapillary and pseudokryoid mass structures, mucus-like interstitium and focal 
necrosis, lightly stained or transparent cytoplasm, small or inconspicuous nucleoli, active mitosis, and 
scattered distribution of osteoblast-like multinucleated giant cells in about 50% of cases[5-7]. Immuno-
histochemistry was characterized by positive expression of Smur100 protein and SOX-10, but no 
expression of melanocyte markers such as HMB45 and Melan A. Dense secretory granules were seen in 
the ultrastructure, but no melanosomes were seen, suggesting neuroendocrine differentiation. CCSLGT 
is more common in young people and children; the age of onset is 5-81 years; there is no gender 
difference; the tumor can invade the serosa and even involve the surrounding organs; and the clinical 
manifestations are not significantly different from those of other gastrointestinal tumors. We here report 
a case of an adolescent with CCSLGT who developed multiple metastases in mesenteric lymph nodes, 
liver, lung, bone, left inner thigh, pleura, mediastinum, hilar lymph nodes, and adrenal gland after 
surgery, and had a poor prognosis with survival of no more than 5 years despite aggressive antitumor 
therapy. As far as we know, there are few reports in the English-language literature of multiple 
metastases in adolescent patients with CCSLGT after extensive resection. Clinicians should consider its 
highly invasive biological behavior and follow-up closely with whole-body imaging.

CASE PRESENTATION
Chief complaints
A 16-year-old man had dizziness and fatigue without obvious cause 2 mo ago. After strenuous exercise 
15 d ago, dizziness was aggravated, with nausea and tinnitus.

History of present illness
Laboratory test results at a local hospital showed neutrophils (6.35 × 109/L, normal level 1.80 × 109-6.30 
× 109/L), erythrocytes (3.91 × 1012/L, normal level 4.80 × 109–5.80 × 109/L), platelets (486 × 1012/L, 
normal level 100 × 109-300 × 109/L), high sensitivity C-reactive protein (188.0 mg/L, normal level 0.5-10 
mg/L), fecal occult blood test positive, and gastroscopy suggested erosive gastritis. No obvious 
abnormality was found on colonoscopy. The patient was diagnosed with gastrointestinal bleeding and 
hemorrhagic anemia. The patient presented with tolerable paroxysmal epigastric pain 10 d prior to 
hospital visit, but the abdominal pain worsened progressively when eating 10 h previously, and he 
came to our hospital for medical treatment. He had normal spirit and appetite, poor sleep, and normal 
defecation and urination, and a weight loss of 3 kg.

History of past illness
The patient was in good health.

https://www.wjgnet.com/2307-8960/full/v10/i18/6175.htm
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Personal and family history
The patient had no family history of hereditary diseases.

Physical examination
On admission, he had pressure pain in the wall of the upper abdomen, and no rebound tenderness, 
bowel sounds at 8 beats/min.

Laboratory examinations
Laboratory test results showed elevated fibrinogen (5.72 g/L, normal level 2–4 g/L), but no obvious 
abnormality was found in tumor markers.

Imaging examinations
Abdominal digital radiography did not show any dilated loop of bowel to suggest bowel obstruction 
(Figure 1). Further contrast-enhanced computed tomography (CT) of the abdomen and pelvis showed 
obvious localized thickening of the ileal wall in the right lower abdomen, with soft tissue density mass, 
involving the intestinal wall with a length of approximately 4.1 cm, plain scan CT value of approx-
imately 59 HU (Figure 2A), arterial phase CT value of approximately 78 HU (Figure 2B) and venous 
phase CT value of approximately 97 cm (Figure 2C), showing moderate uniform progressive enha-
ncement. Multiplanar reformation (MPR) images showed that the mass in the intestinal wall grew 
inwards. The thickness of the mass was approximately 2.4 cm, and resulted in luminal narrowing. 
Several enlarged lymph nodes could be seen at the root of the mesentery, and the largest was approx-
imately 2.8 cm in diameter (Figure 2D).

FINAL DIAGNOSIS
Combined with pathological morphology, immunohistochemistry and gene detection, the tumor was 
diagnosed as CCSLGT.

TREATMENT
The patient underwent resection of the small intestinal masses. During the operation, a solid and hard 
protuberant tumor was located in the ileum approximately 15 cm from the ileocecal part. The tumor of 
about 5 cm × 3.5 cm × 2 cm invaded the whole layer of the intestine; did not invade the surrounding 
organs; enlarged lymph nodes were seen at the root of the mesentery, with a size about 2 cm × 1 cm; 
dark red content could be seen in the distal intestine, and old bleeding was considered; and no 
abnormality was found in the liver and pelvis. The tumor and part of the small intestine were removed 
at 5 cm from both ends of the lesion, and the mesenteric and perienteric fat lymph nodes were dissected. 
The postoperative specimens were sent for pathological examination. Under light microscopy, the 
tumor cells were diffusely arranged and separated by a slender fibrous septum (Figure 3A). Immunohis-
tochemical detection: AE1/AE3 (-), CK7 (focal ±), Smur100 (+) (Figure 3B), MelanA (-), HIB45 (-), CD34 
(vascular +) (Figure 3C), CD117 (-), Dog-1 (-), CDX-2 (-), Villin (-), CK8/18 (-), LCA (-), CD10 (-), TFE-3 
(-), SMA (-), desmin (-), MyoD1 (pulp ±), myogenin (pulp ±), NSE (pulp ±), Ki-67 (30% +) (Figure 3D). 
Fluorescence in situ hybridization (FISH) detected 100 tumor cells, and the number of positive cells for 
fluorescent labeling was 46%. Reverse transcription polymerase chain reaction regarding EWS/ATF1 
was positive to confirm our FISH experiment. According to the interpretation criteria, this case had 
EWSR1 gene breakage (Figure 3E).

OUTCOME AND FOLLOW-UP
The patient was followed up regularly without adjuvant treatment. After 13 mo, he stopped defecation 
and flatulence and came to our hospital because of intermittent severe abdominal pain. CT examination 
showed multiple enlarged lymph nodes at the root of the mesentery (Figure 4A). Clinicians considered 
metastasis and carried out abdominal exploration. Tumors of 6.0 cm × 4.0 cm × 3.0 cm and 1.5 cm × 1.0 
cm × 0.5 cm were found at the root of the retroperitoneal small intestine.

After surgical resection, the specimens were sent for pathological examination, combined with 
medical history and immunohistochemistry in accordance with CCSLGT mesenteric lymph node 
metastasis. Ultrasonography (US) 27 mo after the operation showed that the intrahepatic echo was 
hyperechoic (Figure 4B), and the internal echo was inhomogeneous, with a size of about 1.4 cm × 1.2 cm. 
There was no obvious blood flow signal on color Doppler flow imaging. Ultrasound-guided percu-
taneous hepatic space-occupying biopsy and radiofrequency ablation were performed, and the left lobe 
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Figure 1 Digital radiography. There was no obvious manifestation of intestinal obstruction.

Figure 2 Preoperative computed tomography. A: Obvious localized thickening of ileal wall in the right lower abdomen; B: The mass showed mild 
enhancement in the arterial phase; C: The mass showed moderate homogeneous progressive enhancement during the venous phase; D: The venous coronal images 
showed that the mass of the intestinal wall grew into the intestinal cavity; the intestinal cavity was obviously narrowed; and the lymph nodes at the root of the 
mesentery were enlarged.

nodules were ablated with hyperechoic coverage. The postoperative specimens were sent for 
pathological examination, which was consistent with CCSLGT liver metastasis. CT examination at 32 
mo after the operation showed multiple solid and well-defined nodules in both lungs, and a patchy and 
nodular low-density mass in the liver, with unclear boundary, contrast enhancement in the ring but no 
obvious enhancement in the center (Figure 4C). The enlarged lymph nodes at the root of the mesentery 
were enlarged and increased compared with before.
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Figure 3 Optical microscopy and molecular pathology fluorescence in situ hybridization. A: The tumor cells were diffusely arranged, separated by 
a slender fibrous diaphragm [hematoxylin and eosin (HE) 200×]; B: Immunohistochemical staining revealed S-100 positivity (Envision, 200×); C: 
Immunohistochemical staining revealed CD34 positivity (Envision, 200×); D: Immunohistochemical staining revealed 30% positivity for Ki-67 (Envision, 200×); E: total 
of 100 tumor cells were detected and counted, and the number of positive cells was 46%. EWSR1 gene breakage occurred in this case.

Contrast-enhanced US showed multiple areas of solid inhomogeneous hypoechogenicity adjacent to 
the superior mesenteric artery with clear boundaries. The larger areas were about 3.6 cm × 2.9 cm, and 
the enhancement was slow and uneven. Solid inhomogeneous areas of hypoechogenicity of 1.3 cm × 1.2 
cm and 2.2 cm × 1.9 cm were seen under the capsule of the right anterior lobe and posterior lobe of the 
liver, respectively. The boundary was unclear, the arterial phase showed circular enhancement, and the 
enhancement in the portal vein and delayed phases decreased. Ultrasound-guided lymph node biopsy 
and radiofrequency ablation of enlarged lymph nodes adjacent to the superior mesenteric artery and 
radiofrequency ablation of liver space were performed. Postoperative pathology combined with medical 
history and immunohistochemistry were consistent with CCSLGT superior mesenteric artery parames-
enteric lymph node metastasis.

At 35 mo after the operation, the patient found a mass on the inside of the left thigh, with hard 
texture, poor range of motion, traction-like pain in the left thigh, and tension in the posterior lumbar 
muscles with fluctuating pain, passive posture and limited activity, which lasted for 1 h. The symptoms 
gradually worsened. Magnetic resonance imaging (MRI) of lumbar vertebrae showed low signal 
intensity in T12, L1 and L3 vertebrae, slightly high signal intensity in T2-weighted imaging, and high 
signal intensity in L3 vertebrae on turbo inversion recovery magnitude fat pressing sequence 
(Figure 4D).

Whole-body 99mTc-methylene diphosphonate bone scintigraphy showed increased radiotracer uptake 
in L3 vertebral body (Figure 5), and bone metastasis was considered. The patient was treated regularly 
with intensity-modulated radiotherapy. CT showed more lesions in the liver, unclear cystic-solid, low-
density, space-occupying lesion on the inner side of the left thigh, and uneven circular enhancement 
(Figure 4E). The maximum dimension was about 3.3 cm × 2.9 cm. Ultrasound-guided puncture biopsy 
and radiofrequency ablation of the mass in the medial thigh and radiofrequency ablation of the liver 
were performed. Postoperative pathology combined with morphology, immunohistochemistry and 
previous medical history were consistent with CCSLGT medial metastasis of the left thigh.

Thirty-nine months after the operation, the patient came to our hospital with recurrent fever, cough 
and expectoration for > 1 mo. The body temperature fluctuated from 38.0 to 39.5 °C. CT examination 
showed more multiple small nodules in both lungs than before (Figure 4F).

Forty-three months after the operation, pelvic MRI showed multiple diffuse restricted high signals in 
the bilateral inguinal area and adjacent iliac vessels, with mild MRI enhancement (Figure 4G). Re-
examination by CT showed that the nodule of the left lower lobe was significantly enlarged and the 
boundary was unclear (Figure 6A). The size of the nodule was 2.5 cm × 3.5 cm, with mild inhomo-
geneous enhancement, and the left pleural soft tissue nodule showed enhancement (Figure 6B). Bilateral 
inguinal lymph nodes were enlarged and there was a small amount of fluid density in bilateral pleura 
and pericardium.
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Figure 4 Images at 13 mo, 27 mo, 32 mo, 35 mo, 39 mo, and 43 mo after surgery. A: Computed tomography 13 mo after surgery, multiple enlarged 
lymph nodes were seen at the root of the mesentery; B: Ultrasonography 27 mo after surgery, there was a higher echo with a clear boundary in the liver, and the 
internal echo was not uniform; C: Computed tomography 32 mo after surgery, there were multiple patchy and nodular low-density space-occupying lesions in the 
liver, the boundary was not clear, the ring was slightly enhanced, but there was no obvious enhancement in the center; D: Magnetic resonance imaging 35 mo after 
surgery, L3 vertebrae showed high signal intensity on turbo inversion recovery magnitude fat pressing sequence; E: Computed tomography 35 mo after surgery, the 
mass on the inner side of the left thigh showed inhomogeneous circular enhancement and the boundary was unclear; F: Computed tomography 39 mo after surgery, 
there were multiple small nodules in both lungs, the larger of which was located in the lower lobe of the left lung, with a diameter of ~1.9 cm; G: Magnetic resonance 
imaging 43 mo after surgery, multiple mild enhanced signals in bilateral inguinal area and adjacent iliac vessels.

CT examination at 50 mo after the operation showed an irregular mass in the lower lobe of the left 
lung, which was significantly larger in size than before (Figure 6C) and moderate enhancement 
(Figure 6D). Other nodules in both lungs were enlarged and increased in number, with multiple 
mediastinal, left hilar, and axillary lymphadenopathy (Figure 6E). Soft tissue nodules in the left pleura 
were enlarged, low-density soft tissue masses were seen in the left adrenal gland with a diameter of 
approximately 2.3 cm, and the boundary was unclear, moderately reinforced in a circular pattern 
(Figure 6F), with small pleural and pericardial effusion.

At 56 mo after the operation, the patient died of multiple metastases of CCSLGT.

DISCUSSION
The most common clinical manifestations of CCSLGT are abdominal pain, intestinal obstruction, 
accompanied by varying degrees of anemia, nausea, vomiting, weight loss and fatigue[2-4]. This patient 
was in good health, had no family history of tumors, and the symptoms were atypical at the beginning, 
because the primary tumor of the small intestine was rare. After an occult blood test was positive, the 
patient was examined by gastroscopy and colonoscopy, but not by enteroscopy. He was diagnosed with 
erosive gastritis with gastrointestinal bleeding, no small intestinal lesions were found, and antitumor 
treatment was delayed. Later, the patient developed paroxysmal epigastric pain, stopped flatulence and 
defecation, and no intestinal obstruction was found by digital radiography. Further CT enhancement 
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Figure 5 Whole-body 99mTc-methylene diphosphonate bone scan imaging 35 mo after surgery. A: Anterior posterior position image; B: Posterior 
anterior position image.

found a space-occupying soft tissue mass in the ileum. Therefore, patients with gastrointestinal 
symptoms should be examined by CT, which is beneficial for the detection of lesions in other parts of 
the body. The median diameter of CCSLGT is 45 mm, ranging from 15 mm to 135 mm. In general, it is 
multinodular and can be accompanied by hemorrhage, necrosis or cystic changes[4]. The present case 
was consistent with reports in the literature.

Histologically, tumor cells infiltrate between the walls of the gastrointestinal tract, often into the 
mucous membrane and serous layer, forming mucosal ulcers. CCSLGT consists of medium-sized tumor 
cells arranged in flaky or irregular nest-like structures separated by a slender fibrous diaphragm, 
pseudopapillary, pseudoglandular and pseudochrysanthemum-shaped structures and myxoid stroma, 
and occasionally pseudoangioma-like structures. Osteoclast-like multinucleated giant cells are scattered 
in approximately 50% of the cases[5-7]. Mitotic activity is significantly active in these tumors, 
accompanied by typical focal necrosis[8]. Stockman et al[7] reviewed and analyzed 16 cases of CCSLGT, 
and found that the tumor showed neurodifferentiation potential and expressed neuroendocrine 
markers, indicating that gastrointestinal CCS originated from neuroectodermal precursor cells and may 
have lost the ability of melanocyte differentiation. Therefore, a new name was proposed, malignant 
gastrointestinal neuroectodermal tumor.

The imaging findings of CCSLGT have rarely been reported. CT examination of our patient showed 
that the peripheral wall of the intestinal canal in the distal part of the right lower abdominal ileum was 
localized and thickened, the density was uniform, and no calcification or cystic necrosis was found. 
After MPR, the tumor showed strong invasive growth into the intestine, a clear boundary, obvious 
narrowing of the intestinal cavity and moderate progressive enhancement, which was different from 
that of traditional sarcomas. It may be associated with the presence of mucoid stroma in the tumor 
pathological tissue, which makes the contrast medium enter the tumor tissue slowly. Pathologically, the 
tumor invaded the whole layer of the intestinal wall, and the peri-intestinal fat was clear on CT images, 
and no invasion was found.

CCSLGT in the small intestine should be differentiated from small intestinal stromal tumor, small 
intestinal adenocarcinoma and small intestinal lymphoma. Small intestinal stromal tumors often occur 
in the jejunum, with characteristic expression of CD117. CT shows irregular or circular thickening of the 
intestinal wall, or manifested as a round or lobulated mass protruding from the intestinal lumen. The 
enhanced mass or thickened intestinal wall showed mild to moderate enhancement. CT of small 
intestinal adenocarcinoma shows irregular or circular thickening of the intestinal wall, irregular mucous 
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Figure 6 Computed tomography 43 mo (A-B) and 50 mo (C-F) after surgery. A: The nodule of the lower lobe of the left lung was obviously enlarged, 
and the boundary was not clear. The size was about 2.5 cm × 3.5 cm; B: The soft tissue nodule of the left pleura showed slight enhancement, with a small amount of 
fluid density in the left pleural cavity; C: The irregular mass in the lower lobe of the left lung was significantly larger than before, with a size of about 8.2 cm × 5.7 cm; 
D: After enhancement, the focus showed moderate enhancement; E: Multiple enlarged lymph nodes in mediastinum, left hilum and left axilla; F: Low-density soft 
tissue mass of the left adrenal gland with unclear boundary and moderate circular enhancement.

membrane, or localized soft tissue masses protruding into the intestinal lumen, and mild to moderate 
enhancement of the mass or thickened intestinal wall. Most small intestinal lymphomas show diffuse 
uniform thickening of the intestinal wall, the involved intestinal segment is long and some of them 
show single or multiple polypoid masses protruding into the intestinal cavity, and most of them show 
mild to moderate homogeneous enhancement.

CCSLGT has highly invasive biological behavior, and local recurrence and distant metastasis readily 
occur in the later stage. Regional lymph nodes, lungs, bones and liver are the main sites of metastasis
[9]. Currently, there is no effective treatment, and the main treatment is surgical resection. Even after 
treatment, CCSLGT usually relapses in a wide range of metastatic nodules and visceral diseases[10]. 
After extensive surgical resection, metastasis of mesenteric lymph nodes, liver, lung, bone, medial left 
thigh, pleura, mediastinum, hilar lymph nodes and adrenal gland gradually appeared in the present 
patient, indicating that CCSLGT metastasizes through lymph nodes and blood. Although our patient 
received active antitumor therapy, the survival time was < 5 years and his prognosis was poor. 
Disappointingly, conventional adriamycin-based chemotherapy for other non-small round cell soft 
tissue sarcomas is ineffective, and there is no report that postoperative radiotherapy and chemotherapy 
are helpful; therefore, larger prospective studies are needed to determine the best treatment options
[11]. Although there are currently no effective treatments for this highly aggressive tumor, future 
targeted therapies that inhibit the function of the EWSR1–CREB1 fusion oncogene or its associated 
downstream pathways may be effective in treating the disease. CT can accurately locate CCSLGT and 
provide the characteristics of lesion size, shape, internal structure and growth. It is of value in observing 
invasion of adjacent tissues and organs and lymph nodes, and distant metastasis. Positron emission 
tomography/CT is recommended for patients with CCSLGT, which can provide functional metabolic 
information beyond anatomical images and effectively reduce missed lesions.

CONCLUSION
In summary, Whole abdominal CT enhancement is recommended for patients with gastrointestinal 
symptoms. CCSLGT is a rare malignant mesenchymal tumor with unique morphological, there is no 
effective treatment for CCSLGT with systemic multiple metastases via the lymphatic system and 
bloodstream after surgical resection. immunophenotypic and molecular genetic characteristics. The 
clinical manifestations are not specific, and the diagnosis depends on immunohistochemistry and gene 
detection. Currently, there is no effective treatment. Clinicians should consider its highly aggressive 
biological behavior, follow it closely, and recommend regular postoperative whole-body imaging to 
reduce missed lesions. The diagnosis of this young patient with CCSLGT was clear. After active 
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antitumor treatment, the metastatic focus in vivo is still progressing, the survival time is short, and the 
prognosis is poor.
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Abstract
BACKGROUND 
Neoadjuvant or perioperative chemotherapy combined with surgery can reduce 
postoperative recurrence and improve the long-term survival rate of patients with 
locally advanced resectable gastric carcinoma. Nivolumab combined with 
chemotherapy has been recommended by the National Comprehensive Cancer 
Network guidelines as a first-line therapy for advanced gastric carcinoma/ 
adenocarcinoma of the gastroesophageal junction and serves as the basis for 
immunotherapy combined with chemotherapy to become a neoadjuvant therapy. 
Herein, we report a case in which pathologic complete response was achieved by 
neoadjuvant administration of toripalimab, Herceptin, and docetaxel, oxaliplatin, 
calcium folinate, and fluorouracil (FLOT) chemotherapy followed by surgery for 
human epidermal growth factor receptor 2 (HER2)- and programmed death-
ligand 1 (PD-L1)-positive locally advanced gastric carcinoma. We hope that this 
case will shed some light on neoadjuvant therapy for gastric carcinoma.

CASE SUMMARY 
The patient was diagnosed with locally advanced adenocarcinoma of the cardia. 
Immunohistochemistry of the baseline tissues suggested that the tissues were 
HER2- (fluorescent in situ hybridization) and PD-L1-positive (combined positive 
score = 1). The patient underwent surgery following a four-cycle neoadjuvant 
therapy comprising Herceptin, toripalimab, and FLOT chemotherapy. The 
postoperative pathological findings showed mild atypical hyperplasia of the local 
glands with chronic mucosal inflammation (proximal stomach), no clear residual 
tumor (tumor regression grade 0), no regional lymph node metastasis, and 
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negative upper and lower cut ends. The levels of tumor markers were reduced to normal levels 
after re-examination. With good postoperative recovery, the four-cycle preoperative chemotherapy 
was continued at the same dosage as that previously administered. After the treatment, the patient 
was monitored every 3 mo with a follow-up of 12 mo (4 times). As of February 27, 2022, he was in 
a good condition without disease progression. The clinical trial registration number is E2019401.

CONCLUSION 
There are many ongoing studies on neoadjuvant immunotherapy combined with chemotherapy or 
radiotherapy; however, most of these studies are phase II studies with small cohorts. According to 
the results of some current studies, these combined regimens have shown promising results in 
terms of efficacy and safety. However, the clinical efficacy and safety of the neoadjuvant therapies 
used in these combined regimens need to be confirmed by additional prospective phase III clinical 
trials, and further exploration of molecular markers for effective populations is required.

Key Words: Toripalimab; Targeted therapy; Chemotherapy; Perioperative management; Gastric carcinoma; 
Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report a case in which pathologic complete response was achieved by neoadjuvant adminis-
tration of toripalimab, Herceptin, and docetaxel, oxaliplatin, calcium folinate, and fluorouracil chemo-
therapy followed by surgery for human epidermal growth factor receptor 2- and programmed death-ligand 
1-positive locally advanced gastric carcinoma. We hope that this case will shed some light on neoadjuvant 
therapy for gastric carcinoma.

Citation: Liu R, Wang X, Ji Z, Deng T, Li HL, Zhang YH, Yang YC, Ge SH, Zhang L, Bai M, Ning T, Ba Y. 
Toripalimab combined with targeted therapy and chemotherapy achieves pathologic complete response in gastric 
carcinoma: A case report. World J Clin Cases 2022; 10(18): 6184-6191
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6184.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6184

INTRODUCTION
Gastric carcinoma has a high incidence in China. Surgery might be a radical cure for gastric carcinoma; 
however, it is limited to only early-stage gastric carcinoma (stage I). The 5-year survival rate of patients 
with locally advanced gastric carcinoma (late stage) is 30%–50%[1], even with an extended area of 
resection and lymph node dissection. Many studies have confirmed that the combination of 
adjuvant/neoadjuvant chemotherapy/chemoradiotherapy can improve patients’ prognosis, enhance R0 
resection rates, reduce distant metastases and recurrence rates, and improve survival rates through 
tumor downstaging[2-4]. In the European randomized controlled phase III AIO-fluorouracil (FLOT)-4 
trial, resectable gastric carcinoma patients received either the FLOT (docetaxel, oxaliplatin, calcium 
folinate, and fluorouracil) or epirubicin, cisplatin, and fluorouracil (ECF) regimen before and after 
surgery. The results showed that the FLOT regimen had better efficacy, higher R0 resection rate, better 
disease-free survival (DFS), and better overall survival (OS) than the ECF regimen, which laid the 
foundation for the FLOT regimen to become a new standard perioperative therapy for advanced gastric 
carcinoma. Therefore, a regimen that combines surgery with neoadjuvant or perioperative chem-
otherapy has been recommended by the guidelines of the Chinese Society of Clinical Oncology, the 
European Society for Medical Oncology, and the National Comprehensive Cancer Network (NCCN).

The KEYNOTE-059[5] and ATTRACTION-02[6] trials have suggested that programmed death-1 (PD-
1) inhibitors are effective for advanced gastric carcinoma/adenocarcinoma of the gastroesophageal 
junction. The United States Food and Drug Administration (FDA) and the National Medical Products 
Administration have approved the indications for pembrolizumab in patients with a programmed 
death-ligand 1 (PD-L1) combined positive score (CPS) ≥ 1 and nivolumab in the third-line and posterior-
line treatment of advanced gastric carcinoma. The CheckMate-649[7] and ATTRACTION-04[8] trials 
have revealed that nivolumab plus chemotherapy has significantly better efficacy than chemotherapy 
alone in the first-line treatment of advanced gastric carcinoma/adenocarcinoma. In China, as the first 
approved immunotherapy targeting PD-1, toripalimab (JS001) induces the endocytosis of PD-1, reduces 
the expression of PD-1 on the membrane surface, and relieves the immunosuppression of T cells, 
thereby achieving strong antitumor effects. In 2020, the American Society of Clinical Oncology reported 
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the clinical response and biomarker analysis of first-line toripalimab combined with standard 
chemotherapy for solid tumors in a phase II cohort study[9]. The study found that the objective 
response rate (ORR) was 54.5%, the disease control rate was 84.8%, and the duration of response was 8.3 
mo. Moreover, in the randomized controlled phase III KEYNOTE-585[10] trial, which is currently 
enrolling patients, therapy-naive patients with locally advanced gastric carcinoma/adenocarcinoma of 
the gastroesophageal junction in the experimental group will receive pembrolizumab combined with 
neoadjuvant chemotherapy before surgery and pembrolizumab combined with adjuvant chemotherapy 
after surgery, whereas those in the control group will receive placebo combined with chemotherapy.

Human epidermal growth factor receptor 2 (HER2), also known as erythroblastic oncogene B2 
(ERBB2), is a proto-oncogenic protein encoded by the ERBB2 gene on human chromosome 17. Tyrosine 
kinase receptor that binds to the membrane is a protein product of this gene. This receptor can promote 
cell proliferation and inhibit apoptosis, leading to neoplasm formation[11]. HER2 overexpression or 
amplification is found in 13%–22% of patients with gastric carcinoma or adenocarcinoma of the 
esophagogastric junction[12]. Immunohistochemistry (IHC) staining and fluorescent in situ hybrid-
ization (FISH) are recommended by the guidelines for the detection of HER2 overexpression in patients 
with advanced gastric adenocarcinoma. In 2010, trastuzumab was approved by the FDA as a first-line 
drug in combination chemotherapy for HER2-positive gastric carcinoma. In another study[13], 
preliminary results were obtained for combined immunotherapy, trastuzumab, and chemotherapy for 
gastric carcinoma/esophageal cancer/adenocarcinoma of the esophagogastric junction. The study 
found that the 6-mo progression-free survival (PFS) rate was 75%, the ORR was 91%, the median PFS 
was 13 mo, and the median OS was 27.3 mo. The above data were better than the previous data for 
HER2-positive advanced gastric carcinoma.

In this study, we report a case in which pathologic complete response (pCR) was achieved by 
neoadjuvant toripalimab, Herceptin, and FLOT chemotherapy followed by surgery for HER2- and PD-
L1-positive locally advanced gastric carcinoma. We hope to provide more evidence for neoadjuvant 
therapies in gastric carcinoma patients by reporting this case.

CASE PRESENTATION
Chief complaints
A 63-year-old male patient experienced dysphagia, poor appetite, night sweats, and fatigue on July 2, 
2020, and sought medical attention at the Hulunbuir People’s Hospital in Inner Mongolia, China.

History of present illness
On July 22, 2020, gastroscopy revealed protuberant lesions in the cardia and fundus; bite biopsy 
revealed adenocarcinoma of the cardia (Figure 1A); IHC revealed HER2 positivity (2+, FISH was 
recommended); in situ hybridization revealed EBER (−); and FISH revealed HER2 positivity (Figure 1B).

History of past illness
The patient has been suffering from hepatitis B virus (HBV) infection for more than 30 years, without 
history of hypertension, coronary heart disease, diabetes, or tuberculosis.

Personal and family history
The patient’s family history is not applicable.

Physical examination
The tissues obtained from the bite biopsy were tested for PD-1, revealing CPS positivity (CPS = 1) 
(Figure 1C) and TPS negativity.

Laboratory examinations
On July 22, 2020, gastroscopy revealed protuberant lesions in the cardia and fundus; bite biopsy 
revealed adenocarcinoma of the cardia; IHC revealed HER-2 positivity (2+, FISH was recommended); in 
situ hybridization revealed EBER (−); and FISH revealed HER2 positivity. Next-generation sequencing 
(NGS) revealed tumor protein p53 (TP53) c.329G>C p.Arg110Pro (abundance 33.82%), and ERBB2 copy 
number amplification (n = 4.5).

Imaging examinations
On July 30, 2020, a computed tomography (CT) scan was performed (Figure 2A).
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Figure 1 Histology and immunohistochemistry images. A: Histology; B: Positivity for programmed death-ligand 1 (combined positive score = 1); C: 
Positivity for human epidermal growth factor receptor 2.

Figure 2 Computed tomography images. A: Baseline; B: After neo-adjuvant therapy; C: After surgery.

FINAL DIAGNOSIS
(1) Thickened wall of the cardia and adjacent lesser curvature of the stomach, suggestive of carcinoma of 
the cardia, and invaded fundus and multiple lymph nodes in the hepatogastric ligament region, for 
which clinical and endoscopic examination needed to be performed; (2) Multiple cysts in the liver; (3) 
Cyst of the right kidney; (4) Slightly thickened left adrenal gland, with follow-up visits recommended; 
(5) Prostatic calcification; (6) Subpleural ground-glass opacity in the right lung and scattered nodules 
and granules on the pleura of both lungs and under the interlobar pleura, with follow-up visits 
recommended; and (7) A dot-like compact shadow on the 5th right rib, for which follow-up visits were 
recommended.

TREATMENT
From July 30, 2020 to September 2020, four-cycle targeted therapy, chemotherapy, and immunotherapy 
were administered. The specific regimen was as follows: Trastuzumab: 420 mg in the first cycle and 280 
mg in the second cycle; docetaxel: 90 mg, ivd, d1; oxaliplatin: 150 mg, ivd, d1; calcium folinate: 700 mg, 
ivd, d1; fluorouracil: 4800, civ, 46 h; and toripalimab: 240 mg, ivd, d2; Q2W. Grade I gastrointestinal 
reaction occurred and improved after symptomatic treatment.

The imaging findings (CT on October 15, 2020, compared with that on July 30, 2020) after the four 
cycles of therapy were as follows (Figure 2B): The wall thickness of the cardia and adjacent lesser 
curvature was less than that before therapy; lymph nodes in the hepatogastric ligament region were 
reduced in size; and subpleural infiltration in the right lower lobe was more absorbed. No other 
significant changes were noted. Upper gastrointestinal tract radiography revealed carcinoma of the 
cardia.

Under general anesthesia, the patient underwent laparoscopic radical D2 gastrectomy for gastric 
carcinoma on October 23, 2020. Surgical findings revealed a neoplasm at the fundus of the stomach from 
the cardia, which presented as a 4 cm × 2 cm ulcer with local serosal invasion. No significantly enlarged 
lymph nodes were found around the stomach. The lesions presented post-chemotherapy scar-like 
changes. Multiple small lymph nodes were noted around the stomach, most of which were post-
chemotherapy changes. The postoperative pathological findings revealed focal (proximal stomach) mild 
atypical glandular hyperplasia with chronic mucosal inflammation, no clear residual tumor (tumor 
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regression grade 0), no regional lymph node metastasis, and negative upper and lower cut ends. The 
grading was as follows: Station 1 0/9, Station 2 0/6, Station 3A 0/12, Station 3B 0/2, Station 4SA soft 
tissue (−), Station 4SB 0/1 and soft tissue (−), Station 4D 0/2, Station 5 soft tissue (−), Station 6 0/1, 
Station 7 soft tissue (−), Station 8 soft tissue (−), Station 9 0/4, Station 12A soft tissue (−), Station 19 0/1, 
and Station 20 0/2. No circulating tumor microemboli or circulating tumor cells were detected. A retest 
of tumor markers showed a return to normal levels.

OUTCOME AND FOLLOW-UP
With good postoperative recovery, the postoperative CT film (performed on November 16, 2020, 
Figure 2C) was stored, and the four-cycle chemotherapy regimen was continued at the same dosage as 
that administered previously. Until February 27, 2022, the patient was examined quarterly for 12 mo (4 
times), and he was in a good condition without disease progression. The timeline of this case report is 
indicated in Figure 3.

DISCUSSION
In a study of combined immunotherapy and trastuzumab treatment for HER2-positive gastric 
carcinoma[13], 25 patients received immunotherapy and targeted therapy as the initial treatment and 
chemotherapy in the second cycle, whereas 12 patients received immunotherapy, targeted therapy, and 
chemotherapy as the initial treatment. In the initial treatment, no significant difference was observed in 
PFS and 12-mo OS between the 25-patient and 12-patient groups. While in our case, the patient did not 
receive chemotherapy in the initial treatment; more specifically, the patient received Herceptin and 
toripalimab in the first cycle and chemotherapy in the second cycle. Previous studies have found no 
difference in survival between groups receiving chemotherapy and groups not receiving chemotherapy 
in the initial treatment. Our study suggested that, for HER2-positive gastric carcinoma patients, it is 
worthy to further evaluate whether the first-line “de-chemotherapy” can be carried out with a large 
cohort sample.

It is believed that the basis for immunotherapy to benefit HER2-positive patients is that trastuzumab 
induces antibody-dependent cell-mediated cytotoxicity, improves the presentation of tumor antigens, 
and paves the way for immune reaction of tumors[14]. Clinical data also show that HER2-positive breast 
cancer has more types of tumor-infiltrating lymphocytes than average, which demonstrates the 
importance of trastuzumab in immunity induction[15]. In addition, studies have confirmed that 
trastuzumab can increase the expression level of PD-L1 in immune cells of patients with breast cancer
[16]. Combined with the encouraging clinical outcome of this patient, it is promising to investigate the 
systemic immune responses in depth, for instance, the lymphocyte infiltration, immune marker 
dynamics, and functional cytokine secretion. Moreover, this patient has been infected with HBV for 
many years, which may have an impact on his immune system. Large cohorts are necessary to draw 
conclusions regarding this aspect if feasible.

There are many ongoing studies of neoadjuvant immunotherapy combined with chemotherapy or 
radiotherapy; however, most of these studies are phase II studies with small cohorts. According to some 
of the results reported thus far, these combined regimens have shown promising efficacy and safety[17-
19] (Table 1). Many studies have shown that chemotherapy can: (1) Boost the release of damage-
associated molecular patterns from tumor cells and improve tumor cell immunogenicity; and (2) Elevate 
the levels of major histocompatibility complex molecules and enhance tumor antigen presentation[20]. 
Additionally, chemotherapy promotes the expression of PD-1/PD-L1 through a variety of signaling 
pathways. Therefore, in this case, chemotherapy and immunotherapy were applied for the patient 
before the surgical removal. For gastric carcinoma, first-line immunotherapy combined with chem-
otherapy is recommended by NCCN guidelines for patients with a PD-L1 CPS ≥ 5. However, the 
CheckMate 649 study[7] suggested that nivolumab combined with chemotherapy improves the OS and 
DFS of all patients, including those with a CPS ≥ 5 and CPS ≥ 1. In line with this, our patient’s IHC 
results revealed PD-L1 with a CPS of 1. More prospective cohort studies are needed to determine the 
selection of biomarkers in neoadjuvant therapies involving immunotherapy and chemotherapy.

Apart from the above aspects, TP53 is a crucial tumor suppressor gene, and TP53 mutation occurs at 
an incidence of approximately 45% in gastric carcinoma[21]. The efficacy of immunotherapy varies with 
the TP53 mutation. According to the retrospective meta-analysis mentioned above, TP53 mutation was 
negatively correlated with the patients’ OS with either colon cancer or gastric carcinoma who received 
immunotherapy but was positively correlated with the efficacy of immunotherapy for lung cancer[21]. 
In this study, TP53 c.329G>C p.Arg110Pro mutation was detected using NGS in the baseline tissues of 
the patient. Therefore, additional prospective cohort studies are required to conclude and explore the 
correlation between TP53 mutation and the efficacy of immunotherapy for gastric carcinoma.
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Table 1 Summary of neoadjuvant immunotherapies for gastric carcinoma

Regimen Neoplasm Number of 
participants pCR rate MPR Ref. 

Camrelizumab plus 
FOLFOX 

Locally advanced gastric carcinoma and adenocarcinoma of the 
esophagogastric junction 

26 2 (9%) 8 (36%) [17]

Sintilimab plus FLOT Gastric and adenocarcinoma of the esophagogastric junction 17 3/17 
(17.6%)

10/17 
(58.8%)

[18]

Sintilimab plus CapeOX Locally advanced resectable gastric/adenocarcinoma of the 
esophagogastric junction

26 6/26 
(23.1%)

14/26 
(53.8%)

[19]

MPR: Mannose 6-phosphate receptors; pCR: Pathologic complete response.

Figure 3 Timeline of this case report. CT: Computed tomography.

CONCLUSION
Here, we demonstrated that in a patient with HER2-positive locally advanced gastric carcinoma, there 
was scope for resection; therefore, a regimen composed of Herceptin, chemotherapy, and immuno-
therapy was carefully selected to achieve higher efficacy and better surgical resection. The patient was 
administered with the perioperative regimen comprising Herceptin, FLOT, and toripalimab. The 
postoperative pathological findings revealed that this regimen led to complete tumor response and the 
levels of tumor biomarkers returned to normal. Furthermore, no circulating tumor cell was detected and 
no significant immune-related adverse effects were noted, demonstrating that this regimen had 
sufficient efficacy and safety. The four-cycle chemotherapy was continued postoperatively and 
completed in the patient, in line with the principle of “effective treatment should be continued if the 
symptoms are relieved”. This patient is currently in the quarterly follow-up period. A previous study 
suggested that the ability to achieve postoperative pCR in patients with neoadjuvant therapy is 
positively correlated with longer durations of survival[22]. Thus far, all tumors have been removed 
from this patient using this regimen, and we hope that this regimen will lead to long-time survival 
benefits.
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Abstract
BACKGROUND 
Spontaneous esophageal rupture or Boerhaave's syndrome is a rare and acute 
disease with a high incidence of misdiagnosis and mortality. Here, we aimed to 
explore the clinical characteristics, diagnosis, treatment, and prognosis of spon-
taneous esophageal rupture, and to analyze the causes of misdiagnosis during the 
treatment of spontaneous esophageal rupture.

CASE SUMMARY 
The clinical features of the patient with spontaneous esophageal rupture misdia-
gnosed earlier as pleural effusion were retrospectively analyzed and the reasons 
for misdiagnosis are discussed based on a current review of the literature. The 
patient was admitted to a local hospital due to shortness of breath accompanied 
by vomiting and abdominal distension for five hours. Based on the computed 
tomography (CT) scan analysis, clinically, right pleural effusion was diagnosed. 
However, the patient was unwilling to undergo right closed thoracic drainage. 
The patient also had intermittent fevers against infection, and during the course of 
treatment, he complained of chest pain, following which, he was transferred to 
our hospital. Grapefruit-like residue drainage fluid was observed. Re-examination 
of the chest CT scans suggested the presence of spontaneous perforation in the 
upper left esophagus. Therefore, the patient underwent an urgent esophageal 
hiatus repair. Unfortunately, the patient died of infection and respiratory failure 
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due to progressive dyspnea after surgery.

CONCLUSION 
Spontaneous esophageal rupture is a rare disease associated with high fatality. The patients do not 
present typical clinical symptoms and the disease progresses rapidly. This case report highlights 
the importance of a dynamic review of chest CT scan, not only for the initial identification of 
segmental injury but also for prioritizing subsequent treatment strategies. Moreover, we have 
presented some clues for clinicians to recognize and diagnose spontaneous esophageal rupture at 
rare sites (upper-esophageal segment) through this case report of spontaneous esophageal rupture 
that caused the patient's death. We have also summarized the reasons for the misdiagnosis and 
lessons learned.

Key Words: Spontaneous esophageal rupture; Chest computed tomography; Upper-esophageal perforation; 
Right-sided pleural effusion; Misdiagnosis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Spontaneous esophageal rupture is a rare disease associated with high fatality. We report a case 
of spontaneous esophageal rupture misdiagnosed earlier as pleural effusion at an early stage and invest-
igated the causes of its misdiagnosis, along with our experience during diagnosis and treatment. This case 
report also highlights the importance of a dynamic chest computed tomography review, not only for initial 
identification of the injured segment but also for prioritizing subsequent treatment strategies. Moreover, 
we also provide clues for clinicians to recognize and diagnose spontaneous esophageal rupture at a rare 
site (upper-esophageal segment) by reporting this case.

Citation: Tan N, Luo YH, Li GC, Chen YL, Tan W, Xiang YH, Ge L, Yao D, Zhang MH. Presentation of 
Boerhaave’s syndrome as an upper-esophageal perforation associated with a right-sided pleural effusion: A case 
report. World J Clin Cases 2022; 10(18): 6192-6197
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6192.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6192

INTRODUCTION
Spontaneous esophageal rupture refers to the full-thickness rupture of the esophageal wall caused by 
indirect trauma, non-foreign bodies, non-esophageal, and/or adjacent organ disease; it is also known as 
Boerhaave’s syndrome[1]. While the incidence of this disease is low, it is easily misdiagnosed at an early 
stage and progresses rapidly. After the occurrence of an esophageal rupture, due to negative pressure in 
the pleural cavity, the stomach contents easily enter the mediastinum and thorax, which often causes 
serious mediastinum infection and empyema in the early stages. If not treated promptly, severe sepsis 
rapidly develops into multiple organ failure and even death, which is an emergency during thoracic 
surgery[2]. Therefore, the associated mortality rate is extremely high. Thus, correctly diagnosing 
spontaneous esophageal rupture in the early stage is of great importance for the survival of patients 
with spontaneous esophageal rupture.

Herein, we report a case of spontaneous esophageal rupture misdiagnosed earlier as pleural effusion 
at an early stage and investigated the causes of its misdiagnosis, along with our experience during 
diagnosis and treatment. We also highlight the importance of reviewing dynamic chest computed 
tomography (CT) scans for the diagnosis of spontaneous esophageal rupture.

CASE PRESENTATION
Chief complaints
An 84-year-old male was admitted to a local hospital, with complaints of shortness of breath, abdominal 
distension, and vomiting.

History of present illness
The patient was admitted to a local hospital, with complaints of shortness of breath, abdominal 
distension, and vomiting. He did not vomit again during his stay at the hospital.

https://www.wjgnet.com/2307-8960/full/v10/i18/6192.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6192


Tan N et al. A case report of mistaken diagnosis

WJCC https://www.wjgnet.com 6194 June 26, 2022 Volume 10 Issue 18

Based on the evidence, the patient was diagnosed with pleural effusion and recommended to 
undergo right closed thoracic drainage; however, the patient's family refused given his advanced age. 
Therefore, antibiotics were prescribed to prevent infection. However, after treatment, blood inflam-
matory indicators were significantly elevated and did not improve [white blood cell (WBC) count: 19.40 
× 109/L; C-reactive protein (CRP): 304.90 mg/L] (Table 1). The patient also suffered from intermittent 
fevers and over time, complained of chest pain. After eight days, the patient was transferred to our 
hospital.

After admission, the patient agreed to undergo right closed thoracic drainage and grapefruit-like 
residue drainage fluid was observed (Figure 1C). During the physical examination, subcutaneous 
emphysema of the right chest wall with crepitus was detected.

History of past illness
The patient had no history of lung diseases.

Personal and family history
No similar disease was identified in his family.

Physical examination
His vital signs were stable and no other specific symptoms were noted.

Laboratory examinations
The initial routine blood examination results showed that both WBC count and CRP levels were slightly 
elevated (WBC: 12.15 x 109/L, CRP: 13.96 mg/L, Table 1).

During hospitalization, laboratory tests also indicated an increase in inflammatory markers.

Imaging examinations
The chest CT scan showed the presence of a small amount of fluid in the right pleural cavity 
(Figure 1A). Thus, chest CT scanning was repeated. Right-sided pleural effusion with right lung 
distension insufficiency and perforation of the upper left esophagus were observed (Figure 1B).

FINAL DIAGNOSIS
Considering the above signs and symptoms, the patient was diagnosed with spontaneous perforation of 
the upper left esophagus, and an urgent esophageal hiatus repair was performed.

TREATMENT
During surgery, a right lateral thoracic incision was made. The patient's right chest wall, muscles, and 
fascia were severely congested and edematous, along with a ruptured esophagus (Figure 1D).

OUTCOME AND FOLLOW-UP
Unfortunately, due to deterioration of his condition, the patient died from infection and respiratory 
failure.

DISCUSSION
Spontaneous esophageal rupture, a rare and life-threatening disease, was first reported by Rokicki M in 
1724, and to date, a mere 50 cases have been reported in the literature[3]. Based on an epidemiological 
survey for this disease in Iceland, it has a low incidence of 31 per million per year[4]. Moreover, several 
studies confirm that men are more prone to morbidity than women and that the highest risk group 
included those in the 40-60 years age group[5]. Spontaneous esophageal rupture caused by vomiting 
followed by a large meal often precipitates secondary bacterial infections, which contribute to 50% of 
the total mortality[6]. Therefore, early diagnosis and surgical treatment are important in the treatment of 
this disease.

Although many cases of spontaneous esophageal rupture have been reported, the lack of specific 
symptoms of this condition continues to pose a challenge[7]. Mackler's triad comprising an acute 
presentation of retching or vomiting, lower chest pain, and surgical emphysema, is a clinical 
manifestation with relatively high specificity for the diagnosis of spontaneous esophageal rupture. 
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Table 1 Changes in laboratory indices during the patient’s hospital stay

Date T (℃) WBC GR% N Hb CRP PCT cTnI Myo BNP Antibiotic

February 26, 
20211

36.1 12.15 86.2 10.5 108 13.96 132.7 154.5 40.6 Unclear

March 5, 20211 38 19.4 93.7 18.2 95 304.9 6.51 27.7 151.2 325.9 Unclear

March 7, 20212 37.8 20.36 95.5 19.4 84 211.24 31.26 5816 Imipenem+

Linezolid

March 9, 20212 36.8 15.44 92.8 14.3 76 163.9 9.37 4354 Imipenem+

Linezolid

Imipenem+

March 10, 20212 36.9 13.88 89.3 12.4 81 177.82 7.28 Linezolid+

Fluconazole

March 13, 20212 36.6 10.78 95 10.2 94 Sulperazon

March 15, 20212 36.9 10.3 90.2 9.3 83 Sulperazon

March 19, 20212 36.5 16.62 95.8 15.9 78 Sulperrazon

1The date of the patient's admission to the local hospital.
2The date of the patient's admission to our hospital.
Abbreviation: T: Temperature; WBC: White Blood Cell; Neu%: The percentage of Neutrophils; N: Neutrophil; Hb:  Hemoglobin; CRP: C-reactive protein; 
PCT: Procalcitonin; cTnI: Cardiac Troponin I; Myo: Myoglobin; BNP: Brain Natriuretic Peptide.

However, its incidence is only about 14%[8,9]. Other signs, which are non-specific, including hemo-
dynamic blood instability or the presence of the Hammer sign-on auscultation, can also help in 
diagnosing the disease[10]. As secondary infection can irritate adjacent organs, symptoms including 
abdominal pain, nausea, chest tightness, shortness of breath, and dyspnea can also occur. In addition, 
elevated cardiac biomarkers and amylase also make it difficult to differentiate it from pericarditis, 
myocardial infarction, peptic ulcer, and other conditions. For patients with clinical suspicion of the 
disease, early chest CT examination is particularly important as it shows the manifestation of 
mediastinal or free peritoneal air as the first sign.

To the best of our knowledge, spontaneous esophageal rupture often occurs in the thoracic esophagus 
and its incidence in the upper thoracic esophagus is relatively rare. The reasons for this are broadly 
described as follows: the myometrium of the esophagus is divided into two, the inner ring and the outer 
longitudinal layer. Approximately 2 mm thick elastic fibers are sandwiched between the two layers. 
Owing to the lack of coherence in the anatomical structure of the esophagus, a sudden rise in intra-
esophageal pressure (up to 290 mmHg) can lead to rupture at this altered anatomical structure of the 
esophagus[11]. While esophageal rupture occurs most commonly in the lower third of the left thoracic 
segment of the esophagus (80%), it is less frequent in the right esophagus, the upper thoracic, and 
ventral segments of the esophagus[12]. Among the physical signs, right pleural effusion is also 
uncommon. In the case of the upper thoracic esophageal perforation, prevertebral or subcutaneous air 
may be present[13]. Herein, we reported in detail, a case of a spontaneous esophageal rupture in the 
upper thoracic esophagus, with no obvious signs and symptoms in the early stage. Due to the lack of an 
early dynamic chest CT review, this disease was misdiagnosed.

Collectively, the reasons for the misdiagnosis were as follows: first, the on-admission chest CT report 
was only suggestive of a right-sided hydropneumothorax, inconsistent with CT presentation in most 
reports; additionally, chest pain began later during the course of disease progression, along with a lack 
of other typical manifestations. Finally, upper thoracic esophageal perforation is a rare site of 
esophageal rupture and the dynamic chest CT scan was not reviewed during hospitalization, thereby 
leading to early misdiagnosis and a consequent delay in appropriate treatment.

CONCLUSION
This case report highlights the importance of a dynamic chest CT review, not only for initial identi-
fication of the injured segment but also for prioritizing subsequent treatment strategies. Moreover, we 
also provide clues for clinicians to recognize and diagnose spontaneous esophageal rupture at a rare site 
(upper-esophageal segment) by reporting this case of spontaneous esophageal rupture and summ-
arizing the reasons for its misdiagnosis.
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Figure 1 Computed tomography. A: The chest computed tomography (CT) scan showed a small amount of fluid in the right pleural cavity; B: Chest CT was 
repeated: right-sided pleural effusion and perforation of the upper left esophagus were observed; C: Grapefruit-like residue drainage liquid was seen; D: The surgery 
showed the ruptured esophagus with nasogastric tube (NG tube) exposure.
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Abstract
BACKGROUND 
Camrelizumab (SHR-1210), an immune checkpoint inhibitor, is clinically used as a 
therapeutic option for various types of tumors. However, reports of adverse 
reactions associated with camrelizumab are gradually increasing. Anaphylactic 
shock due to camrelizumab has not been reported previously, until now. We 
report here, for the first time, a case of anaphylactic shock associated with camrel-
izumab in a patient with esophageal squamous cell carcinoma.

CASE SUMMARY 
An 84-year-old male esophageal cancer patient received radiotherapy and 
chemotherapy 11 years ago. He was diagnosed with advanced esophageal 
squamous cell carcinoma with liver metastasis (TxN1M1) and received the first 
immunotherapy (camrelizumab 200 mg/each time, once every 3 wk) dose in 
December 2020, with no adverse reactions. Three weeks later, a generalized rash 
was noted on the chest and upper limbs; palpitations and breathing difficulties 
with a sense of dying occurred 10 min after the patient had been administered 
with the second camrelizumab therapy. Electrocardiograph monitoring revealed a 
70 beats/min pulse rate, 69/24 mmHg (1 mmHg = 0.133 kPa) blood pressure, 28 
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breaths/min respiratory rate, and 86% pulse oximetry in room air. The patient was diagnosed with 
anaphylactic shock and was managed with intravenous fluid, adrenaline, dexamethasone sodium 
phosphate, calcium glucosate, and noradrenaline. Approximately 2 h after treatment, the patient’s 
anaphylactic shock symptoms had been completely relieved.

CONCLUSION 
Due to the widespread use of camrelizumab, attention should be paid to anti-programmed cell 
death 1 antibody therapy-associated hypersensitivity or anaphylactic shock.

Key Words: Camrelizumab; Anaphylactic shock; Anti-programmed cell death one antibodies; Immuno-
therapy; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Since its approval in 2019 by the National Drug Administration, camrelizumab (SHR-1210), a 
programmed cell death 1 inhibitor, is in wide clinical use as a therapeutic option for various tumor types. 
Until now, allergic reactions induced by camrelizumab have been rarely reported from various studies. For 
the first time, we report a case of camrelizumab-induced anaphylactic shock in a patient with esophageal 
squamous cell carcinoma.

Citation: Liu K, Bao JF, Wang T, Yang H, Xu BP. Camrelizumab-induced anaphylactic shock in an esophageal 
squamous cell carcinoma patient: A case report and review of literature. World J Clin Cases 2022; 10(18): 6198-
6204
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6198.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6198

INTRODUCTION
Since its approval in 2019 by the National Drug Administration, camrelizumab (SHR-1210), an immune 
checkpoint inhibitor (ICI), is in wide clinical use as a therapeutic option for various tumor types[1]. 
However, reports of camrelizumab-associated adverse reactions are increasing gradually, with any 
organ or tissue being affected. Reactive cutaneous capillary endothelial proliferation is the most 
common adverse event that is associated with camrelizumab, with an incidence accounting for about 
two-thirds of all patients treated with camrelizumab[2]. It is followed by immune-related hepatitis, 
pneumonia, and myocarditis among other clinical complications[3,4]. Until now, allergic reactions 
induced by ICIs have been reported in various studies[5,6].

As a relatively new programmed cell death 1 (PD-1) inhibitor, camrelizumab-induced anaphylactic 
shock has not yet been reported. We report here, for the first time, a case of camrelizumab-induced 
anaphylactic shock in a patient being treated for esophageal squamous cell carcinoma.

CASE PRESENTATION
Chief complaints
An 84-year-old male patient (163 cm in height, 41 kg in weight) presenting with esophageal cancer was 
administered with radiotherapy and chemotherapy 11 years prior, after which he got better.

History of present illness
In December 2020, the patient was diagnosed with advanced esophageal squamous cell carcinoma with 
liver metastasis, classified as stage TxN1M1. Based on the 2020 Chinese Society of Clinical Oncology 
guidelines, the patient was administered the first immunotherapeutic (camrelizumab 200 mg/each time 
+ 0.9% NS 100 mL, intravenous infusion, q3w) and did not exhibit any adverse reactions. On January 12, 
2021, the patient was admitted to the hospital for the second time to be administered the same therapy. 
On January 19, 2021, the patient was introduced to intravenous infusions of camrelizumab. However, 10 
min after initiating intravenous camrelizumab, he suddenly developed a generalized rash in the chest 
and upper limbs. He also experienced chest tightness without chest pain, palpitations, and breathing 
difficulties with a sense of dying.

https://www.wjgnet.com/2307-8960/full/v10/i18/6198.htm
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History of past illness
The patient had a previous medical history free of allergy.

Personal and family history
The patient had no significant personal or family history.

Physical examination
Electrocardiograph (ECG) monitoring revealed a pulse rate of 70 beats/min, blood pressure of 69/24 
mmHg, a respiratory rate of 28 breaths/min, and a pulse oximetry of 86% in room air (no other 
medication was administered concomitantly). The patient presented with drowsiness and weakened 
cardiac sounds as well as a weak major arterial pulse.

Laboratory examinations
Blood analysis revealed white blood cell count of 7.04 × 109/L, neutrophil count of 2.81 × 109/L (normal 
range: 2.0-7.5 × 109/L), neutrophil percentage of 39.90%, red blood cell count of 2.35 × 1012/L, 
hemoglobin level of 66.00 g/L (normal range: 110-160 g/L), platelet count of 219.00 × 109/L (normal 
range: 100-300 × 109/L), C-reactive protein level of 31.61 mg/L (normal range: < 0.5 mg/L), potassium 
level of 2.12 mmol/L (normal range: 3.5-5.0 mmol/L), chloride level of 117.80 mmol/L (normal range: 
96-108 mmol/L), and calcium level of 1.41 mmol/L (normal range: 2.0-2.6 mmol/L). Markers of renal 
function and levels of cardiac enzyme and troponin were normal.

Imaging examinations
ECG (Figure 1) revealed a sinus rhythm. Enhanced computed tomography scan revealed chronic 
inflammation of the right lower lobe with left-side pleural slight effusion (Figure 2).

FINAL DIAGNOSIS
Based on the findings from the examination and investigations, we first considered the possibility of 
anaphylactic shock.

TREATMENT
The intravenous camrelizumab infusion was stopped immediately. In lieu, treatment was begun with 
corticoids, adrenaline, norepinephrine and intravenous fluid. Continuous supplementation of 
intravenous potassium and calcium were also provided.

OUTCOME AND FOLLOW-UP
The patient reported his chest tightness to be significantly relieved. He also experienced no shortness of 
breath, palpitations, or discomfort. The upper limbs and chest rash subsided rapidly, at approximately 2 
h after treatment. ECG monitoring revealed a pulse rate of 78 beats/min, blood pressure of 112/68 
mmHg, respiratory rate of 19 breaths/min, and pulse oximetry of 99% (oxygen absorption at 2 L/min).

On January 20, 2021, biochemical examination revealed that serum potassium and calcium levels 
were normal. The basic treatment was continued, without repeated anaphylactic shock. It is very 
unfortunate, however, that the patient refused to return to use of the camrelizumab, due to his excessive 
fear of anaphylactic shock, even after the physician provided a sufficient explanation. As such, we 
consulted the published literature and found switching to another type of anti-PD-1 antibody to be a 
feasible alternative. Indeed, such an approach has been successfully reported, with patients exhibiting 
relatively good clinical effects without allergic reactions[5,6].

Another type of anti-PD-1 antibody, nivolumab, is an ICI with a similar mechanism of action that is 
effective for treatment. The adverse e�ect profile of nivolumab is similar to those of camrelizumab, so 
the drugs related to the prevention of allergic reactions should be administered as premedication 30 min 
prior to the nivolumab infusion. The drawback is that it is very expensive and, in China, it is not 
covered by insurance reimbursement plans. Therefore, the patient rejected the physician’s suggestion to 
replace the immunotherapy drugs. The patient was discharged on January 23, 2021.
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Figure 1 Electrocardiograph revealed a sinus rhythm.

Figure 2 Enhanced computed tomography scan revealed chronic inflammation. A: Left-side pleural slight effusion; B: Chronic inflammation of the 
right lower lobe.

DISCUSSION
Anaphylactic shock is a serious life-threatening acute systemic hypersensitivity reaction that is charac-
terized by rapid development of life-threatening bronchospasms, or respiratory failure, or 
cardiovascular abnormalities. Sometimes, it is accompanied by general urticaria, erythema, and skin itch
[7,8]. The symptoms associated with anaphylactic shock usually occur within minutes or less than 1 h 
after administration of the precipitating drug and result from activation of tissue mast cells and blood 
basophils, which release histamine and other inflammatory mediators[8]. Drug-induced anaphylactic 
shock accounts for a significantly high mortality rate among in-patients. Therefore, if not handled in 
time, it is often life-threatening[9].

Camrelizumab is a humanized PD-1 inhibitor that was developed by Jiangsu Hengrui Medicine Co. 
Ltd.[10]. It blocks the binding between programmed death ligand 1 and programmed death ligand 2 by 
targeting PD-1, thereby inhibiting tumor cell evasion from the immune system and ultimately causing 
an anti-tumor effect[11]. Camrelizumab has been clinically approved for the treatment of various 
tumors, including relapsed or refractory classical Hodgkins lymphoma, esophageal squamous cell 
carcinoma, hepatocellular carcinoma, and non-small cell lung cancer, among others[1,12]. Camrel-
izumab has therapeutic effects and has been shown to clinically improve various tumors, while having a 
manageable safety profile[13-17]. Moreover, it has exhibited potential anti-tumor effects in patients who 
failed chemotherapy or in those who are resistant to chemotherapy, while having an acceptable toxicity 
profile[18,19]. Due to the widespread application of camrelizumab, it has the potential to become a 
routine option for tumor immunotherapy[10]. However, camrelizumab-associated adverse events, 
including common reactive cutaneous capillary endothelial proliferation[2], immune-related hepatitis 
and pneumonia[3], immune-associated myocarditis[4], abnormal hepatic functions, anemia, and 
diarrhea[20], among others, have been reported. Most camrelizumab-associated adverse events are mild 
and can be regulated by interrupting treatment[20]. Camrelizumab-associated anaphylactic shock is rare 
but potentially fatal. Only two studies have reported on hypersensitivities induced by anti-programmed 
death ligand 1 agents[5,6]. Camrelizumab-associated allergic reactions or anaphylactic shock have never 
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been reported previously. Therefore, the understanding of allergic reactions or anaphylactic shock 
caused by immune preparations such as camrelizumab is limited, which may create the potential for 
delays in identification and management during the early stages of hypersensitivity. This can lead to a 
life-threatening outcome. Here, we provide the first report of camrelizumab-associated anaphylactic 
shock, which should arouse the interest of clinicians.

Adverse reactions for this case were evaluated according to the national adverse drug reaction 
Evaluation Standard of China[21]. Our patient experienced sudden-onset of the anaphylactic shock, 
within 10 min after intravenous injection of the camrelizumab infusion, implying an obvious time 
correlation between camrelizumab administration and development of the adverse event. Although 
there is no description of anaphylactic shock adverse events in the instructions for camrelizumab, it has 
been reported that serious hypersensitivities can occur after administration of the same anti-PD-1 or 
anti-programmed death ligand 1 agents, such as nivolumab[5,6]. Anaphylactic shock is a special 
manifestation of anaphylactic reactions; therefore, based on the above evidence, it can be considered 
that camrelizumab may cause hypersensitivities, including anaphylactic shock. After withdrawal of 
camrelizumab and administration of related treatments (e.g., oxygen inhalation, anti-allergies, stable 
blood pressure treatment, and fluid resuscitation) were initiated, out patient’s blood pressure returned 
to normal, chest tightness symptoms were significantly relieved, and all his other medications were 
continued while he gradually improved after 3 h. Since then, the patient has not had symptoms of 
anaphylactic shock. In addition, the patient had no history of drug anaphylaxis, and there were no 
changes in the use of other drugs before and after the occurrence of anaphylactic shock. The patient did 
not experience anaphylactic shock again after stopping the camrelizumab treatment; this allowed us to 
exclude the association of anaphylactic shock for the other drugs he was taking. Since his Naranjo 
Adverse Drug Reaction Probability Scale score was 5[22], we concluded that the anaphylactic shock was 
most likely caused by the camrelizumab administration.

Infections can aggravate or induce the occurrence of severe allergic reactions. About 1.3% to 11.0% of 
adults with severe allergic reactions have infectious etiologies[23]. These allergic reactions may be 
attributed to the immunoglobulin G produced during infection[24,25]. The patient had no adverse 
reactions after the first camrelizumab therapy, and the second treatment plan was the same as the initial 
treatment. He had been admitted to the hospital due to esophageal tumor accompanied by lung 
infection. After anti-infection treatment, findings of routine blood tests, including white blood cell and 
neutrophil counts, were normal, while C-reactive protein levels decreased from 116.16 to 70.35 mg/L. 
Computed tomography of the patient’s lungs showed that his lesions were improved, while his lung 
infections had come under control. The patient suffered a sudden anaphylactic shock after second 
camrelizumab administration. Although the infection was controlled, the C-reactive protein levels 
remained elevated, implying that the inflammatory medium in the body had not been removed 
completely, which may have been one of the inducing factors of anaphylactic shock. Therefore, for 
patients with mixed infections, clinicians should be cautious in their application of camrelizumab.

Solvent mediums and drug configurations play an important role in hypersensitivity or anaphylactic 
shock. Camrelizumab is a powder, requiring suspension for injection. The drug manual requires that 
every 200 mg of camrelizumab be dissolved in 5 mL of sterilized injection water. For this, the sterile 
injection water is slowly added along the wall of the bottle containing the camrelizumab powder and 
dissolved by slow vortexing, to avoid direct sprinkling of water droplets on the surface of the powder. 
Then, the compound solution is extracted to make a 100 mL 0.9% sodium chloride solution or 5% 
glucose injection in an infusion bag dilution for intravenous administration by drip over a 30-minutes 
period. For our patient, the drug was prepared in strict accordance with these instructions, and the 
patient had no allergic reaction during the first dose. Therefore, neither the drug configuration nor 
solvent factors explain the patient’s anaphylactic shock.

Individual factors also lead to the occurrence of allergic diseases. Epidemiologically, most 
anaphylactic shock cases occur in the older population, with higher risks among those aged over 70 
years[26]. The mortality rate for females is lower than that of males[9]. Our patient was an 84-year-old 
male with esophageal squamous cell carcinoma and liver metastases. Therefore, he was at a high risk of 
anaphylactic shock.

Due to its increased clinical use, camrelizumab-associated hypersensitivity or anaphylactic shock 
should arouse the attention of clinicians. There are limited specific treatments for anaphylactic shock in 
clinical practice. Therefore, early identification is very important[27]. Generally, drugs that may cause 
anaphylactic shock should be immediately discontinued. Open venous channels, oxygen inhalation, and 
ECG monitoring should be performed[28]. Epinephrine is often administered for anaphylactic shock, 
which can excite α receptors and constrict peripheral blood vessels[29]. Rapid intravenous fluids can 
restore the effective blood volume, and generally about 250-500 mL of the fluids are recommended. 
Vasoactive drugs, including norepinephrine and dopamine, are recommended if blood pressure cannot 
be maintained after fluid resuscitation[30]. Secondly, glucocorticoids and histamine receptor antagonists 
should be administered as anti-allergic treatments. In cases of severe dyspnea and laryngeal edema, 
emergency organ intubation and tracheotomy are required[28]. It has not been conclusively determined 
whether immunotherapy should be restarted after the occurrence of anaphylactic shock. Studies 
reported continuous immunotherapeutic administration after successfully trying desensitization 
therapy. However, re-anaphylactic shock and failure of desensitization treatment can occur during 
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desensitization[6,31], and the safety and efficacy of desensitization therapy for patients with 
anaphylactic shock both need to be verified further. Switching to another immunotherapeutic drug is, 
thus, recommended. This approach has been applied successfully in previous studies, with the reported 
patients exhibiting relatively good clinical effects without allergic reactions[5,6].

CONCLUSION
Due to widespread use of camrelizumab, attention should be paid to anti-PD-1 blockade treatment-
associated hypersensitivity or anaphylactic shock. We have reported herein a case of camrelizumab-
induced anaphylactic shock in a patient with esophageal squamous cell carcinoma. Strengthening the 
monitoring of adverse drug reactions and identification of allergic reactions caused by camrelizumab 
treatment in the early stages should be taken into consideration by clinicians.
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Abstract
BACKGROUND 
Nontraumatic convexal subarachnoid hemorrhage (cSAH) is a rare type of 
atypical subarachnoid hemorrhage. It mainly presents as a focal and transient 
neurological deficit with similar manifestations as transient ischemic attack.

CASE SUMMARY 
We report a case of a 64-year-old man who visited the hospital with paroxysmal 
left-sided numbness and weakness is presented in this study. Computed 
tomography examination indicated a high-density image of the right frontal-
parietal sulcus. Digital subtraction angiography showed severe stenosis at the 
right anterior cerebral artery A2-A3 junction (stenosis rate approximately 70%).

CONCLUSION 
The findings of this case indicate that anterior cerebral artery stenosis may lead to 
the occurrence of cSAH.

Key Words: Nontraumatic convexal subarachnoid hemorrhage; Subarachnoid hemorrhage; 
Transient ischemic attack; Artery atherosclerosis stenosis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a rare case of convexal subarachnoid hemorrhage (cSAH) with 
transient ischemic attack as the first presentation. We reported the whole course. This 
case indicated the clinical characteristics, laboratory findings, imaging examinations and 
adjustment of treatment and discussed the possible relation between anterior cerebral 
artery stenosis and the occurrence of cSAH.
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INTRODUCTION
Nontraumatic convexal subarachnoid hemorrhage (cSAH) is a subtype of atypical SAH. Its bleeding site 
is mainly confined to one or more cerebral hemisphere convexocortical sulci with high incidence in the 
central sulcus. It does not affect the brain parenchyma, basal cistern, or interhemispheric fissure. It is 
characterized by low hemorrhage, and only the local cerebral cortex is involved. In addition, it is not 
associated with typical symptoms such as severe headache and meningeal irritation. In the present 
study, a case of a cSAH patient with transient ischemic attack (TIA) and a summary of relevant 
literature are presented.

CASE PRESENTATION
Chief complaints
A 64-year-old male was admitted to the hospital after experiencing paroxysmal left-sided numbness and 
weakness for 4 d.

History of present illness
These symptoms occurred 2-3 times a day and lasted approximately 20 min each time.

History of past illness
The patient had a clinical history of ischemic stroke and no history of hypertension, diabetes, coronary 
heart disease, or major trauma.

Personal and family history
The patient had no history of smoking or drinking, and no family history.

Physical examination
The systolic and diastolic blood pressure of the patient during admission was 130/80 mmHg. The 
patient presented with paroxysmal left hemiplegia without obvious inducement. The left limb could not 
move during the attack and was accompanied by numbness and discomfort on the left face, trunk, 
upper, and lower limbs; and the patient presented with dizziness. The National Institute of Health 
Stroke Scale score of the patient was 0.

Laboratory examinations
Routine clinical biochemistry showed normal results.

Imaging examinations
Computed tomography (CT) examination was performed during admission and showed a high-density 
image of the right frontal-parietal sulcus. Magnetic resonance imaging examination showed a slight 
increase in the T1 flair and a high T2 flair. Diffusion-weighted imaging (DWI) revealed high signal 
intensity, whereas susceptibility weighted imaging (SWI) showed slightly increased signal intensity in 
the right frontal lobe. Machine records activity results indicated short local stenosis of the right anterior 
cerebral artery of the A3 segment, and magnetic resonance venography revealed a thin contrast in the 
left transverse sinus and left sigmoid sinus (Figure 1). Severe stenosis was observed in the right anterior 
cerebral artery A2-A3 junction (stenosis rate approximately 70%), and mild stenosis was observed in the 
distal end of A3 (stenosis rate approximately 30%) through digital subtraction angiography (DSA) 
(Figure 2).

MULTIDISCIPLINARY EXPERT CONSULTATION
There is no multidisciplinary expert consultation.

https://www.wjgnet.com/2307-8960/full/v10/i18/6205.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6205
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Figure 1 Computed tomography imaging. A and B: Axial computed tomography images showing a high-density image of right frontal-parietal sulcus; C: 
Magnetic resonance imaging showing slightly elevated T1-flair; D: Elevated T2-flair; E: Diffusion-weighted imaging revealed high signal intensity; F: Susceptibility 
weighted imaging showing slightly increased signal intensity in the right frontal; G: Machine records activity showing short local stenosis of the right anterior cerebral 
artery of A3 segment; H: Magnetic resonance venography revealed a thinner contrast in the left transverse sinus and left sigmoid sinus.

Figure 2 Digital subtraction angiography showing severe stenosis in the right anterior cerebral artery A2-A3 junction.

FINAL DIAGNOSIS
The complete evidence supported the final diagnosis of cSAH.

TREATMENT
The patient was given blood pressure monitoring, cerebrovascular spasm prevention (nimodipine), 
cerebral protection, and other treatments.

OUTCOME AND FOLLOW-UP
The range of brain CT-showed bleeding was significantly reduced compared to the previous range after 
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9 d. The patient had no recurrence of paroxysmal left-sided numbness and weakness.

DISCUSSION
cSAH is a subtype of atypical SAH. Approximately 49% of patients with SAH present with TIA-like 
symptoms; therefore, the actual annual incidence is more than 5.1 cases in every 100000 people[1]. The 
etiology of cSAH is highly correlated with age, hypertension, coronary heart disease, and diabetes. 
Common causes of cSAH include cerebral amyloidosis (CAA), reversible cerebral vasoconstriction 
syndrome (RCVS), cortical vein thrombosis (CoVT), intracranial large artery atherosclerosis stenosis or 
occlusion, moyamoya disease, and vasculitis. Notably, CAA is the main cause, accounting for approx-
imately 39% of all cSAH cases[1]. Transient sensorimotor dysfunction (TFNE) is the main symptom in 
cSAH patients above 60 years of age, and CAA is the common cause of disease, followed by intracranial 
atherosclerosis stenosis or occlusion[2,3]. In contrast, headache is the main clinical manifestation in 
patients under 60 years of age, whereas rCVS and CoVT are the main causes of cSAH in these patients
[3]. Nakajima et al[4-5] reported that more than half of patients with cSAH presented with cerebral 
vascular occlusion and TFNE and were often misdiagnosed with transient cerebral ischemia. Notably, 
CAA is a progressive age-related cerebrovascular disease. The severity of the disease increases with age 
due to deposition of amyloid beta protein in the cortex and leptomeningeal vessels, which is the main 
cause of cSAH. A previous study reported that TFNE is the main characteristic clinical manifestation of 
CAA-induced cSAH, followed by cortical superficial siderosis (CSS) and rebleeding[6]. The incidence of 
hypercholesterolemia is lower in patients with CAA-induced cSAH than in patients with TIA. 
Cholesterol is negatively correlated with the incidence of nontraumatic intracerebral hemorrhage and 
aneurysmal hemorrhage[5]. Symptoms of cSAH are paroxysmal and include TIA attacks, seizures, and 
TFNE. This indicates that TIA attacks can occur as a result of ischemic infarction or may occur as a 
clinical manifestation of hemorrhagic stroke.

A previous study reported that hyperacute arterial ischemic stroke occurs in patients within 4.5 h and 
6 days after a concurrent rate of cSAH 0.5%[4]. Acute changes in hemodynamics and damage to the 
blood brain barrier may be important mechanisms for the occurrence of cSAH. The incidence of SAH is 
associated with cerebrovascular disease risk factors such as hypertension, coronary heart disease, and 
diabetes, and this relationship can be explained by collateral circulation. ICA stenosis or occlusion and 
MCA stenosis or occlusion can promote the formation of Willis circle and the opening of PIA men-
ingostomy vessels, respectively[7-8].

CT scan is important for the diagnosis of cSAH. However, the sensitivity of CT decreases after a 
period of time. Notably, flair is highly sensitive to hemorrhage in the cerebral convexity cortex sulcus 
and is more effective in the diagnosis of acute and subacute SAH than plain CT scans. DWI and SWI are 
characterized by high sensitivity and accuracy in the diagnosis of SAH. Cerebrospinal fluid examination 
cannot confirm the diagnosis of cSAH; however, it helps in determining the etiology of the disease[9]. 
Notably, DSA is performed to further confirm the diagnosis when the cause of disease cannot be 
determined through noninvasive examination. Studies report that cSAH may be a marker of vascular 
fragility and a major risk factor for future lobar hemorrhage[10]. Cortical or watershed subarachnoid 
hemorrhage may be the result of excessive cerebral perfusion. High-grade stenosis is always a sign of 
hemodynamic compromise, and collateral circulation might be a predictor of excessive cerebral 
perfusion[11]. The clinical and imaging findings of the patient in the present study indicate a positive 
diagnosis of cSAH and rule out the possibility of CAA. The cause of the disease was initially considered 
to be atherosclerotic stenosis of the large cerebral artery; however, later severe stenosis of the anterior 
cerebral artery was considered the cause of the present case. It is speculated that the pathogenesis may 
be severe stenosis of the anterior cerebral artery, which can cause compensatory dilation and vulner-
ability of cortical lateral branch vessels in the corresponding region, when hemodynamic changes occur, 
such as a sudden increase in intracranial perfusion pressure, resulting in the rupture of the leptic lateral 
branch circulation vessels that have already undergone expansion or increased permeability, resulting 
in bleeding, or the arrival of embolus to the fragile collateral vessels causing blood vessel rupture and 
causing a small amount of bleeding, which as indicated by DSA examination. Intracranial artery 
stenosis/occlusion caused by cSAH is common in MCA. In summary, the findings of the present study 
indicate that ACA stenosis may lead to the occurrence of cSAH.

cSAH is treated using different treatment strategies depending on the cause of the disease. 
Antiplatelet therapy is used for intracranial artery stenosis or occlusion caused by arteriosclerosis, 
nimodipine is administered for reversible cerebral vasoconstriction syndrome, and steroid hormone is 
given for the treatment of vasculitis. Symptomatic therapy for cSAH includes reduction of intracranial 
pressure, anti-epilepsy drugs, and administration of drugs for lowering blood pressure. The prognosis 
of cSAH depends on the cause, and most patients present with good prognosis. However, CAA-induced 
intracranial hemorrhage is recurrent and associated with poor prognosis[12].
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CONCLUSION
Symptoms of cSAH are complex and not easily detected during clinical investigations. The cause of the 
disease should be explored to minimize missed diagnosis and misdiagnosis.
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Abstract
BACKGROUND 
Craniopharyngioma is a benign tumor that usually develops in children; 
however, it is located in the center and close to sensitive structures, such as the 
pituitary gland and hypothalamus. As the hypothalamus plays a crucial role in 
the homeostasis of anterior pituitary hormone synthesis, damage to the 
hypothalamus leads to multiple pituitary hormone deficiencies and non-alcoholic 
fatty liver disease, including hepatopulmonary syndrome (HPS). HPS has limited 
treatment and poor prognosis.

CASE SUMMARY 
A girl aged 13 years and 6 mo underwent surgery for craniopharyngioma 6 years 
prior. Right craniotomy was performed with total resection via the corpus 
callosum approach, and the tumor at the base was approximately 3.5 cm × 3.5 cm 
× 4.0 cm. At 1 year postoperatively, she exhibited abdominal distension and 
weakness, and the laboratory tests revealed fatty liver disease. Thereafter, she had 
not visited the outpatient clinic for 2 years. Two years ago, she developed 
decreased activity endurance, severe cyanosis, chest tightness, wheezing, and 
intermittent and recurrent low fever after mild physical labor. Hepatobiliary 
ultrasonography, liver biopsy, and contrast echocardiography of the right heart 
showed cirrhosis and multiple pituitary hormone deficiencies, indicating HPS. 
After 1 year of treatment with recombinant human growth hormone, the liver 
function and oxygenation improved; she did not undergo liver transplantation.

CONCLUSION 
Craniopharyngioma surgery can easily cause hypopituitarism, which can lead to 
nonalcoholic steatohepatitis and HPS in children. Early growth hormone therapy 
is important to improve the prognosis of these diseases.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i18.6211
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Core Tip: Hepatopulmonary syndrome (HPS) is a serious complication of chronic liver disease with a poor 
prognosis. Currently, liver transplantation is the only available treatment; however, severe hypoxemia 
before transplantation is a high risk factor for postoperative death. We present a case of postoperative 
craniopharyngioma in a child with nonalcoholic steatohepatitis and HPS secondary to hypopituitarism. 
The patient’s liver function and hypoxemia were improved by growth hormone replacement therapy, and 
liver transplantation was expected to be avoided.

Citation: Zhang XY, Yuan K, Fang YL, Wang CL. Growth hormone ameliorates hepatopulmonary syndrome and 
nonalcoholic steatohepatitis secondary to hypopituitarism in a child: A case report. World J Clin Cases 2022; 
10(18): 6211-6217
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6211.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6211

INTRODUCTION
Nonalcoholic steatohepatitis and hepatopulmonary syndrome (HPS) are rare in children with secondary 
pituitary insufficiency after surgery for craniopharyngioma. Craniopharyngioma and treatment 
sequelae may lead to polypituitary insufficiency, which further affects the hormone secretion in the 
body. Endocrine diseases also cause nonalcoholic fatty liver disease (NAFLD)[1]. This report aims to 
further elucidate the clinical characteristics of nonalcoholic steatohepatitis (NASH) and HPS caused by 
hypothalamic-pituitary dysfunction after surgery for craniopharyngioma and the improvement of this 
disease after hormone replacement therapy, which has great significance in the clinical prognosis.

CASE PRESENTATION
Chief complaints
The chief complaints were liver enlargement for 4 years, activity loss for 2 years, and cyanosis for more 
than 1 year.

History of present illness
A female patient aged 13 years and 6 mo was diagnosed with craniopharyngioma 6 years prior and 
underwent surgical resection without postoperative hormone replacement therapy. She had weakness 
after the surgery, and multiple laboratory tests revealed hypernatremia and hyperchloremia. The 
maximum serum sodium level was 176 mmol/L, which was improved by infusion of glucose, and the 
lowest sodium level was reduced to approximately 155 mmol/L. Four years ago, abdominal distension 
due to liver enlargement was noted, and B-ultrasound examination suggested fatty liver disease. The 
patient had severe cyanosis, chest tightness, wheezing, intermittent fever, and progressive exacerbation 
after mild physical labor for more than 1 year. Oxygen saturation fluctuated around 85% under high-
flow oxygen inhalation. Hepatobiliary ultrasonography, liver biopsy, and contrast echocardiography of 
the right heart revealed cirrhosis and HPS.

History of past illness
The patient had no history of hypertension, diabetes, or heart disease. She had undergone surgery for 
craniopharyngioma 6 years ago.

Personal and family history
The patient was born to a G1P1 mother at full term. The patient’s parents are alive, healthy, and 
divorced. The patient does not have siblings.

Physical examination
Under atmospheric inhalation, oxygen saturation (SpO2) mostly fluctuated at around 70%. Cyanosis of 
the face and lips was noted. The heart rate was 124 beats/min, respiration was 26 breaths/min, blood 

https://www.wjgnet.com/2307-8960/full/v10/i18/6211.htm
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pressure was 96/46 mmHg, height was 141.5 cm (-2.5 SD), and weight was 41.85 kg (-0.5 SD). The skin 
sclera did not have obvious yellow staining, and acanthosis nigricans was noted around the neck and 
axillae. No abnormality was found during cardiopulmonary auscultation, and the abdomen was soft but 
enlarged with palpable spleen and liver. Examination of the nervous system was negative, double 
breasts were in stage B1, pubic hair was in stage PH1, and no axillary hair was found.

Laboratory examinations
The patient exhibited hypernatremia (serum sodium level, 167 mmol/L; normal range, 135–145 
mmol/L), mild liver function abnormality (alanine aminotransferase level, 67 U/L, normal range, 7–40 
U/L; aspartate aminotransferase level, 93 U/L, normal range, 13–40 U/L; γ-glutamyltranspeptidase, 107 
U/L, normal range, 7–45 U/L; total bilirubin level, 45.1 μmol/L, normal range, 0.0–21 μmol/L; total 
biliary acid level, 22.3 μmol/L, normal range, 0.0–10.0 μmol/L; indirect bilirubin level, 33.6 μmol/L, 
normal range, 3-14 μmol/L; triglyceride level, 2.53 mmol/L, normal range, 0.3–1.7 mmol/L), abnormal 
renal function (creatinine level, 79 μmol/L; normal range, 15–77 μmol/L), and high blood ammonia 
level (94 μmol/L; normal range, 10–47 μmol/L). The patient had hypopituitarism and multiple pituitary 
hormone deficiencies (Table 1). However, the coagulation function, immune function, and Epstein-Barr 
virus and cytomegalovirus levels were normal. The hepatitis series, including hepatitis A virus, 
hepatitis B virus, hepatitis C virus, hepatitis D virus, and hepatitis E virus, were normal.

Imaging examinations
Echocardiography of the right heart revealed a diffuse arteriovenous shunt in the lung (grade III > 
100/frame), which was consistent with HPS (Figure 1A). Abdominal ultrasonography revealed bile duct 
dilatation, cirrhosis, and splenomegaly (Figure 1B). Biopsy of the liver parenchyma showed loss of 
lobular structure, formation of regenerated nodules, swelling of the hepatocytes, mild steatosis (20%), 
fibroseptal bile duct hyperplasia, and fibrous tissue hyperplasia. The diagnostic view showed nodular 
cirrhosis (considering the origin of NASH) (Figure 2). The liver vasculature of computed tomography 
angiography revealed cirrhotic hepatosplenomegaly and portal hypertension, spongiform changes in 
the left portal artery, mild varicose veins in the lower esophagus, and splenic-renal shunt. Magnetic 
resonance cholangiopancreatography did not show abnormal changes in the pancreatic duct. The 
pituitary magnetic resonance imaging that included the conventional plain scan and dynamic contrast-
enhanced scan showed postoperative changes in craniopharyngioma.

FINAL DIAGNOSIS
The final diagnoses were liver cirrhosis, HPS, hypopituitarism, and electrolyte imbalance.

TREATMENT
The patient received multiple hormone replacement and desmopressin therapies: Growth hormone 
(GH) (4 IU qn), thyroid hormone (levothyroxine sodium hydrate, 50 μg/d), corticosteroid 
(hydrocortisone, 15 mg/d), and desmopressin (Minirin, 0.05 mg/d). Moreover, the patient received 
symptomatic oxygen inhalation and calcium and potassium supplementation.

OUTCOME AND FOLLOW-UP
Oxygen saturation improved significantly after 1 mo of GH treatment and currently fluctuated at 
around 92% for low-flow nasal catheter oxygen. Liver function was reduced to the normal range, 
hypernatremia improved, and total bilirubin, indirect bilirubin, total bile acid, and lipid levels were 
significantly improved. During regular follow-up, it was found that liver transplantation was not 
required.

DISCUSSION
Craniopharyngioma is a rare primary brain tumor that originates from ectopic embryonic remnants of 
the craniopharyngeal duct or squamous epithelial cells. Its incidence is 0.5–2 cases per million persons 
per year, with peaks in childhood/adolescence (8 years) and adulthood (40–50 years)[2,3]. Although 
histologically defined as a benign tumor, craniopharyngioma often compresses nearby key structures, 
such as the optic neurohypophysis or hypothalamus[4,5]. Postoperative complications of cranio-
pharyngioma, especially endocrine dysfunction, have a high incidence and mainly manifest as 
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Table 1 Laboratory examinations results

Variable Value

IGF-1 (220.0-972.0 ng/mL) 170

TSH (0.35-4.94 mIU/L) 1.05

FT3 (2.43-6.01 pmol/L) 3.9

FT4 (9.01-19.05 pmol/L) 7.94

ACTH (8 am, pg/mL) < 5.00

Cortisol (8 am, 5-25 μg/dL) < 1.00

LH (1.8-11.78 mIU/mL,) 0.09

FSH (3.03-8.08 mIU/mL) < 0.05

Testosterone (10.83-56.94 ng/dL) < 3.82

Estradiol (21-251 pg/mL) < 10.00

Progesterone (0.00-0.30 ng/mL) < 0.10

Prolactin (5.18-26.53 ng/mL) 44.60

IGF-1: Insulin-like growth factor-I; TSH: Thyroid stimulating hormone; FT3: Free triiodothyronine; FT4: Free thyroxine; ACTH: Adrenocorticotropic 
hormone; LH: Luteinizing hormone; FSH: Follicle stimulating hormone.

Figure 1 Ultrasonography. A: Right echocardiography revealed diffuse arteriovenous shunt in the lung (grade III > 100/frame), consistent with hepatopulmonary 
syndrome; B: Abdominal ultrasound displayed bile duct dilatation, cirrhosis, and splenomegaly.

intractable diabetes insipidus hypothalamic-pituitary insufficiency, severe electrolyte disorder, and 
neuropsychological defects, which seriously affect the quality of life of children.

NAFLD is a chronic liver disease worldwide, and its incidence is increasing with the prevalence of 
obesity, diabetes, and metabolic syndrome. Statistically, the global incidence is 25%[6]. NAFLD is 
histologically classified into NAFLD and NASH, cirrhosis, and hepatocellular carcinoma. NAFLD and 
NASH are associated with hypothalamic hypopituitarism, but their pathogeneses remain unclear, and 
an increasing number of studies have found that the development of NASH is closely related to 
endocrine hormone abnormalities[7]. In children, it is caused by craniopharyngioma or pituitary 
adenoma and sequelae of treatment, leading to hypothyroidism, adrenal insufficiency, hypogonado-
tropism, and GH deficiency[8]. Adams et al[9] reported 21 cases of NAFLD, among which 15 were 
secondary after brain tumor surgery (approximately 71%), suggesting that brain tumor near the 
pituitary hypothalamus is an important cause of NAFLD. More than 50% (eight cases) of these tumors 
were craniopharyngiomas, suggesting the importance of careful diagnosis and exclusion of this type of 
tumor in the presence of clinically unexplained NAFLD[9]. Jung et al[10] reported the case of a 19-year-
old girl diagnosed with craniopharyngioma who developed hypothalamic obesity, NAFLD, and 
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Figure 2 Pathological images of liver biopsy. A: Immunohistochemical staining for CK818 (× 200); B: dPAS staining (× 200); C: HE staining (× 50); D: HE 
staining (× 200). Nodular cirrhosis (consider the origin of nonalcoholic steatohepatitis).

progression to HPS after tumor resection[10]. Recently, studies on patients with hypothalamic-pituitary 
involvement after craniopharyngioma have found that the prevalence of NAFLD in children is approx-
imately 3%–10%, while the incidence of NAFLD caused by hypothalamic-pituitary damage after cranio-
pharyngioma has increased to approximately 50%[11,12]. Previously, it was generally believed that the 
risk factors for NAFLD were excessive fructose intake, insulin resistance, and metabolic syndrome, 
followed by oxidative stress injury and endoplasmic reticulum stress, adipocytokine, mitochondrial 
dysfunction, and bisphenol A intake[13,14].

In a retrospective study that reported the association between hypopituitarism, hypothalamic 
dysfunction, and NAFLD, NAFLD was found in 2.3% of patients with hypopituitarism and hypo-
thalamic obesity[15]. Moreover, a recent analysis of long-term outcomes after childhood-onset cranio-
pharyngioma found that 1 of 32 patients (3%) died of cirrhosis[16].

The risk of progression from childhood simple fatty liver to adult cirrhosis and liver failure is low, 
and the natural course of NAFLD in patients with hypothalamic and pituitary dysfunction may be more 
aggressive than that in the general population. Therefore, children with craniopharyngioma should be 
closely followed postoperatively, especially for liver function and pituitary hormone levels. Some 
scholars have reported NASH 4 years after pituitary tumor resection, accompanied by dyspnea and 
hypoxemia, which eventually developed into HPS[17]. HPS is a serious complication of chronic liver 
disease, which includes three main characteristics: Abnormal liver function, pulmonary telangiectasia 
(shunt), and hypoxemia[18]. It is a progressive disease that is a complication of cirrhosis or portal 
hypertension. The main clinical manifestations are dyspnea and cyanosis. At this point, the exact 
pathogenesis of HPS is still unclear, and is most likely thought to occur due to vasodilatation caused by 
nitric oxide[19], which increases pulmonary blood flow and cardiac output, leading to pulmonary 
ventilation-perfusion mismatch and arteriovenous shallows, ultimately making it difficult for oxygen 
molecules to bind with hemoglobin, and resulting in hypoxemia[20,21]. Currently, liver transplantation 
is the accepted treatment. Despite successful liver transplantation, NAFLD has a high recurrence rate. 
Therefore, the prospects for the treatment of NAFLD and HPS secondary to craniopharyngioma are not 
optimistic, and the need for liver transplantation should be carefully considered. We present the case of 
a 13-year-old girl with hypopituitarism following surgery for craniopharyngioma; particularly, GH 
deficiency resulted in slow-progressive NASH, which progressed to cirrhosis, and HPS was eventually 
diagnosed. After GH replacement therapy, liver biochemical indexes and hypoxemia were significantly 
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improved. Therefore, it is speculated that GH may provide a new approach for the treatment of HPS in 
the future. An 11-year-old boy from Japan was reported to have developed hypopituitarism after 
surgical resection of a pituitary tumor and subsequently progressed to NASH and HPS. He underwent 
living-donor liver transplantation at 15 years of age and developed NAFLD again 1 year after 
transplantation; GH replacement therapy improved liver function, which stabilized to the normal range 
during 10 years of follow-up[17]. Kodama et al[22] and Torii et al[23] reported that GH replacement 
therapy improved NASH and HPS[22,23]. A 29-year-old man with pituitary stalk interruption 
syndrome progressed slowly to HPS, and after 14 mo of treatment with recombinant human GH, the 
liver function and hypoxemia improved, and liver fibrosis did not progress[24].

Recent studies have demonstrated an increased prevalence of NASH in adult patients with GH 
deficiency and improvement in liver function impairment after GH replacement therapy. Although it is 
unclear whether GH replacement therapy directly or indirectly reduces oxidative stress in the liver, GH 
has antioxidant stress effects in vivo. GH can directly reduce adipogenesis in liver cells and simultan-
eously regulate the production of IGF1, which can induce cell senescence and inactivate hepatic stellate 
cells, thus improving liver fibrosis[25].

CONCLUSION
Craniopharyngioma in children likely damages the pituitary gland and leads to hypopituitarism, 
regardless of its unique location or treatment with surgery or radiotherapy. Hypopituitarism in children 
is likely to develop into NASH, cirrhosis, and even HPS. In this study, GH replacement therapy 
significantly improved liver function, metabolic status, and hypoxemia, providing new clinical support 
for the early diagnosis and treatment of NASH and HPS in children with hypopituitarism.
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Abstract
BACKGROUND 
Vancomycin is the most commonly used drug for methicillin-resistant Staphylo-
coccus aureus. The empirical clinical doses of vancomycin based on non-obese 
patients may not be optimal for obese ones.

CASE SUMMARY 
This study reports a case of vancomycin dosing adjustment in an obese patient 
(body mass index 78.4 kg/m2) with necrotizing fasciitis of the scrotum and left 
lower extremity accompanied with acute renal failure. Dosing adjustment was 
performed based on literature review and factors that influence pharmacokinetic 
parameters are analyzed. The results of the blood drug concentration monitoring 
confirmed the successful application of our dosing adjustment strategy in this 
obese patient. Total body weight is an important consideration for vancomycin 
administration in obese patients, which affects the volume of distribution and 
clearance of vancomycin. The alterations of pharmacokinetic parameters dictate 
that vancomycin should be dose-adjusted when applied to obese patients. At the 
same time, the pathophysiological status of patients, such as renal function, which 
also affects the dose adjustment of the patient, should be considered.

CONCLUSION 
Monitoring vancomycin blood levels in obese patients is critical to help adjust the 
dosing regimen to ensure that vancomycin concentrations are within the effective 
therapeutic range and to reduce the incidence of renal injury.

Key Words: Vancomycin; Obesity; Acute renal failure; Pharmacokinetics; Case report
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Core Tip: We report the medical records of dose adjustment of vancomycin in an obese patient (body 
weight 240 kg), including the dose adjustment protocol in acute renal injury. This article also reviews the 
current literature on the application of vancomycin in the obese population and provides recommendations 
on how to make dose adjustments based on available evidence.

Citation: Xu KY, Li D, Hu ZJ, Zhao CC, Bai J, Du WL. Vancomycin dosing in an obese patient with acute renal 
failure: A case report and review of literature. World J Clin Cases 2022; 10(18): 6218-6226
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6218.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6218

INTRODUCTION
Since 1980, the prevalence of obesity has more than doubled worldwide. It is estimated that by 2030, 
60% of the world's adult population will be classified as obesity[1]. In the United States from 2013 to 
2014, the prevalence of obesity was 35.0% for male and 40.4% for female adults, and there was a 
significant linear increasing trend among women in the prevalence of obesity from 2005 through 2014
[2]. Obesity has also become a major public health burden in China. Over the past 40 years, the 
prevalence of obesity has increased significantly. The nationally representative survey showed that 
more than half of the Chinese adults are obese according to the Chinese standards[3]. The increased 
prevalence of obesity poses a challenge for clinicians to deliver optimized doses of antimicrobial drugs 
in the intensive care unit. Obesity is a key risk factor for community and hospital-acquired infections[4], 
and increases risks of incidence and mortality compared to non-obese individuals[5]. It may affect the 
pharmacokinetics of antimicrobial agents, particularly in patients requiring high-dose antimicrobial 
therapy[6], and can also influence the immune response and increase susceptibility to infections[7], 
resulting in a high risk of infection in obese patients[8]. As a consequence, clinicians are increasingly 
facing severely obese patients requiring antibiotic treatment. However, few studies have summarised 
the published data and provided clinical guidance for effective dosing in these patients.

Since the early 1980s, as the number of methicillin-resistant Staphylococcus aureus (MRSA) infections 
began to increase, vancomycin has become the drug of first choice for this microbial infection[9]. 
Vancomycin belongs to glycopeptide antibiotic which acts by inhibiting bacterial cell wall synthesis[10]. 
It is the most widely used antibiotic worldwide for the treatment of severe Gram-positive bacterial 
infections[11]. The binding of vancomycin to protein is approximately 50% to 55%[10]. The volume of 
distribution is 0.4-1 L/kg[9]. Vancomycin is primarily cleared via renal excretion[12]. The actual body 
weight of obese subjects increases the chance of vancomycin exposure and the incidence of vancomycin-
associated nephrotoxicity[13]. Therefore, dose adjustment is required when vancomycin is used in obese 
patients, because of the effect of obesity on vancomycin pharmacokinetic parameters. One study shows 
that therapeutic drug monitoring (TDM) significantly improves the clinical curative effect and reduces 
the incidence of nephrotoxicity in patients treated with vancomycin[14].

Although the pharmacokinetics of vancomycin in the general population is well-described, to the best 
of our knowledge, only a few studies have investigated the effect of vancomycin dose in the obese 
population. This study reports the medical records of dose adjustment of vancomycin in an obese 
patient weighing up to 240 kg, including the dose adjustment protocol in the acute renal injury. This 
article also reviews the current literature on the application of vancomycin in the obese population and 
provides recommendations on how to make dose adjustments based on the available evidence.

CASE PRESENTATION
Chief complaints
A 40-year-old man was referred to our intensive care unit (ICU), with the complaints of chest tightness 
and shortness of breath with no obvious cause for 3 mo.

History of present illness
In November 2020, the patient reported chest tightness and shortness of breath with no obvious cause. 
Three days later, the patient’s symptoms aggravated with abdominal distension and edema of both 
lower limbs. He was admitted to the ICU of a local hospital for acute respiratory failure. After 2 wk of 
treatment, the patient still had persistent fever and was transferred to the ICU of our hospital on 
November 18, 2020.

https://www.wjgnet.com/2307-8960/full/v10/i18/6218.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6218
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History of past illness
The patient had suffered from hypertension for 3 years and erysipelas of the right lower extremity for 2 
years.

Personal and family history
The patient had no specific personal or family history.

Physical examination
The patient’s height and body weight were 175 cm and 240 kg, respectively. The patient had necrotizing 
fasciitis of the scrotum and left lower extremity, and large brown skin pigmentation of the left calf, and 
two approximately 2-cm surgical incisions with built-in gauze drainage and cloudiness drainage fluid 
were visible in the left thigh and the middle of the left calf (Figure 1).

Laboratory examinations
The culture of secretion revealed Staphylococcus hemolyticus at a local hospital.

Imaging examinations
There were no abnormal imaging data findings.

FINAL DIAGNOSIS
The final diagnoses were: (1) Sepsis; (2) Acute respiratory distress syndrome; (3) Pneumonia; (4) Heart 
failure; (5) Necrotizing fasciitis of the scrotum and left lower extremity; and (6) Severe obesity.

TREATMENT
The patient had pulmonary infection and Staphylococcus hemolyticus was detected in his secretion at the 
local hospital. His initial serum creatinine was 63.3 μmol/L and creatinine clearance (CrCl) was greater 
than 90 mL/min. Based on the patient's history and drug sensitivity testing results, intravenous 
levofloxacin 0.75 g/d and tigecycline 0.2 g/d were started empirically for anti-infection treatment. Then, 
linezolid 0.6 g intravenous injection every 12 h was prescribed to replace levofloxacin, and the patient's 
temperature decreased to normal after 3 d of treatment. On November 27, the patient developed a high 
fever (temperature up to 40.2 °C), and his high-sensitivity C-reactive protein (hs-CRP) rose to 183.51 
mg/L (Table 1). Considering the infection from the lower extremity and the scrotum, the patient 
received enhanced drainage and dressing change. Meanwhile, the culture of sputum and scrotal 
revealed Acinetobacter baumannii. The linezolid was subsequently discontinued and intravenous infusion 
of vancomycin was started. Because the patient was severely obese, after reviewing the literature, we 
determined the dosing regimen of a loading dose (vancomycin administered as continuous infusion of 2 
g over 2 h) and a maintenance dose (vancomycin 1 g infused over 60 min every 8 h). The vancomycin 
blood trough concentration was 11.7 μg/mL after the patient had received three doses of vancomycin. 
The patient developed acute renal failure due to the aggravation of infection, the serum creatinine levels 
showed a gradual increase, and the vancomycin trough concentration was greater than 20 μg/mL (up to 
34.3 μg/mL). We then adjusted the vancomycin administration dose according to the blood drug 
concentration monitoring. On December 16, continuous renal replacement therapy (CRRT) was used 
because of anuria of the patient. Given using continuous veno-venous hemodiafiltration mode, we 
adjusted the vancomycin administration dose to 1 g every 12 h, during which vancomycin blood drug 
concentration fluctuated between 10 and 20 μg/mL.

OUTCOME AND FOLLOW-UP
The treatment produced significant improvement in the patient’s respiratory status and the infection. 
Vancomycin and CRRT treatment were subsequently discontinued on December 24. Two days later, the 
patient was transferred out of the ICU to continue treatment. He was well with no further complaints at 
the routine 1-mo follow-up.

DISCUSSION
In recent years, body mass index (BMI) is a world-accepted grading method to assess the degree of 
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Table 1 Changes of indicators during the patient's hospitalization

Check item/date November 
19

November 
28

December 
1

December 
11

December 
16

December 
20

December 
25

White blood cell count (× 109/L) 5.50 9.59 8.16 14.02 35.29 20.19 7.71

Neutrophil percentage (%) 62.6 75.80 75.00 85.60 85.90 82.20 68.30

Procalcitonin(ng/mL) 0.130 0.190 0.190 9.170 53.760 4.930 1.160

High-sensitivity C-reactive 
protein(mg/L)

183.51 194.91 140.00 68.80 99.00 22.30 8.91

Serum creatinine (μmol/L) 67.8 61.8 48.9 266.8 453.1 (CRRT) 120.9 (CRRT) 264.1 (CRRT)

CRRT: Continuous renal replacement therapy.

Figure 1 Infection of the left leg in the obese patient.

obesity. According to the criteria of the guideline, obesity is defined as a BMI of 30.0 kg/m2 or higher
[15]. Based on the body weight and height of this patient, his BMI was calculated to be 78.4 kg/m2, 
which met the threshold for obesity. Numerous physiopathological changes occur in obese individuals, 
including changes in distribution (Vd) and renal excretion[16].

Vancomycin is a time-dependent antibiotic and a number of factors influence its clinical activity, 
including variable tissue distribution, dose size, and clearance rate[17]. One study showed that total 
body weight (TBW) influenced the Vd and clearance (CL) of vancomycin (Table 2)[18]. As expected, 
obesity is a known factor affecting drug pharmacokinetics[19]. Vancomycin, as a hydrophilic drug, is 
able to penetrate and distribute, to a certain extent, in adipose tissues, thereby increasing the Vd[20]. A 
large retrospective study by Ducharme et al[21] showed that the Vd was greater in obese subjects than in 
normal subjects by examining pharmacokinetics of vancomycin in 704 patients. Blouin and his 
colleagues[22] also demonstrated statistically significant differences in weight-indexed Vd between two 
groups of subjects. A recent study suggests that Vd changes in obese patients can be ascribed to the 
physicochemical properties of the drugs in most cases[23]. In addition, the degree of the Vd depends on 
the lipophilicity, hydrophilicity, protein binding, and molecular weight of the antibiotic[24]. In the obese 
population, higher cardiac output and blood volume may increase blood flow, and lead to larger Vd[25]. 
Edema combined with fluid resuscitation can increase the Vd of different antibacterial agents in obese, 
critically ill patients[26].

Previous studies indicated that CL of vancomycin was much higher in the obese population, 
especially in young obese patients, and they required high doses to obtain adequate trough concen-
trations[9]. Han et al[27] demonstrated that obese adults exhibited higher drug clearance rates than non-
obese ones. Unlike Vd, the physicochemical properties of drugs have little effect on CL, which is largely 
controlled by physiological processes[23]. The change in clearance was mainly attributed to an increase 
in kidney mass and renal blood flow in obese subjects[28]. Greater glomerular filtration rate and renal 
perfusion in obese individuals increase the CL of vancomycin[29]. At the same time, greater renal 
volume, hypertrophy of the renal unit, and hydrostatic pressure of the glomerulus were also associated 
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Table 2 Literature on dose adjustment analysis of vancomycin in obese patients

Title (year) Design Results Conclusions Ref.

Prospective pharmacokinetic 
study

To assess vancomycin pharma-
cokinetic parameters in obese 
patients

Pharmacokinetics of 
vancomycin in extremely 
obese patients with suspected 
or confirmed staphylococcus 
aureus infections (2015)

n = 31

When the minimum inhibitory 
concentration (MIC) was 1 μg/ml, the 
probability of the concentration-time 
curve (AUC)/MIC rate of 400 for 
vancomycin at 4000 to 5000 mg/d 
was 93%

Vd and clearance of vancomycin 
were affected by total body 
weight, respectively

Adane et al
[18]

Retrospective review Vd is 0.69 L/kg IBW in normal 
females compared with 0.58 in men

Comparative pharmacokinetics 
of vancomycin using steady-state 
peak and trough serum concen-
trations

Vancomycin pharma-
cokinetics in a patient 
population: effect of age, 
gender, and body weight 
(1994)

n = 704

The Vd for obese women and men 
was 1.17 and 0.90 L/kg IBW 
respectively

Vancomycin dosing can be 
improved by adapting the initial 
estimates of Vd in obese people

Ducharme 
et al[21]

An uncontrolled study

Vancomycin pharmacokinetics 
was determined in normal and 
morbidly obese populations

Significant differences in mean 
terminal half-life and volume of 
distribution values between normal 
and morbidly obese individuals 

Vancomycin pharma-
cokinetics in normal and 
morbidly obese subjects (1982)

n = 10 Strong correlations between TBW and 
Vd and total body clearance

TBW should be used for dosing 
of vancomycin in obese 
individuals

Blouin et al
[22]

A retrospective data collection TBW should be considered for 
the initial dose

To perform a pharmacokinetic 
analysis of vancomycin in 
subjects

Vancomycin dosing in 
critically ill patients: robust 
methods for improved 
continuous-infusion regimens 
(2011)

n = 206

Patients with a creatinine clearance of 
100 ml/min/1.73 m2 should receive a 
continuous infusion at least 35 
mg/kg/d to maintain target concen-
trations

The maintenance dose can be 
directed by creatinine clearance

Roberts et 
al[39]

Retrospective study

Determining an experiential 
vancomycin dosing strategy for 
obese individuals

Dosing vancomycin in the 
super obese: less is more 
(2018)

n = 346

Maintenance dose > 4500 mg/d is not 
required in obese patients to reach 
the pharmacodynamic AUC target

Using AUC-targeted TDM can 
optimize the treatment of obese 
adults

Crass et al
[40]

A prospective, non-comparative 
study

The two-compartmental first-order 
elimination model

To investigate the pharma-
cokinetics of vancomycin in 
patients with early septic shock

The mean ± SD of the total 
vancomycin clearance (3.70 ± 1.25 
L/h) was higher than in patients with 
non-septic shock

The pharmacokinetics of 
vancomycin during the initial 
loading dose in patients with 
septic shock (2016)

n = 12 There was no increase in the volume 
of the central compartment (8.34 ± 
4.36 L) or the volume of peripheral 
compartment (30.99 ± 7.84 L) 
compared to patients with non-septic 
shock

In the early stages of septic 
shock, the total clearance of 
vancomycin increased, while the 
volumes of distribution of the 
central and peripheral 
compartments did not increase

Katip et al
[52]

A random sampling

Patients receiving vancomycin 
were categorised by body mass 
index and randomly chosen from 
the computer-generated query

Multicenter evaluation of 
vancomycin dosing: emphasis 
on obesity (2008)

n = 421

Adequate initial doses were achieved 
in 93.9% of overweight patients and 
27.7% of obese patients

The patient receives a weight-
based dose

Hall et al
[53]

Retrospective review 

Comparison of original and 
revised dosing regimens for 
achieving target serum trough 
concentrations and occurrence of 
nephrotoxicity in obese subjects

Performance of a vancomycin 
dosage regimen developed for 
obese patients (2012)

n = 138

Revised strategy resulted in a higher 
frequency of target troughs

Compared with the original 
strategy, the revised strategy 
improved the attainment of 
target trough concentrations 
with minimal nephrotoxicity

Reynolds 
et al[54]

Vd: Distribution; TBW: Total body weight; IBW: Ideal body weight; TDM: Therapeutic drug monitoring; AUC: Concentration-time curve; MIC: Minimum 
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inhibitory concentration.

with greater CL of vancomycin in the obese group[30]. Vancomycin is a hydrophilic drug with 
predominant renal excretion. Furthermore, augmented renal clearance (ARC), defined as a creatinine 
clearance more than or equal to 130 mL/min/1.73 m2, refers to enhanced elimination of hydrophilic 
solutes by the kidneys[31]. The results indicate that ARC has been described in the obese, non-critically 
ill patient[32], and is a common finding in critically ill patients with normal plasma creatinine concen-
trations[33].

The option of vancomycin loading doses is dependent on the estimate of the Vd. Pharmacokinetic 
research had demonstrated that vancomycin Vd increases with increasing TBW[34]. The physico-
chemical properties of drugs lead us not to define a universal body-size parameter for the distribution 
and clearance of drugs. As a consequence, the body weight was used in dose selection for drug adminis-
tration[35]. One guideline states that a reasonable approach to the initial dose of vancomycin in obese 
individuals is to increase the loading dose to 20 to 25 mg/kg TBW and to decrease the maintenance 
dose, then adjust the dose according to TDM[36]. The 2020 Infectious Diseases Society of America 
(IDSA) consensus recommends the use of a TBW-based loading dose of 20 to 25 mg/kg in obese adults 
with severe infections, and considers capping doses of 3000 mg as the most practical dosing regimen
[37].

Data have shown an excellent correlation between TBW and CL[38]. Thus, the empirical maintenance 
dose of vancomycin is dependent on the estimated CL[39]. The initial maintenance doses of vancomycin 
can be calculated by vancomycin CL and target AUC for obese population[18,40]. The 2020 IDSA 
consensus points out that the mean vancomycin CL in obese patients is approximately 6 L/h, which 
corresponds to an AUC of approximately 500 mg·h/L at a daily dose of 3000 mg. The empirical 
vancomycin maintenance dose for obese adults should not exceed 4500 mg/d because vancomycin CL 
rarely goes beyond 9 L/h[37].

The pharmacodynamic parameter that best predicts the efficacy of vancomycin is the ratio of the area 
under the curve (AUC) to the minimum inhibitory concentration (MIC)[9]. In adult patients with 
suspected or definitive serious MRSA infection, the AUC/MIC ratio (assuming a vancomycin MIC of 1 
mg/L) with targets between 400 and 600 was recommended in the American Society of Health-System 
Pharmacists (ASHP) 2020 guideline[37]. Based on the historical difficulty of AUC estimation in clinical 
practice, previous expert guidelines recommended monitoring trough concentrations as a surrogate 
marker for the AUC/MIC ratio[41]. The 2020 Evidence-based Guideline for Therapeutic Drug 
Monitoring of Vancomycin recommends maintaining vancomycin steady-state trough concentrations at 
10–20 mg/L to achieve clinical efficacy and improve patient safety[42].

CRRT is a common treatment for critically ill patients with acute renal injury[43]. With advances in 
hemodialysis membrane technology, vancomycin is cleared substantially by effective and high-flux 
dialyzers[44]. Therefore, vancomycin dosing regimens for CRRT need to be changed, but there is no 
mention of CRRT dosing recommendations in the latest FDA-approved vancomycin package insert[45]. 
Vd may be increased in CRRT patients compared to healthy individuals with normal kidney function
[46]. During CRRT treatment, vancomycin CL remains a near-steady-state condition over the dosing 
interval, although vancomycin CL may decline over time as a result of hemodialysis filter plugging[46]. 
Vancomycin CL is closely related to the flow rate of ultrafiltration/dialysis solution[47]. The 
recommended loading dose for patients receiving CRRT is based on the actual TBW, at the dose of 20 to 
25 mg/kg[48]. In order to achieve the generation of steady-state concentrations between 15 and 20 
mg/L, a maintenance dose of 400 to 650 mg/12 h of vancomycin at an ultrafiltration flow rate of 30-40 
mg/kg/h is recommended for most critically ill patients[49]. Due to the unstable clinical situation, 
vancomycin concentration must be strictly monitored in critical patients[50].

In summary, we report a case of adjusting the blood concentration of vancomycin with enhanced 
effectiveness in an obese patient. The initial TBW of the patient with normal renal function was 240 kg. 
Thus, the patient should receive an initial TBW-based load of 6 to 7.2 g of vancomycin every day. 
However, the dose of vancomycin is greater than 4 g/d, which increases the risk of nephrotoxicity[51]. 
Following the recommended dose limit of 3 g, the patient received an initial TBW-based loading dose of 
2 g and a maintenance dose of 1 g of vancomycin every 8 h. The initial serum concentration of 11.7 
μg/mL was obtained, after the patient had received three doses of vancomycin. The serum concen-
tration demonstrated that the dosing regimen is reasonable. Due to acute renal failure with reduced 
urine output or even anuria, intravenous injection of vancomycin at 3 g/d led to a blood concentration 
of vancomycin that was higher than 20 μg/mL. We immediately reduced the dose of vancomycin and 
monitored the blood concentration of the drug. On the 29th day, the patient was treated with CRRT, the 
dosage regimen of vancomycin was 1 g every 12 h considering the clearance of vancomycin by CRRT, 
and the blood concentration was 13.3 μg/mL. The final blood concentration of vancomycin was 
maintained in the range of 10 to 20 mg/L.
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CONCLUSION
The clinical dose of drugs administered is generally determined based on the results of pharmacokinetic 
studies and clinical trial studies in non-obese patients, which may not be optimal in obese individuals. 
Hence, the difference in pharmacokinetics of different drugs between obese and non-obese patients 
must be considered during drug treatment. Obesity is also associated with physiological changes that 
can alter the pharmacokinetics of vancomycin, and the selection of the dose of vancomycin administered 
needs to take into account the effect of the body weight of patients. Furthermore, both the loading dose 
and the maintenance dose are different from non-obese patients. During treatment, we should make 
appropriate dose adjustments based on the patient's therapeutic drug monitoring and renal function. At 
the same time, altered pharmacokinetics of antibacterial drugs may require dose individualization to 
achieve target concentrations. Adjustment of loading dose and maintenance dose is critical for the 
antibiotic treatment in obese patients using vancomycin. Unfortunately, limited data are available 
analyzing vancomycin concentrations in obese patients.
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Abstract
BACKGROUND 
Laparoscopic sleeve gastrectomy (LSG) has been proposed as an effective and 
durable treatment for severe obesity and glucose metabolism disorders, and its 
prevalence has increased from 5% to 37% since 2008. One common complication 
after bariatric surgery is a postprandial hyperinsulinemic hypoglycemic state. 
While rare, insulinomas can cause this state, where symptoms are more common 
in the fasting state; thus, evaluation of insulin secretion is needed. Until now, 
there have been no reports of insulinoma after LSG.

CASE SUMMARY 
We describe the case of a 43-year-old woman who was referred to the obesity 
clinic 2 years after LSG was performed. She had symptoms of hypoglycemia 
predominantly in the fasting state and documented hypoglycemia of less than 30 
mg/dL, which are compatible with Whipple’s triad. Initially, dumping syndrome 
was suspected, but after a second low fasting plasma glucose was documented, a 
72-h fasting test was performed that tested positive. Computed tomography and 
endoscopic ultrasound were performed, identifying the presence of a homo-
geneous hypoechoic semioval tumoral lesion in the pancreas. The diagnosis was 
compatible with insulinoma. After laparoscopic enucleation of the insulinoma, the 
symptoms and hypoglycemia disappeared. The histopathological report 
described a well-differentiated grade 2 neuroendocrine tumor with positive 
chromogranin and synaptophysin and Ki67 immunopositivity in 4% of the 
neoplastic cells.
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CONCLUSION 
Insulinoma after LSG is a rare condition, and clinicians must be aware of it, especially if the patient 
has hypoglycemic symptoms during the fasting state.

Key Words: Insulinoma; Hypoglycemia; Bariatric surgery; Glucagon-like peptide 1 amide; Neuroendocrine 
tumors; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Neuroglycopenic symptoms compatible with Whipple’s triad were identified in a woman 2 years 
after laparoscopic sleeve gastrectomy, predominantly occurring in the fasting state. After discarding late 
dumping syndrome, a 72-h fasting test was performed and tested positive. Imaging techniques documented 
the presence of a tumoral lesion in the pancreas, compatible with insulinoma. After laparoscopic 
enucleation of the insulinoma, the symptoms were relieved. When hypoglycemia occurs after bariatric 
surgery, evaluation of insulin secretion is needed to conduct a correct diagnostic approach. Follow-up 
must be performed by a multidisciplinary team.

Citation: Lobaton-Ginsberg M, Sotelo-González P, Ramirez-Renteria C, Juárez-Aguilar FG, Ferreira-Hermosillo A. 
Insulinoma after sleeve gastrectomy: A case report. World J Clin Cases 2022; 10(18): 6227-6233
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6227.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6227

INTRODUCTION
The obesity pandemic has become a great topic of interest due to its implications for quality of life, 
comorbidities, increasing mortality, and the economic impact on health services worldwide[1]. Bariatric 
surgery (BS) is an effective and durable treatment for severe obesity and glucose metabolism disorders, 
with laparoscopic Roux-Y gastric bypass surgery (RYGB) being the most common procedure[2,3]. 
Nevertheless, laparoscopic sleeve gastrectomy (LSG) has been proposed as a procedure capable of 
achieving the same goals, but with fewer complications[4].

A common complication in BS is the development of a postprandial hyperinsulinemic hypoglycemic 
state[5]. Hypoglycemia is defined as a glucose level below 70 mg/dL according to the American Dia-
betes Association guidelines[6]. The possible causes of hypoglycemia in patients who had undergone BS 
include late dumping syndrome, nesidioblastosis and, rarely, insulinoma[5,7]. Up to 40 cases of nesidio-
blastosis have been reported after RYGB, and only one case has been reported after sleeve gastrectomy
[8,9]. To our knowledge, there are few reports of insulinoma after BS[10] but no reports after LSG. The 
purpose of these case reports is to inform clinicians that patients with neuroglycopenic symptoms 
during the fasting state could have hypoglycemia caused by insulinoma, which is not only due to late 
dumping syndrome.

A review of the medical literature for insulinoma and hypoglycemia after BS was performed in 
PubMed. We searched “insulinoma”, “hypoglycemia”, “sleeve gastrectomy”, “RYGB”, “glucagon-like 
peptide 1 (GLP-1)”, and “ghrelin” and a combination of the above terms including all dates up to 
October 2021. Herein, we present the case of a 43-year-old woman referred to the obesity clinic due to 
neuroglycopenic symptoms caused by an insulinoma 2 years after a sleeve gastrectomy.

CASE PRESENTATION
Chief complaints
A 43-year-old woman was referred to the obesity clinic due to neuroglycopenic symptoms caused by an 
insulinoma 2 years after a sleeve gastrectomy.

History of present illness
In March 2020, 2 years after LSG was performed, the patient developed neuroglycopenic symptoms 
including short-term memory loss, lingual nerve paresthesia, and nonspecific visual alterations predom-
inantly during the morning in a fasting state. These symptoms were suppressed with food intake. Two 
months later, she visited a physician who documented fasting plasma glucose of 27 mg/dL, and in June 
2020, the symptoms occurred more frequently, and she gained 14 kg. In the beginning, late dumping 
symptoms were suspected, but in September 2020, fasting plasma glucose of 30 mg/dL was docu-

https://www.wjgnet.com/2307-8960/full/v10/i18/6227.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6227
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mented, so she was hospitalized for the evaluation of hypoglycemia in a 72-h supervised fast test. She 
had baseline plasma glucose of 67 mg/dL, nonsuppressed insulin of 16.4 IU/mL, and C-peptide of 3.64 
ng/mL. In the first hour after initiation, she developed Whipple’s triad symptoms, and her lab results 
detected plasma glucose of 38 mg/dL, insulin of 25.9 IU/mL, and C-peptide of 4.31 ng/mL. Thus, it was 
decided to stop the protocol and initiate 1000 mL of 20% glucose solution in 12 h.

History of past illness
In 2002, the patient was diagnosed with obesity and dyslipidemia (high triglycerides and cholesterol 
with low HDL) and treated with improvements in diet, physical activity, and statins without weight 
control. In 2016, a gastric balloon was placed, and although her body mass index (BMI) in 2018 was 34.4 
kg/m2, LSG was performed.

Personal and family history
The patient had no specific personal or family history.

Physical examination
After LSG, the patient weighed 74 kg, and her BMI was 32 kg/m2. The physical examination showed no 
obvious cardiovascular or respiratory abnormalities. The abdomen was soft, and the only sign was the 
presence of postsurgery scars.

Laboratory examinations
Upon hospitalization prior to the surgery, the patient’s hemoglobin A1c level was 4.8% (normal range: < 
5.7%). The C-peptide value was normal at 3.64 ng/mL (1.1-4.4 ng/mL), and insulin was mildly elevated 
at 16.40 µUI/mL (3.21-16.30 µUI/mL). Lipid levels indicated dyslipidemia with total cholesterol of 224 
mg/dL and LDL-c of 142.8 mg/dL. Other biochemical parameters were normal and only an iron 
deficiency anemia was documented. Thyroid function was normal, with TSH 2.46 µUI/mL (0.27-4.20 
µUI/mL), FT4 1.06 ng/dL (0.93-1.70 ng/dL), and cortisol level 15.04 ug/dL (3.70-19.40 µg/dL), all 
within the normal range.

Imaging examinations
Computed tomography (CT) demonstrated the presence of a focal asymmetric reinforcement area in the 
head of the pancreas (Figure 1A). Endoscopic ultrasound showed the presence of a tumoral lesion in the 
pancreas in close proximity to the main pancreatic duct and splenomesenteric confluence without 
evidence of invasion (Figure 1B and C).

FINAL DIAGNOSIS
The final diagnosis was insulinoma. This was confirmed by histology and immunohistochemistry of the 
tumor (Figure 2).

TREATMENT
After a surgery consultation, a laparoscopic insulinoma enucleation was performed without complic-
ations. No other tumors were identified in the upper abdomen.

OUTCOME AND FOLLOW-UP
Histopathological findings revealed a well-differentiated neuroendocrine grade 2 tumor with free 
edges. Immunohistochemical studies confirmed positive chromogranin and synaptophysin as well as a 
proliferative activity (Ki67) in 4% of neoplastic cells.

After surgery, the neuroglycopenic symptoms were relieved, and the patient had no hypoglycemic 
events. Her current treatment is diet and physical activity, targeting a BMI of 31.1 kg/m2.

DISCUSSION
Since 2013, 468609 BSs have been performed worldwide[2]. LSG was initially introduced as a first-stage 
restrictive procedure to a more complex definitive one. At present, it is performed as a stand-alone BS
[7]. Since 2008, the prevalence of the LSG procedure has increased from 5% to 37% worldwide[2], but in 
Mexico, it is performed only in 13% of patients, whereas LRYGB is performed in 85.8%, with a bypass/ 
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Figure 1 Imaging examinations. A: Computed tomography image for neuroendocrine tumor. The orange arrow indicates a focal asymmetric reinforcement area 
of 11 mm × 14 mm of 145 HU in the head of the pancreas; B and C: Endoscopic ultrasound images indicating the presence of a homogeneous hypoechoic semioval 
tumoral lesion in the pancreas, with well-defined borders measuring 2.1 cm × 1.2 cm, in close apposition to the main pancreatic duct and splenomesenteric 
confluence without evidence of invasion.

sleeve ratio of 7:1. In our center, LSG accounts for 20% of total BSs (200 procedures since 2010).
LSG comprises vertical longitudinal resection of the greater gastric curve that includes the fundus, 

body, and antrum as well as the formation of a tubular conduit with a capacity of < 100 mL. Weight loss 
is achieved by restrictive and humoral effects[8,11].

Hypoglycemia is a well-documented complication after BS. Papamargaritis et al[12,13] recorded a 
study where 33% of patients experienced severe hypoglycemia a year after LSG due to late dumping 
symptoms, which usually occurs 1-3 h after a high-carbohydrate meal triggering a hyperinsulinemic 
response. Since 2005, up to 40 cases of nesidioblastosis after RYGB have been reported[8], and only one 
case after LSG was documented in 2019 by Kim et al[9]. While rare, insulinomas have been reported 
after BS. Mulla et al[10] described seven cases of insulinoma, one patient with pancreatic neuroendocrine 
tumor, and one patient with insulinoma and pancreatic neuroendocrine tumor after BS, 78% of whom 
were women. In these cases, hypoglycemia was more common in the fasting state.

The mechanism of the post-BS hyperinsulinemic hypoglycemic state and the changes in beta cell 
proliferation are not fully understood. In the LSG, the faster transit of undigested nutrients to the distal 
gastrointestinal tract due to rapid gastric emptying upregulates the production of GLP-1 secreted by 
enteroendocrine L cells in the distal intestine. This increase can normalize blood glucose and regulate 
insulin synthesis and proinsulin gene expression, as well as glucagon and somatostatin secretion[3]. 
GLP-1 has multiple beneficial effects on β cells, including an increase in their number by inhibiting 
apoptosis and enhancing neogenesis as well as promoting its proliferation. In a study carried out in 2016 
by Xu et al[14], it was found that a chemically modified GLP-1 (mGLP-1) analog promotes the prolif-
eration of pancreatic mouse β cells, upregulating the expression of cyclin E, CDK2, Bcl-2, Bax, and p21. 
The cyclin E-CDK2 complex plays an important role in the regulation of the G1 phase of the G1/S cell 
cycle, while p21 is a universal cyclin-dependent kinase (CKI) inhibitor. Meanwhile, the Bcl-2 and Bax 
genes, two important members of the Bcl-2 gene family, have opposite functions, inhibiting or 
promoting cell apoptosis, respectively[14].

An increase in ghrelin levels has been observed a year after BS[15]. Ghrelin and the type 1a ghrelin 
receptor (GHS-R1A) are expressed in different types of neuroendocrine tumors. Recently, Wu et al[16] 
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Figure 2 Histology and immunohistochemistry of the tumor. A: Hematoxylin and eosin photomicrograph (40 ×) showing neoplastic cells presenting 
uniformly round nuclei with granular chromatin (salt and pepper image), typical of neuroendocrine cells with extensive eosinophilic cytoplasm; B and C: 
Photomicrographs of immunohistochemical staining for chromogranin (B) and synaptophysin (C) (10 ×). Neoplastic cells show strong immunopositivity for both 
markers in the cytoplasm, which corroborates the neuroendocrine lineage of the neoplasia; D: Immunohistochemical staining for Ki67 (cell proliferation index). Strong 
nuclear immunopositivity is seen in approximately 4% of neoplastic cells. The tumor was classified as grade 2, according to the 2019 WHO classification.

found that GHS-R1a was found in 60% of insulinomas, suggesting that ghrelin may act through 
autocrine or paracrine pathways. The proliferative effects of ghrelin and its association with insulinoma 
have not been studied, although there is a clinical case report where a ghrelin-producing neuroen-
docrine tumor was transformed into an insulinoma[17].

The diagnosis of hypoglycemia after BS is challenging. The first step after identifying the presence of 
symptoms is to verify their relationship to hypoglycemia. A detailed clinical history must be performed 
to identify family or personal history of neuroendocrine tumors, if patients are taking any hypoglycemic 
medication such as sulfonylureas or if the symptoms are more common in fasting state, as in our case.

In a stepwise manner, biochemical analysis must be performed to rule out other causes[18]. Plasma 
glucose, insulin, C-peptide, proinsulin, beta-hydroxybutyrate, and cortisol levels should be measured. 
The development of provocative studies such as a 72-h fasting test is also recommended[10,18]. The goal 
is to determine whether beta-cell peptides are appropriately suppressed during hypoglycemia. If 
autonomous insulin secretion is identified, insulinoma should be suspected[10,18]. The next step is to 
determine the anatomical localization and to exclude other tumors. Multidetector contrast-enhanced 
imaging CT or dual phase helical CT with thin sections are the preferred initial imaging options. In 
patients in whom noninvasive radiologic techniques are negative or to improve the sensitivity for 
identifying an insulinoma, endoscopic ultrasound (EUS) must be performed. EUS has 80%-92% 
sensitivity for detecting tumors as small as 5 mm. Additionally, EUS-guided fine needle aspiration 
allows pathologic confirmation in 57% of patients. If the techniques mentioned above fail to detect the 
tumor, selective arteriography and intra-arterial calcium stimulation tests with hepatic venous sampling 
can be performed. They should be used only as a last resort because they are invasive techniques[5,10]. 
In our case, we performed CT and EUS that allowed us to identify insulinoma.

Finally, histopathologic and immunohistochemical confirmation is necessary to classify the type of 
tumor and to determine the patient’s follow-up[19].

The definitive treatment for insulinoma comprises complete surgical resection. However, there are 
other treatment options such as octreotide or EUS-guided alcohol tumor ablation, radiofrequency 
ablation (RFA), or embolization[20]. There is superior short-term recovery, shorter length of stay, 
decreased hemorrhage, and improved cosmesis when performing minimally invasive pancreatic 
resection compared to open pancreatic surgery[10]. However, the technique used depends on the size, 
extension, localization, and type of lesion. Atypical resection, including enucleation and partial or 
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middle pancreatectomy, has the advantage of pancreatic parenchyma preservation, thereby reducing 
the risk of late exocrine and/or endocrine insufficiency[20]. As in the case of our patient, when the 
lesion was small, benign, solitary, and superficial and when the pancreatic duct was not involved, the 
best surgical approach was laparoscopic enucleation[21]. It is important to note that positive resection 
margins are not associated with increased recurrence rates[10].

CONCLUSION
This is the first case of insulinoma after sleeve gastrectomy. Although this is a very rare case, clinicians 
must be aware of it, especially if the patient has hypoglycemic symptoms during the fasting state.
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Abstract
BACKGROUND 
Primary intestinal lymphangiectasia (PIL) is a rare protein-losing enteropathy 
characterized by abnormally dilated lymphatic structures, resulting in leakage of 
lymph (rich in protein, lymphocytes, and fat) from the intestinal mucosal and 
submucosal layers and thus hypoproteinemia, lymphopenia, hypolipidemia, and 
pleural effusion.

CASE SUMMARY 
A 19-year-old Chinese male patient complained of recurrent limb convulsions for 
the last 1 year. Laboratory investigations revealed low levels of calcium and 
magnesium along with hypoproteinemia and high parathyroid hormone levels, 
whereas gastroscopy exhibited chronic non-atrophic gastritis and duodenal 
lymphatic dilatation. Subsequent gastric biopsy showed moderate chronic inflam-
matory cell infiltration distributed around a small mucosal patch in the 
descending duodenum followed by lymphatic dilatation in the mucosal lamina 
propria, which was later diagnosed as PIL. The following appropriate medium-
chain triglycerides nutritional support significantly improved the patient’s 
symptoms.

CONCLUSION 
Since several diseases mimic the clinical symptoms displayed by PIL, like limb 
convulsions, low calcium and magnesium, and loss of plasma proteins, it is 
imperative to conduct a detailed analysis to avoid any misdiagnosis while 
pinpointing the correct clinical diagnosis and simultaneously ruling out other 
clinical aspects in the reported cases without any past disease history. A careful 
assessment should always be made to ensure an accurate diagnosis in a timely 
manner so that the patient can be delivered quality health services for a positive 
health outcome.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i18.6234
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Core Tip: In this case report, a 19-year-old Chinese male patient complained of recurrent limb convulsions 
for 1 year. Laboratory investigations revealed low levels of calcium and magnesium along with hypopro-
teinemia and high parathyroid hormone levels, but the patient had no limbs edema, which is rear in 
primary intestinal lymphangiectasia cases. Differential diagnosis is difficult in such case. Careful analysis 
and examination results finally enabled the patient to receive effective treatment after a definite diagnosis.

Citation: Cao Y, Feng XH, Ni HX. Primary intestinal lymphangiectasia presenting as limb convulsions: A case 
report. World J Clin Cases 2022; 10(18): 6234-6240
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6234.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6234

INTRODUCTION
Intestinal lymphangiectasia (IL) is a rare protein-losing enteropathy[1], characterized by small intestinal 
lymphatic drainage obstruction, chylous ascites, and villi distortion that further cause lymphatic 
congestion and elevate the lymphatic pressure, thereby resulting in leakage of lymph liquid into the 
small intestinal lumen. IL can be categorized into two forms, primary IL (PIL) and secondary IL (SIL). 
PIL, first reported by Milroy in 1892, is more common in children and adolescents, though rarely, it can 
also occur in adults and has a tendency to occur sporadically with an unknown etiology. Waldmann et 
al[2] in 1961 after demonstrating protein loss quantification by 51Cr-labelled albumin revealed that the 
lymphatic vessels present in the mucosal and submucosal layers of the small intestine were abnormally 
dilated to varying degrees. Hence, this diagnosis came into existence.

The incidence of PIL is likely to be related to lymphatic dysplasia in infants which is more frequently 
diagnosed in children (less than 3 years old), but also in adolescents and even elderly cases[3]. Although 
in most cases lymphatic dilation is typically seen in the descending duodenum, lymphatic dilation in the 
small intestine is usually mild and segmental, and secondary causes should be excluded. In this case 
report, a 19-year-old adult man complained of limb convulsions for the past 1 year, which after further 
investigations, was later identified as PIL. The following medium-chain triglycerides (MCT) nutritional 
support improved the patient’s condition.

CASE PRESENTATION
Chief complaints
A 19-year-old Chinese male patient complained of recurrent limb convulsions for the past 1 year.

History of present illness
The patient experienced recurrent limb convulsions and numbness with an unknown medical history in 
the absence of any aggravating factors like joint inflammation, edema, headache, dizziness, nausea and 
vomiting, abdominal distention, pain, or diarrhea, leading to a gradual weight loss by five kilograms, 
but due to the ignorance of the patient as well as his family, no further treatment was initiated. But 1 wk 
ago, his symptoms, comprising of limb convulsions and numbness, got so aggravated that he visited the 
community hospital in April 2021 for a thorough examination that was preceded by laboratory investig-
ations that showed reduced levels of blood calcium 1.50 mmol/L (1.95 mmol/L after correction, normal 
range: 2.08-2.6 mmol/L), magnesium 0.49 mmol/L (normal range: 0.75-1.02 mmol/L), potassium 3.38 
mmol/L (normal range: 3.5-5.5 mmol/L), and albumin 17.27 g/L (normal range: 40-55 g/L) while 
displaying increased parathyroid hormone (PTH) 113.0 pg/mL (normal range: 15-65 pg/mL). The 
patient had blood phosphorus at 1.12 mmol/L, TSH at 2.5 mIU/L, and a positive fecal occult blood test 
(FOBT). He was supplemented with albumin, calcium gluconate injections, and potassium magnesium 
aspartate. Henceforth, the persistent symptoms like limb convulsions and numbness were relieved after 
symptomatic treatment for 1 week. He went to the Endocrinology Department of our hospital for a 
further definite diagnosis.

https://www.wjgnet.com/2307-8960/full/v10/i18/6234.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6234
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History of past illness
The patient was healthy until the age of 18, with no trauma or any history of tumor.

Personal and family history
The patient was born by spontaneous labor at term, was breastfed in infancy, and had normal physical 
and cognitive development as his peers along with good academic performance. However, he had a 
history of hemorrhoids but did not have any long-term chronic abdominal pain and diarrhea in 
adolescence. His parents were healthy while denying any history of familial genetic disease, psychosis, 
and infection in the older family generations.

Physical examination
The patient’s height was 174 cm, weight was 52 kg, and body mass index was 17.18 kg/m2. He did not 
exhibit widening of either eye distance or base of the nose-bridge and small external ear while his 
abdomen was flat and soft, with no abdominal tenderness or rebound pain, non-palpable liver and 
spleen, normal bowel sounds, and limb strength. Especially, no concave edema was found in both lower 
limbs, whereas the Babinski’s sign, Chvostek's sign, and Trousseau’s sign were negative (Figure 1).

Laboratory examinations
The results of blood biochemistry were: Calcium 2.37 mmol/L (normal range: 2.08-2.6 mmol/L), 
magnesium 0.73 mmol/L (normal range: 0.75-1.02 mmol/L), potassium 4.19 mmol/L, phosphorus 1.19 
mmol/L, parathyroid hormone 16.7 pg/mL (normal range: 15-65 pg/ mL), and albumin 25.2 g/L 
(normal range: 40-55 g/L). The FOBT was positive (1+).

The results of routine blood tests were: White blood cell count 3.8 x 109/L, lymphocyte count 0.41 x 
109/L (normal range: 1.1 x 109/L-3.2 x 109/L), and lymphatic percentage 10.4% (normal range: 20%-50%)

The results of fat-soluble vitamin tests were: Vitamin A 0.28 μg/mL (normal range: 0.30-0.70 μg/mL), 
25-hydroxyvitamin D 5.28 ng/mL (< 20 ng/mL suggesting deficiency), vitamin E 4.49 μg/mL (normal 
range: 0.30-0.70 μg/mL), and vitamin K1 0.12 ng/mL (normal range: 0.20-2.50 ng/mL).

The results of immunological tests were: Immunoglobulin (Ig)A 0.49 g/L (normal range: 0.82-4.53 
g/L), IgG 1.44 g/L (normal range: 7.51-15.6 g/L), IgM 0.18 g/L(normal range: 0.46-3.04 g/L), 
complement (C)3 0.67 g/L (normal range: 0.79-1.52 g/L), C4 0.15 g/L (normal range: 0.16-0.38 g/L); 
transferrin 1.42 g/L (normal range: 2.0-3.6 g/L); copper orchid protein 10.70 mg/dL (normal range: 22-
58 mg/dL); B cell count (CD19+) 38 x 106/L (normal range: 50 x 106/L-670 x 106/L), T cell count 
(CD3+CD45+) 179 x 106/L(normal range: 470 x 106/L-3270 x 106 /L), T helper count (CD3+CD4+) 46 x 
106/L (normal range: 200 x 106/L-1820 x 106/L), T inhibitory cell count (CD3+CD8+) 120 x 106/L (normal 
range: 130 x 106/L-1350 x 106/L); the number of NK cells was normal.

The HIV + RPR panel was Negative, and blood and stool IBD screening showed no obvious 
abnormalities.

The patient had normal liver and kidney function, thyroid function, thyroglobulin, thyroglobulin 
antibody, and thyroid peroxidase antibody. The results of endocrine tests were: ACTH: 8 am 13.2 ng/L, 
4 pm 12.6 ng/L, 0 am 5.3 ng/L; cortisol: 8 am 174.3 nmol/L, 4 pm 102.7 nmol/L, 0 am < 25 nmol/L; 
follicle stimulating hormone 5.98 IU/L, luteinizing hormone 7.74 IU/L, estradiol 98.38 pmol/L, 
testosterone 27.56 nmol/L; insulin-like growth factor-1 208 μg/L, and insulin-like growth factor binding 
protein-3 4.8 mg/L. Tumor markers, ANA spectrum, ANCA, rheumatoid factor, ESR, and hepatic 
fibrosis were all in the normal range. Urine immunoglobulin light chain, 24-h urine protein, and 24-h 
urine calcium within the normal range.

Imaging examinations
B-mode ultrasound imaging of the parathyroid gland revealed a hypo-echoic nodule with a clear 
boundary and regular shape along with few blood vessels (Figure 2). An MRI examination exhibited no 
obvious abnormality while an abnormal-signal nodule was found in front of the right middle abdominal 
psoas muscle, which was considered as an enlarged lymph node followed by a scanty exudate at the 
abdominal and pelvic cavity, along with cortical soft tissue edema. Capsule endoscopy showed the flat 
composition of duodenal mucosal villi with no obvious abnormality in the jejunal or ileal mucosa. 
Gastroscopy exhibited chronic non-atrophic gastritis and duodenal lymphatic dilatation (Figure 3). 
Subsequent gastric biopsy showed moderate chronic inflammatory cell infiltration distributed around a 
small mucosal patch in the descending duodenum followed by lymphatic dilatation in the mucosal 
lamina propria (Figure 4).

FINAL DIAGNOSIS
Finally, the patient was diagnosed with PIL (Figures 3 and 4).
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Figure 1 Normal lower limbs. No edema of the lower limbs was observed in the 19-year-old patient in this case.

Figure 2 Parathyroid gland ultrasound images. Hypoechoic nodules can be seen in the parathyroid gland, 0.56 cm x 0.31 cm on the right (A) and 0.36 cm x 
0.18 cm on the left (B), with a clear boundary, regular shape, and few blood flow signals.

TREATMENT
The patient was treated with a low-fat, high-protein, light diet which contains 1800 calorie each day, and 
with MCT powder supplement, calcium supplement, and vitamin D supplement.

OUTCOME AND FOLLOW-UP
The patient returned to the clinic 3 mo later, and showed no symptoms of convulsion of the limbs. 
Meanwhile, blood calcium and albumin in the laboratory examination increased compared with the 
values before.

DISCUSSION
The clinical manifestations of PIL are diverse as they may cause dilatation of the intestinal lymphatic 
vessels, leading to loss of lymph fluid into the gastrointestinal tract. While it is mainly characterized by 
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Figure 3 Gastroscopic image. Multiple white spots and patches can be clearly seen in the duodenum.

Figure 4 Gastroscopic pathological images. A: Moderate chronic inflammatory cell infiltration distributed around a small mucosal patch in the descending 
duodenum (25 × magnification); B: The descending duodenum followed by lymphatic dilatation in the mucosal lamina propria (400 × magnification).

edema of varying degrees, it can also manifest as pleural effusion, pericarditis, chylous ascites, diarrhea, 
fat vitamin deficiency, weight loss, and other symptoms occurring in severe cases. In our case, due to 
unknown past medical history, diagnosing and providing prompt treatment were initially challenging 
as there was no clear history of diarrhea and abdominal pain, limb convulsions, or disease symptoms in 
childhood. The now obvious limb convulsions first appeared when the patient was 18 years of age and 
manifested themselves as hypocalcemia, hypomagneemia, and hypoproteinemia, along with elevated 
PTH levels. Due to similar propensity and characteristics, this disease can easily mimic pseudohypopa-
rathyroidism (PHP) and some other similar diseases in internal medicine, which might lead to misdia-
gnosis and a plethora of unpleasant side effects. Therefore, the foremost thing that is recommended is to 
reach a definite diagnosis for a positive outcome.

Laboratory tests at presentation suggested hypocalcemia, hypomagneemia, hypoproteinemia, and 
lymphocytopenia. Further investigation revealed elevated PTH, decreased vitamin D, low immuno-
globulinemia, and positive FOBT. First, the patient had hypocalcemia and hypomagnesemia, and the 
convulsions of the limbs were relieved by treatment with calcium gluconate and potassium magnesium 
aspartate. Elevated PTH and hypoproteinemia gave us the impression of renal insufficiency, but 
subsequent negative results of renal function and urinary protein precluded this diagnosis. Laboratory 
tests revealed normal liver function and negative rheumatoid and tumor markers, so we focused on the 
parathyroid gland. According to B-ultrasonography, hyperplasia of nodules, elevated PTH, and hyp-
ocalcemia were suggested, which first promoted us to consider a disease of endocrinology.

PHP is a genetic disease in which peripheral cells are resistant to PTH[4]. The central link of the 
disease is PTH resistance, which leads to high blood phosphorus and activation disorders of 25-(OH)D3, 
eventually leading to hypocalcaemia. Although this disease is common in women but more severe in 
men, the reported patients showed symptoms at 2 years of age, which became more obvious after the 
age of 10 but can rarely be seen in people aged 20 years or above. Tetany and intracranial calcification 
are usually the most common clinical manifestations and imaging features of PHP. PHP patients with 
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vitamin D deficiency have more severe clinical symptoms, and vitamin D deficiency increases the risk of 
autoimmune disease. Vitamin D is mainly synthesized in the skin of the body, and then converted into 
25-(OH)D by the hydroxylation of 25-hydroxylase (CYP27A1) in the liver, which is the main form of 
vitamin D in the circulation. 25-(OH)D binds to vitamin D binding protein into the blood circulation and 
generates active metabolite 1,25-(OH)2D under the catalysis of renal 1αhydroxylase (CYP27B1). 1,25-
(OH)2D acts on the intestine, kidney, and bone to regulate the metabolism of calcium and phosphorus. 
In the small intestine, 1,25-(OH)2D promotes the absorption of calcium and phosphorus, and serum 25-
(OH)D is inversely proportional to PTH. When the serum 25-(OH)D level decreases, blood calcium 
decreases and PTH increases. The increased PTH stimulates the activity of 1αhydroxylase and increases 
the efficiency of 25-(OH)D conversion to 1,25-(OH)2D. In addition, PTH also normalizes blood calcium 
levels by stimulating osteoclast proliferation, and increasing bone absorption and calcium release. In 
this case, the patient had low calcium, with a compensatory increase of PTH, and the blood phosphorus 
level was within the normal range during the onset. The reexamination of PTH returned to normal 
during the further correction of low calcium, proving that it was a secondary factor, so PHP could be 
excluded. Parathyroid nodules were also considered nonfunctional.

Considering the possibility of protein-loss enteropathy, subsequent gastroscopy revealed duodenal 
lymphatic dilation, confirming our assessment. IL could be divided into primary and secondary types. 
Primary IL is a congenital lesion with an ambiguous incidence rate and disease mechanism though 
occurring more sporadically despite the involvement of genetic factors in the pathogenesis[5], whereas 
secondary IL can be caused by several factors as autoimmune diseases (i.e., Crohn’s disease[6], 
ulcerative colitis[7], and Henoch-Schonlein purpura), tumors (such as non-Hodgkin’s lymphoma[8]), 
infections (such as rotavirus), portal hypertension, constrictive pericarditis[9], trauma, or surgical injury
[10]. In our case report, Crohn’s disease was first excluded as FOBT results showed 1+ repeatedly while 
blood and stool IBD screening was negative. As the patient had a previous history of hemorrhoids, the 
anorectal department considered it as hemorrhoid bleeding after the consultation.

Some PIL patients are found with abnormal immune system responses in which the decrease of B 
cells is manifested by the decreasing IgG, IgA, and IgM levels[11]. Some previous studies also reported 
that PIL patients’ peripheral blood samples contain a very low number of CD4+ T cells[12] that were 
significantly lesser than B cells, while the remaining CD4+ T cells became highly differentiated and 
sensitized, thereby showing poor proliferation[13]. It was also observed that the patient’s T lymphocytes 
kept on decreasing in varying degrees in this case. Further evidence will be necessary to determine 
whether T lymphocytes mediate the immune functions in the intestine, and further lead to the 
occurrence and development of the disease.

Since the PIL etiology is ambiguous and standardized treatment is inadequate, a study by Alfano et al
[14] revealed that the primary goal of PIL treatment is to reduce protein loss, maintain circulating blood 
volume, and inhibit excessive tissue fluid production, thereby indicating that pharmacological treatment 
is the first-line treatment prescribed in the clinic. In the gastrointestinal tract, MCT is decomposed into 
glycerol and medium-chain fatty acids that are directly absorbed in the portal vein blood flow by small 
intestinal epithelial cells without going through lymphatic vessels, thus reducing the pressure in 
lymphatic vessels, lymph leakage, and protein loss. Incorporating an MCT-rich diet in daily life could 
significantly improve the symptoms and long-term mortality of PIL patients, although it might not 
improve the inherent lymphatic abnormalities; thus, the patients might need to take the required 
medications for a longer period of time.

CONCLUSION
Based on this case, PIL as a potential diagnosis should be considered even in the absence of any 
adolescent-illness history for adults with recurrent limb convulsions, low calcium and magnesium, 
hypoproteinemia, and high PTH levels. MCT diet, as a dietary supplement, can effectively improve the 
clinical symptoms of PIL patients while providing pharmacotherapy after the final diagnosis was made 
by a thorough detailed analysis.
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Abstract
BACKGROUND 
At present, cases of esophageal neuroendocrine tumors combined with cardia 
adenocarcinoma are extremely rare worldwide, and there are no clinical reports. 
Herein, we describe such a case for clinical reference.

CASE SUMMARY 
The presence of cardia cancer and esophageal neuroendocrine tumors in a single 
patient has not yet been reported. The patient in this case underwent prompt 
endoscopic treatment and additional surgical resection. Pathology revealed the 
following: The distance between the cardia cancer and the esophageal neuroen-
docrine tumors was small, approximately 3 mm. Vascular invasion was observed. 
The esophageal neuroendocrine tumor was determined to be grade G3. According 
to the treatment guidelines, after the patient received an explanation of their 
condition, additional surgical procedures were provided in a timely manner. 
Early detection and early treatment can successfully prolong survival and 
improve the quality of life of patients.

CONCLUSION 
Early detection and early treatment can successfully prolong survival and 
improve the quality of life of such patients.

Key Words: Esophageal neuroendocrine tumor; Cardia moderately differentiated adeno-
carcinoma; Endoscopic treatment; Surgery; Pathology; Case report
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Core Tip: Cases of esophageal neuroendocrine tumors combined with moderately differentiated gastric 
cardia adenocarcinoma are very rare. Pathology is the gold standard for diagnosis. Endoscopy and 
additional surgical resection proved to be successful in our case. Early detection and early treatment are 
both of great significance to the life and health of patients. Considering the successful resection of this 
case, we provide this case report to serve as a clinical reference.

Citation: Kong ZZ, Zhang L. Esophagogastric junctional neuroendocrine tumor with adenocarcinoma: A case 
report. World J Clin Cases 2022; 10(18): 6241-6246
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6241.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6241

INTRODUCTION
At present, cases of esophageal neuroendocrine tumors (NETs) combined with cardia adenocarcinoma 
are extremely rare worldwide. The presence of cardia cancer and esophageal NETs (E-NETs) in a single 
patient has not yet been reported. Herein, we describe such a case for clinical reference.

CASE PRESENTATION
Chief complaints
A 76-year-old man was hospitalized due to the presence of a cardia mass.

History of present illness
Previous gastroscopy showed a 0-IIa-like cardia lesions and chronic atrophic gastritis with erosions. The 
pathological examination revealed the following: Tubular adenoma with high-grade intraepithelial 
neoplasia; mild chronic atrophic gastritis of the antrum; intestinal metaplasia; and Helicobacter pylori 
infection (Figure 1).

History of past illness
The patient’s medical history was unremarkable.

Personal and family history
The patient’s personal/family history was unremarkable.

Physical examination
No remarkable characteristics were found during the physical examination.

Laboratory examinations
The laboratory results were all normal.

Imaging examinations
Previous gastroscopy showed a 0-IIa-like lesion of the cardia and chronic atrophic gastritis with 
erosions. Enhanced computed tomography scan of the full abdomen was performed after hospital-
ization, which revealed that the local gastric wall of the gastric cardia was slightly thickened, no 
significantly enlarged lymph node shadow was seen around the cardia, and the rest of the region 
appeared unchanged (Figures 2-4).

FINAL DIAGNOSIS
The final diagnosis was differentiated cardia adenocarcinoma and E-NET (G3).

TREATMENT
Endoscopic submucosal dissection and surgical resection were performed.

https://www.wjgnet.com/2307-8960/full/v10/i18/6241.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6241


Kong ZZ et al. Esophagogastric junctional NET with adenocarcinoma

WJCC https://www.wjgnet.com 6243 June 26, 2022 Volume 10 Issue 18

Figure 1 Full abdominal enhanced computed tomography.

Figure 2 Endoscopic submucosal dissection. A: Cardia mass; B: Submucosal injection; C: Tick to mark the lesion area; D: Lesion specimen.

OUTCOME AND FOLLOW-UP
The patient was in good general condition without obvious discomfort (Figures 5 and 6).

DISCUSSION
NENs are a group of highly heterogeneous tumors originating from neuroendocrine cells. They can 
occur in many parts of the body but are most often found in the digestive system, followed by the lungs. 
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Figure 3 Narrow-band imaging.

Figure 4 Pathology of cardia endoscopic submucosal dissection specimens. A: Moderately differentiated adenocarcinoma of the cardia; B: 
Esophageal neuroendocrine tumors (G3).

E-NETs are very rare[1], accounting for only 1.4% of all gastrointestinal pancreatic tumors[2] and 0.15%-
2.80% of all esophageal tumors[3]. This is due to the poor development of the neuroendocrine system in 
this area of the body[2]. The incidence rate varies across countries[4]; these tumors are more commonly 
found in Asian countries than in Western countries[5]. Studies have found that smoking (present in 
49%) and drinking (present in 31%) may be a high-risk factor[6,7]. At present, cases of E-NETs combined 
with cardia adenocarcinoma are extremely rare worldwide, and there are no clinical reports.

Pathology is the gold standard for the diagnosis of NETs. The proliferation activity of tumor cells can 
be evaluated by the number of mitotic figures or the Ki-67 index. According to the 2019 WHO classi-
fication standards, NETs are divided into three grades: G1, G2, and G3. The classification criteria are as 
follows: G1 is defined as < 2 mitotic cells/10 high-power fields (HPFs), G2 as 2-20 cells/10 HPFs, and G3 
as > 20 cells/10 HPFs. The Ki-67 index is classified as follows: G1, ≤ 2%; G2, 3%-20%; and G3, > 20%[8]. 
When the Ki-67 index is inconsistent with the mitotic cell classification, it can instead be classified as 
high or low. DAXX/ATRX and p53/RB mutations can be used to distinguish G3 NETs from neuroen-
docrine carcinomas (NECs). According to the guidelines, NETs are < 1 cm in size, are grade G1/G2, 
have a low metastasis rate (< 3%), and do not infiltrate into the muscularis propria (T1 stage). Thus, they 
are suitable for endoscopic treatment. For tumors or NECs more than 2 cm in diameter, the metastasis 
rate can reach as high as 60% to 80%, so radical resection is the first choice.
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Figure 5 Immunohistochemical staining of esophageal neuroendocrine tumors. A: Syn; B: CD56; C: CgA; D: Ki-67 (25%+).

Figure 6 Representative pathology of excised gastric specimens.

CONCLUSION
A case of cardia adenocarcinoma combined with E-NETs has not yet been reported. In our patient, after 
timely endoscopic treatment, pathology revealed that the distance between the cardia cancer and the E-
NETs was small, approximately 3 mm, vascular invasion was observed, and the E-NET was determined 
to be grade G3. According to the treatment guidelines, after the patient received an explanation of their 
condition, additional surgical procedures were provided in a timely manner. Complete resection of the 
lesion significantly improved the patient’s quality of life.
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Abstract
BACKGROUND 
Embedded foreign bodies in the tongue are rarely seen in clinical settings. An 
untreated foreign body can cause a granuloma which often presents as an 
enlarged tongue mass. However, if foreign body ingestion status is unknown, 
physical examination and magnetic resonance imaging (MRI) tend to lead to 
suspicion of tongue cancer, especially in older patients. Thus, differential 
diagnosis of an enlarged tongue mass is important, especially because it is closely 
related to the choice of treatment method.

CASE SUMMARY 
A 61-year-old woman was admitted to the hospital with pain and noticeable 
swelling in the tongue that had persisted for over 1 mo. She had no previous 
medical history. MRI revealed abnormal signal intensities that were indicative of a 
neoplasm. Thus, the oral surgeon and radiologist arrived at a primary diagnosis 
of tongue cancer. The patient visited the Ear Nose and Throat Department for 
further consultation and underwent an ultrasound examination of the tongue. The 
ultrasonography was consistent with a linear hyperechoic foreign body which 
was indicative of an embedded foreign body (bone) in the tongue, even though 
the patient denied any history of foreign body ingestion. Complete surgical 
enucleation of the lesion was conducted. The mass which included a fish bone 
was completely removed. The post-operative pathological examination confirmed 
that the mass was a granuloma containing collagen fibers, macrophages and 
chronic inflammatory cells. The patient recovered without complications over a 2 
mo follow-up period.

CONCLUSION 
We report a rare case of foreign body granuloma in the tongue that was primarily 
diagnosed as tongue cancer. The MRI and ultrasound examinations revealed a 
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piece of bone in the left lateral aspect of the tongue. The granuloma, which contained a fish bone, 
was completely removed via surgery and confirmed via biopsy. Differential diagnosis of the 
enlarged tongue mass was critical to the selection of treatment method.

Key Words: Tongue; Foreign body; Granuloma; Cancer; Differential diagnosis; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This case report concerns an older adult referred to our Ear Nose and Throat Department with an 
enlarged tongue mass and a primary diagnosis of tongue cancer after magnetic resonance imaging (MRI). 
A review of the MRI data and oral ultrasound examination diagnosed a foreign body granuloma, 
confirmed by surgery and postoperative pathological examination. Oral ultrasound and/or computed 
tomography are critical in terms of differential diagnosis; certain MRI features may provide clues guiding 
diagnosis of a foreign body granuloma.

Citation: Jiang ZH, Xv R, Xia L. Foreign body granuloma in the tongue differentiated from tongue cancer: A case 
report. World J Clin Cases 2022; 10(18): 6247-6253
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6247.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6247

INTRODUCTION
The introduction of a foreign body into the tongue can occasionally occur as food is being chewed. In 
most situations this can lead to pain, swelling and irritation[1]. Such foreign bodies can usually be 
identified and diagnosed via visual inspection, especially if they are not buried in the muscle layer[2]. A 
clear history of foreign body introduction into the mouth, as well as a timely visit to the physician, can 
be conducive to the diagnosis[3]. Penetration of the tongue by a foreign substance can cause an acute 
inflammatory response and foreign bodies that remain in place may elicit a granulomatous inflam-
matory response[4]. The cause of granuloma in the tongue can be difficult to ascertain, especially 
without a clear history of foreign body ingestion. In this paper, we describe the case of a foreign body 
granuloma in the tongue of a Chinese woman. The initial diagnosis was tongue cancer but further 
examination revealed a foreign body in the tongue which was removed via surgery.

CASE PRESENTATION
Chief complaints
A 61-year-old woman was admitted to the Ear Nose and Throat (ENT) Department of our hospital 
complaining of pain and noticeable swelling of the tongue.

History of present illness
The patient sought out a general practitioner because of pain and noticeable swelling in the tongue that 
persisted for over 1 mo. She was given a short course of antibiotics which provided no symptom relief. 
The patient was referred to the Department of Stomatology, where an oral surgeon prescribed oral 
maxillofacial magnetic resonance imaging (MRI). The imaging revealed abnormal signal intensities, as 
shown in Figure 1, which are indicative of tongue cancer. The patient then visited the ENT Department 
for further consultation.

History of past illness
The patient had no previous medical history.

Personal and family history
There was no specific personal and family history.

Physical examination
Intraoral examination showed mild swelling in a longitudinal 2 cm × 1.5 cm area on the left lateral 
aspect of the tongue. A hardened nodule with an ill-defined margin was found on the tongue. The 
nodule was the same color as the surrounding tongue tissue (normal color) and no clearly identifiable 
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Figure 1 Magnetic resonance imaging indicated an abnormal signal intensity on the left side of the tongue. A-D: T2-weighted magnetic 
resonance imaging (MRI) revealed a hyperintense shadow and contrast-enhanced T1-weighted MRI obvious enhancement of the mass in the transverse (A and B) 
and coronal planes (C and D). Scale bar: 2 cm.

foreign bodies were observed on the tongue as shown in Figure 2.

Laboratory examinations
The results of routine tests of complete blood count, kidney function and liver function were normal.

Imaging examinations
The oral maxillofacial MRI showed abnormal and ill-defined signal intensities on the left side of the 
tongue (size: 1.6 cm × 1.2 cm × 2.0 cm; Figure 1) and multiple swollen cervical lymph nodes (up to 0.7 
cm in size, in the submaxillary region and carotid sheath). The primary diagnosis was tongue cancer as 
reported by the specialists in the Department of Radiology. However, the doctors in the ENT 
Department reviewed the MRI images and considered the possibility of foreign body granuloma for two 
reasons. First, granuloma and cancer can have similar imaging features; and second, the shadow seemed 
to indicate that the tongue tissue was protected from foreign bodies, as shown by images taken in the 
transverse plane. During the initial clinical interview the patient denied a history of foreign body 
ingestion. To differentiate between the two possibilities, further examinations were conducted.

Further diagnostic work-up
The patient was referred for ultrasound examination of the tongue. The ultrasound device used a linear 
probe with a 13-MHz transducer. The acoustic picture was consistent with a linear hyperechoic foreign 
body, specifically a piece of bone, as shown in Figure 3. When asked about the possibility of fish bone 
ingestion or another foreign body in the tongue, the patient could not recall whether she had recently 
eaten fish. However, her daughter recalled that a meal containing fish (with bones) might have been 
served to the patient 2 mo prior to seeking medical assistance. Complete surgical enucleation of the 
lesion was then conducted. The mass with the fish bone was completely removed without 
compromising the capsule (Figure 4A), and no hemorrhagic accident occurred. The fish bone was 1.5 cm 
in length (Figure 4B). Post-operative pathological examination showed that the lesion was a granuloma 
containing collagen fibers, macrophages and chronic inflammatory cells.
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Figure 2 Irregular ill-defined nodule on the left side. A-B: The tongue was of normal color on visual clinical examination in sagittal section (A) and 
transverse section (B). The dots indicate the margins of the nodule.

Figure 3 Ultrasound examination of the tongue. Ultrasonography revealed an object of hyperechoic linear density, suggestive of an embedded foreign body 
(stars).

Figure 4 The foreign body. A: Total enucleation without removal of the fish bone; B: The fish bone after removal.

FINAL DIAGNOSIS
Foreign body (fish bone) granuloma in the tongue.
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TREATMENT
After the surgery, the patient received antibiotics (ceftriaxone) with systemic steroids and the post-
operative recovery was uneventful. The patient was discharged on the third post-operative day.

OUTCOME AND FOLLOW-UP
The patient recovered well and there were no complications during the 2-mo follow-up period.

DISCUSSION
A diagnosis of tongue cancer is often considered in older adults with an enlarged tongue nodule/mass 
and localized pain[5]. The many differential diagnoses of a tongue mass include an inflammatory lesion 
and schwannoma[1]. A diagnosis of a granuloma attributable to an embedded foreign body is rare when 
there is no clear history of foreign body ingestion or oral trauma[6]. In the present case, the differential 
diagnosis of an irregular nodule with a smooth surface included cavernous hemangioma, anaplastic 
large-cell lymphoma, endophytic squamous cell carcinoma and Kaposi sarcoma of the tongue[7-10]. 
Differential diagnosis is important as cancer treatment and enucleation of a foreign body granuloma 
differ greatly in terms of surgical preparation, operation, tongue reconstruction and patient consultation
[11-13].

MRI is the preferred diagnostic modality for evaluating tongue cancer because abnormal MRI signals 
have been strongly associated with pathological findings[14]. However, MRI is not an ideal modality for 
differentiating tongue cancer from embedded foreign body granuloma with foreign body[15]. The 
signals associated with tongue cancer are hyperintensity in a T2-weighted image (WI) and hetero-
geneous enhancement in an enhanced T1 WI, similar to granuloma[14,16]. In the present case, the fish 
bone (shown by hypointense signals in both the T1 and T2 WIs) was difficult to detect by MRI[17], and 
not surprisingly the primary diagnosis of tongue cancer was consistent with the abnormalities found in 
the tongue by MRI and with the swollen cervical lymph nodes. Besides this, shifting of metal fragments 
under the effects of MRI can result in potential damage of vital structures. If the doubt of a metal foreign 
body is present, the contraindications of MRI should be considered[18].

Several studies used ultrasound to detect a suspected embedded foreign body in the tongue[3,4,6]. 
The foreign bodies, which included a pequi spine, metal wire, and fish bone were visualized and 
localized accurately, demonstrating the utility of ultrasound for guiding therapeutic interventions. 
Multislice computerized tomography (CT) and cone beam CT also seem useful for visualizing 
embedded foreign bodies, although CTs have poor performance in terms of detecting wood[15]. Thus, 
when an embedded foreign body is suspected in a patient with an enlarged tongue mass, ultrasono-
graphy and CT can play an important role in the differential diagnosis[19].

In our case, the lesion was “walled off” on transverse images (Figure 2). This might indicate that the 
mass was “delimited” by a capsule. A similar sign was observed in an early case report of a patient with 
foreign body granuloma[16]. Thus, this sign might be a useful indicator of the need for further examin-
ations (other than MRI). However, this issue requires further investigation.

CONCLUSION
We reported the case of a woman with an enlarged tongue mass initially diagnosed with tongue cancer. 
The ENT specialists reviewed the MRI data and corrected the diagnosis to ‘foreign body in the tongue’ 
based on oral ultrasound examination. The granuloma containing the fish bone was completely 
removed during surgery and post-operative pathological examination confirmed that the lesion was a 
granuloma. In cases with an enlarged tongue mass, oral ultrasound and/or CT examinations are 
important for differential diagnosis, to facilitate selection of the appropriate treatment method.
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Abstract
BACKGROUND 
Left-sided portal hypertension (LSPH), also known as sinistral portal hyper-
tension or regional portal hypertension, refers to extrahepatic portal hypertension 
caused by splenic vein obstruction or stenosis. N-butyl-2-cyanoacrylate (NBC) has 
been widely used in the endoscopic hemostasis of portal hypertension, but 
adverse events including renal or pulmonary thromboembolism, mucosal necrosis 
and gastrointestinal (GI) bleeding may occur after treatment. Herein, we report 
successfully managing gastric variceal (GV) hemorrhage secondary to LSPH using 
modified endoscopic ultrasound (EUS)-guided selective NBC injections.

CASE SUMMARY 
A 35-year-old man was referred to our hospital due to an upper GI hemorrhage. 
Gastroscopy revealed GV hemorrhage and computed tomography venography 
(CTV) confirmed LSPH. The patient requested endoscopic procedures and 
rejected surgical therapies including splenectomy. EUS-guided selective NBC 
injections were performed and confluences of gastric varices were selected as the 
injection sites to reduce the injection dose. The “sandwich” method using 
undiluted NBC and hypertonic glucose was applied. No complications occurred. 
The patient was followed up regularly after discharge. Three months later, the 
follow-up gastroscopy revealed firm gastric submucosa with no sign of NBC 
expulsion and the follow-up CTV showed improvements in LSPH. No recurrent 
GI hemorrhage was reported during this follow-up period.

CONCLUSION 
EUS-guided selective NBC injection may represent an effective and economical 
treatment for GV hemorrhage in patients with LSPH.

https://www.f6publishing.com
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Core Tip: Gastric variceal (GV) hemorrhage caused by left-sided portal hypertension (LSPH) is a severe 
complication. Endoscopic ultrasound (EUS)-guided procedures for GV hemorrhage demonstrated 
beneficial results in reducing complication risks. Herein, we report the successful management of GV 
hemorrhage secondary to LSPH using EUS-guided selective N-butyl-2-cyanoacrylate injection which 
proved the effectiveness and safety of this method. This case is the first report choosing confluences of 
gastric varices as injection sites to reduce the injection dose and postoperative complications in patients 
with LSPH.

Citation: Yang J, Zeng Y, Zhang JW. Modified endoscopic ultrasound-guided selective N-butyl-2-cyanoacrylate 
injections for gastric variceal hemorrhage in left-sided portal hypertension: A case report. World J Clin Cases 
2022; 10(18): 6254-6260
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6254.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6254

INTRODUCTION
Left-sided portal hypertension (LSPH), also known as sinistral portal hypertension or regional portal 
hypertension, refers to extrahepatic portal hypertension caused by splenic vein obstruction or stenosis
[1-3]. LSPH accounts for about 5% of extrahepatic portal hypertension and is characterized by isolated 
gastric varices (GVs) and normal liver functions[3]. Pancreatic diseases are the major causes of LSPH. 
Most patients with LSPH have no obvious clinical symptoms and they are often diagnosed during the 
endoscopic examination after gastrointestinal (GI) bleeding. Therefore, LSPH should be considered in 
patients with pancreatic diseases who develop unexplained GI hemorrhage[1,4].

Gastric variceal (GV) hemorrhage leads to significant mortality in patients with portal hypertension. 
Although N-butyl-2-cyanoacrylate (NBC) has been widely used in the endoscopic hemostasis of portal 
hypertension, the early expulsion of NBC and the resultant hemorrhage is not uncommon[5]. Compared 
with conventional endoscopic injection, endoscopic ultrasound (EUS)-guided procedures in patients 
with GV bleeding demonstrated better diagnostic capability and clinical efficacy[6,7].

Herein, we report the successful management of GV hemorrhage secondary to LSPH using modified 
EUS-guided selective NBC injection.

CASE PRESENTATION
Chief complaints
A 35-year-old man was referred to our hospital due to an upper GI hemorrhage.

History of present illness
A few hours before admission, the patient had no apparent reason for one occurrence of sudden 
vomiting of blood mixed with stomach contents and the amount was estimated to be about 50-100 mL. 
He denied melena and syncope.

History of past illness
Nine months previously, this patient was admitted to our hospital due to persistent upper abdominal 
pain. He was diagnosed with severe acute pancreatitis (SAP) and underwent EUS-guided drainage of a 
pancreatic walled-off necrosis. He also had a 6-year history of hypertension and took enalapril 
regularly.

Personal and family history
This patient had a 10-year smoking history (a pack per day) and has not quit smoking. He denied 
alcoholism and taking nonsteroidal anti-inflammatory drugs.

https://www.wjgnet.com/2307-8960/full/v10/i18/6254.htm
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Physical examination
After admission, physical examination revealed no abnormality except for 130/91 mmHg blood 
pressure.

Laboratory examinations
No apparent abnormalities were found in the emergency blood analysis.

Imaging examinations
After admission, gastroscopy confirmed GV hemorrhage (IGV1 by Sarin classification), and no 
esophageal varices or portal hypertensive gastropathy was found (Figure 1). Abdominal computed 
tomography venography (CTV) revealed stenosis of the proximal superior mesenteric vein, invisible 
proximal splenic vein and increased collateral circulations (Figure 2). Neither a portal vein thrombosis 
nor a splenorenal shunt was detected.

FINAL DIAGNOSIS
LSPH and GV hemorrhage.

TREATMENT
The patient requested endoscopic procedures and rejected surgical therapies including splenectomy. 
EUS-guided selective NBC injections were performed for the treatment and prophylaxis of GV 
hemorrhage.

A linear Pentax echoendoscope (Hoya Co., Tokyo, Japan) and the color Doppler flow imaging were 
employed to determine the puncture site. EUS revealed an enlarged portal vein without cavernous 
transformation (Figure 3A). The confluences of GVs were selected as the injection sites to reduce the 
injection dose. A 22-gauge needle (Boston Scientific Co., Natick, MA, United States) was used to 
perform the puncture into the selected GVs (Figure 3B). The “sandwich” method using undiluted NBC 
(0.5 mL/ampoule; Beijing Compont Medical Devices Co., Beijing, China) and hypertonic glucose was 
applied (Figure 3C). A total of 2 mL of NBC was injected into three different confluences of GVs. 
Hyperechoic fillings and decreased blood flow signals were observed after injections (Figure 3D).

OUTCOME AND FOLLOW-UP
The patient fasted for 1 d after the procedure. No complications, including ectopic embolism, fever and 
post-injection GI bleeding occurred. The patient was followed up regularly after discharge. Three 
months later, the follow-up gastroscopy revealed no sign of NBC expulsion (Figure 4) and follow-up 
CTV showed improvements in LSPH (Figure 5). No recurrent GI hemorrhage and other complications 
were reported during the 3-mo follow-up.

DISCUSSION
Pancreatic diseases such as pancreatitis and pancreatic tumors are the most common etiology of LSPH
[3,8]. The anatomical proximity between the splenic vein and the pancreas makes the splenic vein more 
susceptible to pancreatic diseases. When pancreatic disease obstructs the splenic vein flow, the pressure 
of the left portal vein system increases and blood flows retrogradely through the short and posterior 
gastric veins and the gastroepiploic veins, which would lead to GVs. In patients with acute pancreatitis, 
infected walled-off necrosis was one of the risk factors for LSPH and early anticoagulation could not 
wholly prevent its occurrence[8]. In this case, the patient had a history of SAP and infected pancreatic 
necrosis which may be responsible for his LSPH. About 20% of patients with portal hypertension may 
develop GVs[9], and although LSPH is a rare cause of upper GI hemorrhage, GV hemorrhage in patients 
with LSPH secondary to pancreatic disease is not uncommon. Liu et al[10] reported that about 15.3% of 
LSPH patients had complicated bleeding GVs and the death risk is relatively higher when recurrent GV 
hemorrhage occurs so this is worthy of attention.

It is well known that splenectomy is the most effective treatment for LSPH. However, transjugular 
intrahepatic portosystemic shunt, balloon retrograde transvenous obliteration, endoscopic injection 
sclerotherapy (EIS) and endoscopic NBC injection were reported effective for patients who are not 
suitable or unwilling to choose surgery[11]. Although endoscopic NBC injection therapy has been 
proven minimally invasive and effective[12], conventional endoscopic NBC injections may also cause 
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Figure 1 Gastroscopic image. Gastroscopy revealed gastric variceal with signs of recent bleeding in the absence of active bleeding.

Figure 2 Abdominal computed tomography venography image. Computed tomography venography revealed stenosis of the proximal superior 
mesenteric vein (red arrow), invisible proximal splenic vein, and increased collateral circulations (yellow arrows).

severe complications including renal or pulmonary thromboembolism, fever, severe pain caused by 
intraperitoneal injection, mucosal necrosis at the injection site and GI bleeding[13]. As reported in recent 
years, an EUS-guided hemostasis treatment, including injection of NBC or in combination with coils, 
injection of thrombin or absorbable gelatin sponge, and clip-assisted endoscopic NBC injection, 
demonstrated promising results in reducing complication risks[14,15].

Modified EUS-guided selective NBC injection was applied for three distinct advantages in this 
present case. First, a reduced NBC dose may result in a lower occurrence of post-operational GI 
bleeding and ectopic embolism. EUS can also provide the detection of submucosal GVs, their 
confluences and real-time effectiveness evaluation for GV obliteration[7]. These advantages make it 
possible to identify and select confluences of gastric varices which were in the direction of bleeding 
gastric vessels and used as injection sites to reduce the injection dose. Although EUS-guided coil 
injection is reported superior to conventional NBC injection in terms of rebleeding after treatment[16], it 
was believed that a reduced dose of NBC would be injected into GVs in the modified EUS-guided 
selective NBC injection, which would lead to lower chances of post-injection ulcer and GI hemorrhage. 
Besides, reduced NBC dose may result in a similar lower occurrence of ectopic embolism in selective 
NBC injection as in the coils-combined injection method and clip-assisted injection method. Second, 
there would be no additional risk of radioactive exposure; coils and metal clips were not used in this 
modified injection procedure, which decreased the cost of endoscopic procedures. Third, selective NBC 
injection demonstrated a faster and firmer obliteration effect in GV hemorrhage than thrombin and 
absorbable gelatin sponge injections, making NBC injection more suitable than other procedures for 
acute GV bleeding. NBC rarely causes vascular necrosis and was reported superior to EIS in the 
hemostasis rate for GV bleeding[17]. Thus, EUS-guided selective NBC injection was performed for this 
patient based on the above factors and the result was adequate. Despite all these advantages, the 
operation time of EUS-guided selective NBC injection seemed a little longer than that of conventional 
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Figure 3 Endoscopic ultrasound images. A: Endoscopic ultrasound revealed an enlarged portal vein; B: A confluence of gastric varices was identified and 
selected as the injection site (red arrow); C: Undiluted N-butyl-2-cyanoacrylate (red arrow) was injected into the selected gastric varix via a 22-gauge needle; D: 
Hyperechoic fillings (red arrow) and decreased blood flow signals were observed after injections.

Figure 4 Gastroscopic image. With the help of biopsy forceps, the follow-up gastroscopy revealed firm gastric submucosa and no sign of N-butyl-2-
cyanoacrylate expulsion.

endoscopic NBC injection due to time consumption to confirm confluences of GVs during the EUS 
procedure. Additional cases are needed to verify our findings and compare the efficacies and complic-
ations of different embolization methods guided by EUS. Currently, this described technique is 
recommended to be used only in hemodynamically stable patients. To the best of our knowledge, this 
case is the first report choosing confluences of gastric varices as injection sites to reduce the injection 
dose and postoperative complications in patients with LSPH.

CONCLUSION
Modified EUS-guided selective NBC injection may represent an effective and economical treatment for 
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Figure 5 Computed tomography venography image. Compared with the results before the operation (Figure 2), follow-up computed tomography 
venography revealed improvements in left-sided portal hypertension and collateral circulations (red arrows).

GV hemorrhage in patients with LSPH.
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Abstract
BACKGROUND 
Type Ⅲb dens invaginatus (DI) with a lateral canal located at the mid-third of the 
root is rarely reported. Here, we report a rare case of type Ⅲb DI in the left upper 
anterior tooth with a lateral canal that led to persistent periodontitis.

CASE SUMMARY 
A 15-year-old female patient presented with a chief complaint of pain associated 
with recurrent labial swelling in the area of the left anterior tooth. A diagnosis of 
type Ⅲb DI and chronic periodontitis was made. Intentional replantation was 
performed after conventional endodontic treatment failed. After 6 mo, the patient 
was asymptomatic, but a sinus tract was observed. Cone-beam computed tomo-
graphy images showed bone loss in the mesial of the mid-root. Based on 
methylene blue staining and microscopy images, the lateral foramen located at the 
middle third of the root was surgically treated. After 3 years of follow-up, the 
clinical findings and radiographic assessment presented a favorable prognosis of 
bone healing without root absorption or ankylosis.

CONCLUSION 
Type Ⅲb DI with a lateral canal can be successfully treated by root canal 
treatment, intentional replantation, and surgical therapy.

Key Words: Dens invaginatus; Intentional replantation; Surgical therapy; Lateral canal; 
Case report
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Core Tip: Type Ⅲb dens invaginatus (DI) with a lateral canal located at the mid-third of the root is first 
reported. Here, we report a rare case of type Ⅲb DI in the left upper anterior tooth with a lateral canal that 
led to persistent periodontitis and it was successfully treated by a combination of root canal treatment, 
intentional replantation, and surgical therapy.

Citation: Zhang J, Li N, Li WL, Zheng XY, Li S. Management of type IIIb dens invaginatus using a combination of 
root canal treatment, intentional replantation, and surgical therapy: A case report. World J Clin Cases 2022; 
10(18): 6261-6268
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6261.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6261

INTRODUCTION
Dens invaginatus (DI) is a dental developmental anomaly resulting from enamel enfolding into the 
dental papilla prior to calcification. DI occurs more often in permanent maxillary lateral incisors and 
less frequently in mandibular anterior and deciduous teeth[1]. Clinically, pits lined with enamel defects 
and dentin invaginated into the dental/teeth with DI are susceptible to caries due to microorganism 
accumulation, easily leading to pulp necrosis and periapical inflammation[2]. However, DI may be 
easily overlooked due to the absence of clinical signs of malformation.

The most widely known classification of DI into three types was made by Oehler[3] in 1957 based on 
the extent of invagination from the crown into the root. Type III is the most complicated form due to the 
more extreme anatomical complexity. Type Ⅲa refers to invagination penetrating through the root and 
forming a lateral foramen as a pseudoforamen, while type Ⅲb refers to invagination extending through 
the root with an apical foramen. There is usually no communication with the pulp, which lies 
compressed within the wall around the invagination process. However, to our knowledge, this is the 
first report of a tooth of type IIIb DI infected via a lateral canal.

DI poses a great challenge in endodontic treatment due to the development of malformations with 
distortion of the teeth. Canal irregularities and invagination may prevent mechanical and chemical 
preparation. Due to the anatomic variations of the complex root canal morphologies, various treatment 
options have been proposed, including sealing of the invagination, root canal treatment, intentional 
replantation, periapical microsurgery, and extraction[4-6]. Here, we report a complex case of type Ⅲb DI 
with a lateral canal. After endodontic treatment, intentional replantation, and periapical microsurgery, 
the clinical findings and radiographic assessment presented a favorable prognosis of effective periapical 
healing at a 3-year follow-up assessment.

CASE PRESENTATION
Chief complaints
A 15-year-old female patient presented to the Department of Endodontics, Anhui Medical University, 
China with a chief complaint of pain associated with recurrent labial swelling in the area of the left 
anterior tooth for the past 6 mo. The patient reported that she had undergone endodontic treatment 1 
mo earlier with symptom recurrence.

History of present illness
The patient presented to the Department of Endodontics, Anhui Medical University, China, with a chief 
complaint of pain associated with recurrent labial swelling in the area of the left anterior tooth for the 
past 6 mo.

History of past illness
The patient reported that she had undergone endodontic treatment 1 mo earlier with symptom 
recurrence.

Personal and family history
The patient had a noncontributory personal and family history.

Physical examination
Oral examination revealed fluctuating buccal swelling with a sinus at the apical area (Figure 1A). Tooth 
22 showed an intact crown with a palatal access cavity (Figure 1B). Sensitivity to vertical percussion and 
negativity to palpation and electric pulp testing were observed, whereas the response of adjacent teeth 

https://www.wjgnet.com/2307-8960/full/v10/i18/6261.htm
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Figure 1 Preoperative photograph of the left upper anterior teeth. A: Labial view showing an intact left lateral incisor with a sinus on the distobuccal 
aspect; B: Palatal view showing tooth 22 with an access cavity; C: Radiograph showing the presence of dens invaginatus (DI) associated with a large periapical 
lesion; D-F: Cone-beam computed tomography images: Transverse view showing radiolucency surrounding tooth 22 (D), coronal view showing a DI extending to the 
apex of the root (E), and sagittal sections showing DI with a large periapical radiolucency (F); G: Three-dimensional reconstruction indicating loss of labial cortical 
plate.

was normal. The periodontal probing depths were within the normal range with slight mobility. 
Radiography showed an invagination of dentin lined by enamel into the pulpal space, expanded space 
in the middle of the teeth with a large periapical radiolucent lesion, and the presence of bone resorption 
(Figure 1C).

Laboratory examinations
The patient's blood test results were all normal.

Imaging examinations
A cone-beam computed tomography (CBCT) scan showed invagination extending from the crown into 
the root with an apical foramen associated with a large periapical radiolucent lesion, which caused 
variation in the main root canal. A well-defined unilocular periapical radiolucent lesion was observed. 
Sagittal CBCT images showed that a loop-shaped chamber separated the main root canal (Figure 1D-G).

FINAL DIAGNOSIS
A diagnosis of type Ⅲb DI and chronic periodontitis was made.

TREATMENT
Under rubber dam isolation, the temporary filling was removed, and access to the main and invaginated 
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canals was completed. Pulp vitality in the main canal and dens invaginatus canal confirmed necrosis. 
The total length of the canals was estimated to be 19 mm, and the canals were then thoroughly prepared 
to apical size 30 by the crown-down technique with a NiTi file. A large volume of pale-yellowish fluid 
drained from the canal. Following thorough irrigation with 5.25% sodium hypochlorite (NaOCl), the 
root canals were dried with paper points, and calcium hydroxide paste was placed into the two canals 
(Figure 2A). The coronal access was sealed with a 3-mm-thick temporary restorative material. The 
patient was scheduled to return after 2 wk.

Intentional replantation
As endodontic therapy failed and the aberrant anatomic structure hampered adequate disinfection and 
obturation, the patient was informed that root canal retreatment could not clean out the infected pulp 
tissue clearly and obturation could not seal the pseudo canal tightly. Intentional replantation and 
surgical treatment were chosen as the next treatment. After discussing the risk and the financial cost, her 
parents chose to perform intentional replantation at the 2-wk follow-up appointment (Figure 2B). The 
patient received 500 mg amoxicillin and 400 mg ibuprofen 30 min before surgery and was instructed to 
rinse with 0.2% chlorhexidine gluconate solution. After local anesthesia, a minimal portion of tooth 22 
was extracted without any fracture. The crown was held by saline-soaked wet gauze to keep the teeth 
moist and to minimize damage to the periodontal ligament (PDL) (Figure 2C). Under the dental 
operating microscope, the apex of the tooth was resected with a high-speed handpiece for 3 mm, and 
the foramen was clearly and deeply prepared by ultrasonic tips. iBoot BP (Innovative BioCeramix Inc., 
Vancouver, Canada) was placed to completely seal the retrograde cavity (Figure 2D). Then, the tooth 
was gently replanted into the socket and fixed by a wire and composite resin splint (Figure 2E). The 
extraoral times were limited to under 13 min. A radiograph was taken to confirm that the depth of iBoot 
BP was approximately 5 mm (Figure 2F). After the surgery was performed, amoxicillin (500 mg, 3 times 
per day) was administered for 3 d to prevent wound infection. The patient was instructed to maintain a 
soft diet and use a 0.2% chlorhexidine gluconate oral rinse for 2 wk.

Two weeks after the procedure, the patient returned, and the wire and composite resin splint were 
removed. After removal of the temporary restorative material under rubber dam isolation, calcium 
hydroxide paste in the root canals was cleared by ultrasonication. After drying the canals with paper 
points, the canals were fully obturated with gutta percha, and iRoot BP (Innovative BioCeramix Inc.) 
was performed using a vertical condensation technique. Subsequently, tooth 22 was restored using acid-
etch and composite resin Z350 (3M ESPE, MN, United States).

Unfortunately, 6 mo later, the patient returned pain-free, but the swelling (sinus tract) in the buccal 
maxillary region reappeared (Figure 3A and B). A gutta percha point in the draining sinus revealed 
point tracking to a large periapical lesion associated with the mesial surface of tooth 22 (Figure 3C and 
D).

Surgical treatment
The patient refused the extraction and had a strong desire to preserve natural tooth 22. The patient and 
her parents agreed to perform endodontic microsurgery as a last resort to seal the lateral canal in the 
mesial of tooth 22. After local anesthesia, a full-thickness triangular mucoperiosteal flap was made to 
expose the mesial area of tooth 22. The root surface was stained with methylene blue to identify the 
lateral foramen. An L-shaped pit on the mid-root surface was observed, which was then prepared with 
an ultrasonic tip and obturated with iRoot BP (Figure 3E and F). The granulomatous tissues were 
curetted, and the surgical region was irrigated with 0.9% saline. Finally, the flap was repositioned and 
sutured. The sutures were removed after 2 wk.

OUTCOME AND FOLLOW-UP
At the 3-year recall evaluation, the patient had no painful symptoms. The radiograph image presented 
complete healing of the periapical lesion around the tooth root. Continuity of the periodontal ligament 
was observed, and intercortical bone had formed completely without any root resorption or ankylosis 
(Figure 4).

DISCUSSION
Treatment for DI varies depending on the invagination type, anatomy of the canal, level of pulp 
involvement, and morphology of the apex. To our knowledge, this is the first report of an infection of 
type IIIb DI with a lateral canal resulting in the persistence of periapical damage. Microorganism 
contamination in the invagination easily inflames the pulp irreversibly and even causes pulp necrosis 
both in the main canal and the invagination canal, especially in patients with type III DI. In patients 
with type IIIa DI, endodontic treatment should be performed on the canals as if they were two 
independent canals[6]. In patients with type IIIb, some authors recommend removing the extremely 
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Figure 2 Canal disinfection and intentional replantation. A: Radiographic image showing that tooth 22 was placed with hydroxide paste; B: Radiographic 
image of tooth 22 at the 2-wk recall; C: Tooth 22 was extracted, and the apex of the tooth was resected; D: Obturation of root canal space and retroseal of the apex 
with iRoot BP; E: Replantation of tooth 22 with a composite resin splint; F: Radiographic image of the replantation of tooth 22 (red arrow indicates the boundaries of 
the lesion).

large anomalous invagination using ultrasonic instruments and combining the two canals as one space 
to allow for complete and sufficient disinfection[7]. The removal of the single and large canal was 
followed by obturation with mineral trioxide aggregate in the apical third. However, the elimination of 
invagination severely compromised the strength of the tooth and increased the risk of tooth fracture. 
Martins et al[7] reported that three Fibercore posts were applied to the root canal to reinforce the thin 
root wall. In this reported case, the invaginated cavity occupied the center of the canal and adhered 
labially to the canal wall. Removal of the invaginated hard tissue was impractical. Such removal would 
cause a thin outer shell of dentine to remain, which may result in a poor prognosis.

Successful root canal treatment is based on the complete removal of all infections in the entire root 
canal system[8]. However, due to the anatomical impediments of type IIIb DI that restrict instrument 
cleaning and sufficient shaping, chemomechanical preparation cannot effectively eliminate all the 
infected tissues in the main canal or the invagination canal, including lateral canals and apical ramific-
ations[9]. This would cause root canal treatment to occasionally fail, resulting in the persistence of 
periapical damage. Since a conventional root canal, as the first alternative, had already been initiated 
and failed in this patient, surgical endodontic or intentional replantation was the second treatment 
option instead of tooth extraction[10].

Intentional replantation is defined as deliberate extraction of the teeth and visual endodontic manipu-
lation followed by reinsertion back into the original socket. The advantages of intentional replantation 
are that the major procedure is performed visually and that it benefits inaccessible areas, including the 
morphological variation in type IIIb DI[11]. A recent systematic review demonstrated that the survival 
rate of intentional replantation was 90%[12]. In a retrospective study of ten cases of type IIIb DI with 
apical periodontitis treated by intentional replantation, the survival rate was 80%[13]. Due to its high 
survival rate, low invasiveness, and cost-effectiveness, intentional replantation is regarded as a reliable 
and viable treatment when root canal treatment fails. PDL is important for the success of intentional 
replantation. Yu et al[14] reported that PDL cells remained alive within 15 to 20 min, which was crucial 
for the ability of PDL cells to attach to the alveolus. In this patient, we limited the extraoral time to 13 
min, leading to successful periradicular healing.

Unfortunately, the sinus tract in the buccal maxillary region was noted at six recall evaluations. In the 
initial radiograph, we focused on the morphological variation of DI and periapical infection while 
ignoring the lateral infection caused by organisms in the lateral canal. Considering the patient’s wishes 
and with the aid of methylene blue staining, surgical treatment was attempted as the last resort to 
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Figure 3 Intraoral examination after 6 mo and surgical treatment. A: Labial view showing the left lateral incisor with a sinus on the mesiobuccal aspect; 
B: Radiograph image showing enlargement of a large periapical radiolucency (red arrow) around the mid-root of tooth 22; C: A gutta percha was placed into the sinus 
of tooth 22; D: Radiograph of tooth 22 with a gutta percha point in the sinus tract; E: Surgical confirmation of the L-shaped pit on the mid-root surface (black arrow); F: 
Postoperative radiograph.

obturate the lateral canal. Lateral canals are accessory canals that usually extend vertically to the main 
canal. They are not easily visible in preoperative radiographs[9]. Ricucci et al[9] assessed 500 repres-
entative extracted teeth that were scanned by microcomputed tomography. The authors found that 
lateral canals occurred more frequently in the apical third of the root than in the middle of the root. The 
shape and tortuosity of the lateral canals may vary among different teeth. Most of the lateral canals were 
curved and not circular, as reported in this patient, which increased the complexity of the treatment. 
The median diameter of the lateral canals is 67 µm, while the diameter of the main canals is two to three 
times larger[15,16]. Therefore, apical periodontitis occurs far more frequently than lateral periodontitis.

Some studies have reported that periradicular inflammation has no relationship with unfilled lateral 
canals[17], and some authors have argued that an insufficiently obturated lateral canal can lead to 
endodontic treatment failure. This was attributed to the patency of the lateral canal and microbiological 
involvement[18]. Kim and Kratchman[19] recommended resecting at least 3 mm of apical root to 
eliminate 98% of apical ramifications and 93% of lateral canals that exist within 3 mm of the root end. 
However, in this patient, the foramen of the later canal was located at the middle third of the root. 
Therefore, removal of 3 mm of root end by surgical treatment would not have benefited lateral period-
ontitis healing. To our knowledge, this is the first report of a tooth of type IIIb DI infected via the lateral 
canal located at the middle of the root.
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Figure 4 Follow-up photographs and radiograph. A: Three-year recall labial view; B: Three-year recall palatal view; C: Three-year recall radiograph. The 
obturated lateral canal was visualized; D: Sagittal sections showing bony healing; E: Three-dimensional reconstruction indicating continuous bony plates.

CONCLUSION
Type IIIb DI has a variety of atypical internal morphologic complexities, which presents a great 
challenge for treatment in the clinic. This reported case highlights the significance of awareness of type 
IIIb DI with a lateral canal in the middle of the root. This result indicated that complex type IIIb DI can 
be successfully treated by a combination of intentional replantation and surgical treatment when 
conventional endodontic therapy fails.
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Abstract
BACKGROUND 
Immunoglobulin G4 related disease (IgG4-RD) is a fibroinflammatory disease 
with markedly elevated serum IgG4 levels and fibrous tissue proliferation, 
accompanied by numerous plasma cells. IgG4 related hypertrophic pachymen-
ingitis (IgG4-RHP) is relatively rare and indistinguishable from other phymatoid 
diseases before the operation. The risk of long-term immunosuppression needs to 
be balanced with disease activity.

CASE SUMMARY 
A 40-year-old man presented with headache and bilateral abducent paralysis. He 
was also diagnosed with pulmonary tuberculosis 10 years ago and was on regular 
treatment for the same. Before the operation and steroid therapy, the patient was 
suspected of having tubercular meningitis at a local hospital. A clivus lesion was 
found via brain magnetic resonance imaging (MRI) at this presentation. He was 
preliminarily diagnosed with meningioma and underwent Gamma Knife Surgery. 
Transnasal endoscopic resection was performed to treat deterioration of nerve 
function. Postoperative pathologic examination suggested IgG4-RD. Moreover, 
the serum IgG4 was elevated at 1.90 g/L (reference range: 0.035-1.500 g/L). After 
steroid therapy for 2 mo, the lesion size diminished on MRI, and the function of 
bilateral abducent nerves recovered.

CONCLUSION 
IgG4-RHP is relatively rare and indistinguishable before the operation. Elevated 
serum IgG4 levels and imaging examination help in the diagnosis of IgG4-RHP. 
Surgery is necessary when lesions progress and patients start to develop cranial 
nerve function deficit.

https://www.f6publishing.com
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Core Tip: Immunoglobulin G4 related disease (IgG4-RD) is a fibroinflammatory disease with markedly 
elevated serum IgG4 levels and fibrous tissue proliferation, accompanied by numerous plasma cells. It is 
known to affect multiple organs. IgG4-related hypertrophic pachymeningitis (IgG4-RHP) is relatively rare 
and indistinguishable from IgG4-RD before the operation. Herein, we present a rare case of IgG4-RHP 
with intact magnetic resonance imaging and pathologic images. The case highlighted the differential 
diagnosis with other phymatoid lesions such as meningioma, fungal infection, and tuberculosis and the 
importance of comprehensive multidisciplinary treatment. Surgery becomes necessary when lesions 
progress and patients start to develop cranial nerve function deficit.

Citation: Yu Y, Lv L, Yin SL, Chen C, Jiang S, Zhou PZ. Clivus-involved immunoglobulin G4 related 
hypertrophic pachymeningitis mimicking meningioma: A case report. World J Clin Cases 2022; 10(18): 6269-
6276
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6269.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6269

INTRODUCTION
Immunoglobulin G4 related disease (IgG4-RD) was initially noticed in patients with autoimmune 
pancreatitis in 2001 and formally named in 2010, classified as sarcoidosis with different manifestations 
in several organs and the same pathological characteristics[1,2]. The main characteristic of IgG4-RD is 
elevated levels of serum IgG4. Moreover, the lesions are often tumescent with abundant IgG4-positive 
plasma cells and fibrosis. Such inflammatory lesions can be seen in the pancreas, kidney, lungs, salivary 
glands, and other organs. Specifically, the conditions of IgG4-RD in the central nervous system are 
meningitis and hypophysitis[3]. As for the IgG4-related hypertrophic pachymeningitis (IgG4-RHP), the 
clinical and imaging manifestation is similar to that of meningioma, posing a challenge for preoperative 
diagnosis[4,5]. Additionally, the time and scope of operation should be considered carefully. Finally, 
this disease is related to some bacterial infections, such as tuberculosis. And we need to weight the pros 
and cons between these infections and corticosteroid therapy for IgG4-RD. Herein, we report a rare case 
with IgG4-RHP at the clivus area mimicking meningioma and discuss the relevant literature.

CASE PRESENTATION
Chief complaints
A 40 year-old man was admitted for headache, bilateral temporal visual field defect, and limited 
abduction in both eyes.

History of present illness
Five years before the present admission, the patient started to experience discontinuous and 
aggravating headache. Owing to symptomatic deterioration, the patient was admitted to the neurology 
department of a local hospital. Because the patient also had a history of pulmonary tuberculosis, he was 
suspected of having tuberculosis meningitis and treated with anti-tuberculosis drugs at the local 
hospital. However, the symptom did not alleviate. Upon presentation to our hospital, the patient 
underwent a brain magnetic resonance imaging (MRI) scan that showed the presence of a clival lesion 
measuring 2.6 × 1 cm2 with isointense signal on T1-weighted (T1WI) and T2-weighted (T2WI) imaging; 
accordingly, he was diagnosed with meningioma. The lesion was homogenously enhanced on contrast 
MRI with a dural tail sign (Figure 1). Because there was no cranial nerve function defect, the patients 
chose to undergo Gamma Knife Surgery at a dose of 11 Gy at the 45% isodose line, and regular follow-
up was planned.

History of past illness
The patient had suffered from pulmonary tuberculosis 11 years ago and accepted standard anti-
tuberculosis treatment for 1 year.

https://www.wjgnet.com/2307-8960/full/v10/i18/6269.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6269
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Figure 1 Lesion alteration on the sagittal view. A: This image shows the condition when the patient was first admitted to the tuberculosis department 
diagnosed as having a meningioma (December 2016); B: Before the performance of Gamma Knife Surgery (March 2017); C: Six months after the performance of 
Gamma Knife Surgery (September 2017); D: Preoperative image (November 2019); E: Postoperative image (January 2020); F: Two months after operation (March 
2020).

Personal and family history
No other particular personal and family history was reported.

Physical examination
This patient showed right abducens paralysis, hoarse voice, bitemporal hemianopsia, and slight 
swallowing difficulty. No other positive signs were found.

Laboratory examinations
Lumbar puncture was performed and we found that the number of karyocytes (mainly mononuclear 
cells) and protein levels in cerebrospinal fluid had risen (Table 1).

After pathological results showed IgG4-RD, further systemic evaluation was performed to find other 
lesions associated with IgG4-RD. The serum IgG level was 17.20 g/L (reference range: 8.00-15.50 g/L), 
and the serum level of IgG4 was 1.90 g/L (reference range: 0.035-1.500 g/L). Tuberculosis associated 
gamma interferon release assay showed positive results with TB-IGRA (T-N) at 414.21 pg/mL.

Imaging examinations
After admission, routine laboratory testing and preoperative preparation were carried out. A repeat 
brain MRI scan showed that the lesion became larger, measured 3.8 cm × 2.9 cm × 2.9 cm, and 
compressed the adjacent brain stem (Figure 1). Further, small pneumatoceles in the upper lobe of the 
right lung were detected by thorax computed tomography (CT). Moreover, the examination of visual 
field confirmed binocular hemianopia (Figure 2). No other positive results were found.

FINAL DIAGNOSIS
The postoperative pathology confirmed the proliferation of fibrous tissue accompanied by numerous 
lymphocytes and plasma cells, which is displayed in Figure 3. Immunohistochemical staining showed 
positive results for CD138 and IgG4. Gene rearrangement test showed negative results for IgH. Thus, 
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Table 1 Examination results of cerebral fluid through the years

2014 2016 2020

General characters Normal Normal Normal

Karyocytes (106/L) 120 90 1

Mononuclear cells (%) 97.0 92.0 -

Multinucleate cells (%) 3.0 8.0 -

Pus cells Unseen Unseen Unseen

Protein quantification (g/L) 1.02 0.69 0.55

Glucose (mmol/L) 2.55 4.07 3.95

Chloride (mmol/L) 127.2 124.4 127

Acid-fast bacillus None None None

Ink staining None None None

Gram staining None None None

Fungal and bacterial culture Undone Negative Negative

TB-DNA Undone Negative Negative

Reference value: Karyocytes (< 10 × 106/L), pus cells (none), protein quantification (0.15-0.45 g/L), glucose (2.5-4.4 mmol/L), and chloride (120-130 
mmol/L).

Figure 2 Examination of visual field before and after the operation. The alteration of the visual field before and after the operation is shown. The second 
row is the result at 4 mo after the operation.

IgG4-RD was finally diagnosed.

TREATMENT
The patient underwent transnasal endoscopic approach resection which aimed to partially remove the 
lesion for pathology analysis and alleviate the headache caused by meningeal tension. During the 
operation, we found that the lesion extended to the sphenoid sinus and nasopharynx without a clear 
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Figure 3 Pathological features of the resection part indicating the diagnosis of immunoglobulin G4 related hypertrophic pachymeningitis. 
A and B: Proliferation of fibrous tissue accompanied by numerous lymphocytes and plasma cells as shown by hematoxylin and eosin staining (A: × 100; B: × 400); C: 
Immunohistochemical staining exhibited an increased number of CD138-positive plasma cells (× 400); D: Large number of immunoglobulin G4-positive plasma cells 
as shown by immunohistochemical staining [~200 per high power field (× 400)].

boundary. Notably, the local mucosa was edematous and tight. The clivus bone had been partially 
damaged, and the clivus epidural was thicker. The intraoperative frozen section examination revealed 
the proliferation of spindle cells accompanied by many lymphocytes and plasma cells.

For the diagnosis of IgG4-RD, solu medrol was administrated at a dose of 80 mg per day, and 
methotrexate was administrated at 10 mg every week. Famotidine, calcium carbonate, and vitamin D3 
tablets were prescribed against adverse reactions during the treatment. After discharge from the 
hospital, the solu medrol was tapered over 4 wk to 50 mg per day.

OUTCOME AND FOLLOW-UP
The patient confirmed that his headache and hoarse voice gradually improved after 1 mo. The follow-up 
was arranged 3 mo after the operation, which showed that the abduction movement could be achieved 
for binocular vision. Brain MRI showed that the residual lesion obviously shrunk (Figure 1). The change 
for bilateral visual fields is displayed in Figure 2.

DISCUSSION
IgG4-RD is a condition that affects multiple organs, and its clinical manifestations often vary across 
different organs. Reportedly, several kinds of bacterial infection can be causative factors for this disease 
related to stimulation with Toll-like receptor ligands[6,7]. Several previous studies have also reported 
the comorbidity of IgG4-RD with tuberculosis, as seen in our patient[8-11].

IgG4-RD of the CNS is mainly related to IgG4-related hypertrophic pachymeningitis and 
hypophysitis. Among them, IgG4-RHP is relatively rare, with the primary clinical manifestation of 
headache and other nerve function disabilities. Moreover, it was apparent that the cranial nerve 
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function could partially recover once the disease was in remission. At the first onset of the disease, 
multi-organ disease is not widespread (57%)[6]. Therefore, regular follow-up and systemic evaluation is 
crucial.

Through this case, we summarize the differential diagnoses of IgG4-RHP, such as meningioma, 
tuberculosis meningitis, fungal meningitis, and metastatic tumor. Furthermore, the complete MRI 
images showed the lesion alteration during treatment. However, there are limited reports of this rare 
disease in the literature. Higher evidence-based studies are needed to promote the diagnosis and 
treatment of IgG4-RHP.

Measuring the serum concentration of IgG4, radiological examination, and pathological screening are 
important for diagnosis. It is difficult to distinguish IgG4-RHP and meningioma before the operation 
and pathologic examination. The serum level of IgG4 can facilitate diagnosis, but it does not always 
show an increase. As reported by Wallace et al[12], the sensitivity and specificity of serum IgG4 were 
90% and 60%, respectively. Moreover, the negative predictive value and positive predictive value of the 
serum IgG4 assay were 96% and 34%, respectively, which could be helpful and convenient to exclude 
the diagnosis of IgG4-RD related to the CNS[12]. It is also helpful to distinguish tuberculosis and IgG4-
RD based on the fact that serum IgG4 does not significantly increase in tuberculosis[13]. Further, 
imaging results could be a crucial clue for preoperative diagnosis. Lumbar puncture provides the 
necessary information for differentiation from CNS infections and malignant tumors. IgG4 levels in 
cerebrospinal fluid have been reported to be elevated[14]. However, the concentration of IgG4 in 
cerebrospinal fluid could not distinguish this disease from other inflammatory pachymeningitis[6].

Radiology examination plays an essential role in diagnosis. The lesion could be observed as linear 
dural thickening or a bulging mass. The linear dural thickened lesion appears both in the brain and 
spine. The tumoral lesion is frequently located in the clivus area. The heterogeneity was observed on 
MRI because of active inflammation. Typically, T1WI MRI would exhibit a hyperintense or isointense 
signal. Hypertrophic pachymeningitis usually shows thickening meninges and hypointensity on T2WI 
MRI, while it would become relative hyperintense when the inflammation aggravates[3,4,6,7,15]. The 
lesion would be homogenously enhanced on enhanced MRI. In this case, the lesion showed an 
isointensite signal on T1WI and T2WI and was homogenously enhanced on contrast MRI with a dural 
tail sign. CT showed that the skull was involved apparently and the lesion appeared hyperdense when 
contrast-enhanced CT was performed. In case of a meningioma, CT frequently displays that the lesion is 
isodense or has slightly higher density with a round, leafy, or flat shape[3,6]. Calcification becomes 
visible in some tumors[6]. Meningioma has similar characteristics as an IgG4-RHP lesion. T1WI often 
shows isointense or mildly hypointense signal, and T2WI usually shows isointense or mildly 
hyperintense signal. Besides, the meningioma could be markedly characterized by the tail of the 
meninges.

It is advisable to focus on some characteristics to help distinguish between meningioma and IgG4-
RHP. We noticed that the symptoms of IgG4-RHP were severe and diverse, while those of meningioma 
were not as varied. These symptoms were due to inflammatory irritation and compression of the 
adjacent nerves and dura mater[16]. Another characteristic of IgG4-RHP was that the tail signal was 
broader than meningioma on MRI for the diffuse inflammation along with the dura mater. The 
meningioma lesion seems relatively confined and phymatoid compared with IgG4-RHP. Moreover, the 
IgG4-RHP lesion frequently involves extracranial parts.

Other diseases, such as metastatic tumors and fungal infections, should also be considered. It was 
observed that metastatic tumors could spread and proliferate along the meninges, causing various 
severe symptoms. In this situation, the history of malignant tumor provided clues to the diagnosis. 
Likewise, a CNS fungal infection can show similar features, which can be identified by examining the 
cerebrospinal fluid.

CNS tuberculosis is another antidiastole. Patients with tuberculous meningitis often have a fever, 
headache, and focal neurological symptoms. And tuberculous meningitis is often secondary to 
pulmonary or intestinal tuberculosis. As for radiology examination, CT often exhibits nodular or 
punctate calcifications and hydrocephalus, and enhanced scans are often accompanied by meningeal 
strengthening. MRI frequently shows a hypointense T1WI signal and hyperintense T2WI signal. The 
enhancement scan could display irregular bar or nodular strengthening lesions of the meninges. 
Cerebrospinal fluid is essential for the diagnosis of tuberculous meningitis. Moreover, TB-IGRA could 
facilitate this diagnosis.

The purpose of the operation was not only to perform a biopsy but also to alleviate symptoms. We 
know that the lesion would stretch meninges and then cause headache. Similarly, the lesion compresses 
cranial nerves to cause relevant symptoms. The resection can reduce meningeal tension, release 
compression, and finally alleviate headache and nerve deficits. Further, it is suitable to use the 
transnasal endoscopic approach for a clival lesion in IgG4-RHP. When the lesion is too broad to remove 
completely, it is sensible to leave some parts in order to maintain the integrity of the dura mater, which 
can prevent severe complications such as cerebrospinal fluid leakage and intracranial infection.

Glucocorticoids and immunosuppressants can be used for the non-surgical treatment, such as 
prednisolone (0.6 mg/kg/d) for 4 wk. The dose of steroid was gradually decreased through 3-6 mo and 
the dose was finally maintained at 2.5 to 5.0 mg/d for 3 years[17]. Other immunosuppressants should 
be considered, such as methotrexate, cyclophosphamide, mycophenolate mofetil, and azathioprine[6,7]. 
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Another consensus recommended utilizing calcium carbonate and vitamin D3 tablets to prevent 
glucocorticoid-induced osteoporosis[18,19]. Additionally, it is essential to exclude some latent infections 
before using glucocorticoids and immunosuppressants. In this case, the patient had a history of 
tuberculosis and we performed the chest CT and TB-IGRA to ensure the absence of any current 
underlying infection. In future, when similar patients with the imaging characteristics described in this 
report are encountered, measurement of serum IgG4 levels may be helpful for diagnosis.

CONCLUSION
IgG4-RHP is a relatively rare disease that seems complicated to diagnose preoperatively. The purpose of 
surgery is to obtain the specimens required for pathological examination and plan the follow-up 
treatment. It is essential to perform a rigorous follow-up and systematic assessment of the whole body.
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Abstract
BACKGROUND 
Brain arteriovenous malformation (AVM), an aberrant vascular development 
during the intrauterine period, is traditionally considered a congenital disease. 
Sporadic reports of cases of de novo AVM formation in children and adults have 
challenged the traditional view of its congenital origin.

CASE SUMMARY 
In this report, we have presented the case of a child with a de novo brain AVM. 
Magnetic resonance imaging and magnetic resonance angiography of the brain 
showed no AVM at the age of 5 years and 2 mo. Brain AVM was first detected in 
this child at the age of 7 years and 4 mo. The brain AVM was significantly 
advanced, and hemorrhage was seen for the first time at the age of 12 years and 8 
mo. There was further progression in the AVM, and hemorrhage occurred again 
at the age of 13 years and 5 mo. Genetic analysis of this patient revealed a 
mutation in the NOTCH2 (p.Asp473Val) gene.

CONCLUSION 
In short, our case has once again confirmed the view that brain AVM is an 
acquired disease and is the result of the interaction of genes, environment, and 
molecules.

Key Words: De novo arteriovenous malformation; Angiogenesis; Hemorrhage; NOTCH2; 
Case report

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i18.6277
mailto:andonglmn@163.com


Huang H et al. De novo brain AVM

WJCC https://www.wjgnet.com 6278 June 26, 2022 Volume 10 Issue 18

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Brain arteriovenous malformation (AVM) is one of the main causes of spontaneous cerebral 
hemorrhage in children. At present, the mechanism of the occurrence and development of AVM is not 
clear, and there have been very few case reports that have documented the progression of a de novo brain 
AVM. In this report, we present the case of a child with a de novo brain AVM. Brain AVM was first 
detected in this child at the age of 7 years and 4 mo and was significantly advanced and hemorrhaging at 
the age of 12 years and 8 mo. Genetic analysis of this patient revealed a mutation in the NOTCH2 
(p.Asp473Val) gene.

Citation: Huang H, Wang X, Guo AN, Li W, Duan RH, Fang JH, Yin B, Li DD. De novo brain arteriovenous 
malformation formation and development: A case report. World J Clin Cases 2022; 10(18): 6277-6282
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6277.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6277

INTRODUCTION
Brain arteriovenous malformation (AVM) is one of the main causes of spontaneous cerebral hemorrhage 
in children[1] and accounts for 30%-50% of spontaneous cerebral hemorrhage in children[1,2]. It is 
generally believed that AVM is a kind of congenital vascular disease[3]. The abnormality is formed in 
the third to fourth week of embryonic development, when the length is about 40-80 mm, during the 
process of cerebrovascular development and manifests as abnormal coiled and interlaced vascular 
clusters[4]. Arteries and veins are directly connected by malformed vascular clusters. At present, the 
mechanism of the occurrence and development of AVM is not clear, and there have been very few case 
reports that have documented the progression of a de novo brain AVM[5-7]. Here, we have documented 
for the first time a case of a child with a de novo brain AVM that progressed and ruptured twice within 6 
years. We have also reported for the first time the potential role of heterozygous mutations in the 
NOTCH2 gene in the pathogenesis of AVM.

CASE PRESENTATION
Chief complaints
A 15-year-old boy was admitted to the hospital in November 2019 with complaints of an acute headache 
for 3 h.

History of present illness
The child presented with a sudden severe headache for 3 h with no inducing factors. He was conscious 
and had no history of nausea, dizziness, or fever.

History of past illness
The boy had normal growth and development and no history of other special diseases. In August 2011, 
the child presented at another hospital with complaints of a headache for more than 1 wk. At that time, 
magnetic resonance imaging (MRI), magnetic resonance angiography (MRA), and magnetic resonance 
venography (MRV) were performed. The scans revealed that there was no vascular abnormality, 
abnormal signal intensity, or any other findings suggestive of an AVM (Figure 1A-C). At that time, the 
doctor did not administer any treatment, and the headache was ameliorated by itself. In October 2013, 
the child again presented at another hospital with headache and nausea for 2 d. His MRA scan revealed 
a small right temporal AVM, the size of which was 6.2 mm × 1.9 mm (Figure 1C). Digital subtraction 
angiography revealed the presence of a suspicious lesion in the right temporal lobe (Figure 1D). The boy 
was treated for headaches and was not examined further. In February 2019, the boy presented at our 
hospital complaining of a sudden headache and vomiting for 2 h. He was conscious when he came to 
our hospital. His Glasgow coma scale score was 14, and National Institutes of Health Stroke Scale score 
was 1. Computed tomography of the head demonstrated acute intracerebral hemorrhage in the right 
temporal lobe. The MRA revealed a small AVM in the right temporal lobe (Figure 1E). Symptomatic 
treatment was given to the child during hospitalization, and gamma knife radiosurgery was suggested. 
Unfortunately, the child’s parents rejected radiotherapy.

https://www.wjgnet.com/2307-8960/full/v10/i18/6277.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6277


Huang H et al. De novo brain AVM

WJCC https://www.wjgnet.com 6279 June 26, 2022 Volume 10 Issue 18

Figure 1 Diagnostic images from August 2011 to November 2019. A-C: T1 (A) and T2 (B) weighted images of magnetic resonance imaging, and (C) 
magnetic resonance angiography (MRA) done in August 2011, at the age of 5 years and 2 mo. There is no evidence of vascular lesion; D and E: The results of (D) 
MRA and (E) the first anteroposterior digital subtraction angiography (DSA) performed in October 2013, indicating de novo arteriovenous malformation; F-H: The 
results of (F) the head computed tomography (CT) scan, (G) MRA, and (H) the second DSA, which were performed in February 2019; I and J: Results from (I) the 
post-hemorrhage non-contrast head CT scan depicting blood in the right temporal lobe and (J) the third DSA, which were performed in November 2019.

Personal and family history
The patient did not have any personal or family history of brain AVM.

Physical examination
The patient was conscious when examined at our hospital in November 2019. His Glasgow coma scale 
score was 15 and his National Institutes of Health Stroke Scale score was 1.

Laboratory examinations
Laboratory examinations showed no significant abnormality.
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Imaging examinations
A small AVM within the right temporal lobe was visualized in the MRA (Figure 1G), and cerebral 
angiogram revealed the presence of a 21.6 mm × 21.2 mm right temporal AVM, which was supplied by 
the inferior temporal branches of the right posterior cerebral artery. Venous drainage occurred through 
superficial cerebellar veins into the right sigmoid sinus. It was classified as Spetzler-Martin grade 1 
(Figure 1H).

In November 2019, computed tomography of the head demonstrated the presence of an acute 
intracerebral hemorrhage in the right temporal lobe (Figure 1I). Digital subtraction angiography 
displayed abnormal vascular clusters, which were slightly larger than those seen 10 mo ago. The size of 
these clusters was 24.3 mm × 22.8 mm. The AVM was classified as a Spetzler-Martin grade 1 (Figure 1J).

Further diagnostic work-up
After receiving consent from the child’s parents, we conducted genetic analysis for the child and his 
parents. We discovered a mutation that might be related to the incidence of AVM, NOTCH2 hetero-
zygous mutation [NM_024408.3; c.1418A>T; p.Asp473Val]. The mutation was only found in the child.

FINAL DIAGNOSIS
Brain AVM, Spetzler-Martin grade 1.

TREATMENT
The parents refused to conduct further interventional treatment. Supportive treatment was 
administered during the hospitalization period, and the boy was discharged after 10 d in good clinical 
condition.

OUTCOME AND FOLLOW-UP
The clinical condition of the child was good during the final follow-up, which was performed on 
January 2021. The child was in good general condition at the time. After January 2021, he was lost to 
follow-up.

DISCUSSION
The patient underwent MRI, MRA, and MRV scans in August 2011, at the age of 5 years and 2 mo for 
nonspecific headaches. No abnormal vascular lesions or secondary signs of brain AVM were observed. 
A brain AVM was first identified in October 2013. Bleeding occurred for the first time in February 2019 
and occurred again in November 2019. The malformed vascular clusters progressed significantly during 
this period. No risk factors were associated with AVM in this case. Literature review revealed that most 
of the reported AVM cases had underlying pathology, and only a few of them had no cause of de novo 
AVM[5,8]. Our case report is the first to define the progression and eventual rupture within 6 years 
following its primary discovery. We also report for the first time that heterozygous mutations in the 
NOTCH2 gene might be playing a role in the pathogenesis of AVM.

Currently, the pathogenesis of brain AVM is not clearly understood. The imbalance of some signal 
molecules during embryonic development is believed to be the most likely reason for no capillary 
formation between the arteries and veins[9]. This balance is dependent on the strict regulation of 
various angiogenic factors, and any interference for these automatic regulation factors may lead to the 
formation of AVM[10,11]. There was no high-risk factor for AVM in this case, and the only high-risk 
factor that may have a relation in the development of AVM was the heterozygous mutation of the 
NOTCH2 gene. The NOTCH2 protein is the receptor of the Notch signaling pathway, and its activity can 
directly affect Notch signaling[12]. However, the Notch signaling pathway has complex and context-
dependent effects on angiogenesis[13,14]. Studies have demonstrated that abnormal activation of Notch 
signaling in human brain AVM was associated with AVM bleeding[15]. The inhibition and activation of 
Notch signaling were both associated with AVM formation. The mutation in this case (p.Asp473Val) 
was first described by Gilbert et al[16]. The mutation is located in exon 8, and exon 8 encodes the 
epidermal growth factor-12 domain of NOTCH2[16,17]. Unfortunately, there has been no research on 
the effect of this mutation on the function of the NOTCH2 protein.
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CONCLUSION
We report for the first time a case of de novo AVM formation in a child, which progressed and eventually 
ruptured within 6 years. Our case contests the traditional view that brain AVM is congenital, and our 
case once again confirms the view that brain AVM is an acquired disease that is the result of an 
interaction of genes, environment, and molecules.
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Abstract
BACKGROUND 
Streptococcus suis (S. suis) is an anthropozoonotic pathogen that shows clinical 
manifestations of meningitis, septicemia, and arthritis in infected humans. 
Nocardia is another type of anthropozoonotic bacteria, with clinical manifestations 
of skin, lung, and brain abscesses in infected humans. Few intracranial infections 
caused by S. suis or Nocardia have been reported. To the best of our knowledge, no 
study has reported a patient with simultaneous intracranial infection by S. suis 
and Nocardia.

CASE SUMMARY 
A 66-year-old male presented at Liaocheng People’s Hospital (Liaocheng, 
Shandong Province, China) reporting dizziness with nausea and vomiting. 
Metagenomic next-generation sequencing (mNGS) was performed on 
cerebrospinal fluid for examination, and the patient was diagnosed with 
suppurative meningitis caused by S. suis infection. He received anti-infection 
treatment with penicillin sodium and ceftriaxone. The patient’s condition initially 
improved but then deteriorated. Further mNGS of cerebrospinal fluid revealed 
both S. suis and Nocardia. Imaging examination revealed a brain abscess. 
Furthermore, a mixed infection of S. suis and Nocardia was detected in the 
patient’s central nervous system. The patient was treated with antibiotics and 
sulfamethoxazole. He was discharged after his condition improved.

CONCLUSION 
This case shows that the disease can be recurrent in patients with intracranial 
infection of a rare pathogen. The possibility of mixed infection should also be 
considered, especially in patients treated with immunosuppressive agents. mNGS 
of cerebrospinal fluid is a supplement to conventional microbial pathogen identi-
fication methods. Patients with unknown pathogen diagnosis, early extensive use 
of antibiotics and infection with rare pathogens can be diagnosed by the 
combination of conventional methods and mNGS of cerebrospinal fluid.

https://www.f6publishing.com
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Core Tip: Streptococcus suis (S. suis) meningitis is rare in the neurology department. S. suis combined with 
Nocardia is also rare, and intracranial infection of atypical pathogens is difficult to identify. Streptococcus 
cultivation requires high nutrition. In addition, the difficulty of cultivating S. suis makes the clinical identi-
fication more challenging and usually prolongs therapies. mNGS can be utilized to determine pathogens in 
the early phase of illness.
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INTRODUCTION
Streptococcus suis (S. suis) is a facultative anaerobic gram-positive bacterium located in the nasal cavity, 
tonsils, upper respiration tract and gastrointestinal tract of pigs. This microbe can be transmitted 
through contact, the respiratory tract and the digestive tract[1]. It enters the human body, spreads 
through the blood to the epithelial cells of the choroid plexus in the brain and crosses the blood-brain 
barrier, resulting in intracranial infection. The common complications of S. suis infection are hearing loss 
and vestibular dysfunction[2]. Since the first case in Denmark in 1968, over 1600 mankind S. suis 
infections have been documented in 30 nations across the globe, especially in Southeastern Asian 
countries[3]. S. suis is divided into 35 serotypes (Types 1-34 and Type 1/2), as per the different 
antigenicity of the capsular polysaccharide; the common serotypes with strong pathogenicity to pigs are 
Type 1, Type 2, Type 1/2, Type 7 and Type 9[4].

Nocardia is a gram-positive aerobic bacterium and an opportunistic pathogen. It is widely distributed 
in soil and water and mainly invades the human body through respiratory tract inhalation and 
damaged skin. Infection by Nocardia leads to abscesses of the respiratory system, skin and central 
nervous system as well as systemic disseminated infection. At least 100 species of Nocardia have been 
identified; the medically relevant strains include Nocardia asteroides, Nocardia brasiliensis, Nocardia 
farcinica, etc.

Few cases of simultaneous infection with S. suis and Nocardia have been reported. The current case 
was an elderly male patient who had S. suis meningitis with a Nocardia brain abscess, and metagenomic 
next-generation sequencing (mNGS) of cerebrospinal fluid confirmed the coinfection of S. suis and 
Nocardia. The present research was accepted by the Ethical Board of Liaocheng People’s Hospital, and 
the publication of clinical data was approved by the patient’s family[5,6].

CASE PRESENTATION
Chief complaints
A 66-year-old hospitalized male who complained of dizziness.

History of present illness
The patient developed dizziness, nausea, and vomiting 4 d prior. The vomit was non-brown-colored 
stomach contents, accompanied by confusion, headache, and hearing loss in both ears. One day prior, 
his dizziness aggravated, and he presented to the hospital.

History of past illness
The man was healthy, with no specific diseases.

Physical examination
Body temperature 38.5 °C, heart rate 66 bpm, and blood pressure 210/110 mmHg. The patient reported 
blurred consciousness, binaural hearing loss, signs of meningeal irritation displayed by neck rigidity, 
positive Kernig’s and Lesage’s signs, normal muscular strength and limb muscle tension, and negative 
pathologic signs.

https://www.wjgnet.com/2307-8960/full/v10/i18/6283.htm
https://dx.doi.org/10.12998/wjcc.v10.i18.6283
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Laboratory examinations
On admission, the patient’s examination results were completely normal, including leukocyte count, 
hypersensitive C-reactive protein, procalcitonin, electrolytes, liver and kidney function tests and 
coagulation function tests. On the second day of hospitalization, cerebrospinal fluid examination 
showed 62.9 × 103 white blood cells (WBCs)/μL, with a protein level of 8036 mg/L, glucose level of 3.8 
mmol/L and chloride ion concentration of 139 mmol/L. The cerebrospinal fluid pressure was 270 mm 
H2O; in routine examination of the cerebrospinal fluid, the appearance was light yellow and slightly 
muddy; the Pandy test was positive, with 2.4 × 108/L karyocytes, 51% neutrophils, and 69% 
lymphocytes. Biochemical examination of cerebrospinal fluid revealed a total protein content > 1.07 g/L 
(normal, approximately 0.15-0.40 g/L), dextrose level of 1.87 mmol/L (normal, approximately 2.5-4.4 
mmol/L), chloride level of 114.60 mmol/L (normal, approximately 120-132 mmol/L), body temperature 
of 38.5 °C, heart rate of 66 bpm, and blood pressure of 210/110 mmHg. The patient reported blurred 
consciousness and binaural hearing loss. He had signs of meningeal irritation in the form of neck 
stiffness and positive Kernig’s and Lesage’s signs.

After 5 d, cerebrospinal fluid was extracted by lumbar puncture and subjected to mNGS. The result 
revealed S. suis (with 1884 detected sequences), and the relative abundance was 93.27%. No pathogens 
were found by routine methods such as cerebrospinal fluid culture or blood culture.

We then performed lumbar puncture every week to extract cerebrospinal fluid and examined inflam-
matory indices, with cerebrospinal fluid culture and blood culture performed.

After 37 d, the patient’s condition worsened. We repeated mNGS of cerebrospinal fluid, and the 
results revealed S. suis (the number of detected sequences was 130) and Nocardia asiatica (the number of 
detected sequences was 31598). The results of the seven cerebrospinal fluid examinations are shown in 
Table 1, and the etiological examination of the cerebrospinal fluid is shown in Table 2.

FINAL DIAGNOSIS
The initial diagnosis on admission was intracranial infection. Coinfection of S. suis and Nocardia 
infection was the final diagnosis.

TREATMENT
The sufferer was hospitalized and finished routine examination, and he received lumbar puncture on 
the second day after admission. The routine culture, staining and bacterial examinations of 
cerebrospinal fluid were negative. According to the biochemical results of cerebrospinal fluid, we 
considered bacterial meningitis and empirically gave the patient ceftriaxone 2 g once a day. After 5 d of 
treatment, the patient’s condition did not improve significantly, and he still had dizziness, nausea and 
vomiting. Physical examination revealed a clear mind, poor spirit, positive meningeal stimulation sign, 
normal muscular strength and limb muscle tension, and negative pathologic signs on both sides. The 
outcomes showed that the S. suis sequence was detected; the number of sequences identified was 1884, 
and the relative abundance was 93.27%. The patient was diagnosed with suppurative meningoenceph-
alitis caused by S. suis infection. The treatment plan was adjusted as follows: ceftriaxone 2 g q12h plus 
penicillin sodium 4 million units q6h intravenous drip, combined with the hormone dexamethasone 10 
mg qd and Ginkgo biloba extract 70 mg bid to improve the patient’s hearing. The patient’s temperature 
gradually returned to normal, and the patient had no symptoms other than binaural hearing loss. After 
37 d of treatment, the patient had a fever again, the body temperature reached 38.8 °C, and severe 
headache occurred. Laboratory examination showed that the WBC count registered 7.8 × 109/L 
(referential range: 4-10 × 109/L), and the neutrophil percentage registered 73.5% (referential range: 40%-
75%). Subsequently, considering that the patient had drug resistance or that the patient's condition was 
repeated, we continued to apply the antibiotics ceftriaxone 2 g q12h and penicillin sodium 4 million 
units q6h. Nevertheless, his body temperature increased persistently, and our team discovered that he 
displayed neck stiffness again. Therefore, our team finished lumbar puncture. Cerebrospinal fluid test 
revealed a WBC content of 34 × 106 WBC/μL, a protein content of 4470 mg/L, a GLU content of 2.48 
mmol/L, and a chloride ion level of 124.40 mmol/L. Nocardia was identified in the cerebrospinal fluid 
via mNGS on day 2. At the time, our team thought that Nocardia meningitis was rare, that the probability 
of Nocardia endocranial infection was low, and that the probability of contamination was high. 
Therefore, our team didn’t modify the therapeutic regimen. Subsequently, his body temperature still 
presented a fluctuation between 38 °C and 39 °C. Just when we were overwhelmed, we discussed with 
neurologists, infectious disease specialists and hematologists, considering that the patient's central 
nervous system was reinfected with Nocardia, and developed a treatment plan: ceftriaxone, penicillin 
sodium, and compound sulfamethoxazole oxazole tablets combined with anti-infective therapy. His 
body temperature restored to normal on the 2nd day posterior to the modification of the therapeutic 
regimen. After 65 d, his clinical symptoms improved. The patient was discharged from the hospital. 
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Table 1 The results of 6 cerebrospinal fluid samples from the patient after admission to our hospital

Date Color Opening pressure 
(mmH2O)

Nucleated cells 
(× 106/L)

Neutrophils 
(%)

The 
lymphocytes (%)

Protein 
(g/L)

Glucose 
(mmol/L)

Chloride 
(mmol/L)

On 
admission

Yellowish 270 240 51 28 1.07 1.87 114.60

Day 5 Yellowish 90 620 30 69 2.07 3.36 119.70

Day 14 Yellowish 150 142 38 20 1.09 2.70 119.80

Day 23 Clear 180 30 35 40 1.01 3.01 122.80

Day 37 Clear 210 32 6 63 0.86 2.48 124.20

Day 65 Clear 130 15 1 59 <0.4 2.79 128.50

One year 
later

Clear 120 0 0 0 0.13 3.5 125.50

Table 2 Etiological test results of cerebrospinal fluid

Date Bacterial colonies The sequence number Bacterial species The sequence number Note

Day 5 of symptom onset Streptococcus 1884 Streptococcus suis 1884 Pathogenic microorganism

Day 37 of symptom onset Nocardia 31598 Nocardia asiatica 28621 Pathogenic microorganism

Day 37 of symptom onset Streptococcus 130 Streptococcus suis 1130 Pathogenic microorganism

Day 65 of symptom onset Staphylococcus 314 Staphylococcus cohnii 28 Background microorganism

One year later Staphylococcus 180 Staphylococcus cohnii 5 Background microorganism

After returning home, he continued to take compound sulfamethoxazole tablets trimethoprim-
sulfamethoxazole (TMP-SMX), with TMP 80 mg and SMX 400 mg 2 tablets/time, 2 times/d for a total of 
12 mo until the 1-year follow-up.

OUTCOME AND FOLLOW-UP
At the 1-year follow-up, the patient had left hearing loss in both ears and could work normally.

DISCUSSION
The current patient frequently consumed pork and was infected with S. suis after eating contaminated 
pork. His drinking history and diabetes history are risk factors for S.suis infection[7]. Nocardia infection 
can occur in patients taking immunosuppressant hormones and by S. suis, which destroys the blood-
brain barrier. Brain computed tomography scan of the brain of the patient led to the diagnosis of 
Nocardia infection of the central nervous system. During infection, the pathogen enters the brain tissue 
through the lumbar puncture wound, resulting in brain abscess[8].

There was no improvement in binaural hearing impairment at the 1-year follow-up. Animal studies 
have shown that hearing impairment is related to suppurative labyrinthitis caused by the invasion of S. 
suis in the subarachnoid space to the external lymph through the cochlear aqueduct, which leads to the 
disturbance of inner ear microcirculation and the direct invasion of the cochlear nerve by S. suis[9]. 
Hearing impairment affects the daily life of patients, and questions regarding how to predict, prevent 
and treat hearing impairment are urgent problems that remain to be solved.

The patient’s condition initially improved after the initial treatment for S. suis and then deteriorated. 
We speculated that the patient was not sensitive to the current treatment and that there might be drug-
resistant strains of S. suis. Therefore, we repeated mNGS and found that the counts of S. suis deoxyribo-
nucleic acid (DNA) decreased (from 1884 to 130), which confirmed that our treatment was effective. We 
also identified 31598 Nocardia sequences by mNGS. Therefore, we concluded that the deterioration of 
the patient’s condition was caused by intracranial infection with Nocardia, and the patient was 
diagnosed with coinfection of S. suis and Nocardia. After the treatment plan was adjusted to penicillin 
sodium combined with ceftriaxone and sulfamethoxazole, the patient’s systemic and nervous system 
symptoms improved within a few weeks. The number of leukocytes decreased gradually, and the 
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proportion of multiple nuclei cells decreased significantly, as observed in the re-examination of 
cerebrospinal fluid. The patient’s condition improved, and the mNGS results obtained at the time were 
consistent with the clinical situation.

mNGS is a multi-faceted technique which can determine pathogenic agents more quickly and 
accurately in contrast to conventional approaches and can even offer novel enlightenment regarding 
illness propagation, virulence, and antibiotic tolerance. In contrast to conventional identification 
approaches which can merely identify some target pathogenic agents, mNGS is a shotgun sequence 
identification approach of ribonucleic acids (RNAs) and DNAs from clinic specimens, in which the 
entire DNAs or RNAs of the specimen to be examined are blended and subjected to sequencing, and the 
data are afterwards contrasted with the pathogenic agent data base to acquire pathogen categorization 
data. Such approach can identify substantial pathogenic agents in a run in 48 h. The pathogenic agent 
profiles involve nearly every virus, bacterium, fungus, and parasite which is capable of infecting 
sufferers. The detailed description of the materials and approaches for mNGS were presented by 
supplemental material.

There were no pathogenic bacteria found in the multiple evaluations of blood culture, cerebrospinal 
fluid culture and smears, which may be related to the extensive use of cephalosporins in the early stage 
of treatment. mNGS quickly and accurately diagnoses pathogens without the influence of antibiotic 
treatment[10]. mNGS detects pathogenic pathogens, including rare pathogens, more appropriately than 
traditional detection methods. mNGS also determines all DNA/RNA genome information in a sample 
in a single run and allows for the identification and typing of all pathogens without specific primers, 
which can play an important role in the diagnosis and treatment of complex and mixed infectious 
diseases with repeated negative clinical routine examinations. Rapid detection and identification offer 
the opportunity for treatment at early stages of disease, which helps control the condition, shorten 
recovery time, improve the prognosis and shorten the hospital stay duration. Therefore, mNGS can 
provide reliable and effective evidence for the diagnosis and treatment of CNS infectious diseases, with 
certain clinical application value[7].

CONCLUSION
In the case of intracranial infection with rare pathogens, if the disease continues during treatment, 
clinicians should also consider coinfection more than the possibility of drug resistance. mNGS of 
cerebrospinal fluid can accurately and quickly diagnose pathogen infection in the nervous system in 
rare cases of infections of multiple pathogens. Based on the number of reads and relative abundance, 
mNGS could be used for semiquantitative detection, which can evaluate the therapeutic effect to a 
certain extent in addition to its important diagnostic value.
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Abstract
BACKGROUND 
Left-dominant arrhythmogenic cardiomyopathy (LDAC) is a relatively rare 
disease characterized by poor prognosis that exacerbates the incidence of sudden 
cardiac death and ventricular arrhythmias. Clinically, LDAC is constantly 
overlooked or misdiagnosed as myocardial infarction, myocarditis, and dilated 
cardiomyopathy, owing to atypical and nonspecific clinical manifestations at an 
early stage.

CASE SUMMARY 
A 57-year-old woman was diagnosed with sinus bradycardia and chronic 
bifascicular block during a health check. She occasionally experienced mild chest 
pain and paroxysmal palpitation during activity in the past 2 years. Compre-
hensive auxiliary examinations, including electrocardiogram, echocardiography, 
coronary computerized tomography angiography, and magnetic resonance 
imaging, revealed that she had LDAC instead of congenital ventricular diver-
ticulum. The physicians prescribed standard oral therapy for heart failure and 
implantable cardioverter-defibrillator. Consequently, her left ventricular systolic 
function and symptoms remained stable at the 2-year follow-up after discharge.

CONCLUSION 
Based on this case, clinicians need to be aware of LDAC in patients with localized 
left ventricular lesions and multiple electrocardiographic abnormalities. Mul-
timodality cardiovascular imaging is effective in identification of multiple types of 
cardiomyopathy and cardiac inner structures.

Key Words: Congenital ventricular diverticulum; Left-dominant arrhythmogenic 
cardiomyopathy; Magnetic resonance imaging; Case report
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Core Tip: Left-dominant arrhythmogenic cardiomyopathy is a relatively rare disease, characterized by poor 
prognosis. We present a case with a dilated left ventricle that manifested with reduced ejection fraction, 
multiple outpouchings, left chest leads low voltage, and fragmented QRS. Multimodality cardiovascular 
imaging diagnosed the patient with left-dominant arrhythmogenic cardiomyopathy instead of congenital 
ventricular diverticulum. This case alerts clinicians to be aware of left-dominant arrhythmogenic 
cardiomyopathy in patients with localized left ventricular lesions and multiple electrocardiographic 
abnormalities.

Citation: Zhang X, Ye RY, Chen XP. Dilated left ventricle with multiple outpouchings — a severe congenital 
ventricular diverticulum or left-dominant arrhythmogenic cardiomyopathy: A case report. World J Clin Cases 
2022; 10(18): 6289-6297
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6289.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6289

INTRODUCTION
Left-dominant arrhythmogenic cardiomyopathy (LDAC) is a non-hypertrophic, non-hypertensive, and 
non-valvular progressive cardiomyopathy with fibrofatty myocardium infiltration that prominently 
occurs in the left ventricle[1]. LDAC might present with ventricular outpouching, which makes it 
difficult to differentiate from congenital ventricular diverticulum from the echocardiography[2]. Here, 
we present a case of LDAC with left chest leads low voltage, fragmented QRS (f-QRS), left ventricle (LV) 
dilation, LV systolic impairment, LV outpouchings, and late gadolinium enhancement of LV myo-
cardium, which was finally diagnosed using multimodality cardiovascular imaging.

CASE PRESENTATION
Chief complaints
A 57-year-old woman, presenting with a dilated left ventricle, reduced ejection fraction, and chronic 
bifascicular block, was referred to the cardiology department, West China Hospital, on December 10, 
2019.

History of present illness
She occasionally experienced mild chest pain and paroxysmal palpitation during activity in the past 2 
years. Her exercise capacity was also mildly reduced. She did not manifest symptoms of fatigue, 
dizziness, syncope, peripheral edema, and abdominal distention.

History of past illness
The patient had neither prior medical comorbidities nor addictions.

Personal and family history
Her father had a premature sudden cardiac death at the age of 40.

Physical examination
The patient showed good nutrition, active position, clear mind, fluent language, and was cooperative in 
examination. Examinations on her whole skin and mucous membrane revealed no yellow staining, 
cyanosis, and bleeding spots. She had a blood pressure and resting heart rate of 120/68 mmHg and 60 
beats per min, respectively, and auscultation of both lungs was normal with neither dry nor wet rales. 
The apical pulse was located 0.5 cm lateral to the midclavicular line on the left side of the fifth rib, while 
her heart rhythm was regular. The first and second heart sounds were basically normal, without extra 
and splitting of the heart sound. No valvular murmurs were detected in any of the auscultation areas. In 
addition, she did not exhibit any physical signs of heart failure, including edema, ascites, jugular venous 
distention, and hepatojugular reflux.

Laboratory examinations
Results from the routine blood test and plasma biochemical examinations, including kidney and liver 
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Figure 1 Routine 12-leads electrocardiogram results of the patient under this study. Electrocardiogram showed left anterior branch block, complete 
right bundle branch block, high sidewall (I, AVL) abnormal Q wave, and left chest leads low voltage (V4-6) with poor R wave progression.

Figure 2  Sinus arrest (A) and ventricular tachycardia (B) recorded in Holter monitoring for this case.

function, glucose, lipid, and electrolyte, were normal. Similarly, thyroid function, kappa and lambda 
urine free light chains as well as coagulation profile and autoimmune antibodies were also within the 
normal range. The plasma N-terminal fragment of the pro-brain natriuretic peptide was 325 ng/L.

Imaging examinations
The electrocardiogram (Figure 1) revealed left anterior branch block, complete right bundle branch 
block (RBBB), high sidewall abnormal Q wave, and left chest leads (V4-V6) low voltage with poor R 
wave progression. On the other hand, Holter monitoring (Figures 2 and 3) revealed sinus arrest with a 
1.74 s R-R interval, multisource premature ventricular beats, non-sustained ventricular tachycardia with 
an RBBB pattern, and f-QRS in leads V3-V6. Transthoracic echocardiography (TTE) showed a dilated LV 
with a diameter of 60 mm as well as a reduced LV ejection fraction of 35% and a left ventricular apex 
cystic outpouching (12 mm × 13 mm) that displayed synchronous contractility (Figure 4A-C). 



Zhang X et al. Left-dominant arrhythmogenic cardiomyopathy

WJCC https://www.wjgnet.com 6292 June 26, 2022 Volume 10 Issue 18

Figure 3 Fragmented QRS and ventricular premature beats recorded in Holter monitoring for this case. Holter monitoring showed ventricular 
premature beats with a right bundle branch block pattern and fragmented QRS in leads V3-V6 (marked using red arrows).

Myocardial contrast echocardiography revealed contractile outpouching without obvious filling defects 
(Figure 4D). Coronary computerized tomography angiography (CCTA) revealed right dominant 
coronary artery circulation without obvious stenosis, LV multiple outpouchings, uneven thickness of 
the LV wall (Figure 5A, B, E, and F), hypodense region (CT value -90~-114 HU) at localized myocardium 
of LV septum (Figure 5C), and free wall (Figure 5D). These findings were consistent with profiles of 
fatty tissue infiltration. In addition, we used cardiac magnetic resonance imaging (CMRI) to evaluate the 
cardiac structure, bilateral ventricular function, segmental movement, and tissue characterization in the 
patient. CMRI results revealed LV dilatation, abnormal activity of the LV wall (Figure 6A and B), an 
outpouching at the LV apex, and a low signal in the septum myocardium midwall after contrast 
injection (Figure 6C). Moreover, late gadolinium enhancement in the midwall of the left ventricular 
septum and free wall myocardium were also evident (Figure 6D).

Genetic testing
High-throughput sequencing revealed no genetic variation with high clinical phenotype correlation and 
sufficient evidence of pathogenicity.

FINAL DIAGNOSIS
These findings highly pointed to LDAC.

TREATMENT
After comprehensive evaluation of the patient, we prescribed sacubitril valsartan sodium tablets (50 mg 
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Figure 4 Transthoracic echocardiography results of the patient under this study. A: Long-axis view of the left ventricle at the end of diastole. The left 
ventricle was dilated with a diameter of 60 mm; B: Cystic outpouching in the left ventricular apical septum on the apical four-chamber view and intra-cystic blood flow 
signals were seen during systole; C: Cystic outpouching had an approximate size of 12 mm × 13 mm with a continuous muscle wall, while its activity synchronized 
with ventricular contraction and diastole; D: Myocardial contrast echocardiograph revealed no obvious filling defect in the cystic structure.

bid) and spironolactone (20 mg qd). We did not administer a beta-blocker in this case, owing to multiple 
atrioventricular conduction abnormalities. In addition, she was given low-dose thiazide diuretics when 
needed to relieve edema and congestion symptoms. Three months later, her left ventricular size and 
systolic function had not changed compared to baseline. Consequently, she was subjected to an 
implantable cardioverter-defibrillator after full discussion in our department.

OUTCOME AND FOLLOW-UP
Two years later, we re-evaluated her symptoms and clinical indexes and found that the symptoms 
improved after taking standard oral medication for ejection fraction reduced heart failure. The 
pacemaker program did not record sustained ventricular tachycardia or ventricular fibrillation. Echocar-
diography revealed that left ventricular size and systolic function were almost similar to 2 years prior to 
treatment.

DISCUSSION
This case affirms the need for clinicians to be aware of LDAC in patients with localized left ventricular 
lesions and multiple electrocardiographic abnormalities. Notably, multimodality cardiovascular 
imaging and electrocardiogram (ECG) should be considered in this situation.

The patient in the present case revealed various ECG abnormalities, including sinus node 
dysfunction, chronic bifascicular block, abnormal Q wave, left chest leads low voltage (V4-6), poor R 
wave progression in leads V4-V6, and f-QRS in leads V3-V6. These were all indicative of left ventricular 
myocardial abnormality and extensive conduction system disorder. f-QRS, which has been defined as 
the presence of additional R’ waves or a notch in the R or S wave in two contiguous leads[3], indicates 
myocardial scarring and represents distortion of signal conduction as well as depolarization processes 
within ventricles[4]. Previous studies have shown that f-QRS is an independent predictor for cardiac 
events, ventricular arrhythmias, and sudden cardiac death[5]. Notably, it has been detected in patients 
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Figure 5 Coronary computerized tomography angiography results of the patient under this study. A: Three-dimensional reconstruction of 
coronary arteries and right dominant coronary artery circulation showed no obvious stenosis; B: Three-dimensional reconstruction of the heart showed multiple 
outpouchings on the left ventricular wall; C: The left ventricular septum myocardium exhibited uneven enhancement. The degree of enhancement is shown by the red 
arrow and was lower than that of the surrounding tissue, computed tomography value -90 HU; D: Uneven enhancement in the left ventricle free wall myocardium. The 
degree of enhancement is shown by the red arrow and was lower than that of the surrounding tissue, computed tomography value -114 HU; E: The left ventricular 
wall exhibited a disordered structure. The uneven thickness of the ventricular wall and local diverticulum is denoted by the red arrow; F: Diverticulum in the apex of 
the left ventricle is shown by the red arrow.

with various structural heart or primary electrical diseases, such as Brugada syndrome, arrhythmogenic 
right ventricular dysplasia, and acquired long QT syndrome[6]. Therefore, careful differential diagnosis 
for cardiomyopathy was imperative for the patient in the present case. Furthermore, there is a need to 
consider multimodality cardiovascular imaging.

CMRI combined with CCTA is effective in identification of multiple types of cardiomyopathy and 
cardiac inner structures. Initially, we considered the left ventricular apex outpouching with a thick wall, 
narrow communication, and synchronous contractility to be a diverticulum based on evidence from 
echocardiography and myocardial contrast echocardiography. However, CCTA and CMRI generated 
more details for differential diagnosis. Previous studies have shown that CCTA, a noninvasive 
approach, can effectively distinguish outpouchings caused by myocardial infarction and ischemic 
cardiomyopathy related to occlusion (or lack thereof) of the coronary arteries[7,8]. Furthermore, CMRI 
has a unique advantage in identifying cardiomyopathy. Black blood with T1 and T2 sequences as well 
as dynamic bring blood were used to evaluate the cardiac structure, tissue characterization, bilateral 
ventricular function, and segmental movement. In addition, delayed enhancement imaging following 
administration of gadolinium can result in more information on fibrosis, scarring, and fat infiltration in 
the local myocardium[9]. In the present case, CCTA and CMRI results revealed LV septum and free wall 
local myocardium replaced by fatty tissue as well as LV midwall late gadolinium enhancement, 
multiple LV outpouchings, and uneven thickness of the LV wall, without stenosis of coronary arteries. 
These abnormalities were accompanied by non-sustained ventricular tachycardia with an RBBB pattern 
and f-QRS in the left chest leads. Consequently, we considered that this patient had arrhythmogenic 
cardiomyopathy.

Arrhythmogenic cardiomyopathy refers to a category of non-hypertrophic, non-hypertensive, and 
non-valvular progressive cardiomyopathy with fibrofatty myocardium infiltration[10]. Previous studies 
have classified arrhythmogenic cardiomyopathy into classical arrhythmogenic right ventricular 
cardiomyopathy, LDAC, and biventricular involvement categories[11]. The patient in the present study 
was eventually diagnosed with LDAC. LDAC, which was first described by Sen-Chowdhry et al[1] in 
2008, has been easily overlooked or misdiagnosed as myocardial infarction, myocarditis, and dilated 
cardiomyopathy in clinical practice. Notably, LDAC is a relatively rare disease. For example, it 
accounted for less than 0.15% of 35845 consecutive patients who were referred for CMRI examinations 
in Fuwai Hospital (Beijing, China), National Center for Cardiovascular Diseases[12].

Clinically, LDAC patients mainly manifest palpitations, presyncope, exertional dyspnea, and chest 
pain with normal coronary angiography, with only a handful of cases found to be asymptomatic[12,13]. 
Patients with LDAC have poor prognosis. For example, Feliu et al[13] found that 32.4% of all LDAC 
patients studied manifested major adverse cardiovascular events, which were mainly accompanied by 
sudden cardiac death and ventricular arrhythmias, during a mean follow-up of 3.74 years.



Zhang X et al. Left-dominant arrhythmogenic cardiomyopathy

WJCC https://www.wjgnet.com 6295 June 26, 2022 Volume 10 Issue 18

Figure 6 Cardiac magnetic resonance imaging results of the patient under this study. A and B: Four-chamber cine images at end-diastole (A) and 
end-systole (B) showed left ventricular dilatation, abnormal activity of the ventricular wall (arrows indicate severely diminished contractility), and outpouching at the left 
ventricular apex; C: Short-axis first-pass perfusion showed a low signal at the midwall of the septum myocardium; D: Short-axis delayed enhancement imaging 
demonstrated diffuse stripes of hyperenhancement in the midwall of the left ventricular septum and free wall myocardium.

At present, no specific diagnostic criteria exist for LDAC. In 2008, Dr. Chowdhry established the 
following initial diagnostic features of LDAC: (1) Arrhythmia: sustained or non-sustained ventricular 
tachycardia; (2) Imaging: (a) LV aneurysms; and (b) mild LV dilation and/or systolic impairment; (3) 
Biopsy/CMRI: (a) cardiomyocyte loss with fibrofatty replacement on histology; and (b) extensive late 
gadolinium enhancement of LV myocardium (with subepicardial/midmyocardial distribution); and (4) 
Unexplained T-wave inversion in V5, V6 ± V4, I, and AVL[1]. Recently, Corrado et al[11] suggested that 
the following elements should be considered as LDAC: (1) ECG changes, such as low QRS voltages in 
limb leads and inverted T waves in the inferolateral leads; (2) Ventricular arrhythmias with an RBBB 
pattern; and (3) Structural and functional imaging features consistent with ‘hypokinetic and fibrotic LV.’ 
Interestingly, the ultrasonographer initially misdiagnosed the patient in the present study as congenital 
ventricular diverticulum (CVD), according to the left ventricular apex cystic outpouching displaying 
synchronous contractility with the corresponding cardiac chamber.

CVD, first described in 1816, was often asymptomatic and incidentally detected during a regular 
physical check-up. Generally, the left ventricular diverticulum was in a thick wall, comprising 
endocardium, myocardium, and pericardium, with a narrow communication between the cavity and 
ventricular and displayed synchronous contractility with the LV[14]. This was likened to an appendix 
originating from the ventricle. The left ventricular diverticulum has an average size that varies from 0.5 
cm to as large as 8.0-9.0 cm[15]. Notably, the left ventricular diverticulum not only has low prevalence, 
as evidenced by 0.4%-2.2% across different studies[16], but has also been associated with occurrence of 
other congenital abnormalities, including septal defects, dextrocardia, and pulmonary stenosis. 
Generally, CVD combined with midline thoraco-abdominal congenital abnormalities, diaphragmatic 
and sternal defects, and partial absence of diaphragmatic pericardium is referred to as Cantrell’s 
syndrome[17].

CVD has the atypical and nonspecific clinical manifestations at an early stage, namely arrhythmias, 
cardiac rupture, heart failure, and embolism[18,19], which make it easily confused with LDAC. 
However, some of these features can be adopted during the differential diagnosis between CVD and 
LDAC. First, most CVD are single and located at the cardiac apex[20,21]. Second, the left ventricular 
wall exhibits neither signal alterations nor signs of necrosis or fibrous tissue in CVD cases[22]. Third, 
CVD patients exhibit more frequent extracardiac anomalies than those with LDAC[19]. Fourth, the size 
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of CVD does not change over time, suggesting a benign course[23]. However, the patient in the present 
study not only manifested multiple left ventricular outpouchings but also exhibited uneven-thickness 
left ventricular wall with multiple flaky fatty infiltrations. This interesting case indicates that clinicians 
should not ignore LDAC upon detecting left ventricle outpouching on TTE.

Although myocardial biopsy is the gold standard diagnostic criterion, this patient refused this 
invasive examination. After comprehensively analyzing a combination of the medical history and 
positive clues on auxiliary examinations, including ECG, TTE, CCTA, and CMRI, the specialists in our 
department unanimously diagnosed the patient with LDAC. She was subsequently administered with 
standard oral therapy for heart failure with reduced ejection fraction and implantable cardioverter-
defibrillator. The patient was very satisfied with the process of diagnosis, treatment, and follow-up.

CONCLUSION
LDAC is a relatively rare disease, which requires multimodality cardiovascular imaging for diagnosis. 
CMRI combined with CCTA is an excellent approach for identification of multiple types of cardiomy-
opathy and cardiac inner structures. From the present case, clinicians are advised to consider LDAC in 
patients with localized left ventricular lesions and multiple electrocardiographic abnormalities.
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Abstract
BACKGROUND 
Complicated crown-root fracture is considered a severe dental trauma and is 
unlikely to heal without treatment. Usually, dentists have to remove the loose 
coronal fragment of the fractured tooth and treat the remaining part with 
multidisciplinary approaches. However, we observed spontaneous healing of 
fracture in two pediatric cases with a history of complicated crown-root fractures 
over 4 years ago.

CASE SUMMARY 
In case 1, a 12-year-old boy complained of pain at tooth 11 following an accidental 
fall 1 d ago. Clinical examination showed a crack line on the crown of tooth 11. 
Cone beam computed tomography (CBCT) images of tooth 11 showed signs of 
hard tissue deposition between the fractured fragments. The patient recalled that 
tooth 11 had struck the floor 1 year ago without seeking any other treatment. In 
case 2, a 10-year-old girl fell down 1 d ago and wanted to have her teeth 
examined. Clinical examination showed a fracture line on the crown of tooth 21. 
CBCT images of tooth 21 also showed signs of hard tissue deposition between the 
fractured fragments. She also had a history of dental trauma 1 year ago and her 
tooth 11 received dental treatment by another dentist. According to her periapical 
radiograph at that time, tooth 21 was fractured 1 year ago and the fracture was 
overlooked by her dentist. Both of these two cases showed spontaneous healing of 
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complicated crown-root fractures. After over 4 years of follow-up, both fractured teeth showed no 
signs of abnormality.

CONCLUSION 
These findings may provide new insights and perspectives on the management and treatment of 
crown-root fractures in children.

Key Words: Dental trauma; Complicated crown-root fracture; Spontaneous healing; Children; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Crown-root fracture is a severe dental trauma involving the enamel, dentin, cementum, and 
periodontal ligament. The mobile coronal fragment usually needs to be removed or reattached with 
bonding agent depending on the extent of the injury. Spontaneous healing with hard tissues has been rarely 
reported in crown-root fracture so far. In this report, we present two clinical cases with spontaneous 
healing of complicated crown-root fractures of permanent central incisors in children with over 4 years of 
follow-up, which may provide new insights and perspectives on the management and treatment of crown-
root fractures.

Citation: Zhou ZL, Gao L, Sun SK, Li HS, Zhang CD, Kou WW, Xu Z, Wu LA. Spontaneous healing of 
complicated crown-root fractures in children: Two case reports. World J Clin Cases 2022; 10(18): 6298-6306
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6298.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6298

INTRODUCTION
Crown-root fracture originates from the crown and extends apically in an oblique direction[1]. It is 
usually caused by fall, fight, traffic accident, or foreign bodies[2]. It is reported that the incidences of 
crown-root fractures are 2% in the deciduous teeth and 5% in the permanent dentition[3]. According to 
the International Association of Dental Traumatology (IADT) guidelines for the management of 
traumatic dental injuries, the options for the treatment of complicated crown-root fractures with pulpal 
exposure include partial pulpotomy, root canal therapy, gingivectomy, orthodontic extrusion, surgical 
extrusion, root submergence, and extraction with immediate or delayed implant-retained crown 
restoration or a conventional bridge[4]. Due to the complexity of crown-root fracture, its treatment is not 
always the same and different dentists may choose different treatments.

In this report, we present two clinical cases with spontaneous healing of complicated crown-root 
fractures of permanent central incisors in children. In both of these two cases, the fractured fragments 
healed spontaneously with hard tissue deposition around the fracture lines, which suggested that 
dentists may have more treatment options when dealing with crown-root fracture.

CASE PRESENTATION
Chief complaints
Case 1: A 12-year-old boy was referred to our department complaining of pain at his maxillary right 
central incisor following an accidental fall 1 d ago.

Case 2: A 10-year-old girl visited our department with her parents after she fell 1 d ago, complaining of 
pain at her maxillary left central incisor.

History of present illness
Case 1: The patient recalled that this tooth once struck the floor when he fell approximately 1 year ago, 
and he did not seek any treatment then due to the absence of symptoms.

Case 2: According to the patient’s dental history, tooth 11 was fractured 1 year ago and was treated with 
injectable Root Canal Paste (Vitapex, Morita, Japan) for apexification and composite resin being placed 
in chamber by a local general dentist. During the examination after that injury, the general dentist did 
not find any responsive sign and symptoms of injury for tooth 21.

https://www.wjgnet.com/2307-8960/full/v10/i18/6298.htm
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History of past illness
Case 1: The patient was medically healthy without taking any medications.

Case 2: Medical history of this patient was noncontributory.

Personal and family history
Cases 1 and 2: There were no specific family health histories.

Physical examination
Case 1: Clinical examination showed that tooth 11 was responsive to palpation and had bleeding from 
the gingival crevice (Figure 1A) but showed no displacement and no increased mobility. Using a dental 
probe without any pressure, a crack line was detected on the crown of tooth 11, which was slightly 
below the gingival margin. Cold test showed no response.

Case 2: Extra-oral examinations were normal. Intra-oral examination showed that there was a 
complicated crown fracture in tooth 11 with discolored crown and pulp chamber being filled by resin 
from the lingual surface. Tooth 21 exhibited class I mobility and a facial fracture line below the gingival 
margin was detected by a probe without any pressure. Tooth 21 was responsive to cold test and 
palpation (Figure 1B).

Imaging examinations
Case 1: Cone beam computed tomography (CBCT) images showed an oblique crown-root fracture line 
extending from the labial surface of the tooth 11 to the palatal alveolar ridge, which is approximately 3.8 
mm below the palatal gingival margin. Surprisingly, the images also showed signs of hard tissue 
deposition between the fractured fragments (Figure 2).

Case 2: CBCT images of tooth 21 showed an oblique crown-root fracture line starting from the labial 
surface and extending palatally below the alveolar ridge for approximately 3.5 mm beneath the palatal 
gingival margin (Figure 3), which resulted in the abnormal mobility of the coronal fragment. 
Interestingly, it also showed signs of hard tissue deposition at the pulpal side between the fractured 
fragments, indicating a healing process for the pre-existing fracture in tooth 21. Upon reviewing the 
radiographs taken 1 year ago after the first injury, the fracture line on tooth 21 was noticed (Figure 4). 
Since the patient never complained of any symptoms on tooth 21, and the periapical radiograph showed 
no signs of abnormality, the fracture was overlooked by the general dentist.

FINAL DIAGNOSIS
Case 1
Based on the history and findings of the imaging examinations, tooth 11 was diagnosed as complicated 
crown-root fractures (old fracture spontaneous healing).

Case 2
Based on the history and findings of the imaging examinations, tooth 11 was diagnosed as complicated 
crown fractures and tooth 21 was diagnosed as complicated crown-root fractures (old fracture 
spontaneous healing).

TREATMENT
Case 1
At this point, since there were no other signs and clinical symptoms, and the coronal fragment was not 
loose, the patient was recommended to wear a mandible occlusal pad for 2 wk with periodical revisit 
and special attention of not re-injuring the tooth (Figure 5A).

Case 2
During the current visit, tooth 21 was stabilized with a flexible fiber splint (RTD Quartz Splint™, 
France, Figure 5B) and a mandible occlusal pad was placed for 2 wk. Three months later, the splint was 
removed and the root canal of tooth 11 was completed after obturation with gutta-percha and sealer 
(Figure 5C and D). Tooth 11 was then restored with resin composite 1 wk later (Figure 5E). Tooth 21 
showed normal mobility and normal response in the pulp sensibility test. There were no discoloration 
or radiographic signs of periapical lesions at this point and no further treatment was applied.
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Figure 1 Initial intraoral photographs. A: Case 1, bleeding from the gingival crevice of tooth 11; B: Case 2, complicated crown fracture in tooth 11 with 
discolored crown and pulp chamber filled by resin, and mild inflammation in the marginal gingiva of teeth 11 and 21; C: Case 1, tooth 11 taken 1 yr later.

Figure 2 Cone beam computed tomography and periapical radiograph images showing an oblique crown-root fracture from the labial 
surface of the tooth 11 to the palatal alveolar ridge, which had signs of healing. A: Sagittal; B: Coronal; C: Cross-sectional; D: Periapical.

OUTCOME AND FOLLOW-UP
Case 1
During the periodical monitoring of the pulp condition every 3 mo for 1 year, the tooth showed normal 
color and mobility and became responsive to pulp sensibility test (Figure 1C). Radiographic 
examination revealed that the fracture line became blurred gradually (Figure 6A). The patient was 
followed annually for 3 years, and there were no signs of abnormality on tooth 11. The periapical 
radiographs also appeared to be normal (Figure 6B-D).

Case 2
At 1-year follow up visit, tooth 21 remained stable and was responsive to pulp test. The periapical 
radiograph of tooth 21 revealed no signs of periapical abnormality and no significant change of the 
fracture line (Figure 7A). The patient was not followed until 4 years later. Clinical examination on tooth 
21 revealed no sign of abnormality. The coronal fragment was not loose, and the CBCT image of tooth 
21 showed signs of healing (Figure 7B-D).
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Figure 3 Cone beam computed tomography images showing an oblique crown-root fracture from the labial surface of the tooth 21 with 
hard tissue deposition at the pulpal side across the fracture line. A: Sagittal; B: Coronal; C: Cross-sectional.

Figure 4 Periapical radiographs. A: Periapical radiograph of teeth 11 and 21 after the first injury 1 yr ago showed fracture on tooth 21; B-D: Periapical 
radiographs of teeth 11 and 21 after tooth 11 was treated with apexification. The fracture line on tooth 21 became more evident over the time (B: 3 mo after initial 
injury; C: 6 mo after initial injury; D: 9 mo after initial injury).

DISCUSSION
Crown-root fracture is a severe dental trauma involving the enamel, dentin, cementum, and periodontal 
ligament[5,6]. According to the classifications of Andreasen, it can be classified as complicated crown-
root fracture if there is pulpal involvement and non-complicated crown-root fracture if there is no 
pulpal involvement[7]. In the case of complicated crown-root fracture, complications, e.g., pulp necrosis, 
apical periodontitis, and root resorption, may occur if the pulp is left untreated[8,9]. The mobile coronal 
fragment usually needs to be removed or reattached with bonding agent depending on the extent of the 
injury. Multidisciplinary care is usually required for the treatment of crown-root fracture. While 
relatively common in root fractures, spontaneous healing with hard tissues has been rarely reported in 
crown-root fracture so far[10-12]. This is probably due to the severe pulp injury and the connections of 
the fracture in the coronal portion with the oral cavity, leading to inevitable microbial contamination in 
the pulp and subsequent pulpal necrosis[13-15].
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Figure 5 Treatment photographs. A: Intraoral photograph after wearing a mandible occlusal pad; B: Tooth 21 was stabilized with a fiber splint; C and D: 
Completion of root canal therapy for tooth 11; E: Tooth 11 was restored with resin composite.

Figure 6 Periapical radiographs. A-D: Periapical radiographs of tooth 11 taken 1 (A), 2 (B), 3 (C), and 4 yr later (D).

Inorganic compound accounts for 95% of the enamel[16], and fracture on the enamel is unlikely to 
heal. That is the reason why the enamel fragments were still separated by a narrow radiolucent line in 
the CBCT images, and we can still detect a fracture on the labial surface of the enamel clinically. To 
some extent, the two cases are analogous to root fractures in the cervical third except for the fracture on 
the enamel. Healing of crown-root fractures is the healing of the dentine and cementum, which is 
similar to the healing of root fractures. According to Andreasen and Hjorting-Hensen, healing of root 
fractures can be classified into four types[17]: (1) Calcified tissue wound healing; (2) Healing by 
interposition of connective tissue; (3) Healing by interposition of bone and connective tissue; and (4) 
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Figure 7 Periapical radiograph and cone beam computed tomography images. A: Periapical radiograph of teeth 11 and 21 taken 9 mo after the 
restoration of tooth 11; B-D: Sagittal (B), coronal (C), and cross-sectional (D) cone beam computed tomography images taken 4 yr later showing sign of repair.

Healing by interposition of granulation tissue. The most desirable outcome is the calcified tissue wound 
healing. In these two cases, it is likely that calcified tissue wound healing occurred since CBCT showed 
deposition of radiopaque tissues between the separated fragments. In addition, both teeth exhibited 
response in the pulp test during the follow-up examination, which can demonstrate the reparative 
dentin formation and calcified tissue wound healing.

Due to the bacterial invasion from the gingival sulcus, the reported incidence of tooth survival for 
root fractures in the cervical third is only 30%[18]. In these two cases, the fracture was closer to gingival 
sulcus than most root fractures, and the labial fracture lines were located in the gingival sulcus. Thus, it 
is intriguing how and why the pulp survived in these two cases. Based on the age of the patients, it is 
possible that the initial injuries occurred during the later phase of the maxillary central incisors eruption 
when the tooth roots were still immature. At that moment, the cervical region of the enamel was still 
covered by the junctional epithelium, which seals the fracture from the oral cavity. The junctional 
epithelium and the pulp also contain immune cells (e.g., neutrophils, lymphocytes, macrophages, and 
mast cells) that can protect the pulp against the microbes near the gingival sulcus[16,19]. Moreover, 
pulpal vitality after injury might be maintained by the stability of the oblique fracture line, which is in 
consistent with our clinical finding that there is no severe displacement of coronal fragment after injury. 
Finally, the immature teeth have more sufficient blood supply with a large amount of stem cells that can 
promote and accelerate healing. All these favorable factors provided an ideal circumstance to maintain 
the vitality of the pulp. The vital pulp and the intact periodontal ligament contain large number of 
odontoblasts and cementoblasts[19], which might contribute to the deposition of hard tissue matrix 
between the fragments and the healing of the fractures.

There are still some limitations in this study. The use of the mandibular pad in treatments was not 
based on the IADT guidelines. Instead, the treatment was based on a previous study[20]. Further 
research is needed to compare different treatments.

CONCLUSION
In this case report, we observed hard tissue healing without any intervention in two pediatric cases of 
crown-root fracture, suggesting that spontaneous healing with hard tissue deposition may occur in 
pediatric patients with complicated crown-root fractures and minimal displacement. It should be 
emphasized that conservative treatments with regular follow-up should be preferred for cases of 
children after trauma.
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Abstract
BACKGROUND 
Thyroid follicular renal cell carcinoma is a special type of renal cell carcinoma 
newly recognized in recent years. It has attracted attention because of its unique 
histology, immunophenotype, and clinical characteristics. It has a very low 
incidence, and the number of case reports available for review is limited. 
Moreover, a thyroid mass with type of tumour is rare.

CASE SUMMARY 
We report a case of a renal mass with a bilateral thyroid mass that was acci-
dentally discovered in a 60-year-old man during physical examination. B-mode 
ultrasound showed a hypoechoic mass in the middle and lower parenchyma of 
the right kidney, and computed tomography showed an iso-density shadow 
tumour in the right kidney. Contrast agents had a significant continuous 
enhancement effect on the tumour, and the enhancement was not uniform. After 
partial nephrectomy, pathological analysis was performed to rule out the 
possibility that the renal tumour was caused by thyroid tumour metastasis. 
Needle biopsy of the thyroid tumour confirmed that the renal cell carcinoma was 
not related to the thyroid tumour. The patient was alive at the last postoperative 
follow-up.

CONCLUSION 
This is the third published case in which thyroid tumour biopsy was performed to 
confirm that thyroid follicular renal cell carcinoma is not thyroid related.

Key Words: Renal cell carcinoma; Thyroid follicular renal cell carcinoma; Kidney; 
Thyroid tumour metastasis; Case report
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Core Tip: This is only the third published report combined with a thyroid tumor biopsy to confirm that 
thyroid follicular renal cell carcinoma is not thyroid related. In addition to the typical pathologic features 
of this tumor, our patient had radiographic features that were different from those previously reported.

Citation: Wu SC, Li XY, Liao BJ, Xie K, Chen WM. Thyroid follicular renal cell carcinoma excluding thyroid 
metastases: A case report. World J Clin Cases 2022; 10(18): 6307-6313
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6307.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6307

INTRODUCTION
Renal cell carcinoma (RCC) is a malignant tumour that originates from the renal parenchymal urothelial 
system and accounts for approximately 80%-85% of all malignant renal tumours. It is one of the most 
common tumours in the urinary system, second only to prostate cancer and bladder cancer[1]. Thyroid 
follicular RCC (TFRCC) is a rare new subtype of primary RCC that is not a true carcinoma originating 
from the thyroid gland. Although it is histologically similar to thyroid follicular carcinoma, TFRCC 
lacks typical thyroid markers. The rarity of these tumours limits our understanding of them, leading to 
misdiagnosis and inappropriate treatment. Here, we report the case of a 60-year-old man who presented 
with lower back and abdominal pain. Imaging examination revealed lesions in the right kidney and 
bilateral thyroid gland. Based on postoperative pathological examination findings, renal metastasis of 
the thyroid carcinoma was excluded.

CASE PRESENTATION
Chief complaints
A 60-year-old man presented with a > 1-mo history of right lower back and abdominal pain.

History of present illness
The 60-year-old man presented with a > 1-mo history of right lower back and abdominal pain. 
Computed tomography (CT) revealed small solid nodules under the capsule in the middle and lower 
part of the right kidney, leading to the suspicion of small RCC.

History of past illness
The patient had a 10-year history of diabetes. He did not take his medicine regularly and had poor 
blood glucose control.

Personal and family history
The patient had no relevant personal or family history.

Physical examination
The patient’s vital signs were normal.

Laboratory examinations
Laboratory examinations on admission revealed a carbohydrate antigen 19-9 level of 99.98 μmol/mL 
and creatinine level of 73.5 μmol/L (postoperative creatinine level: 79.1 μmol/L). The glomerular 
filtration rate in the left and right kidneys was 34.88 and 34.89 mL/min, respectively.

Imaging examinations
Ultrasound showed a round hypoechoic mass measuring approximately 0.9 × 0.8 cm in the middle and 
lower parenchyma of the right kidney; however, there was no obvious blood flow signal in the mass. 
Computed tomography angiography revealed a small nodular iso-density shadow (approximately 1 cm 
in diameter) in the middle parenchyma of the right kidney that protruded to the edge of the kidney. An 
enhanced scan showed continuous and obvious enhancement during the arterial phase. However, the 
enhancement was not uniform, and there were no abnormal tumour-supplying blood vessels (Figure 1). 
Ultrasound of the thyroid gland performed in our hospital on 5 January 2021 showed bilateral thyroid 
nodules (TI-RADS3 class).

https://www.wjgnet.com/2307-8960/full/v10/i18/6307.htm
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Figure 1 A small nodular iso-density shadow was observed in the middle parenchyma of the right kidney, with a diameter of about 1 cm, 
protruding to the kidney edge. Plain scan (A), Enhanced scan (B), Delayed contrast-enhanced scan (C), computed tomography three-dimensional imaging (D 
and E).

FINAL DIAGNOSIS
Postoperative pathology showed: Part of the renal tissue, 2.1 cm × 1.5 cm × 1.5 cm in size, had been cut 
in half in the clinic. Analysis of the tissue section revealed a nodular body measuring 1.2 cm × 1.0 cm × 
0.6 cm; it was greyish-yellow or greyish white, slightly tough, and had slightly unclear boundaries. 
Moreover, it contained free adipose tissue (5.5 cm × 3.3 cm × 1.2 cm) and was not in contact with lymph 
nodes. Microscopy revealed glandular, cystic follicular, or papillary tumour cells of uniform size. The 
cytoplasm was medium stained, lightly stained, or empty bright, and the nucleus was round or slightly 
irregular with small nucleoli and red-stained lumen. Immunohistochemistry showed CK (3+); EMA) (+); 
Vimentin (+); PAX-8 (+); CK7 (+); Ki67 (2%+); P504S (+); E-cd (+); CD117 (-); CD10 (+); RCC (-); 
Calponin (-); TTF-1 (-); TG (-); TFE3 (weak+); S-100 (-); WT-1 (-); CA9 (-). Therefore, TFRCC of the right 
kidney was considered (Figure 2).

TREATMENT
Laparoscopic partial nephrectomy was performed in December 2020. The patient recovered well after 
surgery and was discharged after 3 d. Fine-needle biopsy of the thyroid nodules was performed in 2021, 
and revealed no obvious pathological abnormalities .

OUTCOME AND FOLLOW-UP
The patient underwent re-examination on 30 March 2021, and the CT scan showed that the right kidney 
had changed after partial nephrectomy, but there were no other abnormalities. At the last follow-up, the 
patient was alive and healthy.

DISCUSSION
Previously, TFRCC was known as thyroid-like follicular carcinoma of the kidney or thyroid follicular 
carcinoma-like renal tumour, a special type of RCC with thyroid follicular carcinoma-like histomor-
phology. This rare, new type of RCC was described in detail at the 2012 International Society of 
Urological Pathology. In 2016, the World Health Organization Classification of Urological Oncology 
reclassified renal tumour subtypes, and TFRCC was listed as a ‘tentative renal cell carcinoma’ due to its 
extremely low incidence rate and small number of cases available for review[2]. This type of tumour 
was first described by Angell[3] in 1996. Immunohistochemical staining of the reported cases showed 
positive expression of TG and TTF-1 in tumour cells, although no space-occupying lesions were 
detected by thyroid examination. However, considering that papillary thyroid carcinoma can develop 
lymph node or distant metastasis with very small primary foci, we believe that the first case of TFRCC 
was reported in an abstract published by Amin[4] in 2004 and in a case report published by Jung[5] in 
2006. Thus far, approximately 41 cases have been reported[6].

Due to its rarity, the pathogenic factors of TFRCC are unclear. Recent studies have found that a 
previous history of malignant tumour and chemotherapy, especially the use of a platinum-based 
chemotherapy regimen, significantly increased the risk of TFRCC, but the relationship between the 
mutual development needs to be determined in future studies[7]. Moreover, relevant genetic data on 
TFRCC are limited. In only a few groups of genetic tests, there were obvious genetic changes in TFRCC, 
but the chromosomal changes were significantly different to each other, and the genetic changes were 
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Figure 2 Part of the renal tissue, 2.1 cm × 1.5 cm × 1.5 cm in size, with a nodular body and part of the free adipose tissue, without contact 
with obvious lymph nodes. Microscopically, the tumor cells were glandular, cystic follicular, or papillary, and the cell size was uniform. The cytoplasm was 
medium, light stained or empty bright, and the nucleus was round or slightly irregular, with small nucleoli and red stain in the lumen. Original magnification: 100 ×; 
scale bar: 100 μm.

not consistent with those of other known types of RCC[8]. More cases and studies are needed to find 
causative factors and genes.

The existing case data suggest that the disease mainly occurs in women. Currently, the youngest 
reported case pertains to a 10-year-old child[9] in whom the right side was more affected than the left 
side. The clinical symptoms are not obvious and most lack specificity; they are found accidently during 
physical examination. In most symptomatic patients, symptoms manifest as gross haematuria and 
abdominal pain, while some patients show hypertension[10,11,12], repeated urinary stimulation 
symptoms[12,13], weight loss[13], and other symptoms(Table 1). For the preoperative diagnosis of 
common RCC, CT is the first choice. However, for TFRCC, preoperative ultrasound seems to be more 
accurate than CT in visualizing the mass. On plain CT, cystic-solid changes are usually seen with high-
density shadow, clear boundary, haemorrhage, and necrosis. Most of them show weak enhancement on 
enhanced scan, which is different to the obvious enhancement of other types. Moreover, eggshell-like 
calcification has been observed around the tumour, while the calcification in other types of RCC 
generally appears in the centre of the tumour. However, in our case, plain CT showed a moderate 
density shadow, while an enhanced scan showed continuous obvious uneven enhancement, inhomo-
geneous enhancement, and no obvious calcification, which was rarely seen in previous case reports. 
Magnetic resonance imaging generally shows a high signal on T1-weighted imaging and a low signal on 
T2-weighted imaging compared to the signal in the renal parenchyma. These characteristic imaging 
findings may have a certain suggestive value for preoperative consideration of TFRCC; however, 
pathological and immunological examination need to be performed for diagnosis.

Macroscopically, most of the tumours are clear with a false capsule and both cystic and solid, with 
occasional bleeding, necrosis, or cystic degeneration. The section has a medium texture and is greyish 
white to greyish yellow, which differs from the multi-coloured appearance of clear cell RCC. Microscop-
ically, the most prominent feature of the tumour is the formation of the thyroid follicular carcinoma-like 
structure, and the follicular cavity is filled with a red dye colloid-like substance, which is similar to 
thyroid colloid-like substance. The cytoplasm of the tumour cells is bichromatic or eosinophilic and 
empty and bright, the nucleus is round and oval, and the heteromorphism is not obvious. Occasionally, 
the nuclear groove can be seen, the mitotic image is rare, and the Fuhrman grade is mainly grade 2. 
Most cases show positive expression of CK, CK7, vimentin, and EMA; negative expression of the 
thyroid markers TTF-1 and TG; and low Ki-67 proliferation index[14]. In our case, the tumour was solid, 
its boundary was unclear, the other histological characteristics were similar to those previously 
reported, and the Ki-67 proliferation index was 2%. The degree of malignancy of the tumour was low, 
and the postoperative recovery was good.

The pathological diagnosis should be differentiated from thyroid carcinoma with renal metastasis 
and ovarian monodermal teratoma with renal metastasis, and the history can not completely exclude 
the primary TFRCC. The immunohistochemical markers TTF-1 and TG have important value in differ-
ential diagnosis. However, in poorly differentiated or sarcomatoid-differentiated thyroid carcinoma, TG 
and TTF-1 are absent, which can be distinguished according to whether there is a primary tumour. In 
addition, attention should be paid to the differentiation with renal thyroidisation[11], other nephrogenic 
tumours[12], and atrophic kidney[15]. It is not difficult to distinguish them in combination with clinical 
and histological characteristics. Our patient had bilateral thyroid mass; therefore, we needed to rule out 
the possibility that the kidney lesion was metastasized by thyroid carcinoma. Thyroid cancer often 
metastasises to the bone, lung, and liver and rarely to the kidney. There are <30 reported cases of renal 
metastasis of thyroid cancer origin, and the expression of TTF-1 and TG is both positive and strongly 
positive[16,17]. The specimens from our patient were repeatedly examined by the Pathology 
Department in our hospital, and both TTF-1 and TG continued to be absent. Therefore, the possibility of 
thyroid origin was ruled out, and TFRCC was presumed to be the primary tumour in the kidney. The 
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Table 1 Comparison of the features of 41 cases with metastatic and non-metastatic thyroid-like follicular carcinoma of the kidney 
reported from 2006 to 2022

Features Non-metastatic (n = 34) Metastatic (n = 7)

Age (yr), mean ± SD (range) 41.7 ± 17 (10-83) 42.6 ± 14 (27-68)

Female sex 18/33 (55%; 1 unknown) 4/7 (57%)

Clinical presentation

Incidental 24 (71%) 4 (57%)

Flank pain/haematuria 10 (29%) 3 (43%)

History of malignancy (other sites) 8 (24%) 1 (14%)

Tumour characteristics

Size (cm), mean ± SD (range) 4.2 ± 2.3 (1.1-11.8) 5.3 ± 2.3 (3.5-10)

Right/left sided 17/16 (1 unknown) 5 2

Necrosis 9 (24%) 3 (43%)

Ki-67 proliferation index 1% to 30% (n = 6) 6% (n = 1)

pT stage

1a 20 3

1b 10 3

2a 1 0

2b 2 0

Immunohistochemical features

CK7 24/25 (96%) 5/6 (83%)

CK20 3/14 (21%) 2/4 (50%)

CD10 4/23 (17%) 1/5 (20%)

Vimentin 20/25 (80%) 3/4 (75%)

PAX8 10/11 (91%) 3/4 (75%)

Site of metastasis - Bone (2), lung (3), lymph node (2)

Follow-up period (mo) 22.1 ± 19.8 30.6 ± 28.8

Disease/death at follow-up 0 2 (28%)

diagnosis was then confirmed by thyroid tumour biopsy, similar to the method used in the case 
reported by Cai[16] and Tretiakova[13].

TFRCC has a certain degree of invasiveness, up to T3, and can have retroperitoneal lymph node 
metastasis and distant metastasis such as skull and meninges[6]. These tumours may metastasise 
through the blood-derived pathway, but the degree of malignancy is generally low. Surgical resection is 
the main treatment, which is supplemented by postoperative follow-up. Surgical methods include 
radical nephrectomy, partial nephrectomy, and resection of the metastatic lesion, which can be 
performed even if distant metastasis occurs. Except for a few patients with dedifferentiation of 
sarcomatoid areas[18] or with highly malignant cells[8], there is currently no clear clinicopathological 
feature that can predict the occurrence of metastasis and its poor outcome. There are limited reports on 
adjuvant therapy after surgery. At present, surgery is selected according to the general guidelines for 
RCC, and its unique treatment scheme needs to be actively explored in clinical practice to avoid 
unnecessary over-treatment and ensure the quality of life of patients. Following effective treatment, 
patients do not easily relapse, have a good prognosis, and can achieve long-term survival.

CONCLUSION
In summary, TFRCC is a rare subtype of low-grade malignant renal cell carcinoma with certain 
invasiveness, which usually occurs in young and middle-aged women. Its clinical and imaging 
manifestations have certain suggestive value, with unique morphological and immunohistochemical 
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characteristics. The diagnosis depends on pathology and immunohistochemistry, and surgical resection 
is the preferred treatment. The overall prognosis is good, but there is a certain malignant potential, 
which needs long-term and close follow-up. If the disease progresses, the treatment plan for metastatic 
RCC should be considered. Due to the low incidence of TFRCC, there are few studies on this tumour; 
therefore, further studies are needed to enhance understanding and provide valuable information for 
diagnosis and treatment. No recurrence or metastasis was found in our case; however, further 
observation is needed in terms of survival time.

FOOTNOTES
Author contributions: Wu S and Xie K contributed equally to this work; Wu S, Li X, Liao B, Xie K and Chen W 
designed the research study; Wu S, Li X, Xie K and Liao B performed the research; Wu S and Xie K contributed new 
reagents and analytic tools; Li X, Xie K and Liao B analyzed the data and wrote the manuscript; all authors have read 
and approved the final manuscript.

Supported by Natural Science Foundation of Jiangxi Province, No. 2010GZY0806.

Informed consent statement: Consent was obtained from the patient and his family for publication of this report.

Conflict-of-interest statement: The authors declare that there are no conflicts of interest.

CARE Checklist (2016) statement: The authors have read the CARE Checklist (2016), and the manuscript was 
prepared and revised according to the CARE Checklist (2016).

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Si-Cheng Wu 0000-0003-3429-1849; Xi-Ya Li 0000-0002-9017-1203; Bang-Jie Liao 0000-0002-8892-0180; 
Kun Xie 0000-0003-0628-2128; Wei-Min Chen 0000-0001-5634-4417.

S-Editor: Wang LL 
L-Editor: Webster JR 
P-Editor: Wang LL

REFERENCES
Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer J Clin  2021; 71: 7-33 [DOI: 
10.3322/caac.21654]

1     

Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The 2016 WHO Classification of Tumours of the Urinary 
System and Male Genital Organs-Part A: Renal, Penile, and Testicular Tumours. Eur Urol 2016; 70: 93-105 [PMID: 
26935559 DOI: 10.1016/j.eururo.2016.02.029]

2     

Angell SK, Pruthi R, Freiha FS. Primary thyroidlike carcinoma of the kidney. Urology 1996; 48: 632-635 [PMID: 8886074 
DOI: 10.1016/S0090-4295]

3     

Amin MB, Gupta R, Ondrej H, McKenney JK, Michal M, Young AN, Paner GP, Junker K, Epstein JI. Primary thyroid-like 
follicular carcinoma of the kidney: report of 6 cases of a histologically distinctive adult renal epithelial neoplasm. Am J 
Surg Pathol 2009; 33: 393-400 [PMID: 19047894 DOI: 10.1097/PAS.0b013e31818cb8f5]

4     

Jung SJ, Chung JI, Park SH, Ayala AG, Ro JY. Thyroid follicular carcinoma-like tumor of kidney: a case report with 
morphologic, immunohistochemical, and genetic analysis. Am J Surg Pathol 2006; 30: 411-415 [PMID: 16538064 DOI: 
10.1097/01.pas.0000194745.10670.dd]

5     

Agrawal V, Neyaz Z, Kapoor R. Thyroid-Like Follicular Carcinoma of the Kidney With Oncocytic Cells: A Case Report 
and Review of Metastatic and Non-metastatic Tumors. Int J Surg Pathol 2020; 28: 913-917 [PMID: 32484016 DOI: 
10.1177/1066896920930283]

6     

Dong L, Huang J, Huang L, Shi O, Liu Q, Chen H. Thyroid-Like Follicular Carcinoma of the Kidney in a Patient with 
Skull and Meningeal Metastasis: A Unique Case Report and Review of the Literature. Medicine (Baltimore)  2016; 95: 
e3314 [DOI: 10.1097/md.0000000000003314]

7     

Ko JJ, Grewal JK, Ng T, Lavoie JM, Thibodeau ML, Shen Y, Mungall AJ, Taylor G, Schrader KA, Jones SJM, 
Kollmannsberger C, Laskin J, Marra MA. Whole-genome and transcriptome profiling of a metastatic thyroid-like follicular 
renal cell carcinoma. Cold Spring Harb Mol Case Stud 2018; 4 [PMID: 30446580 DOI: 10.1101/mcs.a003137]

8     

de Jesus LE, Fulgêncio C, Leve T, Dekermacher S. Thyroid-like follicular carcinoma of the kidney presenting on a 10 
year-old prepubertal girl. Int Braz J Urol 2019; 45: 834-842 [PMID: 31063281 DOI: 

9     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-3429-1849
http://orcid.org/0000-0003-3429-1849
http://orcid.org/0000-0002-9017-1203
http://orcid.org/0000-0002-9017-1203
http://orcid.org/0000-0002-8892-0180
http://orcid.org/0000-0002-8892-0180
http://orcid.org/0000-0003-0628-2128
http://orcid.org/0000-0003-0628-2128
http://orcid.org/0000-0001-5634-4417
http://orcid.org/0000-0001-5634-4417
https://dx.doi.org/10.3322/caac.21654
http://www.ncbi.nlm.nih.gov/pubmed/26935559
https://dx.doi.org/10.1016/j.eururo.2016.02.029
http://www.ncbi.nlm.nih.gov/pubmed/8886074
https://dx.doi.org/10.1016/S0090-4295
http://www.ncbi.nlm.nih.gov/pubmed/19047894
https://dx.doi.org/10.1097/PAS.0b013e31818cb8f5
http://www.ncbi.nlm.nih.gov/pubmed/16538064
https://dx.doi.org/10.1097/01.pas.0000194745.10670.dd
http://www.ncbi.nlm.nih.gov/pubmed/32484016
https://dx.doi.org/10.1177/1066896920930283
https://dx.doi.org/10.1097/md.0000000000003314
http://www.ncbi.nlm.nih.gov/pubmed/30446580
https://dx.doi.org/10.1101/mcs.a003137
http://www.ncbi.nlm.nih.gov/pubmed/31063281


Wu SC et al. Thyroid follicular renal cell carcinoma 

WJCC https://www.wjgnet.com 6313 June 26, 2022 Volume 10 Issue 18

10.1590/S1677-5538.IBJU.2018.0471]
Wang H, Yu J, Xu Z, Li G. Clinicopathological study on thyroid follicular carcinoma-like renal tumor related to serious 
hypertension: Case report and review of the literature. Medicine (Baltimore)  2017; 96: e6419 [DOI: 
10.1097/md.0000000000006419]

10     

Wu Y, Huang F, Zhou X, Yu S, Tang Q, Li S, Wang J, Chen L. Hypoxic Preconditioning Enhances Dental Pulp Stem Cell 
Therapy for Infection-Caused Bone Destruction. Tissue Eng Part A 2016; 22: 1191-1203 [PMID: 31329527 DOI: 
10.1089/ten.tea.2016.0086.correx]

11     

Zhang Y, Yang J, Zhang M, Meng Z, Song W, Yang L, Li L, Wang D, Shi T. Thyroid follicular carcinoma-like renal 
tumor: A case report and literature review. Medicine (Baltimore)  2018; 97: e10815 [PMID: 29794767 DOI: 
10.1097/MD.0000000000010815]

12     

Tretiakova MS, Kehr EL, Gore JL, Tykodi SS. Thyroid-Like Follicular Renal Cell Carcinoma Arising Within Benign 
Mixed Epithelial and Stromal Tumor. Int J Surg Pathol 2020; 28: 80-86 [PMID: 31342803 DOI: 
10.1177/1066896919863478]

13     

Eble JN, Delahunt B. Emerging entities in renal cell neoplasia: thyroid-like follicular renal cell carcinoma and multifocal 
oncocytoma-like tumours associated with oncocytosis. Pathology 2018; 50: 24-36 [PMID: 29132724 DOI: 
10.1016/j.pathol.2017.09.005]

14     

Herlitz L, Hes O, Michal M, Tretiakova M, Reyes-Múgica M, Nguyen JK, Troxell ML, Przybycin CG, Magi-Galluzzi C, 
McKenney JK. "Atrophic Kidney"-like Lesion: Clinicopathologic Series of 8 Cases Supporting a Benign Entity Distinct 
From Thyroid-like Follicular Carcinoma. Am J Surg Pathol 2018; 42: 1585-1595 [PMID: 30285996 DOI: 
10.1097/PAS.0000000000001157]

15     

Cai DM, Wang HY, Jiang Y, Parajuly SS, Tian YE, Ma BY, et al. Primary follicular thyroid carcinoma metastasis to the 
kidney and widespread dissemination: A case report. Oncol Lett 2016; 11: 3293-3297 [DOI: 10.3892/ol.2016.4417]

16     

Cavalcante A, Kuwano AY, Costa-Matos A, Spanholi EF, Souza T, Mascarenhas FM. Thyroid-like follicular carcinoma of 
the kidney - Case report. Urol Case Rep 2017; 15: 36-38 [PMID: 28948155 DOI: 10.1016/j.eucr.2017.08.005]

17     

Jenkins TM, Rosenbaum J, Zhang PJ, Schwartz LE, Nayak A, Cooper K, Tickoo SK, Lal P. Thyroid-Like Follicular 
Carcinoma of the Kidney With Extensive Sarcomatoid Differentiation: A Case Report and Review of the Literature. Int J 
Surg Pathol 2019; 27: 678-683 [PMID: 31032708 DOI: 10.1177/1066896919845490]

18     

https://dx.doi.org/10.1590/S1677-5538.IBJU.2018.0471
https://dx.doi.org/10.1097/md.0000000000006419
http://www.ncbi.nlm.nih.gov/pubmed/31329527
https://dx.doi.org/10.1089/ten.tea.2016.0086.correx
http://www.ncbi.nlm.nih.gov/pubmed/29794767
https://dx.doi.org/10.1097/MD.0000000000010815
http://www.ncbi.nlm.nih.gov/pubmed/31342803
https://dx.doi.org/10.1177/1066896919863478
http://www.ncbi.nlm.nih.gov/pubmed/29132724
https://dx.doi.org/10.1016/j.pathol.2017.09.005
http://www.ncbi.nlm.nih.gov/pubmed/30285996
https://dx.doi.org/10.1097/PAS.0000000000001157
https://dx.doi.org/10.3892/ol.2016.4417
http://www.ncbi.nlm.nih.gov/pubmed/28948155
https://dx.doi.org/10.1016/j.eucr.2017.08.005
http://www.ncbi.nlm.nih.gov/pubmed/31032708
https://dx.doi.org/10.1177/1066896919845490


WJCC https://www.wjgnet.com 6314 June 26, 2022 Volume 10 Issue 18

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 June 26; 10(18): 6314-6318

DOI: 10.12998/wjcc.v10.i18.6314 ISSN 2307-8960 (online)

CASE REPORT

Appendiceal bleeding: A case report

Sheng-Yue Zhou, Mao-Dong Guo, Xiao-Hua Ye

Specialty type: Medicine, research 
and experimental

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B, B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Bhusal U, Nepal; 
Kumar S, India

Received: December 31, 2021 
Peer-review started: December 31, 
2021 
First decision: January 23, 2022 
Revised: January 27, 2021 
Accepted: April 24, 2022 
Article in press: April 24, 2022 
Published online: June 26, 2022

Sheng-Yue Zhou, Mao-Dong Guo, Xiao-Hua Ye, Department of Gastroenterology, Affiliated 
Jinhua Hospital, Zhejiang University School of Medicine, Jinhua 321000, Zhejiang Province, 
China

Corresponding author: Xiao-Hua Ye, MD, Deputy Director, Department of Gastroenterology, 
Affiliated Jinhua Hospital, Zhejiang University School of Medicine, No. 365 Renmin East 
Road, Jinhua 321000, Zhejiang Province, China. yexiaohuare@qq.com

Abstract
BACKGROUND 
Acute lower gastrointestinal bleeding is common in clinical practice, and the colon 
is responsible for the majority of cases. However, appendiceal bleeding is an 
extremely rare cause. Appendiceal bleeding due to vascular diseases, such as 
angiodysplasia and Dieulafoy’s lesion, may result in massive lower gast-
rointestinal bleeding. Appendectomy is a reliable and effective option for 
treatment.

CASE SUMMARY 
A 32-year-old male presented to our hospital with hematochezia that had lasted 
for 6 h, with approximately 600-800 mL bloody stools and loss of consciousness 
for a few seconds. Persistent bleeding from the orifice of the appendix was 
observed by colonoscopy. Following the new diagnosis of appendiceal bleeding, 
the patient was treated by an emergency laparoscopic appendectomy. Finally, the 
patient was pathologically diagnosed with appendiceal Dieulafoy’s lesion. The 
patient was uneventfully discharged, and follow-up 2 wk later showed no 
evidence of rebleeding.

CONCLUSION 
Although appendiceal bleeding is a rare cause of acute lower gastrointestinal 
bleeding, clinicians should consider it during differential diagnosis.

Key Words: Appendix; Gastrointestinal hematochezia; Lower gastrointestinal tract; 
Vascular malformations; Case report
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Core Tip: Appendiceal bleeding is a rare cause of acute lower gastrointestinal bleeding. Appendiceal 
bleeding due to vascular diseases, such as angiodysplasia and Dieulafoy’s lesion, may result in massive 
lower gastrointestinal bleeding. Appendectomy is a reliable and effective option for treatment.We report a 
case of lower gastrointestinal bleeding due to appendiceal Dieulafoy’s lesion. The patient recovered well 
after an emergency laparoscopic appendectomy. Clinicians should consider appendiceal bleeding during 
differential diagnosis.

Citation: Zhou SY, Guo MD, Ye XH. Appendiceal bleeding: A case report. World J Clin Cases 2022; 10(18): 
6314-6318
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6314.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6314

INTRODUCTION
The common causes of lower gastrointestinal bleeding are mostly known to be diseases of the colon, 
rectum, and terminal ileum[1]. However, appendiceal bleeding as the origin is extremely rare. 
Diverticulum, angiodysplasia, inflammation, and neoplasm are the usual etiologies for appendiceal 
bleeding[2,3]. Vascular diseases, such as angiodysplasia and Dieulafoy’s lesion, are one of the most 
common causes of massive bleeding and sometimes can be life-threatening[1,4]. We report herein a case 
of lower gastrointestinal bleeding due to appendiceal Dieulafoy’s lesion, with a literature review.

CASE PRESENTATION
Chief complaints
A 32-year-old male presented to the emergency department of our hospital with hematochezia that had 
lasted for 6 h.

History of present illness
The patient reported having experienced approximately 600-800 mL bloody stools before presentation 
to the hospital. The patient also reported having experienced loss of consciousness for a few seconds. 
No other gastrointestinal symptoms, such as nausea, vomiting, or abdominal pain, were experienced 
during the process. The patient denied past history of hematochezia.

History of past illness
The patient had been previously diagnosed with hemorrhoids and hypertension, but was taking no 
medications.

Personal and family history
The personal and family history-taking revealed no information relevant to the current case.

Physical examination
The patient’s temperature was 36.5 °C, heart rate was 95 beats per minute, respiratory rate was 20 
breaths per minute, blood pressure (measured with electronic cuff) was 147/105 mmHg, and oxygen 
saturation in room air was 99%. The physical examination showed an anemic appearance, without any 
other pathological signs.

Laboratory examinations
The laboratory tests showed that hemoglobin was 102 g/L (normal range: 130-175 g/L), revealing a 
mild anemia. Other routine relevant examinations, such as platelet counts and for markers of 
coagulation function, and liver and renal function, yielded normal findings. Unfortunately, the patient 
passed bloody stools again 1 d after conservative treatment in our department, with his hemoglobin 
level dropping to 86 g/L.

Imaging examinations
An emergency colonoscopy was performed, and extended up to the terminal ileum. During the 
procedure, blood clots in the cecum were first washed out and we were then able to observe a large 
quantity of fresh blood oozing out of the appendiceal orifice (Figure 1A). In addition, contrast-enhanced 
abdominal computed tomography (CT) scan showed a high-density area in the appendix without any 
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Figure 1 Appendiceal bleeding caused by Dieulafoy’s lesion. A: Colonoscopy showed active bleeding from the appendiceal orifice after blood clots were 
flushed out of the ileocecal junction; B: Enhanced abdominal computed tomography showed a high-density area in the appendix, revealing the possibility of 
appendiceal bleeding (arrow); C: Macroscopic pathological observation showed a vessel stump on the mucosa of the appendix (arrow); D: Microscopic pathological 
examination showed a caliber-persistent artery in the submucosa of the appendix (arrow).

signs of acute appendicitis, tumor, or diverticulum (Figure 1B).

FINAL DIAGNOSIS
Bleeding of the appendix.

TREATMENT
We suspected that the source of bleeding was the appendix, which prompted an emergency laparo-
scopic appendectomy. During that surgery, no signs of acute appendicitis or diverticulitis were 
observed; however, a large amount of blood clots was observed through the longitudinal incision of the 
appendix. A vessel stump was also found on the mucosa of the appendix (Figure 1C). Pathologically, a 
caliber-persistent artery was detected near the vessel stump of the mucosa surface, corresponding to 
Dieulafoy’s lesion within the appendix (Figure 1D).

OUTCOME AND FOLLOW-UP
The patient had no recurrent hematochezia or melena, and was discharged from the hospital 6 d after 
the surgery. Follow-up 2 wk later showed no evidence of rebleeding.

DISCUSSION
Acute lower gastrointestinal bleeding is commonly encountered in clinical practice, with colon being 
responsible for the majority of cases[1]. Appendiceal bleeding, on the other hand, is an extremely rare 
cause, and as such may be missed or misdiagnosed.Although lower gastrointestinal bleeding is 
generally less severe than upper gastrointestinal bleeding - with spontaneous cessation of the bleeding 
occurring in most cases, appendiceal bleeding attributed to vascular diseases, such as angiodysplasia 
and Dieulafoy’s lesion, may result in massive lower gastrointestinal bleeding and sometimes can be life-
threatening[1,4]. As a clinician, having an awareness of appendiceal bleeding is significant. A literature 
search of relevant articles on the PubMed/MEDLINE database, from January 1977 to November 2021, 
was conducted, using the key words of “appendix bleeding” or “appendix hemorrhage”. Six articles 
regarding appendiceal bleeding due to vascular diseases were identified (Table 1)[5-10].
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Table 1 Cases of appendiceal bleeding caused by vascular diseases

Case Age/sex Chief complaint Hemoglobin, 
g/L Techniques Treatment Pathology Ref.

1 21/female Massive 
hematochezia

106 Endoscopy Appendectomy Dieulafoy’s lesion [5]

2 72/male Hematochezia 126 Endoscopy Appendectomy Angiodysplasia [6]

3 68/male Massive 
hematochezia

82 Endoscopy Appendectomy Dieulafoy’s lesion [7]

4 41/male Melena Not reported Endoscopy Appendectomy Atypical florid vascular prolif-
eration

[8]

5 76/female Massive 
hematochezia

52 Angiography Vessel embolization and 
appendectomy

Angiodysplasia [9]

6 42/male Melena 77 Endoscopy Appendectomy Vascular malformation [10]

Our 
case

32/male Massive 
hematochezia

86 Endoscopy Appendectomy Dieulafoy’s lesion

The average age of the included cases was 50.3 years (range: 21-76 years). In terms of sex, 5 males and 
2 females are reported on herein. Similar to previous reports, the most likely cause of hospitalization 
was massive hematochezia, rather than melena[3]. Pathological analyses showed the main vascular 
factors of appendiceal bleeding to be angiodysplasia and Dieulafoy’s lesion. Dieulafoy’s lesion is caused 
by an abnormal artery that fails to diminish to the minute size of the mucosal capillary microvasculature
[11]. The most common location of Dieulafoy’s lesion is the stomach. Others have reported Dieulafoy’s 
lesion in the esophagus, duodenum, small intestine, colon, and rectum[12-15]; however, an appendiceal 
Dieulafoy’s lesion is extremely rare. Among the included publications, there were only 2 cases of 
appendiceal bleeding due to Dieulafoy’s lesion published in English language[5,7], with ours being the 
third case.

Several modalities, such as colonoscopy, contrast-enhanced abdominal CT, and angiography, can be 
applied in diagnosing appendiceal bleeding[2,3,9]. In our case, colonoscopy directly revealed the active 
bleeding from the appendiceal orifice. For such cases, emergency colonoscopy for acute lower 
gastrointestinal bleeding should be utilized, at least to the terminal ileum. In addition, the orifice of the 
appendix should be carefully observed. Contrast-enhanced abdominal CT is useful in evaluating 
diverticulum, neoplasm, or acute inflammation. Although mesenteric artery angiography requires 
bleeding of more than 0.5 mL/min, vessel embolization is feasible in controlling acute bleeding[9].

A reliable and effective choice of treatment for appendiceal bleeding is appendectomy[2]. Other 
attempts, including vessel embolization and endoscopic therapy (therapeutic barium enema and 
endoclips), have been reported as successful for controlling bleeding[9,16,17]; however, the risk of acute 
appendicitis and rebleeding after vessel embolization and endoscopic therapy are unmanageable, and 
the patient may still require an appendectomy[9,17]. Studies for the feasibility of vessel embolization 
and endoscopic therapy continue to be warranted.

CONCLUSION
We present a treatment experience of appendiceal bleeding caused by Dieulafoy’s lesion. Although 
appendiceal bleeding is a rare cause of acute lower gastrointestinal bleeding, clinicians should consider 
it during differential diagnosis.
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Abstract
BACKGROUND 
Trauma is a common cause of pancreatic duct disruption. Surgical treatment is 
recommended in current clinical guidelines for adult pancreatic injury because 
non-surgical treatments have higher risks of serious complications or even death 
compared with surgical treatment.

CASE SUMMARY 
A 22-year-old woman was admitted to Tiantai People’s Hospital of Zhejiang 
Province after 1-h duration of abdominal pain and distension following trauma. 
The diagnosis was “traumatic pancreatic rupture”. The patient’s symptoms were 
not severe, her vital signs were stable, and signs of peritonitis were not obvious. 
Therefore, conservative treatment could be considered, with the possibility of 
emergency surgery if necessary. After 2 mo of conservative treatment with duct 
drainage, the pancreatic duct healed spontaneously with no significant complic-
ations.

CONCLUSION 
We report a case of pancreatic duct disruption in the head and neck caused by 
trauma that was treated conservatively and healed spontaneously, providing a 
new choice for clinical practice. For isolated pancreatic injury with rupture of the 
pancreatic duct in the head and neck, conservative treatment under close obse-
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rvation is feasible.
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Core Tip: In this study, we report a case of pancreatic duct disruption in the head and neck caused by 
trauma that was treated conservatively and which healed spontaneously, providing a new basis for clinical 
practice. For isolated pancreatic injury with rupture of the pancreatic duct in the head and neck, conser-
vative treatment under close observation is feasible.

Citation: Mei MZ, Ren YF, Mou YP, Wang YY, Jin WW, Lu C, Zhu QC. Spontaneous healing after conservative 
treatment of isolated grade IV pancreatic duct disruption caused by trauma: A case report. World J Clin Cases 
2022; 10(18): 6319-6324
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6319.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6319

INTRODUCTION
Trauma is a common cause of pancreatic duct disruption. Surgical treatment is recommended in current 
clinical guidelines for adult pancreatic injury because, compared with surgical treatment, non-surgical 
treatments have higher risks of serious complications or even death[1,2]. In this study, we report a case 
of pancreatic duct disruption in the head and neck caused by trauma that was treated conservatively 
and which healed spontaneously.

CASE PRESENTATION
Chief complaints
A 22-year-old female patient was admitted to Tiantai People’s Hospital of Zhejiang Province on 13 July 
2020 after 1-hour duration of abdominal pain and distension following trauma.

History of present illness
The patient experienced sudden-onset persistent and unbearable abdominal pain, radiating to the lower 
back, with abdominal distension and nausea, and without vomiting, coma, dizziness, headache, chest 
tightness, shortness of breath, bloody vomiting, or hemoptysis. The trauma resulted from impact with 
bicycle handlebars on the upper abdomen during an electrical bicycle accident 1 h earlier.

She had no other complaints. Her sleep and appetite were normal, and her excretion and egestion 
were both normal.

History of past illness
The patient had an unremarkable medical history.

Personal and family history
The patient grew up in her locality, denied any contact with contaminated water or radiation exposure, 
and did not smoke or consume alcohol. She had no gestational history, and her annual menstruation 
cycle was 13/year (q 4-6 wk/duration: 20-30 d).

Physical examination
Physical examination findings on admission: body temperature: 37.2 ℃, respiratory rate: 20 
breaths/min, blood pressure: 118/63 mmHg, and heart rate: 103 beats/min. The patient had a clear 
mind, low mood, flat and soft abdomen, tenderness in the upper abdomen, no obvious rebound pain, 
bowel sounds: 2/min, and no shifting dullness. No other significant abnormalities were observed.

Laboratory examinations
Serum amylase concentration: 1258 U/L (upper limit of normal: 135 U/L), white blood cell count: 17.8 × 
109/L, neutrophils: 82%, red blood cell count: 4.51 × 1012/L, hemoglobin: 143 g/L, platelet count: 211 × 
109/L, C-reactive protein: < 0.499 mg/L, and procalcitonin: < 0.02 ng/mL; liver and kidney function was 
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Figure 1 Contrast-enhanced abdominal computed tomography, which shows a morphologically smooth pancreatic neck/head with small 
lamellar high-density shadows at the anterior edge, with no significant enhancement. 

normal, the levels of plasma lactate was normal.

Imaging examinations
Abdominal computed tomography (CT): The pancreatic head/neck was full in shape, and small 
lamellar high-density shadows were seen at the anterior edge, with a CT value of 64 HU. There was no 
edema and thickening of bilateral anterior renal fascia and no peritoneal or retroperitoneal effusion. The 
lesion was not significantly enhanced during contrast-enhanced CT, and some surrounding low-density 
exudative shadows were observed (Figure 1).

FINAL DIAGNOSIS
The diagnosis was “traumatic pancreatic rupture”.

TREATMENT
The patient was informed that her condition was critical, and there were indications for emergency 
surgery; however, the patient’s symptoms were not severe, her vital signs were stable, and signs of 
peritonitis were not obvious. Therefore, conservative treatment could be considered, with the possibility 
of emergency surgery if necessary. The patient was then treated with fasting, gastrointestinal 
decompression, acid control, digestive enzyme inhibition, anti-inflammation, and fluid replacement. 
After treatment, her abdominal pain was relieved. Abdominal CT on 14 July 2020 revealed lamellar 
high-density shadows in the pancreatic head and neck, with no significant increase in fluid collection, 
and with obvious exudative shadows around the pancreas; fluid accumulation was evident in the 
abdominal cavity. Conservative treatment was continued, and the patient’s condition gradually 
improved. A naso-intestinal tube was placed for enteral feeding on 20 July 2020, which was well-
tolerated. Repeat ultrasonography on 23 July 2020 revealed local fluid collection in the neck of the 
pancreas measuring approximately 60 mm × 46 mm × 38 mm and no obvious fluid accumulation in the 
abdominal cavity. Therefore, catheter drainage of the peripancreatic fluid collection was performed, and 
approximately 300 mL of pale bloody fluid was removed. Repeat abdominal CT on 24 July 2020 
revealed local dissection of the pancreatic head/neck, encapsulated effusion in the form of a pseudocyst 
measuring 17 mm × 31 mm, and a small amount of fluid in the abdominopelvic cavity (Figure 2). The 
patient was transferred to Zhejiang Provincial People's Hospital for follow-up treatment on 27 July 2020, 
during which inflammatory indices were normal, and serum total amylase reached a maximum of 932 
U/L (upper limit of normal: 135 U/L), with no significant fluid exiting the drain. Abdominal CT was 
repeated and revealed that the pancreatic head/neck was morphologically swollen, with increased 
surrounding encapsulated fluid. Ultrasound-guided peripancreatic catheter drainage by transperitoneal 
was performed again, and 300 mL of clear pancreatic fluid was removed. The serum amylase concen-
tration decreased to normal after this drainage. On 24 August 2020, puncture pancreatography 
visualized the distal pancreatic duct. On 25 August 2020, endoscopic retrograde cholangiopancreato-
graphy (ERCP) was performed to place a pancreatic duct stent. The pancreatic duct in the pancreatic 
head was circular in shape and was not connected with the pancreatic duct in the pancreatic body/tail. 
Therefore, the pancreatic duct stent could not be placed.
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Figure 2 Abdominal computed tomography. A: Localized rupture of the pancreatic head/neck; B: A pseudocyst, drained with a catheter.

Figure 3 Magnetic resonance cholangiopancreatography showing a slightly dilated pancreatic duct in the pancreatic tail.

OUTCOME AND FOLLOW-UP
The main pancreatic duct was not dilated by transpuncture tube angiography, and there was no obvious 
liquid dark areas around the pancreas; therefore, the puncture drain was removed. Re-examination on 
10 November 2020 revealed that the patient had no discomfort and no abnormalities on physical 
examination. The serum amylase concentration was 44 U/L. Magnetic resonance cholangiopancreato-
graphy (MRCP) suggested slightly dilated pancreatic ducts in the pancreatic tail (Figure 3).

DISCUSSION
The pancreas is a retroperitoneal organ with a deep and hidden location, and pancreatic injury occurs in 
only 0.4%-6.0% of abdominal trauma cases[1]. The pancreas is located in front of the first and second 
lumbar vertebrae; therefore, injury is often caused by direct action on the spine owing to crushing force 
from the upper abdomen, mostly sustained in the pancreatic body. Approximately 39% of pancreatic 
injuries are associated with pancreatic duct disruption[2]. Isolated pancreatic injury is even more rare, 
comprising less than 3% of cases[3].

The level of serum amylase has little significance for the early diagnosis of pancreatic trauma. Serum 
amylase cannot be increased in about 40% of patients, and it can also be increased in non-pancreatic 
injury and intestinal injury[4]. Adamson et al[5] conducted a retrospective study on 1821 patients with 
trauma. The level of serum amylase or lipase increased in 116 patients, and only 8 patients finally 
identified pancreatic trauma. The significance of serum amylase or lipase in the diagnosis of pancreatic 
trauma is limited, and it also depends on the necessary imaging examination. Currently, CT is the first-
line technique for evaluating pancreatic injury. CT is easy to perform, and its high imaging quality, clear 
display of the pancreatic contours and peripancreatic bleeding, and the option for multiplanar 
reconstruction, can achieve a diagnostic accuracy rate of > 80%. However, there are limitations in the 
diagnosis of pancreatic duct disruption, and the accuracy rate needs to be improved by dynamic review
[6]. In this case, we performed dynamic CT review to clarify the presence of pancreatic duct disruption. 
According to the American Association for the Surgery of Trauma (AAST) classification of pancreatic 
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Table 1 American Association for the Surgery of pancreatic trauma for the pancreas

Grade1 Type of injury Description of injury

Hematoma Minor contusion without duct injuryI

Laceration Superficial laceration without duct injury

Hematoma Major contusion without duct injury or tissue lossII

Laceration Major laceration without duct injury or tissue loss

III Laceration Distal transection or parenchymal injury with duct injury

IV Laceration Proximal transection or parenchymal injury involving ampulla

V Laceration Massive disruption of pancreatic head

1Advances one grade for multiple injuries up to grade III.

injuries, injuries involving the pancreatic duct are classified as grade III or IV injuries, as outlined in 
Table 1[7]. For hemodynamically stable patients, MRCP can be performed when further clarification of 
pancreatic duct integrity is needed during follow-up treatment. MRCP has the advantages of being 
noninvasive and providing accurate pancreatic duct imaging. In this case, complete rupture of 
pancreatic neck was well established by computed tomography (Figure 2A), so we did not perform 
MRCP. ERCP can lead to a series of complications, such as bleeding, perforation, and iatrogenic pancre-
atitis, and is more often used for treatment. This patient’s admission serum amylase concentration was 
significantly elevated, and the diagnosis of pancreatic duct disruption was confirmed when the elevated 
amylase finding was combined with the dynamic CT review.

The management of pancreatic injuries is controversial and based on small retrospective studies. 
There are no randomized studies addressing this issue. Based on the available class III evidence, the 
Eastern Association for the Surgery of Trauma recommended drainage for Grade 1 and Grade 2 injuries 
and resection with drainage for Grade 3 or higher[8]. Siboni et al[3] study found nonoperative mana-
gement of minor isolated pancreatic injuries is associated with lower mortality and shorter hospital stay 
than operative management. However, in severe trauma, nonoperative management is associated with 
higher mortality and longer hospital stays than operative management[3].

Mohseni et al[9] research showed pancreatic resection for the treatment of grade III and IV 
penetrating pancreatic injury is not associated with a significant decrease in mortality but is associated 
with a significant increase in hospital length of stay. Drainage alone of the pancreatic bed may be a 
viable option, even for high-grade injuries[9]. For traumatic pancreatic injury, the optimal treatment 
strategy can be formulated only when the patient’s vital signs, abdominal signs, degree of pancreatic 
injury, and the presence of surrounding organ injury are considered comprehensively.

Recently, the use of endoscopic stenting of the pancreatic duct for the successful treatment of 
pancreatic duct disruption has been increasingly reported[10]. In a recently published report showing 
patients with pancreatic trauma who had received pancreatic stents undergoing ERCP 0-15 d after the 
trauma, the stents were removed after 4-8 wk and at follow-up between 6-24 mo. Endoscopic stent 
treatment may avoid emergency pancreatic resection and should always be considered in the 
management of patients with traumatic pancreatic duct injury[11]. When the patient is admitted to our 
hospital, the condition of this case was stable, so we did not chose pancreatic duct stent implantation. 
Compared with pancreatic resection, which is highly invasive and affects patients’ quality of life, 
endoscopic treatment is undoubtedly a new treatment strategy and is gradually gaining more attention.

CONCLUSION
In this case, after 2 mo of conservative treatment with duct drainage, the pancreatic duct healed 
spontaneously with no significant complications. This case provides a new consideration for clinical 
practice: In isolated pancreatic injury with rupture of the pancreatic duct in the head and neck, conser-
vative treatment under close observation is feasible. In young and fit populations with stable hemody-
namics, no signs of peritonitis, and no obvious active bleeding on abdominal CT, conservative treatment 
can be considered first, combined with dynamic CT review and fluid drainage. Endoscopic pancreatic 
duct stenting can then be considered if appropriate because, in some cases, the pancreatic duct can heal 
spontaneously.
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Abstract
BACKGROUND 
Hypereosinophilic syndrome (HES) is a condition characterized by increased 
eosinophil proliferation in the bone marrow, as well as tissue eosinophilia, often 
causing organ damage. The cause of the disease is unknown. Initial symptoms 
include fatigue, cough, shortness of breath, myalgia, angioedema, fever, and 
pneumonia. In addition to the respiratory symptoms, damage to the central 
nervous system can lead to severe seizures. Here, we report a case with pneu-
monia and complex partial seizures secondary to HES.

CASE SUMMARY 
A 94-year-old woman was admitted to our hospital for heart failure and bloody 
stools. After admission, she also showed symptoms of pneumonia. Non-contrast 
computed tomography of the chest showed pleural effusion and infiltrative 
shadows. Lower gastrointestinal endoscopy showed multiple ulcers in the 
sigmoid colon. Blood analyses showed marked eosinophilia (eosinophils 
1760/mm3, total leukocytes 6850/mm3). Initial treatment with furosemide 20 
mg/d and prednisolone 25 mg/d relieved these symptoms. However, the patient 
subsequently experienced localised epileptic seizures characterized by bilateral 
eyelid twitching and eyes rolling upwards, without generalized convulsions, and 
respiratory arrest occurred. Electroencephalography showed spikes and waves. 
Non-contrast magnetic resonance imaging of the brain showed extensive peri-
ventricular hyperintensity. With administration of levetiracetam 1000 mg/d the 
epileptic seizures disappeared. However, the patient’s consciousness remained 
impaired, and her pneumonia worsened again. Two weeks later, she died of 
pneumonia.
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CONCLUSION 
HES symptoms are variable and atypical, and the level and timing of eosinophilia and organ 
damage are often discordant.

Key Words: Case report; Hypereosinophilic syndrome; Pneumonia; Seizures; Prednisolone; Levetiracetam
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Core Tip: Although there are diagnostic criteria for hypereosinophilic syndrome, the various degrees of 
organ damage and hypereosinophilia often make diagnosis difficult in clinical practice. In addition, the 
organ damage and blood changes do not always occur concurrently. Therefore, clinicians must consider 
many differential diagnoses, especially when patients present with atypical symptoms and disease course. 
Early initiation of treatment is no less important than an accurate diagnosis, and the balance between the 
two should be considered according to the patient's condition as well as the level and quality of medical 
resources available at the hospital.
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INTRODUCTION
Hypereosinophilic syndrome (HES) is a marked blood and tissue eosinophilia of unknown aetiology 
with a variety of clinical manifestations. Since 1975, the disease has been defined by three criteria: (1) 
Blood eosinophilia ≥ 1500/mm3 for longer than 6 mo (or death before 6 mo associated with signs and 
symptoms of hypereosinophilic disease); (2) Lack of evidence for parasitic, allergic, or other known 
causes of eosinophilia; and (3) Presumptive signs of organ involvement, such as heart failure, 
gastrointestinal dysfunction, central nervous system abnormalities, fever, or weight loss[1].

However, there are several problems with these criteria. First, according to these criteria, clinicians 
must wait 6 mo to diagnose a patient with multiple organ involvement. Second, an increase in 
eosinophils does not necessarily correlate with organ damage. Some patients may have a marked 
increase in eosinophils but only mild symptoms, while others may have a mild increase in eosinophils 
but significant organ damage[2]. Therefore, two diagnostic criteria have now been proposed to replace 
the classic three: (1) Blood eosinophilia of greater than 1500/mm3 on at least two occasions or evidence 
of prominent tissue eosinophilia associated with symptoms and marked blood eosinophilia; and (2) 
Exclusion of secondary causes of eosinophilia, such as parasitic or viral infections, allergic diseases, 
drug-induced or chemical-induced eosinophilia, hypoadrenalism, and neoplasia[3]. However, this 
revision of the diagnostic criteria does not solve all the problems in the diagnosis and treatment of HES. 
We anticipate that this case will aid in the diagnosis and treatment of similar cases.

CASE PRESENTATION
Chief complaints
A 94-year-old Asian woman presented to our hospital for dyspnoea and wet cough. She also had 
abdominal pain and bloody stools. She was admitted to our hospital with a diagnosis of heart failure 
and sigmoid colon ulceration (day 1).

History of present illness
Her respiratory distress started during the night 1 d before presentation. It improved after 1 h and was 
still mild over the next morning and evening hours. However, 22 h later, her symptom got worse again 
during the night.

History of past illness
The patient had no chronic illnesses such as hypertension, diabetes, or asthma, and no history of cancer. 
She was a non-smoker and did not habitually drink alcohol. She had a well-balanced diet and lived a 
healthy lifestyle.

https://www.wjgnet.com/2307-8960/full/v10/i18/6325.htm
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Personal and family history
There was no specific history.

Physical examination
The patient was 148 cm tall, weighed 42 kg, and her vital signs were as follows: blood pressure 111/43 
mmHg; pulse 90/min; respiratory rate 14/min; and SpO2 98% (room air). On chest auscultation, her 
heart rhythm was regular and no heart murmur was found. However, auscultation of respiratory 
sounds found wheezing. Her abdomen was flat and soft and abdominal auscultation found neither 
increased nor decreased intestinal peristalsis. There was no rebound tenderness or abdominal guarding. 
However, there was intermittent and spontaneous abdominal pain and bloody stools. Her eyelid 
conjunctiva did not show jaundice or pallor. Her oral and nasal cavities and skin surfaces showed no 
abnormal findings. Her upper limbs showed no abnormalities. However, her lower extremities showed 
indurated oedema.

Laboratory examinations
On day 1, her rapid antigen tests using a throat swab were negative for influenza A and B and COVID-
19. Her electrocardiogram (ECG) showed no abnormalities on admission and on loss of consciousness 
on day 108. In her blood analyses, there were no abnormalities in the electrolyte, glucose, lipid, liver 
function, and renal function parameters. The antinuclear antibody (ANA) titre at 1:40 serum dilution 
was positive but staining patterns at 1:40 serum dilution was negative for homogeneous, discrete 
speckled, speckled, nucleolar, and peripheral staining. Anti-neutrophil cytoplasmic antibody (ANCA) 
and HIV tests were negative. On day 32, the patient’s IgE level was slightly high at 237 IU/mL (normal: 
27.54–138.34), but her IgG, IgA, and IgM levels were normal. Blood analyses also showed that 
eosinophils and brain natriuretic peptide (BNP) levels were high. The highest values for each were 
1760/mm3 on day 26 for eosinophils and 738.1 pg/mL on day 1 for BNP (Figures 1 and 2). The blood 
and sputum taken on day 26 were negative on culture for bacteria or fungi and no parasites were found. 
However, on day 109, blood culture was positive for methicillin-resistant Staphylococcus epidermidis, 
and the β-D-glucan level was high (316.0 pg/mL). On day 128, blood tests showed normal levels of 
ammonia. The patient’s post-consciousness EEG showed spikes and waves in Fp1, F1, C3, P3, and O1 
(Figure 3). Her echocardiogram showed no thrombi in the atria or ventricles.

Imaging examinations
Non-contrast computed tomography imaging of the patient’s chest showed bilateral pleural effusions 
and infiltrative shadows (Figure 4). Her gastrointestinal endoscopy showed multiple ulcers in the 
sigmoid colon (Figure 5). Histopathological examination showed colonic gland prolapse, vitrification of 
the stroma, and an infiltration of inflammatory cells, but no evidence of malignant transformation. Non-
contrast magnetic resonance imaging of the patient’s head showed extensive periventricular hyperin-
tensity (Figure 6).

MULTIDISCIPLINARY EXPERT CONSULTATION
Norihisa Okuda MD, Vice-president and Chief, Department of Respiratory Medicine, Hokujinkai 
Ishibashi Hospital
The patient’s eosinophils in the blood tests exceeded 1500/mm3 only once, but she had high eosinophils 
multiple times without meeting this threshold. Additionally, it was clear that the eosinophilic infiltrate 
was causing serious damage to the nervous, respiratory, cardiovascular, and digestive systems. We 
should not have delayed the initiation of her treatment any longer to meet the classical diagnostic 
criteria. Biopsies of organs other than her sigmoid colon were considered for a more precise examination 
and imatinib initiation was considered for more effective treatment, but both were too invasive for the 
elderly patient. Given that she and her family did not wish to undergo these tests and treatments, we 
did not pursue these options. Although Japan is a country with some of the richest medical resources in 
the world, the hospital where the patient was admitted had no intensive care unit or specialists in 
collagen diseases and autoimmune diseases, and the same is true for other similar rural hospitals. The 
use of limited medical resources is an important issue in this country as in the rest of the world.

FINAL DIAGNOSIS
The patient was diagnosed with epileptic seizures and pneumonia caused by HES.
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Figure 1 The patient’s serial blood test results showing changes in total white blood cells and eosinophil count. The eosinophil count was 
automatically calculated from the ratio of eosinophils to total white blood cells. When the ratio was less than 0.1%, it was counted as 0. WBC: White blood cells; PSL: 
Prednisolone.

Figure 2 Serial changes in the patient’s brain natriuretic peptide values. BNP: Brain natriuretic peptide.

TREATMENT
In addition to rehabilitation, the patient was treated with furosemide for heart failure, ceftazidime and 
vancomycin and fungard and PSL for pneumonia and levetiracetam (LEV) for seizures.

OUTCOME AND FOLLOW-UP
Furosemide 20 mg/d for 10 d from the day of admission (day 1) relieved her congestive heart failure 
symptoms for a period of time. A diet suitable for digestion and absorption made her bloody stools and 
abdominal pain disappear. Rehabilitation, including gait training and flexibility exercises to prevent loss 
of range of motion and contractures throughout the body, was also initiated. However, from day 56, her 
congestive heart failure symptoms recurred, and pneumonia also appeared. Treatment with 20 mg/d 
furosemide was restarted from that day, but without effect. Ceftazidime 2 g/d was also ineffective in 
treating the pneumonia. On day 68, the patient was diagnosed with HES and treatment with pre-
dnisolone (PSL) 25 mg/d was started. After that, the pneumonia and heart failure symptoms gradually 
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Figure 3 The patient’s post loss of consciousness electroencephalogram showing a slow wave indicative of a clinical epileptic seizure.

Figure 4 Non-contrast computed tomography image of the patient’s chest showing bilateral pleural effusions and infiltrative shadows.

improved, so the PSL was gradually reduced to 15 mg/d. Her rehabilitation was also resumed. 
However, on day 108, her eyes suddenly rolled upwards, and she showed eyelid twitching and loss of 
consciousness. Her breathing stopped and her SpO2 dropped to 70% (room air). Oxygen therapy 
(reservoir mask: 10 L/min) was started immediately. Diazepam 10 mg intramuscular injection was also 
given and after 5 minutes her SpO2 improved to 90% (reservoir mask: 10 L/min) and her seizures 
stopped. LEV 1000 mg/d was started and subsequently, the seizures did not recur. However, her state 
of consciousness continued to be unfavourable on the Glasgow Coma Scale, E2 V2 M4[4]. Her 
respiratory status also improved reaching SpO2 90% (nasal cannula: O2 1L), but not higher. On day 109, 
fungard 50 mg/d, vancomycin 1 g/d and ceftazidime 2 g/d were started and her PSL was increased to 
30 mg/d. However, her pneumonia continued to worsen, and she died of pneumonia on day 135.

DISCUSSION
First, we will discuss diagnosis of HES. As mentioned at the beginning of this report, the diagnostic 
requirement for HES is a blood eosinophil count ≥ 1500/mm3 for at least 6 mo according to the classical 
diagnostic criteria or measured at least twice according to the diagnostic criteria proposed by Simon et al
[3]. In this case, neither of these criteria were met at the time the diagnosis was made. In our case, the 
patient’s blood eosinophil count exceeded 1500/mm3 only once and this did not necessarily coincide 
with the most severe period of organ damage. Some clinicians suggested that we should have waited 
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Figure 5 Gastrointestinal endoscopy image showing multiple mucosal ulcers in the sigmoid colon.

Figure 6 Non-contrast magnetic resonance imaging of the patient’s head showing extensive periventricular hyperintensity.

until her eosinophil count had risen again and her symptoms had worsened before deciding on a 
diagnosis. However, as stated in the Multidisciplinary Expert Consultation, we needed to start her 
treatment as soon as possible. This was considered a higher priority than meeting the strict diagnostic 
criteria. In addition, the disease course in this case meets the criterion of "or death before 6 mo 
associated with signs and symptoms of hypereosinophilic disease" listed in the supplementary 
information in the classical criteria[3]. Heart failure, sigmoid colon ulceration, pneumonia, and epilepsy 
signified damage to each of these organs in our patient. Therefore, the diagnosis of HES in this case was 
appropriate. With regard to treatment, the focus is on PSL. As is well known, PSL is a drug that needs to 
be tapered off, not stopped abruptly. Furthermore, a longer PSL treatment course is commonly required 
for eosinophilic pneumonia. However, in this case, given the early decline in the eosinophil count after 
initiation of PSL therapy, perhaps it should have been tapered or stopped earlier.

Next, we would like to discuss the diagnosis and treatment of epilepsy. Common causes of loss of 
consciousness in older people include heart disease, autonomic disorders, other conditions such as 
anaemia, ischaemia and varicose veins, or anticholinergic drugs[5]. Our patient had congestive heart 
failure at the time of admission, but her condition improved. She did not have any blood clots identified 
that could have caused cerebral embolism. Her vital signs, including blood pressure and ECG, were 
normal. Therefore, it was considered unlikely that the loss of consciousness was due to circulatory 
problems. Her post-consciousness electroencephalogram (EEG) suggested that there were epileptic 
discharges around the left anterior frontal lobe, motor cortex, central sulcus, sensory cortex, and visual 
cortex. The rather unremarkable EEG findings compared with the clinical findings may be because this 
EEG was done after the LEV treatment was started. The epileptic discharges may have been more 
intense before the administration of antiepileptic drugs. We were not able to do rapid or continuous 
monitoring EEG at our hospital. In diagnosing and treating her epilepsy, we were forced to prioritise 
life-saving treatment over rigorous diagnosis.



Ishida T et al. Pneumonia and seizures due to HES

WJCC https://www.wjgnet.com 6331 June 26, 2022 Volume 10 Issue 18

Regarding the seizure type, her epilepsy was most likely a complex partial seizure. Complex partial 
seizures are more likely to occur in older adults and cause disorientation, but they do not cause tonic or 
clonic seizures[6]. The fact that LEV treatment was effective in preventing the seizure symptoms was 
also one of the reasons for the diagnosis. However, the presence of eyelid twitching also suggests that 
her seizure type may have been absence seizures. Absence seizures are generally more common in 
young children and have a shorter duration of disorientation. However, if the seizure is an atypical 
absence seizure, the disturbance of consciousness may be prolonged. In Japan, LEV may be 
administered at doses of up to 3000 mg/d. However, in this case, the patient was elderly, and it was 
feared that increasing the dose of LEV might cause side effects such as malignant syndrome. The LEV 
dose was not increased because there were no obvious epileptic seizures after the start of LEV at a dose 
of 1000 mg/d. In this case, the patient’s loss of consciousness was prolonged even after an intr-
amuscular injection of 10 mg diazepam and was, therefore, considered to be benzodiazepine-refractory. 
LEV, fosphenytoin, and valproic acid are suitable for the treatment of epilepsy which does not improve 
with benzodiazepines. In elderly patients, there is no difference in the safety or therapeutic efficacy 
between these three drugs[7]. LEV was chosen in this case because it can be started intravenously and 
can be seamlessly transferred to the oral route if oral medication becomes available later. We considered 
hepatic encephalopathy as a possible cause of our patient’s impaired consciousness, but this was ruled 
out by the normal blood ammonia levels and the fact that the EEG showed no triphasic waves.

While all ANA staining patterns were negative, the ANA titre was positive at 1:40 dilution. This 
result indicates that our patient may have had a collagen disease. Therefore, we needed to differentiate 
the collagen diseases with eosinophilia granulomatosis with polyangiitis (EPGA) and polyarteritis 
nodosa (PAN), from HES. EPGA, formerly known as Churg–Strauss syndrome, is characterised by 
asthma, eosinophilia of the blood and tissues, and small vessel vasculitis. The clinical symptoms are 
variable but can be divided into two main subtypes: The "vasculitis" type, which is positive for ANCA 
and shows glomerulonephritis, purpura, and inflammation of multiple peripheral nerves. The other is 
the "eosinophilic" type, which is negative for ANCA but is characterised by a markedly high level of 
eosinophils and damage in the lungs and myocardium[8]. This case is similar to the "eosinophilic" type, 
but EPGA is less likely to cause central nervous system damage such as seizures.

PAN is a vasculitis that targets medium-sized arteries and leads to multi-organ failure. The target 
organs include the heart and the gastrointestinal tract. We note that damage to the central nervous 
system has also been reported[9]. However, damage to the lungs has rarely been reported[10]. The 
present case is not typical but is similar to both EPGA and PAN. However, the pathological findings in 
the sigmoid colon did not show the features of either of these diseases.

In terms of brain imaging findings, the differential diagnosis in this case also includes cerebral 
amyloid angiopathy (CAA). The Modified Boston Criteria for CAA are based on imaging and 
pathological findings. The disease can be classified as: (1) Definite CAA; (2) Probable CAA with 
supporting pathology; (3) Probable CAA; and (4) Possible CAA. The novelty of this criteria is that (3) 
and (4) do not require a pathological examination[11]. In this case, at the request of the patient and her 
family, no pathological examination of the brain tissue was performed after her death. Generally, the 
hallmark of CAA on brain imaging is multiple sporadic lesions confined to the cerebral cortex, cortico-
subcortical junction grey matter, and subcortical white matter. However, some subtypes of CAA, such 
as cerebral amyloid angiopathy-related inflammation (CAA-ri), present with mass-like lesions as in this 
case[12]. CAA-ri is known to respond well to treatment with steroids and immunosuppressive drugs. In 
this case, treatment was given with the expectation that the patient might be diagnosed with CAA-ri. 
There is a report that CAA-ri can cause seizures[13], which seems to be consistent with the symptoms in 
this case. However, there are no previous studies on its frequency. Similar cases need to be studied in 
the future.

CONCLUSION
HES can cause damage to many organs and has an undulating disease course. Therefore, HES must be 
differentiated from other diseases such as EPGA, PAN, and CAA. In this case, the diagnosis was more 
difficult because of the time lag between the various clinical symptoms and the eosinophilia. The focus 
of treatment was to determine the appropriate dose and duration of PSL and LEV therapy. We conclude 
that this case report can be used as a reference for the diagnosis and treatment of similar cases.
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Abstract
BACKGROUND 
Sporadic Creutzfeldt-Jakob disease (sCJD) is a prion disease characterized as a 
fatal transmissible neurodegenerative disorder. Dizziness is often the first pre-
senting symptom of sCJD, but hearing loss as an early manifestation is very rare.

CASE SUMMARY 
A 76-year-old man presented with bilateral sudden hearing impairment and 
dizziness for 10 d. He was taking medications for hypertension and diabetes. He 
denied any difficulty with activities of daily living or hearing impairment before 
the onset of symptoms. Pure tone audiometry showed bilateral severe hearing 
impairment. Brain magnetic resonance imaging (MRI) and laboratory tests were 
within normal limits. Given his diagnosis of sudden sensory hearing loss, the 
patient received corticosteroid treatment but it was ineffective. Two weeks later, 
he complained of aggravated gait impairment, disorientation, and cognitive 
impairment. Repeat brain MRI showed diffuse cortical high signal intensities on 
diffusion-weighted imaging. In cerebrospinal fluid analysis, the real-time 
quaking-induced conversion assay was positive, and 14-3-3 protein was detected 
in the by western blotting. Considering all the data, we diagnosed probable sCJD, 
and the patient’s symptoms rapidly progressed into akinetic mutism.

CONCLUSION 
For patients with abrupt bilateral hearing impairment, especially in the elderly, 
various differential diagnoses, including sCJD, should be considered.

Key Words: Case report; Creutzfeldt-Jakob disease; Bilateral hearing loss; Diffusion-
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Core Tip: Hearing impairment as an initial manifestation of Creutzfeldt-Jakob disease is rare. However, it 
should be regarded as a differential diagnosis in an elderly patient with bilateral hearing impairment 
unresponsive to standard corticosteroid treatment. Repeat brain imaging including diffusion-weighted 
imaging and cerebrospinal fluid analysis will be helpful for diagnosis.

Citation: Na S, Lee SA, Lee JD, Lee ES, Lee TK. Creutzfeldt-Jakob disease presenting with bilateral hearing loss: 
A case report. World J Clin Cases 2022; 10(18): 6333-6337
URL: https://www.wjgnet.com/2307-8960/full/v10/i18/6333.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i18.6333

INTRODUCTION
Sporadic Creutzfeldt-Jakob disease (sCJD) is a prion disease characterized as a fatal transmissible 
neurodegenerative disorder[1]. The key features of sCJD are rapidly progressive dementia and diverse 
symptoms including myoclonus, pyramidal and extrapyramidal symptoms, cerebellar disturbance, 
visual symptoms, and akinetic mutism. Among them, it is known that the most commonly reported 
presenting symptom is cognitive decline. In other presentations, dizziness is also often the first 
presenting symptom of sCJD, but hearing loss as an early manifestation is very rare[2]. Herein, we 
report a case of acute bilateral sensorineural hearing loss as the first manifestation of sCJD.

CASE PRESENTATION
Chief complaints
A 76-year-old man presented with bilateral sudden hearing impairment and dizziness for 10 d.

History of present illness
The hearing impairment first developed on the left side and then rapidly progressed to bilateral. He also 
reported dizziness that was aggravated by positional changes and accompanied by a slight gait 
imbalance, but he could walk without assistance.

History of past illness
He was taking medications for hypertension and diabetes for over ten years. He denied any difficulty 
with activities of daily living or hearing impairment before the onset of symptoms.

Personal and family history
No special history of personal and family.

Physical examination
The patient revealed no spontaneous nystagmus or gaze-evoked nystagmus. The bedside head impulse 
test was unremarkable. The other cranial nerves were unremarkable, and there was no limb ataxia.

Laboratory examinations
Laboratory tests including routine blood tests, autoimmune studies, thyroid function tests, and 
antibodies of the paraneoplastic syndrome were unremarkable except for an HbA1c of 8.1% and 
hyperglycemia. Pure tone audiometry (PTA) showed bilateral severe hearing impairment (Figure 1).

Imaging examinations
Brain magnetic resonance imaging (MRI) was within normal limits (Figure 2A).

Further diagnostic work-up
Given his diagnosis of sudden sensory hearing loss, the patient received corticosteroid treatment 
(prednisolone 60 mg/d for 10 d and tapering) but it was ineffective. Two weeks later, however, he 
complained of aggravated gait impairment, word-finding difficulty, disorientation, and cognitive 

https://www.wjgnet.com/2307-8960/full/v10/i18/6333.htm
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Figure 1 Pure tone audiometry. Pure tone audiometry revealed severe bilateral low- and high-frequency hearing loss.

Figure 2 Findings of brain magnetic resonance imaging. A: The initial brain magnetic resonance imaging (MRI). The initial brain diffusion-weighted 
imaging was unremarkable; B: The follow-up brain MRI. The follow-up brain diffusion-weighted imaging showed high signal intensities in the bilateral frontal, temporal, 
parietal, and occipital cortices.

impairment. Repeat brain MRI showed high signal intensities in the frontal, temporal, parietal, and 
occipital cortices on diffusion-weighted imaging (Figure 2B). Cerebrospinal fluid (CSF) analysis re-
vealed normal concentrations of protein and glucose without pleocytosis. However, the real-time 
quaking-induced conversion (RT-QuIC) assay was positive, and 14-3-3 protein was detected in the CSF 
by western blotting.
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FINAL DIAGNOSIS
Considering all the data, we diagnosed probable sCJD. The amended diagnostic criteria added that the 
combination of cognitive decline, positive CSF RT-QuIC, and one or more typical CJD symptoms can 
draw the diagnosis of probable sCJD[3]. Because he had never undertaken neurosurgery dealing with a 
dura mater and the genetic analysis revealed that there was no mutation or polymorphism of the prion 
gene, we excluded the possibility of familial CJD or iatrogenic CJD. Moreover, our patient revealed a 
positive RT-QuIC test and met the criteria of probable sCJD.

TREATMENT
Because of the characteristics of sCJD, the intractable rapidly progressive dementia[1], he received 
conservative care.

OUTCOME AND FOLLOW-UP
The patient’s symptoms rapidly progressed into akinetic mutism within only two months after the onset 
of bilateral hearing impairment.

DISCUSSION
This patient presented with an abrupt onset of bilateral hearing impairment and dizziness as the first 
manifestation of sCJD. Although he only complained of otologic symptoms and was diagnosed initially 
with bilateral sensorineural hearing loss, the patient then developed additional neurologic symptoms 
including cognitive decline and prominent gait imbalance, which rapidly progressed. The amended 
diagnostic criteria of sCJD area that the combination of positive CSF RT-QuIC and progressive cognitive 
impairment or any of typical CJD symptoms can draw the diagnosis of probable sCJD[3]. Our patient 
revealed a positive RT-QuIC test and met the criteria of probable sCJD. The possibilities of familial or 
iatrogenic CJD were excluded because there was no mutation or polymorphism of the prion gene and 
he had no history of epidemiological evidence. Although the etiology of sCJD has been unknown, many 
researchers assumed that the prion disease might be initiated by the stochastic misfolded cellular prion 
protein or mutations in the prion protein gene at ongoing neurogenesis areas[4].

Hearing impairment as an early symptom of sCJD has been described in a few reports[5,6]. Those 
patients were elderly, older than 65 years, and first complained of only suddenly developed bilateral 
hearing impairment and subjective unsteadiness. Our patient’s hearing loss were also bilateral and 
unresponsive to steroid treatment. Postmortem studies in sCJD have revealed that the prion protein 
deposition in the brainstem is symmetrical and starts in the early stage of sCJD[7]. These neuropath-
ologic characteristics account for the bilaterality of the hearing impairment in patients with sCJD.

The authors of a previous report conducted a brain MRI at the initial presentation, and it was within 
normal limit[5]. Our patient showed imaging findings that reflected his complaints and symptoms of 
sCJD. At his first visit when he complained of only hearing impairment and vague dizziness, the brain 
MRI was unremarkable. After other symptoms developed, however, repeat brain MRI revealed charac-
teristic high signal intensities of the bilateral cerebral cortices, which were a clue for the diagnosis of 
sCJD.

Among the presenting symptoms of our patient, the dizziness was nonspecific and vague, but the 
hearing impairment was abrupt and very severe. Furthermore, the hearing difficulty was broad, from 
low to high frequency. When a patient with cognitive decline is suspected of having hearing difficulty, 
an appropriate evaluation is difficult because laboratory tests, such as pure tone audiometry, cannot be 
obtained without patient cooperation, and an accurate history of onset time and the pattern of the 
hearing impairment is needed. In sCJD, the most common presenting symptom is cognitive decline[3]. 
Thus, even if hearing impairment occurs in the early stage of sCJD, evaluations for the presence of 
hearing symptoms and otologic function under rapidly progressive cognitive decline are difficult. In our 
patient, however, the history of hearing impairment and the result of PTA were reliable because the 
patient did not complain of cognitive impairment at presentation.

CONCLUSION
The patient presented with sudden onset hearing impairment and dizziness, followed by progressive 
cognitive impairment and confusion. Repeat brain MRI revealed characteristic findings of sCJD, and the 
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RT-QuIC test was positive. For patients with abrupt bilateral hearing impairment, especially in the 
elderly, various differential diagnoses, including sCJD, should be considered. Moreover, when sCJD is 
suspected, close follow-up with thorough history taking and neurologic examinations and repeated 
workups that include brain diffusion-weighted imaging and CSF analysis will be helpful.
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Abstract
The application of stem cells is among the many strategies currently available for 
the treatment of multiple diseases. Stem cells are characterized as undifferentiated 
cells that have the ability to differentiate towards multiple lineages and self-
renewal, among other attributes. Since the first umbilical cord stem cell transplant 
for the treatment of Fanconi anemia, the use of stem cells for the treatment of 
multiple diseases, including coronavirus disease 2019, has increased, showing 
promising results that require evaluation through research studies that include a 
longer follow-up time. Therefore, the main objective of this Letter is to provide an 
update on the use of stem cells in the treatment of severe acute respiratory 
syndrome coronavirus 2, as well as identify the main challenges and limitations 
presented by this type of therapy.

Key Words: COVID-19; Stem cells; Multiple diseases; Undifferentiated cells; Appropriate 
treatment; Cytokines granulocyte-macrophage colony-stimulating factor

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The stem-cell-derived microvesicles improve the oxygenation conditions of 
patients, thereby avoiding mechanical oxygenation methods. They demonstrate the 
ability to modulate the inflammatory response by reducing the levels of proinflam-
matory cytokines within the first few hours of their intravenous application because 
these microvesicles contain cytokines, growth factors, and microRNAs, which function 
as anti-inflammatory agents.
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TO THE EDITOR
The current pandemic we are experiencing due to coronavirus disease 2019 (COVID-19) undoubtedly 
represents a significant challenge for medical and research domains. The magnitude of the disease is 
evident with millions of lives lost; therefore, the need to find appropriate treatment is urgent. One of the 
main effects that this type of virus triggers in the human body is the overproduction of pro-inflam-
matory cytokines [interleukins (ILs)], such as IL-1α/β, IL-2, IL-6, IL-12, interferon (IFN)-α/β/γ, and the 
anti-tumor necrosis factor (TNF), which cause damage to multiple organs[1]. Zheng[2] published a very 
interesting study in which they carried out a review of the effects of stem cells in the treatment of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). It covers the ability of stem cells to secrete 
immunomodulatory factors and to improve the adverse effects of respiratory syndrome by reducing 
fibrosis.

Since the first umbilical cord stem cell transplant for the treatment of Fanconi anemia[3], the use of 
stem cells for the treatment of multiple diseases, including COVID-19, has increased. Among the 
various positive effects of stem cells is their capacity for immunoregulation by controlling inflammatory 
processes. The evidence we have on the use of stem cells for the SARS-CoV-2 infection is from 
transplanting mesenchymal cord cells by intravenous infusion, in which there is a significant decrease in 
the cytokines granulocyte-macrophage colony-stimulating factor, IFN-γ, IL-5, IL-6, IL-7, TNF-α, TNF-, 
platelet-derived growth factor-BB, and RANTES, which in turn decrease the mortality rate and the 
recovery time of patients[4]. Also, the application of umbilical stem cells has shown—through imaging 
analysis—that it improves the damage to lung tissue by reducing the solid component, which may be 
related to fibrosis[5].

Stem cells influence the regulation of cytokine expression by promoting the polarization of 
macrophages from a pro-inflammatory to an anti-inflammatory phenotype through the production of 
different types of cytokines, such as prostaglandin E2, TNF-stimulated gene 6 protein lactate, kynurenic 
acid, and spermidine, all of which in turn have an effect on the adaptive immune system by preventing 
the activation of effector T cells and promoting the regulation of regulatory T cells[6].

The efficacy and safety of the application of stem-cell-derived microvesicles have also been evaluated, 
which improve the oxygenation conditions of patients, thereby avoiding mechanical oxygenation 
methods and demonstrating the ability to modulate the inflammatory response by reducing the levels of 
proinflammatory cytokines within the first few hours of their intravenous application[7]. This is because 
these microvesicles contain cytokines, growth factors, and microRNAs that function as anti-inflam-
matory agents[8].

Although clinical trials have shown that stem-cell-based therapy has great advantages that have a 
direct impact on the survival of patients with severe disease, there are significant technical and 
biological limitations with this type of therapy: (1) The methods of obtaining stem cells—for example, 
those that come from adults; and (2) The quantity and quality of these stem cells depend on the age of 
the donor and their exposure to environmental stress, which could affect cell proliferation and differen-
tiation[9]. Obtaining stem cells is still a challenge due to the lack of consensus of ethics committees. 
Another major challenge is the in vitro manipulation given to the cells: Keeping them in expansion for 
long periods of time can limit the characteristics of the cells regarding their regeneration potential and 
genomic stability[10].

The conclusion of this Letter is that although encouraging results have been obtained, we believe it is 
necessary to continue with long-term clinical trials that (1) Include a greater number of patients that 
allow adequate evaluation; (2) Design studies with a longer follow-up time, months or years, which 
allows an adequate assessment of the possible biological risks of the application of stem cells; and (3) 
Include the evaluation of molecular studies in order to analyze the gene expression of stem cells within 
the body These three clinical trial points will aid in obtaining approval from the international 
institutions that sanction the use of medical drugs (including stem cells).
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