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Abstract
Colonoscopy remains the standard strategy for screening for colorectal cancer
around the world due to its efficacy in both detecting adenomatous or precancerous lesions and the capacity to remove them intra-procedurally. Computeraided detection and diagnosis (CAD), thanks to the brand new developed
innovations of artificial intelligence, and especially deep-learning techniques,
leads to a promising solution to human biases in performance by guarantying
decision support during colonoscopy. The application of CAD on real-time
colonoscopy helps increasing the adenoma detection rate, and therefore
contributes to reduce the incidence of interval cancers improving the effectiveness
of colonoscopy screening on critical outcome such as colorectal cancer related
mortality. Furthermore, a significant reduction in costs is also expected. In
addition, the assistance of the machine will lead to a reduction of the examination
time and therefore an optimization of the endoscopic schedule. The aim of this
opinion review is to analyze the clinical applications of CAD and artificial
intelligence in colonoscopy, as it is reported in literature, addressing evidence,
limitations, and future prospects.
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Core Tip: Artificial intelligence is an emerging technology which application is rapidly
increasingin numerous medical fields. The several applications of artificial intelligence
in gastroenterology are showing promising results, especially in the setting of
gastrointestinal oncology. Among these, the techniques able to increase the Adenoma
detection rate will play a key role in reducing the colorectal cancer incidence and its
related mortality caused by undetected or missclassified interval cancers. Furthermore,
a significant reduction in costs is also expected. In addition the assistance of the
Computer-aided detection and diagnosis systems will lead to a reduction of the
examination time and therefore an optimization of the endoscopic schedule.
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INTRODUCTION
Colorectal cancer (CRC) is a major healthcare issue all over the world. It is the third
most common cancer in males and second in females, and the fourth cause for cancer
death worldwide[1-3]. As of now, almost 60%-70% of recognized cases in symptomatic
patients are diagnosed at an advanced stage[4]. Early stage detection would offer better
outcome in terms of decreasing the disease burden[5].
Globally, colonoscopy remains the standard strategy for CRC screening due to its
efficacy in both detecting adenomatous or pre-cancerous lesions and the possibility to
remove them intra-procedurally[5,6]. However, the identification as well as the
classification of lesions are strictly operator-dependent, human errors in this setting
increases the chances of progression to CRC[6]. Although uncertain, indirect evidence
highlights that endoscopists might fail to detect lesions even when within the
endoscopic field of view[7-11], therefore increasing the occurrence of interval colorectal
cancer, defined as a CRC diagnosed within 60 mo after a negative colonoscopy.
Computer-aided detection and diagnosis (CAD), thanks to the brand new
developed innovations of artificial intelligence (AI), and especially deep-learning
techniques, leads to a promising solution to human biases in performance by
guarantying decision support during colonoscopy[11]. The aim of this opinion review is
to analyze the clinical applications of CAD and AI in colonoscopy, as it is reported in
literature, addressing evidence, limitations, and future prospects.

WHAT IS AI
CAD systems by the use of advanced AI techniques represent an innovative
technology that will likely lead to a paradigm move in the field of diagnostic
colonoscopy[12,13]. Since endoscopy is generally related to computer vision technology,
this technique allows computers to “see” and decipher visual content[14]. Through
processes of machine learning, and more recently deep learning, AI systems can be
trained to recognise “normal” characteristics by connecting a gold standard to suitable
images[14] (Figure 1).
Deep learning is a recent machine learning method that utilizes a deep neural
network automatically extracting specific features from data without human power if
a very high numbers of learning samples are available[15,16].
Initial AI development is based on creating an algorithm that uses highly accurate
datasets, coded in an independently organized manner by a group of specialists[16].
This process is called the “ground-truth” setting, where the computer is prepared to
WJG
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Figure 1 Interlacing of the main concept involved in the filed of artificial intelligence.

distinguish between ‘abnormal’ and ‘normal’ tissue[16]. Once an algorithm is made,
deep convoluted neural networks use vast datasets to enable the algorithm to become
more skilled[16]. This intelligence can extend to the algorithm becoming agnostic to
manual data input and it can learn by developing its own rules and classifiers[16,17]. AI
is expected to have at least 2 major roles in colonoscopy practice: Polyp detection
(CADe) and polyp characterization (CADx). CADe has the potential to decrease the
polyp miss rate, contributing to improve adenoma detection, whereas CADx can
improve the accuracy of colorectal polyp optical diagnosis, leading to reduction of
unnecessary removal of non-neoplastic lesions, potential implementation of a resectand-discard strategy, and proper application of advanced resection techniques[17-20].

HOW COULD AI HELP IN POLYP DETECTION
Adenoma detection rate (ADR) is defined as the proportion of patients with at least
one colorectal adenoma detected at first-time screening colonoscopy, among all the
patients examined by an endoscopist[21]. The benchmark for ADRs is 25% overall (30%
in males, 20% in females)[22] and it is reported that a 1% increase in the ADR is
associated with a 3% decrease in interval CRC incidence[20]. A recent systematic review
with Meta-Analysis reported that about 25% of colorectal neoplasm are missed at
screening colonoscopy[18], resulting in an unacceptable variability in the key quality
indicator ADR, among endoscopists[19,20].
The rationale on the working process and therefore on the aid of AI CADe system is
the Deep Learning properties. CADe systems are fed with data derived from video
recordings of colonoscopies that are post-hoc revised by experts. Among them, a
Convolutional Neural Network (GI-genius, Medtronic) for instance was trained and
validated (99.7% sensitivity, 0.9% of activation noise due to false-positive frames)[23]
using a video library of 2684 Lesions that were confirmed at histology, in a highquality clinical trial[24]. This CAD system collects input from the digital frames of the
standard endoscopic processor and outputs the coordinates of a signal box only when
instance of the target lesions are recognized in the image. Real-time assessment is
conceived thanks to the fact that this input-output process, leading to the CADe signal
on the endoscopy display, is not perceivable as a matter of time by the endoscopist,
because it appears immediately (1.52 ± 0.08 μs i.e., 1.52 millionth of a second)[25].
The average video recording of a 30 min colonoscopy is made of approximately
50000 frames, corresponding to 25-30 frames per second, and one polyp may be
recognizable even only in few frames, explaining how failure in polyp recognition is
likely to occur, irrespectively of the endoscopy setting. In this way this cutting-edge
new technology could provide the essential help in decreasing the CRC incidence and
related mortality. In fact, CADe systems have been recently introduced in the real-time

WJG

https://www.wjgnet.com

5913

October 21, 2020

Volume 26

Issue 39

Sinagra E et al. Use of artificial intelligence in improving adenoma detection rate

endoscopic setting to overcome the colossal miss lesions rate. The outcomes reported
by differentmono- and multi-centric randomized clinical trials (RCTs) seem to be
stronglypromising: The overall ADR of these studies was significantly higher while
aided by CADe systems as shown in Table 1[25-29]. Repici et al[25] conducted in 2019 a
multicentered study in which 700 consecutive 40 to 80 years old patients were
randomized 1: 1 in CADe arm and Control. ADR was significantly higher in the CADe
arm 54.8% vs 40.4%. They also reported the Adenoma Per Colonoscopy, that still was
higher in the CADe group (1.05 ± 1.55 vs 0.7 ± 1.19)[25]. Wang et al[26] in 2019 performed
an open, non-blinded trial, in which 1058 consecutive patients were prospectively
randomized to undergo diagnostic colonoscopy with (n = 522) or without (n = 536)
assistance of a real-time automatic polyp detection system. Thanks to the aid of AI,
ADR increased from 20% to 29%[26]. Wang et al[26] in 2020 performed a double blind
monocenter RCT enrolling 1010 patients that were randomized in a CAD aided arm (n
= 508) and a Control one (n = 502), reporting an higher ADR in the CAD assisted arm:
34.1% vs 28%. Gong et al[28] in 2020 performed and RCT in which 704 patients were
randomly allocated with the ENDOANGEL CADe system (n = 355) or unassisted
(control) colonoscopy (n = 349). ADR was significantly higher in the CADe group:
16.7% vs 8.2%. Liu et al[29] enrolled 1026 patients in a RCT and randomized them in a
Control arm (n = 518) and a CADe assisted one (n = 508), also in this case ADR was
reported to be significantly higher on the CADe assisted group: 39.2% vs 24%. This
type of AI could also help in standardizing colonoscopy regardless the operator and
the endoscopic setting by eliminating the subjective biases.

HOW COULD AI HELP IN POLYP CHARACTERIZATION
In order to reduce the incidence and related mortality of CRC, there is also a major
factor other than missing-lesions that need to be demolished: The accuracy of
characterizing and classifying small (< 5 mm) polyps by trained endoscopists is
reported to be < 80%[30]. Furthermore, the resection of non-neoplastic/hyperplastic
polyps, that are almost never evolving in a malignant form, represent a financial
burden, an unnecessary intervention performed on an healthy tissue, and both the
resection or/and the observation of these irrelevant polyps represent an unnecessary
waste of time[31]. Recently, CADx system AI for polyp characterization and diagnosis,
optical biopsy and histology prediction classificationhas been developed by multiple
groups that used computational analysis to predict polyp histology[32-34]. CADx are
applications of AI where the system helps the physician in interpreting the content of a
medical image by assigning a label to the image itself. Consequently, AI systems that
support the real time optical biopsy by providing the classification of a colon polyp
into a category (e.g., adenoma, hyperplastic, etc.) are CADx. The Convolutional Neural
Networks that are able to perform such task are called image classifiers, and the
research in this field has been extremely active in the past five years. Both accuracy,
sensitivity, specificity, positive predictive value and negative predictive value (NPV)
as well as feasibility of these systems have been recently described: Aihara et al[35]
initially published a prospective study of 32 patients with 102 colorectal lesions, with
the use of CAD to differentiate neoplastic from non-neoplastic lesions using a CADx
system that enables “real-time” color analysis of colorectal lesions when applied to
autofluorescence endoscopy to perform color-tone sampling aiming to the reduction of
unnecessary treatments for non-neoplastic lesions; all lesions greater than 5 mm were
endoscopically removed and lesions less than 5 mm were biopsied. They concluded
that lesions with a green/red ratio of less than 1.01 were neoplastic while those above
that cut-off were considered non-neoplastic, with sensitivity, specificity and NPV of
94.2%, 88.9% and 85.2% respectively[35]. Kuiper et al[36] used a system called WavSTAT
for real-time optical diagnosis based on laser-induced autofluorescence spectroscopy
on 87 patients with 207 small (< 10 mm) colorectal lesions. During colonoscopy, the
endoscopists tried to differenciate real-time adenomas vs non-adenomas as a low or
high confidence call. Then, all lesions were analyzed using the system. Histopathology
was used as the reference standard. The accuracy and NPV of WavSTAT were 74.4%
and 73.5% respectively for WavSTAT alone, while they were 79.2% and 73.9%
respectively combining WavSTAT with high resolution endoscopy[36]. The study
concluded that it did not fulfill the American Society of Gastrointestinal Endoscopy
(ASGE) performance thresholds for the assessment of diminutive and small lesions.
Rath et al[37] used the WavSTAT4 optical biopsy forceps system designed by
Spectrascience Inc, San Diego, California, United States. For prediction of histology
using laser-induced autofluorescence spectroscopy on 27 patients with 137 diminutive
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Table 1 The overall adenoma detection rate of these studies was significantly higher while aided by computer aided detection systems
Ref.
Repici et al

[25]

, 2020

Wang et al[26], 2019

[27]

Wang et al

Gong et al

, 2020

[28]

, 2020

Liu et al[29], 2020

Study type

CADe system

ARM

ADR

Multicenter RCT

GI Genius

WL

40, 40%

CADe

54, 80%

WL

20%

CADe

29%

WL

28%

CADe

34, 10%

WL

8, 20%

CADe

16, 70%

WL

24%

CADe

39, 20%

Monocenter RCT

Monocenter RCT

Monocenter RCT

Monocenter RCT

Endoscreener

Endoscreener

ENDOANGEL

HenanTongyu

WL: White light; RCT: Randomized clinical trial; CADe: Computer aided detection; ADR: Adenoma detection rate.

(≤ 5 mm) polyps[37]. The accuracy was 84.7% along with sensitivity of 81.8%, specificity
of 85.2% and NPV of 96.1%. They concluded that this new WavSTAT4 systemhad the
potential to meet the ASGE thresholds for the “resect and discard” strategy. Kominami
et al[38] used a narrow band imaging (NBI) magnification colonoscopy system for CAD
real-time image recognition system with a support vector machine outputof colorectal
polyps histology on 41 patients with 118 colorectal lesions[38]. Concordance between
the endoscopists and CAD was 97.5%. The accuracy, sensitivity, specificity, positive
predictive value and NPV were 93.2%, 93%, 93.3%, 93% and 93.3% respectively,
concluding that this CAD system may satisfy the Preservation and Incorporation of
Valuable Endoscopic Innovations committee recommendations of ASGE for the resect
and discard strategy. Mori et al[39] used × 520 ultramagnifying colonoscopes providing
microvascular and cellular visualization of colorectal polyps after application of NBI
and methylene blue staining modes to assess the performance of real-time CAD. To
assist with CAD and characterization in 325 patients with 466 diminutive polyps. The
accuracy was 98.1% with a NPV of 96.4% and 96.5% for methylene blue staining
modes and NBI modes respectively. They concluded that their CAD system can
achieve the thresholds of preservation and incorporation of valuable endoscopic
innovations for diminutive, non-neoplastic rectosigmoid polyps[39]. Study data are
reported in Table 2. Given the novelty of this type of AI, there is still a lack of
Randomized Clinical Trials that would be needed to define the exact efficacy of CADx
system.
Anyhow, these technologies are rapidly evolving andare expected also to lead to a
reduction of the costs related to unnecessary polypectomy, “resect and discard” and
perhaps, in the future, to substitute completely the pathological examination of the
resected tissue, therefore defining the specific histological characteristic and related
malignancy potential as well as potential consequent follow ups immediately, during
colonoscopy itself. In addition, most of the proposed AI are aiming to create a system
which is able to write automatic endoscopic report. The main advantages of
developing this aspect would increase the accuracy of the report itself that nowadays
can stillbe compromised by the subjectivity bias of different endoscopists both in
describing location and characteristics of the polyps, such as dimensions or pit pattern
etc. In this way, we would expect that this technology would help standardizing
characterization real-time of the lesions, and the endoscopic reports as well. The
automatic report would also help the endoscopist to avoid time wasting in the writing
of the report and could therefore also increase the rate of endoscopic exams and
interventions performed by the digestive endoscopic unit.

CONCLUSION
AI is an emerging technology which application is rapidly increasing in numerous
medical fields. The several applications of AI in gastroenterology are showing
promising results, especially in the setting of gastrointestinal oncology. Among these,
WJG
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Table 2 Computer-aided detection and diagnosis system can achieve the thresholds of preservation and incorporation of valuable
endoscopic innovations for diminutive, non-neoplastic rectosigmoid polyps
Ref.

Target

Aihara et al[35]

System

Performance

Year

Country

All polyps (n = 102) AFE

Sensitivity: 94.2 % Specificity: 88.9% NPV: 85.2%

2013

Japan

Kuiper et al[36]

< 10 mm polyps (n
= 207)

WAVSTAT, WAVSTAT
+ HRE

Accuracy: 74.4% Accuracy + HRE: 79.2% NPV: 73.5%
NPV + HRE: 73.9 %

2015

Netherlands

Rath et al[37]

≤ 5 mm polyps (n =
137)

WAVSTAT4 + LIFS

Accuracy: 84.7% Sensitivity: 81.8% Specificity: 85.2% NPV: 2016
96.1%

Germany

Kominami
et al[38]

All polyps (n = 118) NBI

Concordance: 97.5% Accuracy: 93.2 % Sensitivity: 93%
Specificity: 93.3% PPV: 93% NPV: 93.3%

2016

Japan

Mori et al[39]

≤ 5 mm polyps (n =
466)

Accuracy: 98.1% NPV EC-NBI-CAD:96.5% NPV EC-MBCAD: 96.4%

2018

Japan

EC-NBI-CAD EC-MBCAD

NBI: Narrow band imaging; CAD: Computer-aided detection and diagnosis; NPV: Negative predictive value.

the techniques able to increase the ADR will play a key role in reducing the CRC
incidence and its related mortality caused by undetected or misclassified interval
cancers. Furthermore, a significant reduction in costs is also expected. In addition, the
assistance of the machine will lead to a reduction of the examination time and
therefore an optimization of the endoscopic schedule.
Moreover, the resect and discharge policy, supported by good sensitivity and
specificity, will lead to decrease the direct costs of unnecessary polypectomies.
Furthermore, greater diagnostic accuracy in identifying pre-neoplastic and neoplastic
lesions will lead to a reduction in the secondary costs of the prevented neoplasms.
Despite the promising results, AI techniques for detection and identification of
colorectal lesions, need to be furtherly investigated in the near future. In particular,
since most of results come from trials performed in highly specialized centers,
representing a limitation for the generalizability of results, they must be also
confirmed in clinical practice.
Finally, the integration of AI in a human-base medicine setting has to be taken into
consideration: AI is not conceived, nor now, not ever, to substitute the endoscopist, on
the contrary, it seems to be an extremely helpful tool to be used from the endoscopist
himself that, given his ability and skills, is the only one able to process and interpret all
the AI information to make decisions on the patient management.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is among the most frequent etiologies
of cirrhosis worldwide, and it is associated with features of metabolic syndrome;
the key factor influencing its prognosis is the progression of liver fibrosis. This
review aimed to propose a practical and stepwise approach to the evaluation and
management of liver fibrosis in patients with NAFLD, analyzing the currently
available literature. In the assessment of NAFLD patients, it is important to
identify clinical, genetic, and environmental determinants of fibrosis development
and its progression. To properly detect fibrosis, it is important to take into account
the available methods and their supporting scientific evidence to guide the
approach and the sequential selection of the best available biochemical scores,
followed by a complementary imaging study (transient elastography, magnetic
resonance elastography or acoustic radiation force impulse) and finally a liver
biopsy, when needed. To help with the selection of the most appropriate method a
Fagan′s nomogram analysis is provided in this review, describing the diagnostic
yield of each method and their post-test probability of detecting liver fibrosis.
Finally, treatment should always include diet and exercise, as well as controlling
the components of the metabolic syndrome, +/- vitamin E, considering the
presence of sleep apnea, and when available, allocate those patients with
advanced fibrosis or high risk of progression into clinical trials. The final end of
this approach should be to establish an opportune diagnosis and treatment of
liver fibrosis in patients with NAFLD, aiming to decrease/stop its progression
and improve their prognosis.
Key Words: Non-alcoholic fatty liver disease; Liver fibrosis; Clinical assessment;
Diagnosis; Treatment; Test accuracy
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Core Tip: The most important liver-related factor associated with adverse clinical
outcomes and mortality in patients with non-alcoholic fatty liver disease (NAFLD) is
the presence and progression of fibrosis; its progression depends upon genetic, clinical,
and biochemical risk factors, that must be assessed in order to identify patients at risk.
To be able to accurately identify fibrosis we must take into account the diagnostic
ability of each method and its possible variations according to the local prevalence and
the selected cutoffs. This review summarizes the available data on assessment and
management of NAFLD with a comprehensive analysis of the current diagnostic
methods.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the main etiologies of cirrhosis
worldwide[1], given its close relationship with features of the metabolic syndrome,
including obesity and insulin resistance, NAFLD is becoming one of the most frequent
and the fastest-growing cause of chronic liver disease in the world, and it is expected
to grow exponentially in the following years, thus increasing the health system and
economic burden[2,3].
NAFLD is defined as the accumulation of fat in the liver (> 5%), after the exclusion
of other potential causes such as alcohol, viral infections, and drugs, among others.
The next entity in the spectrum of the disease is non-alcoholic steatohepatitis (NASH)
which is defined as the presence of hepatocellular injury and cell death, with lobular
and portal inflammation. The final stages, fibrosis and cirrhosis arise as a consequence
of the deposition of collagen and subsequent vascular remodeling[4,5]. Finally, within
the spectrum of the disease, hepatocellular carcinoma should be included as a
complication after this series of pathophysiological events.
The frequency of hepatic steatosis varies significantly according to ethnicity, being
more frequent in Hispanics (45%) than in Caucasians (10%-33%) and African
Americans (24%), which is probably related to the higher prevalence of obesity and
insulin resistance in this ethnic group, as well as the influence of genetic factors[3,6,7].
Genetic polymorphisms in NAFLD have been identified as associated with the
presence of features of the metabolic syndrome (glucose and lipid metabolism, as well
as hypertension) and inflammation[8]. The prevalence of NAFLD in high-risk groups,
like type 2 diabetes mellitus (T2DM) is even higher, being present in almost 70% of
this group[9]. Other high-risk populations include those with hypertension, obesity,
and dyslipidemia[2,10]. In terms of fibrosis, according to the National Health and
Nutrition Examination Survey up to 10.3% of the patients with NAFLD have advanced
fibrosis[11].
The presence of fibrosis rather than the diagnosis of steatohepatitis is the most
relevant feature associated with liver-related events and overall mortality. This effect
is seen even in the early stages of fibrosis, showing a stepwise increase in adverse
outcomes as the stage of fibrosis progresses[11-14]. Fibrosis parallels the development of
the two major components of chronic liver diseases: Portal hypertension and
functional hepatocyte insufficiency. However, the importance of liver fibrosis is
beyond “liver prognosis” itself, as it is associated with other adverse clinical outcomes,
including cardiovascular events[15], ischemic stroke[16], metabolic complications[17], and
all-cause and cardiovascular mortality[18,19]. This could be explained by a more
pronounced systemic inflammation profile influencing different organs and systems,
and the interaction between them leading to further inflammation and activation of
the immune response.
Therefore, early recognition and proper management of liver fibrosis in NAFLD are
of major importance. In this review, we will address the risk factors for NAFLD and
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the risk of progression, as well as the currently available methods used to assess liver
fibrosis and the new treatments available. This will help the clinicians to early
recognize liver fibrosis in patients with NAFLD and use the best available methods for
its evaluation and management.

DETERMINANTS OF FIBROSIS PROGRESSION
It is important to note that both biopsy-proven NASH and simple steatosis can
progress to liver fibrosis, which contradicts the classic theory in which NAFLD has a
benign curse while NASH has a more aggressive one[20]. Significant fibrosis can be
observed in approximately one-third of patients with NAFLD in the absence of
NASH[21]. The etiology of fibrosis in non-NASH patients is not entirely clear, although
there are several theories; it has been hypothesized that these cases represent a form of
NASH in remission as aminotransferase levels improve regardless of whether or not
fibrosis progress or that T2DM by itself could be fibrogenic[22-24].
The progression of fibrosis in patients with NAFLD and NASH is variable, on
average 40% have progression of fibrosis over a mean period of 3-6 years. Despite the
incidence of fibrosis, the change is slow, being about 0.02 stages overall per year. There
is considerable variability, with one out of six patients having a relatively rapid
progression of more than 0.5 stages per year, and some patients progressing from no
fibrosis to advanced fibrosis (F3-F4) on average in 12 years[23,24]. The determinants of
fibrosis progression can be divided into genetic and clinical determinants.

Genetic determinants
Genetic factors are of major importance in the development[25] and the risk of fibrosis
progression in NAFLD[26]. At least four genetic variants have been associated with
fibrosis progression. The variant rs738409 in the human patatin-like phospholipase
domain-containing 3 (PNPLA3) gene located in chromosome 22[25], is the best
described and major genetic determinant of liver fibrosis development and
progression in NAFLD[21,26-28]. The variant rs58542926, of the transmembrane 6
superfamily member 2 (TM6SF2) gene has also been implicated in de progression of
fibrosis in NAFLD, however, the data is conflicting[28-30], probably due to the
heterogeneity of the populations evaluated[27]. It is possible, however, that there is an
additive effect of TM6SF2 and PNAPLA3 variants on the histological severity of
NAFLD[27]. Finally, the rs641738 C>T genetic variant in Membrane-bound Oacyltransferase domain containing 7 (MBOAT7) and the variation in the glucokinase
regulator have also been associated with higher severity of necroinflammation and
fibrosis[31,32].
In a cohort of 515 patients with NAFLD, PCR-based assays were used to genotype
the PNPLA3, TM6SF2, and MBOAT7 variants. The three variants were associated with
increased liver injury. The TM6SF2 variant was associated predominantly with hepatic
fat accumulation, whereas the MBOAT7 polymorphism was linked to fibrosis. The
PNPLA3 polymorphism conferred a higher risk for both steatosis and fibrosis[33].

Clinical and environmental determinants
There are several clinical determinants of fibrosis progression in NAFLD and NASH,
however, by far the presence of insulin resistance and T2DM are the major predictors
of fibrosis progression[23]. Other clinical determinants of fibrosis progression rate are
body mass index (BMI), sarcopenia, absence of treatment with renin-angiotensin
system (RAS) inhibitors, non-obese NASH patients, alanine aminotransferase (ALT)
levels above the upper limit of normal (ULN), and the severity of hepatic fat
accumulation[22-24,34-36].

EVALUATION OF LIVER FIBROSIS IN NAFLD
Clinical evaluation
Most patients diagnosed with NAFLD are asymptomatic, with only a few of them
complaining of mild upper quadrant pain related to fatty infiltration of the liver. Three
general scenarios could arise the suspicion of NAFLD, including abnormalities on
imaging performed for other reasons, abnormal liver enzymes, or based on high-risk
features of NAFLD such as metabolic syndrome[37]. There are no specific signs or
symptoms related to the early stages of NAFLD fibrosis, once the patient presents with
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advanced fibrosis, portal hypertension or/and liver dysfunction they will develop
specific symptoms of hepatic decompensation (ascites, splenomegaly, spider
angiomas, palmar erythema, caput medusae, hepatic encephalopathy, and jaundice).
Since most of the cases will present as NAFLD alone or mild fibrosis the physician
should have a high suspicion index in patients with high-risk factors such as insulin
resistance, T2DM, hypertension, obesity, and dyslipidemia. Some of the clinical
hallmarks the clinician should pay attention to include acanthosis nigricans and skin
tags, usually located in the lateral area around the neck and axillae, as well as
hirsutism, polycystic ovary syndrome, and a high waist/hip ratio[38,39]. In the case of
obstructive sleep apnea (OSA), clinical evaluation includes the presence of fatigue,
sleepiness and snoring, and the use of the Epworth Sleepiness scale, measurement of
neck circumference, and Mallampati scale evaluation[40]. Although these features are
not specific of fibrosis, their presence should raise suspicion of a high-risk phenotype,
rendering further assessment mandatory.

Blood tests and scores
Serologic tests for fibrosis detection can be divided into direct and indirect markers.
Indirect markers of fibrosis aim to obtain information from the overall liver function,
whereas direct serologic markers are molecules that are obtained directly from
byproducts or products related to collagen deposition[37].
Indirect markers, such as routine laboratory tests are unreliable to accurately and
promptly detect liver fibrosis in NAFLD unless advanced fibrosis and subsequent
portal hypertension exist when thrombocytopenia and high levels of aspartate
aminotransferase (AST) are observed. However, these variables provide a rather overt
diagnosis, relying on the personal experience of their interpretation.
Several biomarkers have been proposed as direct markers of liver fibrosis, one of the
most described is cytokeratin 18 (CK-18). Cytokeratins are proteins of keratincontaining intermediate filaments located in the intracytoplasmic cytoskeleton of
epithelial tissue, being CK-18 the predominant in the liver and released as a
consequence of increased apoptosis and associated with fibrosis in NASH[41]. CK-18
has been investigated as a potential biomarker of severity and liver fibrosis in different
etiologies[42-44]. In NAFLD, CK-18 increased significantly with steatosis and fibrosis
stages, however, it has a low sensitivity and specificity, ranging from 54% to 62% and
69% to 85%, respectively, limiting its use as a reliable diagnostic tool[43,45].
Other direct markers of liver fibrosis are collagens and their fragments since they
represent the principal component of the fibrotic scars. The most validated biomarkers
for the measurement of type III collagen formation are the amino-terminal propeptide
of procollagen type III (PIIINP) and N-terminal pro-collagen III peptide (PRO-C3)
biomarkers[46]. PRO-C3 which is a collagen fragment is significantly higher in NASH
patients with advanced fibrosis than those without advanced fibrosis. PRO-C3 levels
have a direct correlation with worsening of liver fibrosis, in the same manner, PRO-C3
levels decrease with fibrosis improvement, identifying patients with active
fibrogenesis. It is noteworthy that patients with advanced fibrosis can have an inactive
disease, implying lower production of collagen and therefore having normal levels of
PRO-C3[47]. The European Liver Fibrosis project developed the enhanced liver fibrosis
(ELF™) test, a blood-based score that was comprised of ELISA measurements of
hyaluronic acid, PIIINP, and tissue inhibitor of matrix metalloproteinases; this score
has a sensitivity and specificity for severe liver fibrosis of 78% and 76%, respectively[48].
None of the currently available biomarkers by itself has sufficient accuracy for
diagnosing fibrosis which is why predictive scores play an important role in providing
a cutoff able to discern between no fibrosis or the presence of advanced fibrosis.
Among the predictive scores fibrosis-4 index (FIB-4) index, NAFLD fibrosis score
(NFS), the BARD score, FibroTest, HepatoScore, hepamet fibrosis score (HFS), and
AST to platelets ratio index (APRI) score, are the most widely used (Table 1)[49,50].
FIB-4 index: FIB-4 index is a complex marker, based on age, platelet count, AST, and
ALT, it was developed in 2006 as a non-invasive panel to stage liver disease in subjects
with human immunodeficiency virus and hepatitis C virus co-infection[51]. In NAFLD,
a cutoff value < 1.45 has a negative predictive value (NPV) of 90% and a sensitivity of
84% to exclude advanced fibrosis. A cutoff > 3.25, had a positive predictive value
(PPV) of 65% and a specificity of 68%[50,52]. This indicates that 84% of patients with
suspected NAFLD-related advanced fibrosis would be identified by the FIB-4 index
and avoid a liver biopsy. However, more than 30% of NAFLD patients diagnosed as
non-advanced fibrosis by the FIB-4 index may have advanced fibrosis in liver biopsy.
Given that about a third of patients could be misdiagnosed as non-advanced fibrosis,
FIB-4 cannot replace liver biopsy[53,54].
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Table 1 Diagnostic performance of blood tests and scores for fibrosis assessment methods from studies made in patients with nonalcoholic fatty liver disease
Population (n)
FIB-4 (age, platelet count,
AST and ALT)

541

153
452
328

APRI (AST and platelet
count)

153

452
NFS (age, glycaemia, BMI,
platelet count, albumin, AST
and ALT)

480

126

138

Ref.
[52]

[53]
[56]
[57]

[53]

[56]
[55]

[58]

[59]

Cutoffs

Se

Sp

PPV

NPV

AUROC

≤ 1.3 NF

74%

71%

43%

90%

0.802

≥ 2.67 AF

33%

98%

80%

83%

≥ 1.3 AF

87%

60%

NA

NA

0.895

≥ 1.5 AF

75%

67%

58%

82%

0.780

≤ 1.3 NF

56%

56%

22%

85%

0.540

≥ 2.67 AF

22%

87%

27%

84%

> 1 AF

78%

82%

NA

NA

> 2 AF

28%

92%

NA

NA

> 0.559 AF

62%

76%

61%

76%

0.754

≤ -1.455 NAF

82%

77%

56%

93%

0.820

≥ 0.676 AF

51%

98%

90%

85%

≤ -1.455 NAF; ≥
0.676 AF

96%

84%

70%

98%

0.919

≤ -1.455 NAF

22%

100%

100%

81%

0.680

> -1.036 AF

77%

60%

54%

81%

0.732

≤ -1.455 NAF

53%

67%

26%

87%

0.640

≥ 0.676 AF

9%

98%

50%

83%

0.840

NA

NA

59%

89%

89%

89%

69%

97%

0.919

51%

77%

45%

81%

0.670

NA

NA

27%

97%

0.780

2-4 AF

79%

51%

50%

80%

0.695

2-4 AF

NA

NA

59%

77%

0.730

2-4 AF

83%

37%

22%

91%

0.594

≥ 0.311 AF

80%

62%

56%

83%

0.817

≥ 0.322 AF

67%

76%

63%

79%

0.778

≥ 0.316 AF

81%

57%

54%

83%

0.736

< 0.12 NAF

73.9%

77.4%

46%

91.9%

0.848

≥ 0.47 AF

35.2%

97.2%

76.3%

85.2%

≥ 0.47 AF

11%

100%

100%

83%

0.830

≥ 0.676 AF
452
328
122

BARD (BMI > 28 kg/m2,
AST/ALT ratio > 0.8 and
diabetes)

126

[56]
[57]
[61]

[58]

0-1 NAF
2-4 AF

138

[59]

0-1 NAF
2-4 AF

160

[60]

0-1 NAF
2-4 AF

452
122
328
Fibrometer NAFLD

452

Hepascore (age, sex, bilirubin, 452
GGT, hyaluronic acid, and a2macroglobulin)
Fibrotest (α-2-macroglobulin,
haptoglobin, apolipoprotein
A1, GGT, and TB)

452

HFS (sex, age, HOMA score,
diabetes, AST, albumin, and
platelets)

2452

49

[56]
[61]
[57]
[56]
[56]

[56]

[69]

[70]

NA

Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; AUROC: Area under the curve; FIB-4: Fibrosis-4 index;
APRI: Aspartate aminotransferase to platelet ratio index; NFS: Non-alcoholic fatty liver disease fibrosis score; HFS: Hepamet fibrosis score; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass index; GGT: Gamma-Glutamyltransferase; TB: Total bilirubin; HOMA: Homeostatic
model assessment; NF: No fibrosis; AF: Advanced fibrosis; NAF: Non-advanced fibrosis; NA: Not available.
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NFS score: NFS score includes age, glycemia, BMI, platelet count, albumin, AST, and
ALT; unlike other prognostic scores in NAFLD which were created for other etiologies,
NFS was developed in 733 patients with biopsy-proven NAFLD[55]. NFS uses two
diagnostic cutoffs, the low cutoff score (-1.455) to exclude advanced fibrosis (NPV
88%-93%), and the high cutoff score (0.676) to diagnose advanced fibrosis (PPV 82%90%) [55], leaving one-third of patients in a “grey zone” where liver biopsy is still
required[56]. In further validations, NFS has remained with good NPV (81%-98%) for
advanced fibrosis (F3-F4), however, PPV has had more fluctuation (50%-100%)[54,57-59].
The BARD score: BARD score is a simple index defined by the presence of three
clinical and laboratory parameters, BMI (> 28 kg/m2, 1 point), AST/ALT ratio (> 0.8, 2
points), and diabetes (1 point), ranging from 0 to 4. The BARD score was developed in
2008 in 827 patients with NAFLD. The result of the score is dichotomized as 0-1 and 24, for low and high risk of advanced fibrosis, respectively[60]. The PPV and NPV range
from 26% to 68% and 81% to 96%, respectively[58-60]; while the sensitivity and specificity
ranged from 51% to 88% and 66% to 88%, respectively[54,58,59]. The score can be easily
derived from clinical data, however, as the BARD score takes into account the BMI, it
may be less reliable for excluding the presence of advanced fibrosis in countries where
subjects with NAFLD are not overweight or obese[61].
APRI score: This score is a simple ratio that takes into account the value of AST and
platelets; it was developed in 2003 to predict liver fibrosis in patients with hepatitis
C[62]. With an APRI threshold of 1.5, the sensitivity and specificity are 84.0% and 96.1%,
respectively, for advanced fibrosis in NAFLD[63]. The score is a reliable tool to
differentiate between patients with no fibrosis and patients with advanced
fibrosis/cirrhosis, but it cannot reliably discriminate between intermediate stages of
fibrosis. The area under the curve (AUROC) for the APRI score in patients with
NADLF ranges from 0.8307 to 0.95[64,65].
FibroTest: FibroTest is a commercial algorithm that has shown good predictive values
for diagnosing advanced fibrosis (AUROC = 0.81-0.88) in patients with NAFLD,
however, its diagnostic accuracy may be affected by acute inflammation, sepsis or
extrahepatic cholestasis[66,67]. This score integrates the value of five serum biomarkers
(α-2-macroglobulin, haptoglobin, apolipoprotein A1, γ-glutamyltranspeptidase (GGT),
and total bilirubin, adjusted for sex and age) for liver fibrosis (FibroTest), plus ALT for
the necroinflammatory activity (ActiTest), into an equation-based algorithm, obtaining
finally a result between 0 and 1, where higher values indicate a greater probability of
liver fibrosis[68]. The AUROC to differentiate between fibrosis stages is lower, for
intermediate stages, F1 vs F2 is 0.66 and for advanced fibrosis, F3 vs F4 is 0.69[67].
Hepascore: Hepascore is an algorithm to detect fibrosis in many chronic liver diseases,
it combines clinical variables including age and sex with blood-based parameters such
as bilirubin, gamma-glutamyl transferase, hyaluronic acid, and a-2-macroglobulin. In
patients with NAFLD, a threshold of 0.37 helps to identify individuals with advanced
fibrosis, with an AUROC of 0.778, NPV, and PPV of 79% and 63%, respectively[56].
Hepamet fibrosis scoring system: The HFS is the most recently developed score
system, created from data of 2452 patients with biopsy proven-NAFLD at medical
centers in Spain, Italy, France, Cuba, and China from the Hepamet registry. The HSF is
calculated by a complex formula, using the following items: Patient sex, age,
homeostatic model assessment score, presence of diabetes, AST levels, albumin, and
platelet count; it is available online for public usage. HSF had an AUROC of 0.85 to
discriminate between advanced fibrosis and no advanced fibrosis. In the validation
cohort, a cut-off of 0.12 for low risk and 0.47 for high risk, identified patients with and
without advanced fibrosis with 97.2% specificity, 74% sensitivity, a 92% NPV, and a
76.3% PPV. HFS is not affected by patient age, BMI, hypertransaminasemia, or the
presence of T2DM. HFS was developed and validated in a large and heterogeneous
population, giving it an advantage above other scores[69]. Recently, this score was
evaluated in a cohort of 49 patients with morbid obesity undergoing bariatric surgery,
a cut-off 0.47 for advanced fibrosis had a sensitivity of 11%, a specificity of 100%, a
PPV of 100%, and an NPV of 83%[70].
After analyzing the data related to prediction scores, it is clear that overall,
predictive scores for fibrosis have a good NPV for excluding advanced fibrosis with
low PPV. Therefore, these scores may be confidently used for baseline risk
stratification to exclude advanced fibrosis; however, due to their low specificity, a
result of advanced fibrosis based in these scores should be further confirmed by other
methods, such as imaging studies or liver biopsy depending upon availability[4].
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Imaging studies
Conventional imaging studies such as ultrasonography (US), computed tomography
(CT), and magnetic resonance imaging (MRI) are available techniques for the detection
of fatty liver[71,72]. However, they have low to moderate accuracy to identify liver
fibrosis[73,74].
Currently, elastography has become the non-invasive method of choice to quantify
liver stiffness (elasticity). The basic principle is that fibrotic tissue is stiffer than normal
tissue, therefore the waves spread faster in fibrotic tissue than in the normal liver. This
technique uses a force to move the hepatic tissue, measuring this movement by US or
MRI[75], giving the value of liver stiffness measurement (LSM) in kilopascal (kPa)[76].
The LSM obtained depends on the frequency of waves applied, therefore, it cannot be
compared between different methods.
Transient elastography: One dimensional transient elastography (TE) is a noninvasive ultrasound-based method that uses shear wave velocity, providing LSM and
controlled attenuation parameter (CAP) for the evaluation of steatosis. The benefit of
TE compared with liver biopsy is that it measures a larger region, 100 times larger than
the volume of the tissue obtained by biopsy[64]. The limitation is that occasionally
measurements cannot be obtained in obese patients[49,77], reliable LSM measurements
are obtained in about 80% to 90% of NASH/NAFLD patients[78,79]. It is noteworthy that
at least three hours of fasting are necessary before evaluation with TE since a
significant increase in LSM has been observed in patients with less than two hours of
fasting[80]. In addition to this, there are quality standards that should be met to consider
the result as adequate: At least 10 valid measurements (60% of success) and an IQR <
30%[81].
The cutoff value of CAP for differentiating hepatic steatosis is highly variable due to
the heterogeneity of the populations evaluated, ranging from 214 to 289 dB/m, with
moderate to high sensitivity and specificity (78%-91.9% and 79%-85.7%), as well as
moderate to good predictive values (PPV of 77%-85.0% and NPV of 76%-92.3%)[78,82,83].
In one meta-analysis, in which 2735 patients were included, the optimal CAP cutoff
was 248 dB/m, however, only 7% of the population had NAFLD diagnosis. Siddiqui
et al[84], reported a prospective study of 393 patients with biopsy-proven NAFLD, in
whom TE was performed, the median CAP scores for steatosis grades were 306 for S1
and, 340 for S2 and S3, the best cutoff, balancing sensitivity and specificity, to
differentiate steatosis from no-steatosis was CAP of 285 dB/m, with a sensitivity of
80% and a specificity of 77%. It is noteworthy that the prevalence in the population,
the etiology of liver disease, diabetes, and BMI deserve consideration when
interpreting CAP, and perhaps lower thresholds should be applied to patients with
high pretest probability, and higher thresholds in groups with low pretest
probability[78].
For the detection of advanced fibrosis, TE has excellent accuracy (F3: Sensitivity
85%, specificity 82%, and F4: Sensitivity 92%, specificity 92%), whereas it has moderate
accuracy for significant fibrosis (F2: Sensitivity 79%, specificity 75%)[61]. The diagnostic
performance according to the AUROC values for the diagnosis of severe fibrosis and
cirrhosis is good, ranging from 0.86 to 0.87; for the diagnosis of intermediate fibrosis (≥
F2), the AUROC is 0.82[85]. In general, the performance of TE is superior to prediction
scores[63]. According to Siddiqui et al[84], a cutoff value of < 6.5 kPa excludes fibrosis
with high accuracy (NPV 0.91), as well as a cutoff < 12.1 kPa excludes cirrhosis in
NAFLD patients. Therefore we suggest that the cutoffs for the evaluation of steatosis
and fibrosis should be the ones given by this work since the study evaluated only
NAFLD patients with confirmed histology.
It is not clear if TE should be performed at defined intervals; recently a cohort of 611
patients with T2DM was followed with serial TE for 3.5 years, the majority of patients
had NAFLD at baseline, and another 50% developed NAFLD during the period
evaluated. Around 20% had advanced liver fibrosis at baseline, but only 4% developed
advanced fibrosis in 3 years. Baseline BMI, ALT, and ∆ALT independently predicted
LSM increase[80]. Based on this data, we could advise performing TE every three years
only in patients with risk factors such as T2DM, elevated BMI, and ALT above the
UNL, otherwise, TE could be performed every 5 years.
Acoustic radiation force impulse: Acoustic radiation force impulse (ARFI) is an
elastography technique that uses modified commercially available ultrasound
machines, combining both elastography and conventional B-mode US. The liver is
mechanically excited using short-duration acoustic pulses with a frequency of 2.67
MHz to generate localized tissue displacements in tissue[86]. Mean normal values range
from 0.8 to 1.7 m/s and mean values indicating advanced fibrosis range from 1 to 3.4
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m/s, with a clear overlap of values[87]. According to Fierbinteanu-Braticevici et al[88], the
optimal cutoff value to identify advanced fibrosis is 1.54 m/s, with sensitivity and
specificity of 97% and 100% respectively. In a meta-analysis of 13 studies, including
1163 patients, for detection of intermediate fibrosis (≥ F2), the summary sensitivity was
74% and the specificity was 83%, for the diagnosis of cirrhosis, the sensitivity was 87%
and specificity was 87%. The diagnostic odds ratio of ARFI and TE did not differ
significantly in the detection of significant fibrosis[89]. In NAFLD patients, several
studies have investigated the best cutoff for the detection of advanced fibrosis, ranging
from 1.15 m/s to 1.77 m/s with varying sensitivities (59%-90%) and specificities (63%91%)[85,90-93].
Magnetic resonance elastography: Magnetic resonance elastography (MRE) is a phase
contrast-based MRI technique[94] in which a passive drive generates vibrations at 60 Hz
by varying acoustic pressure waves transmitted from an active driver device[95]. LSM is
performed by drawing region of interest (ROI) on the elastograms, which cover
regions of the liver with sufficient wave amplitude. The mean ROIs from 4 slices are
averaged and reported as the mean LSM of the liver[96]. An advantage of MRE is that
the area measured in the liver is larger than in TE or liver biopsy, which can avoid the
sampling variability caused by the heterogeneity of advanced fibrosis[77]. The cutoff
LSM for the detection of advanced fibrosis in NAFLD patients varies according to the
population evaluated, ranging from 3.6 to 4.8 kPa with high sensitivity and
specificity[63,77,97-99]. The diagnostic accuracy of MRE for liver fibrosis in NAFLD is
higher than that of clinical scoring systems and TE[77]. A 15% increase in liver stiffness
on repeated MRE may be associated with histologic fibrosis progression (≥ 1 stage)
and progression from early fibrosis to advanced fibrosis[100]. Magnetic resonance also
quantifies hepatic steatosis with high accuracy by measuring the proton density fat
fraction which is the fraction of MRI-visible protons bound to fat divided by all
protons in the liver[101].

Combined methods
Recently there have been reports of test combinations for better detection of liver
fibrosis in NAFLD. The serial combination of NFS or FIB-4 with TE improves the
performance of the tests when applying the second test only in patients in the
uncertainty area of the first test. This algorithm is a low-cost alternative that can be
applied in daily practice allowing the correct classification of a high proportion of
NAFLD patients[102].
The FibroScan-AST (FAST) score, was recently proposed as a reliable algorithm to
identify among patients with NAFLD, those with NASH, intermediate liver fibrosis (≥
F2), and elevated NAFLD activity score (NAS ≥ 4) (i.e., those at high risk of
progression of the disease). The results of the FAST score range from 0 to 1, and derive
from a logarithm-based equation, considering 3 values, AST, CAP, and LSM, and are
further divided into three zones, according to the value: Rule-out (≤ 0.35), gray (0.350.67) and rule-in (≥ 0.67). The performance of the test is good, with an AUROC of 0.85
(0.83-0.87), and a sensitivity, NPV, specificity, and PPV of 0.89, 0.94, 0.92, and 0.69,
respectively[103].
Determining which method is best for the patient relies on several factors: The
availability of the methods in a daily clinical care setting, the performance of the
operator, the prevalence of the disease in the specific population, and the preference of
the patient. As shown in some studies, a combination of non-invasive methods could
help to improve the accuracy of the diagnosis.

Liver biopsy
Liver biopsy is the gold standard for the diagnosis and assessment of the severity of
liver fibrosis in NAFLD[4]. In the context of NAFLD, liver biopsy is usually obtained via
a percutaneous approach using ultrasound guidance. The use of a 16 gauge or wider
needle is recommended for the biopsy. An adequate histology specimen should have
at least 2 cm long and comprising 10 or more portal tracts, and the review of
specimens should be carried out by two pathologists[104,105].
Specimens should be processed with hematoxylin and eosin staining and
specifically with Masson’s trichrome or Sirius red staining to assess fibrosis. Liver
fibrosis has a singular pattern in NAFLD, frequently beginning in the pericentral zone
3 and eventually progressing to bridging fibrosis and cirrhosis[106]. There are several
systems to evaluate NAFLD biopsies. The NAFLD activity score was developed as a
tool to measure changes in NAFLD during therapeutic trials, the maximum score is 8,
comprises steatosis (0-3), ballooning (0-2) and lobular inflammation (0-3), with a major

WJG

https://www.wjgnet.com

5926

October 21, 2020

Volume 26

Issue 39

Campos-Murguía A et al. Liver fibrosis in non-alcoholic fatty liver disease

drawback as it does not take into account the amount of fibrosis[104]. For the evaluation
of fibrosis in NAFLD, there are three scoring assessment systems, the Brunt system,
the NASH Clinical Research Network (CRN) system, and the Steatosis, Activity,
Fibrosis (SAF) system[107,108]. In the Brunt system, fibrosis stages are divided into four,
stage 1, zone 3 perisinusoidal fibrosis; stage 2, portal fibrosis; stage 3, bridging fibrosis;
and stage 4, liver cirrhosis[109]. The NASH CRN system is a modification of the Brunt
system in which stage 1 is subdivided into three stages, to include a distinction
between delicate (1a) and dense (1b) perisinusoidal fibrosis, and to detect portal-only
fibrosis, without perisinusoidal fibrosis (stage 1c), showing reasonable interrater
agreement among experienced pathologists[110]. The SAF system which includes the
NASH CRN system was built from a cohort of morbidly obese patients undergoing
bariatric surgery. This system separately assesses the grade of steatosis (S0 to S3), the
grade of activity (A0 to A4) and the stage of fibrosis (F0 to F4), the latter according to
the NASH-CRN staging system, with the single modification of pooling the three
substages (1a, 1b, and 1c) into a single F1 score[111]. Some computerized techniques also
have been developed for the quantification of fibrosis in NAFLD/NASH histology,
representing promising and accurate methods for the evaluation of liver fibrosis in this
group of patients[112,113].
Liver biopsy has some relevant inconveniences, including the fact that only 1/50000
of the whole liver tissue is sampled, therefore sampling error is a major concern. To
prevent sampling error, it is important to collect a sufficient amount of tissue; the use
of a thick needle and a collection of at least 2 samples are recommended[114]. Interobserver variability of the pathologist is another important concern, for the diagnosis
of liver fibrosis in NAFLD, pathologists have a moderate inter-observer agreement (κ
scores of 0.52-0.56) for fibrosis stage[115], therefore, at least two pathologists should
review the specimens. Finally, complications associated with percutaneous liver
biopsy are rare, only 1% to 3% of patients require hospitalization and the mortality
rate is extremely low, 1 in 10000 to 1 in 12000 liver biopsies[114].
Due to the high prevalence of steatosis, it is not practical to perform a liver biopsy in
every patient with NAFLD. The European Association for the Study of the Liver
(EASL) guidelines recommend that for the identification of advanced fibrosis or
cirrhosis, serum biomarkers/scores and/or TE are less accurate, and it is important to
confirm these advanced stages by liver biopsy. According to the clinical context and in
selected patients at high risk of liver disease progression, monitoring should include a
repeat liver biopsy after at least a 5-year follow-up[4]. The American Association for the
Study of Liver Disease (AASLD) guidelines recommend performing a liver biopsy
when the diagnosis is not clear (i.e., there is a suspicion of another liver disease), or in
those with a high probability of NASH/advanced fibrosis, especially in those
considered for treatment with vitamin E or pioglitazone[116].
With the evidence above mentioned, it seems more practical to perform a liver
biopsy in NAFLD only in patients with high suspicion of advanced fibrosis and/or
rapid progression, when other causes of liver damage cannot be ruled out or for
clinical trials exploring new-generation drugs.
Tables 1 and 2 summarize the diagnostic performance of the previously mentioned
methods. It is of great importance to consider that some methods have different cutoff
values, as can be seen in the table, and each cutoff holds different predictive values.
This must be taken into account at the time of the patient's evaluation in the clinical
practice and it is especially important to use the same cutoff if follow-up is to be done.
To further address this issue, we analyzed the diagnostic capabilities of several
methods based on Fagan′s nomogram, which considers the pre-test probability, or
prevalence, of the disease we are looking to diagnose and, uses the likelihood ratio
that derives from the sensitivity and specificity reported in published studies, to
estimate a final post-test probability, which simply represents the probability of a
patient truly having the condition of interest if the test is positive or truly not having
the disease if the test is negative.
Figure 1A depicts the analysis of all TE studies presented in Table 2, and Figure 1B
shows the MRE studies. As mentioned before, each study proposes different cutoffs,
therefore it is of great importance to evaluate the behavior of each one by its post-test
probability and not only by their sensitivity and specificity. In Figure 1A one can
conclude that overall, the best cutoff to use is the one derived from the study by Imajo
et al[77] where > 11.7 kPa has the highest probability to detect advance fibrosis if the
patient actually has it, and the lowest probability of diagnosing it if the patient does
not have advanced fibrosis. With respect to MRE studies in Figure 1B, two of the
cutoffs have a great performance with a post-test probability > 80%; overall the best
cutoff derives from the study of Kim et al[98] with a post-test probability of diagnosing
advanced fibrosis of 84% in patients with the disease when the employed cutoff is >
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Table 2 Diagnostic performance of imaging studies for fibrosis assessment methods from studies made in patients with non-alcoholic
fatty liver disease
Population
TE [LSM (kPA)]

n = 291

452
142
79
MRE [LSM
(kPA)]

142
628
117
142
102

ARFI [SWV
(m/s)]

291

57
32

Ref.
[85]

[56]
[77]
[83]
[77]
[63]
[97]
[98]
[99]
[85]

[90]
[91]

23
NASH
54

Cutoffs

Se

Sp

PPV

NPV

AUROC

≥ 8.2 kPa AF

90%

61%

NA

NA

0.870

≥ 12.5 kPa AF

57%

90%

NA

NA

NA

≥ 8.7 kPa AF

88%

63%

59%

90%

0.831

≥ 11.7 kPa AF

86%

84%

75%

92%

0.880

≥ 9.5 kPa AF

92%

63%

54%

94%

NA

≥ 4.8 kPa AF

74%

87%

74%

81%

0.890

≥ 3.6 kPa AF

86%

91%

71%

93%

NA

≥ 3.63 kPa AF

81%

89%

68%

97%

NA

≥ 4.15 kPa AF

85%

92%

NA

NA

0.954

> 3.64 kPa AF

92%

90%

NA

NA

0.957

≥ 1.15 AF

90%

63%

NA

NA

0.840

≥ 1.53 AF

59%

90%

NA

NA

NA

≥ 1.45 AF

76%

68%

NA

NA

0.910

≥ 1.3 AF

85%

83%

NA

NA

NA

≥ 1.47 AF

100%

75%

NA

NA

0.942

≥ 1.77 AF

100%

91%

NA

NA

0.930

[92]
[93]

Se: Sensitivity; Sp: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; AUROC: Area under the curve; TE: Transient elastography;
MRE: Magnetic resonance elastography; ARFI: Acoustic radiation force impulse; LSM: Liver stiffness measurement; kPa: Kilopascal; SWV: Shear wave
velocity; NASH: Non-alcoholic steatohepatitis; NF: No fibrosis; AF: Advanced fibrosis; NAF: Non-advanced fibrosis; NA: Not available.

4.15 kPa. Interestingly once we compare both methods in Figure 1 it is apparent that
MRE has better diagnostic capabilities, hence we created a Fagan′s nomogram using all
the methods presented in Tables 1 and 2, to evaluate which one could diagnose or
exclude AF better (Figure 2). Since the study by Boursier et al[56] evaluated most of the
methods in their study we used those results to create the graph, for the remaining
methods: MRE, HFS and AFRI, we selected the study by Xiao et al[63], Ampuero et al[69],
and Cassinotto et al[85] respectively. The analysis of this graph shows that the best
methods with higher post-test probability to detect advanced fibrosis in patients with
the disease in order of detection are MRE, Hepamet fibrosis scoring system, NFS score,
APRI, TE, fibrometer and FIB-4, the best methods to exclude advanced fibrosis in
patients without the disease are, MRE, AFRI, Fibrometer and TE.
Finally, after a comprehensive evaluation we propose a stepwise assessment of
fibrosis in NAFLD patients, according to the available data, which can be found in
Figure 3.

MANAGEMENT OF LIVER FIBROSIS IN NAFLD
The appropriate management of patients with NAFLD and fibrosis should be a
comprehensive treatment that takes into account three major components: The
treatment of underlying metabolic diseases, weight loss (WL), and pharmacological
therapy (Figure 4).

Treatment of underlying metabolic diseases
As referred before, the importance of liver fibrosis is beyond the liver prognosis[18,19].
Therefore, to improve the prognosis of patients with NAFLD and fibrosis the
treatment of concomitant diseases must be a priority.
Nearly half of the patients with hypertension have concomitant NAFLD[117]. RAS
seems to contribute to the development of liver fibrosis, interestingly, the
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Figure 1 Fagan′s nomogram for (A) transient elastography and (B) magnetic resonance elastography studies.

Figure 2 Fagan′s nomogram for all diagnostic methods. ARFI: Acoustic radiation force impulse; FIB-4: Fibrosis-4 index; NFS: Non-alcoholic fatty liver
disease fibrosis score; APRI: Aspartate aminotransferase to platelet ratio index; MRE: Magnetic resonance elastography; TE: Transient elastography; HFS: Hepamet
fibrosis score.

administration of RAS inhibitors showed an improvement in liver histology and
decrease in protein expression of alpha-smooth muscle actin and hepatic content of
hydroxyproline in a murine model of NAFLD[118]. In a cross-sectional study in
hypertensive patients with biopsy-proven NAFLD, the use of RAS blockers was
associated with less advanced hepatic fibrosis suggesting a beneficial effect of RAS
blockers in NAFLD[119]. A similar effect was found in a retrospective cohort of 118
NAFLD patients with paired liver biopsies, where the use of RAS inhibitors was
associated with decreased fibrosis progression rate only in patients with T2DM[22].
Given these potential benefits, the high safety profile of the drugs, and the fact that
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Figure 3 Diagnostic flow-chart to assess liver fibrosis in patients with non-alcoholic fatty liver disease. NAFLD: Non-alcoholic fatty liver
disease; T2DM: Type 2 diabetes mellitus; IR: Insulin resistance; OSA: Obstructive sleep apnoea; DLP: Dyslipidemia; HFS: Hepamet fibrosis score; NFS: Nonalcoholic fatty liver disease fibrosis score; FIB-4: Fibrosis-4 index; APRI: Aspartate aminotransferase to platelet ratio index; AF: Advanced fibrosis; TE: Transient
elastography; MRE: Magnetic resonance elastography; BMI: Body mass index; ALT: Alanine aminotransferase.

RAS blockers are one of the main classes of drugs recommended as initial therapy by
hypertension guidelines[120,121], we suggest that RAS blockers should be considered as
first-line therapy in patients with NAFLD and hypertension, after assessing the
potential contraindications.
More than three-quarters of T2DM patients have coexistent NAFLD[9]; insulin
resistance and hyperinsulinemia are the hallmarks of NAFLD and have an important
role in stellate cell activation[122]. Therefore, treatment of patients with T2DM and
NAFLD should be focused on improving insulin resistance. Even though metformin
has not shown benefit in the histology of NAFLD, it remains the first-line drug for
T2DM for its effects in the reduction of body weight, serum levels of lipids, and
glucose[123,124]. Other benefits of metformin have been reported, such as the reduction in
the risk of liver cancer[125,126]. Other insulin sensitizers such as dipeptidyl peptidase 4
inhibitors and glucagon-like peptide-1 analogs could also be good choices for the
treatment of T2DM in patients with NAFLD[127]. Thiazolidinediones and Sodiumglucose co-transporter-2 (SGLT2) inhibitors are reviewed in the pharmacological
management section[127]. Hence, insulin sensitizers should be the gold standard therapy
for patients with T2DM and NAFLD.
OSA induces insulin resistance and systemic inflammation which as mentioned
before are major features in NAFLD pathogenesis[128]. OSA patients should be screened
for NAFLD and vice versa those with NAFLD for OSA[129]. The first-line treatment for
OSA is continuous positive airway pressure (CPAP), which has several benefits,
among which stand out the improvement of blood pressure and glucose resistance,
and the reduction of overall and cardiovascular mortality[130-132]. The evidence of the
benefit of CPAP on liver fibrosis in patients with NAFLD is scarce, at least three
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Figure 4 Management flow-chart for patients with non-alcoholic fatty liver disease advanced fibrosis. We suggest vitamin E as it has
demonstrated higher transplant-free survival and lower rates of hepatic decompensation. 1Other drugs such as cenicriviroc, obethicholic acid, dapagliflozin, and
selonsertib have shown benefit in clinical trials and must be considered as well, especially as results continue to show beneficial results. NAFLD: Non-alcoholic fatty
liver disease; RAS: Renin-angiotensin system; T2DM: Type 2 diabetes mellitus; CPAP: Continuous positive airway pressure; BW: Body weight.

studies have studied this, one showed improvement while the other two did not show
this effect[132-134]. Longer trials may be needed to demonstrate a clear benefit. Although
there is no clear evidence of a benefit to the liver in patients with OSA and NAFDL,
CPAP should be encouraged in all patients with OSA.
Cardiovascular disease is one of the main causes of NAFLD-related deaths. Statins
reduce NAFLD/NASH cardiovascular events, moreover, statins could reduce the risk
of hepatocellular carcinoma related to NAFLD/NASH. Given these benefits and the
fact that these medications have a high-security profile, they should be considered
even in NAFLD patients without dyslipidemia[135,136].

Weight loss
To date, lifestyle modifications including diet and exercise are the first line and
cornerstone of NAFLD/NASH treatment. Most studies have demonstrated a reduction
of steatosis or/and steatohepatitis without improvement in liver fibrosis[137-143],
nevertheless some have shown fibrosis regression, especially when a WL of 10% or
more is achieved or when exercise therapy is included[144,145].
The Mediterranean diet (MD) with components such as fish, nuts, fruits, olive oil,
whole grains, and vegetables is proposed by EASL guidelines for the treatment of
NAFLD[4]. The MD has shown an inverse relationship with NAFLD prevalence and a
reduction in liver steatosis[146-148]. In a non-randomized, open-label, 24-wk prospective
study, 44 untreated NAFLD patients with non-significant fibrosis received nutritional
counsel to increase adherence to MD with significant improvements in liver fibrosis at
the end of the follow-up. It is noteworthy that the patients did not have significant
fibrosis and that the technique for measurement was elastography ultrasound which
could lead to unprecise data[149]. At the moment there is no evidence that diet per se
could improve liver fibrosis, however, we must take into account that the diet that is
going to have the maximum benefit is the one that will be followed by the patient in
the long-term, therefore highly restrictive diets that induce a rapid WL should not be
considered.
Regarding exercise, there is evidence that in selected patients with cirrhosis,
moderate-intensity aerobic or resistance exercise, 4 d per week, 20 min, for at least 8
wk can have a positive physiological impact[150]. Moreover, it has been demonstrated
that supervised exercise in cirrhotic patients can significantly lower the hepatic venous
pressure gradient[151]. Exercise intervention studies in NAFLD are limited by low
statistical power, and most have shown a reduction in intrahepatic triglyceride content
without an improvement in liver fibrosis[152,153]. Few studies have shown a reduction in
fibrosis, in particular, high-intensity interval training has recently been recognized as a
novel exercise modality that demonstrated an improvement in liver stiffness (-16.8%),
these benefits appeared to be independent of WL[154,155]. More evidence regarding the
effect of exercise independently of the WL in fibrosis is required. As before concerning
the diet, we consider that the exercise that is going to have the maximum impact is the
one that can be maintained long-term, therefore the prescription of exercise should
take into account the patients′ preferences and capabilities.
Bariatric surgery could be another approach in the management of NAFLD fibrosis,
possibly through improvement of insulin resistance and hyperinsulinemia, which are
related to the development of fibrosis in NAFLD[122]. In this context, bariatric surgery
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has proven to be an effective method for sustained WL in properly selected obese
individuals[156-158], and importantly, in selected patients with T2DM, bariatric surgery is
an effective therapy for glycemic control[159,160]. These changes have an additive effect
considering that if 10% or more of WL is achieved with bariatric surgery, an
improvement in fibrosis may be seen. There is some evidence of this benefit in
retrospective and prospective cohorts with follow-up to 5 years[161-163]. Nevertheless,
bariatric surgery should not be considered alone for the treatment of NAFLD fibrosis
and the other indications of the procedure must be considered. The recommendation
concerning this surgery in patients with advanced fibrosis must be individualized and
evaluated by an experienced and interdisciplinary group[116].

Specific pharmacological management
Pharmacological management should be restricted to patients with NASH and/or
advanced fibrosis. The current recommended drugs thus far in the guidelines are
pioglitazone and vitamin E[4]. Although there are multiple treatments with different
mechanisms of action under development for the treatment of NASH, and specifically
aimed to reduce liver fibrosis, these drugs remain experimental and are considered for
their use only in clinical trials.
Vitamin E is an antioxidant of polyunsaturated lipids and has a role in the treatment
of NASH through antioxidant dependent and independent mechanisms[164]. In a NASH
animal model, vitamin E supplementation decreased baseline levels of transforming
growth factor beta 1 mRNA, suggesting a potential interference with both the
initiation and progression of fibrosis[165]. Vitamin E improves transaminase activity,
steatosis, inflammation, and ballooning in NASH patients[166-169]. Nevertheless, the data
about its impact on liver fibrosis is controversial, several studies have shown an
improvement in liver fibrosis[168-170], while others have not[124,169-172]. In the classical
PIVENS study, 247 adults with NASH without T2DM were randomized to receive
pioglitazone (30 mg/d), vitamin E (800 IU/d), or placebo, for 96 wk. Vitamin E
therapy was associated with a significantly higher rate of improvement in NASH, with
no reductions in fibrosis scores[167]. However, in a post hoc analysis, WL (≥ 2 kg) was
associated with improvement on liver fibrosis scores, while weight gain (≥ 2 kg) was
associated with worsening of fibrosis scores. These data reinforce the evidence-based
recommendation for lifestyle modifications and WL as the basis of NASH/NAFLD
treatment[116]. It is important to notice that since the PIVENS study did not include
patients with T2DM[167], the evidence of Vitamin E in this group is not strong, and the
few studies including T2DM have not shown benefit in liver fibrosis[173]. In a
retrospective study, 90 patients with NASH and advanced fibrosis or cirrhosis
consumed vitamin E (800 IU/d) for ≥ 2 years and were propensity-matched to 90
adults who did not take vitamin E, with a median follow-up was 5.6 years; vitamin E
users had higher adjusted transplant-free survival, lower rates of hepatic
decompensation than controls, and these benefits were evident in both, with and
without T2DM patients[174]. There are some concerns with regard to the safety of
vitamin E supplementation. A large long-term randomized trial (SELECT trial)
showed a slight increase risk of prostate cancer in patients with vitamin E
supplementation (Hazard ratio: 1.17; CI: 1.004-1.36)[175]. Furthermore, another large
study associated vitamin E with an increased risk of hemorrhagic stroke, also with a
marginal increment (Relative risk 1.22, 1.00-1.48)[176]. The significance of these side
effects is not entirely clear since large-scale population studies tend to find statistical
differences without clinical relevance, nevertheless, vitamin E must be prescribed with
caution in high-risk groups.
Pioglitazone has a role in the treatment of NASH through modulation by an
adiponectin-mediated effect on insulin sensitivity and hepatic fatty acid metabolism,
as well as acting as a PPAR (gamma with Greek letter)[177]. Like vitamin E, pioglitazone
has shown conflicting evidence regarding the reduction of fibrosis. The PIVENS study
did not show an improvement[167], while two other randomized studies in diabetic and
non-diabetic patients showed a reduction in liver fibrosis[171,172]. Cusi et al[172], studied
101 patients with prediabetes or T2DM and NASH, all patients were prescribed a
hypocaloric diet and then randomly assigned to pioglitazone (45 mg/d), or placebo for
18 mo, followed by an 18-mo open-label phase with pioglitazone treatment. The
pioglitazone group had improvement in the mean fibrosis score, however, this
treatment was associated with significant weight gain, suggesting that pioglitazone
could alter the natural history of the disease.
Cenicriviroc (CVC) is a dual antagonist of CCR2 and CCR5. CVC significantly
reduced monocyte/macrophage recruitment and collagen deposition in animal
models of fibrosis[178]. The CENTAUR study, a multicenter phase 2b clinical trial,
randomized 289 patients to receive CVC (150 mg/d) or placebo for 12 mo, showed no
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differences in NAS score between the CVC and placebo group, however, twice as
many subjects on CVC achieved a reduction in the fibrosis stage (1 stage) with no
worsening of steatohepatitis compared to those on placebo; this benefit was seen
across all stages of fibrosis, particularly for stage 2 and 3[179]. Based on the prior results,
a large phase 3 trial, the AURORA study, is currently recruiting patients with NASH
and histopathological evidence of stage 2 or 3 liver fibrosis to evaluate the benefit of
CVC on the improvement in fibrosis and determine long-term clinical outcomes[180].
Obeticholic acid (OCA), is a farnesoid-X receptor (FXR) agonist[181]. FXR is a nuclear
hormone receptor that regulates glucose and lipid metabolism. In a double-blind,
placebo-controlled, proof-of-concept study in patients with NAFLD and T2DM, OCA
increased insulin sensitivity and decreased significantly markers of liver fibrosis,
nevertheless, no histopathology was obtained[182]. The FLINT study, a multicenter,
randomized, placebo-controlled trial in non-cirrhotic NASH patients to assess
treatment with OCA (25 mg/d) or placebo for 72 wk. OCA improved fibrosis,
hepatocellular ballooning, steatosis, and lobular inflammation when compared with
placebo[183]. Finally, in a recent multicenter double-blind, placebo-controlled study,
1968 patients with stage F1-F3 fibrosis (931 with F2-F3) were randomized to receive
oral placebo, OCA 10 mg, or OCA 25 mg daily for 18 mo; an improvement of at least 1
stage of liver fibrosis was observed in 18% of the 10 mg group, and 23% in the 25 mg
group, however, mild to moderate pruritus was reported in half of the patients with 25
mg of OCA[184]. A baseline NAS > 5, baseline triglyceride level 154 mg/dL, baseline
INR 1, baseline AST level 49 U/L, and decrease in ALT level at week 24, were
significant predictors of histologic response in NASH patients treated with OCA[185].
Tropifexor is another FXR agonist[186]. In a murine model, tropifexor reversed
established fibrosis and reduced the NAFLD activity score, hepatic triglycerides, and
profibrogenic gene expression[187]. Currently, at least three clinical trials are evaluating
the safety, tolerability, and efficacy of different doses of tropifexor in NASH
patients[188-190].
Elafibranor is an agonist of the peroxisome proliferator-activated receptor-α and
peroxisome proliferator-activated receptor-δ. In a randomized, double-blind placebocontrolled trial, including 276 patients for 52 wk, NASH resolved without fibrosis
worsening in a higher proportion of patients in the Elafibranor group (120 mg/d), and
NASH resolution was associated with a reduction in liver fibrosis stage[191].
SGLT2 inhibitors, a relatively novel class of oral antidiabetic drugs that reduce
hyperglycemia by promoting the urinary excretion of glucose[192]. Dapagliflozin, an
SGLT2 inhibitor, has proven beneficial effects other than lower glucose levels in
T2DM, such as a significant reduction in total body weight, predominantly by
reducing total body fat mass and visceral fat[193]. In an open-label trial, 57 patients with
T2DM and NAFLD were randomized to dapagliflozin (5 mg/d) (n = 33) or standard
treatment (n = 24) for 24 wk. In 14 patients from the dapagliflozin group who had
significant fibrosis (≥ 8.0 kPa), LSM decreased significantly from 14.7 ± 5.7 to 11.0 ± 7.3
kPa[194]. Licoglicoflzin, a dual sodium-glucose co-transporter 1/2 inhibitor which has
proven positive effects on body weight in obese patients[195,196], in combination with
tropifexor is currently under recruitment to evaluate the efficacy, safety, and
tolerability in patients with NASH and significant fibrosis (F2 and F3)[189].
Finally, selonsertib, an inhibitor of apoptosis signal-regulating kinase 1, a
serine/threonine signaling kinase, that can lead to fibrosis was evaluated alone or in
combination with simtuzumab, in NAFLD patients with stage 2 or 3 liver fibrosis for
24 wk. Reductions in LSM on MRE and collagen content and lobular inflammation on
liver biopsy were observed[197].
It is expected that shortly evidence from these and new drugs will increase
exponentially, however, given the complex physiopathology of NAFLD fibrosis, it is
unlikely that one drug by itself will deliver significant clinical outcomes, and perhaps
the combinations of drugs with different targets will be necessary to obtain better
results. Additionally, it is important to mention that until now, there is no evidence
showing a clear effect of the “hepatoprotectors” on liver fibrosis (ursodeoxycholic acid,
pentoxifylline, antioxidants among others), and therefore should not be used
indiscriminately.

CONCLUSION
The main concern in NAFLD/NASH patients is the presence and progression of liver
fibrosis, therefore all the efforts should center on it. There are several available scores
to predict and stratify the risk of advanced fibrosis although the accuracy is limited in
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intermediate stages. To improve the accuracy of the diagnosis a combination of
methods such as TE or US may be used, while MRE or liver biopsy alone are
considered as the best options to accurately diagnose fibrosis. To select a diagnostic
test or tests the prevalence of the disease in the specific center should be considered, as
well as the experience of the center and the observers. The treatment should always
take into account the presence of comorbidities such as the features of metabolic
syndrome and should always include lifestyle modifications considering the
preferences of the patient to ensure long-term adherence. The only approved
pharmacological treatments so far are Vitamin E and pioglitazone, however, they have
shown conflicting results on liver fibrosis improvement. Therefore, several new drugs
and trials are being created and conducted aiming to improve both steatosis and liver
fibrosis with very promising results thus far.
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Inflammatory bowel disease (IBD) includes Crohn’s disease (CD), ulcerative
colitis and unclassified entities. CD commonly involves the terminal ileum and
colon but at the time of diagnosis it can be confined to the small bowel (SB) in
about 30% of the patients, especially in the young ones. Management of isolated
SB-CD can be challenging and objective evaluation of the SB mucosa is essential in
differentiating CD from other enteropathies to achieve therapeutic decisions and
to plan the follow-up. The introduction of cross-sectional imaging techniques and
capsule endoscopy (CE) have significantly expanded the ability to diagnose SB
diseases providing a non-invasive test for the visualization of the entire SB
mucosa. The main CE limitations are the low specificity, the lack of therapeutic
capabilities and the impossibility to take biopsies. Device assisted enteroscopy
(DAE) enables histological confirmation when traditional endoscopy, capsule
endoscopy and cross-sectional imaging are inconclusive and also allows
therapeutic interventions such as balloon stricture dilation, intralesional steroid
injection, capsule retrieval and more recently stent insertion. In the current review
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we will discuss technical aspect, indications and safety profile of DAE in children
and adults with IBD.
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Core Tip: Evaluation of the small bowel (SB) mucosa is essential in differentiating
Crohn’s disease (CD) from other enteropathies to achieve therapeutic decisions and to
plan follow-up. The introduction of cross-sectional imaging techniques and capsule
endoscopy have significantly improved the diagnostic approach to SB disease
providing a non-invasive diagnostic method for the visualization of the entire SB
mucosa. However, Device assisted enteroscopy (DAE) has further revolutionized
management of SB-CD enabling histological confirmation and allowing therapeutic
interventions. In the current review we will discuss technical aspect, indications and
safety profile of DAE in children and adults with inflammatory bowel disease.

Citation: Di Nardo G, Esposito G, Ziparo C, Micheli F, Masoni L, Villa MP, Parisi P, Manca
MB, Baccini F, Corleto VD. Enteroscopy in children and adults with inflammatory bowel
disease. World J Gastroenterol 2020; 26(39): 5944-5958
URL: https://www.wjgnet.com/1007-9327/full/v26/i39/5944.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i39.5944

INTRODUCTION
Inflammatory bowel disease (IBD) represents a group of chronic inflammatory
disorders that involve the colon, small bowel (SB) and the entire gastrointestinal tract
and include Crohn’s disease (CD), ulcerative colitis (UC) and unclassified entities[1,2].
CD is a chronic immuno-mediated inflammation that most commonly involves the
terminal ileum and colon, but at the time of diagnosis, it can be confined to the SB, as
seen in approximately 30% of CD patients, especially young patients[2-8]. Isolated SBCD can be challenging to diagnose and manage for several reasons. First, the SB is less
easily accessible by endoscopy, making it easy to miss a SB-CD diagnosis with
conventional endoscopy contributing to a delay in diagnosis as observed in many
patients with CD[5]. Second, SB ulcerations induced by infection (such as tuberculosis)
or drugs can sometimes be difficult to differentiate from CD[1,8]. Third, compared with
the other phenotypes, SB-CD is associated with an increased risk of relapse and
stricture development[1,3,6,7]. Fourth, SB cancer associated with CD is a rare but difficult
problem because only a minority of these cases are diagnosed preoperatively and at an
early stage[9]. Finally, in the paediatric population, SB-CD has particular clinical
relevance for its negative impact on growth and pubertal development[2,7]. Thus,
objective evaluation of the SB mucosa is essential in differentiating CD from other
enteropathies to make therapeutic decisions and to plan follow-up.
For many years, investigation of the SB has been a challenge because of its anatomy,
location, and relative tortuosity. The introduction of cross-sectional imaging
techniques such as computed tomography (CT) and magnetic resonance imaging
(MRI), enterography/enteroclysis and SB ultrasound, have enhanced SB assessment
with great accuracy in evaluating transmural and extraluminal disease, but subtle
mucosal changes can still be missed[8,10,11].
Capsule endoscopy (CE) and device-assisted enteroscopy (DAE) have significantly
expanded the ability to diagnose SB diseases. CE provides a non-invasive test for the
visualization of the entire SB mucosa, which can aid in the diagnosis of SB-CD and
monitoring the therapeutic response. The main CE limitations in IBD patients are a
low specificity, a lack of therapeutic capabilities and the inability to perform
biopsies[12,13].
DAE enables histological confirmation when other modalities, such as traditional
endoscopy, CE and cross-sectional imaging, are inconclusive and allows therapeutic
interventions, such as balloon stricture dilation, intralesional steroid injection, capsule
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retrieval and, more recently, stent insertion[12-14].
In the current review, we will discuss the technical aspects, indications and safety
profiles of DAE in children and adults with IBD.

TECHNICAL ASPECTS
DAE is a generic term for any endoscopic technique that includes assisted progression
(i.e., balloons, overtubes or other devices) and includes double-balloon enteroscopy
(DBE), single-balloon enteroscopy (SBE), balloon-guided endoscopy (BGE) and spiral
enteroscopy (SE). Table 1 shows the main characteristics of the currently available
DAE systems.
The DBE system was presented for the first time in Japan in 2001, and the first
paediatric report was described in 2003. The DBE system is constituted of a highresolution enteroscope with a latex balloon attached to the end of the enteroscope and
a second balloon attached to the tip of a polyurethane overtube. Both balloons are
inflated and deflated using an external pressure-controlled pump system. Currently,
three DBE systems are available. The P type is the thinnest; however, the small
diameter of its working channel (2.2 mm) limits the possibility of performing
advanced therapeutic procedures. The T type has an outer diameter of 9.4 mm and a
working channel diameter of 3.2 mm. The main advantage of the short type (working
length of 152 cm) is the compatibility with all conventional devices; it can also be used
for endoscopic retrograde cholangiopancreatography in patients with altered anatomy
and difficult or failed colonoscopy[14-18].
SBE was introduced in 2007, and in contrast to DBE, there is no balloon at the tip of
the enteroscope; therefore, handling of the balloon control unit is simplified. The
enteroscope is a high-resolution video endoscope, the overtube and balloon are made
of silicon, and a control unit with a safety pressure setting that controls the balloon
inflation and deflation[14-18].
DBE and SBE use the push-and-pull method, however, the number of balloons
makes a slight difference in the insertion technique between the two balloon assisted
enteroscopy (BAE) systems.
Two operators are generally needed to perform DBE. For the antegrade approach,
the endoscope and overtube are advanced to the duodenum beyond the major papilla,
at which point the balloon located on the overtube is inflated to hold the small bowel
tightly. The enteroscope is then advanced to the distal side of the SB, and its balloon is
inflated to prevent slippage of the scope backward. The balloon on the overtube is
then deflated, and the overtube is advanced towards the tip of the enteroscope. The
balloon on the overtube is then reinflated. The enteroscope-overtube is then
withdrawn to fold the SB along the overtube. This process can be repeated until the
maximal insertion point or the target lesion is reached[16].
SBE is usually performed by two operators, but it may be easier than DBE to
perform with a single-operator. The enteroscope and overtube are advanced similar to
the DBE insertion technique. However, the enteroscope tip must be angled during
advancement of the overtube and only after the angulation of the tip, the overtube is
advanced towards the tip of the enteroscope, and the overtube balloon is then inflated.
The enteroscope-overtube is then withdrawn to fold the SB along the overtube. The
overtube balloon is left inflated and the enteroscope is advanced from the overtube tip.
This cycle of forward advancement and withdrawal is repeated until the maximal
insertion point or target lesion is reached[16].
Retrograde insertion is more difficult than antegrade insertion, even in experienced
hands. For both techniques (DBE and SBE), the enteroscope and overtube are
advanced to the caecum. After inflation of the overtube balloon, the enteroscopeovertube is withdrawn to decrease the ileo-colic angle. With the overtube balloon
inflated, the enteroscope is then passed through the ileocecal valve, and endoscope
balloon is inflated within the ileum to hold the position. The overtube is then
advanced into the ileum with the balloon deflated. For SBE, although the insertion
technique is the same, backward slippage of the tip of the enteroscope to the caecum
during insertion of the overtube is frequent because of the lack of a balloon at the
enteroscope tip, which would enable holding the position[16].
DBE and SBE have the same procedural technique in children and adults. BAE is
suitable and safe for children aged > 3 years and weight > 14 kg. However, due to a
smaller abdominal cavity, thinner intestinal walls and a narrower intestinal lumen,
BAE requires a greater level of skill in younger children[18].
BGE is performed by using an on-demand through-the-scope (TTS) balloon inserted
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Table 1 Technical characteristics of the currently available device-assisted endoscopes
DAE
system
type

Endoscope
model

Optical
field of
view

Optical Endoscope
depth of distal outer
field
diameter

Endoscope
Endoscope
channel inner working
diameter
length

Overtube
outer
diameter

Image
enhancement

DBE

EN-580T

140

2-100
mm

9, 4 mm

3, 2 mm

200 cm

13, 2 mm

FICE

DBE

EN-580XP

140

2-100
mm

7, 5 mm

2, 2 mm

200 cm

11, 6 mm

FICE

DBE

EI-580BT

140

2-100
mm

9, 4 mm

3, 2 mm

156 cm

13, 2 mm

FICE

DBE on
demand
using
BGE

G-EYE34i10L/F

140

2-100
mm

11, 5 mm

3, 8 mm

170 cm

NA

i-scan OE

DBE on
demand
using
BGE

G-EYE38i10L/F

140

2-100
mm

13, 2 mm

3, 8 mm

170 cm

NA

i-scan OE

DBE on
demand
using
BGE

G-EYE38-i10F2

140

2-100
mm

13, 2 mm

3, 8 mm

150 cm

NA

i-scan OE

SBE

SIF-Q180

140

3-100
mm

9, 2 mm

2, 8 mm

200 cm

13, 2 mm

NBI

SBE

SIFH290S

140

3-100
mm

9, 2 mm

3, 2 mm

152 cm

13, 2 mm

NBI

SE

SIF-Y0019
Motorized
spiral overtube

140

2-100
mm

11, 3 mm

3, 2 mm

168 cm

31, 1 mm
max1;18, 1
mm distal2

NBI

NaviAid, Smart
Medical
Systems,
(Ra’anana,
Israel)

BGE

No specific
scope required

NA

NA

NA

NA

NA

NA

NA

Spirus Medical
(Stoughton,
United States)

SE

No specific
scope required

NA

NA

NA

NA

NA

14, 5 mm

NA

Company
Fujifilm
Corporation
(Tokyo, Japan)

Pentax Medical
(Tokyo, Japan)

Olympus
(Tokyo, Japan)

1

Maximum outer diameter.
Distal outer diameter. DAE: Device assisted enteroscopy; DBE: Double balloon enteroscopy; SBE: Single balloon enteroscopy; BGE: Balloon guided
enterosopy; SE: Spiral enteroscopy; NA: Not applicable; NBI: Narrow band imaging; FICE: Flexible spectral imaging color enhancement; OE: Optical
enhancement.
2

in the working channel of any endoscope. The balloon is then inflated, allowing
anchoring in the SB, and progression is obtained with repeated push-and-pull
maneuvres by sliding the endoscope over the catheter. The balloon catheter can be
removed to perform therapeutic interventions. The main limitation of this technique is
the low stability of the endoscope during the therapeutic procedure due to the lack of
an anchoring balloon[14,15]. To overcome this drawback, a colonoscope with an
integrated latex-free balloon at the bending section has recently been developed (see
Table 1). These colonoscopes, combined with a disposable advancing balloon (AB)
applied through the instrument channel, provide the assembly to perform deep SB
double-balloon endoscopy. The balloon endoscopes as well as the AB devices are
controlled simultaneously by the inflation system. The feasibility and safety of BGE
using the NaviAid AB device has recently been evaluated in children with IBD[19].
SE involves the use of an overtube with a raised spiral ridge. The SB is pulled and
pleated onto the overtube by continuous rotation of the spiral, and advancement into
the SB is allowed by clockwise rotation of the overtube during insertion and
anticlockwise rotation during withdrawal. SE overtubes have been replaced by a new
motorized spiral enteroscopy (NMSE) system. NMSE system is composed of a
reusable endoscope with an integrated motor permitting the rotation of a short spiral
overtube placed on the insertion tube portion of the endoscope and a motor control
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unit with a foot pedal and visual force gauge. The foot pedal activates the drive motor
located in the endoscope handle, which controls the rotational direction and speed of a
coupler located in the middle of the insertion tube of the endoscope. The bowel is
pleated or unpleated on the insertion tube of the endoscope with clockwise or
anticlockwise rotation, respectively. After reaching the required depth of insertion, the
endoscope will be withdrawn using motorized anticlockwise spiral rotation[14,20].
Preliminary data shows that NMSE offers advantages over traditional methods, in
particular concerning the duration of the procedure and the relative ease of use;
otherwise, it has similar diagnostic and therapeutic yields as both SBE and DBE[20,21].
Nevertheless, data on SE in IBD patients are not yet available, and the large diameter
of the SE overtube makes this technique unsuitable for children.
The approach (oral, anal or both) is determined on clinical judgement, crosssectional imaging (CT/MRI - enterography) and CE. Usually, the oral approach is the
first choice due to its lower technical difficulty[16,17,22]. Both oral and anal approaches are
used if inspection of the whole intestine is clinically needed. An ink tattoo or clip is left
at the deepest point of insertion achieved during the first approach.
Overnight fasting of 12 h for solid food and 4 h for clear liquids before starting the
procedure is enough for the oral approach, the same bowel cleansing suggested for
colonoscopy required for retrograde enteroscopy. General anaesthesia is
recommended for long procedures or for patients in whom sedation is not appropriate
(i.e., paediatric and high-risk patients). Fluoroscopy is not always needed, except when
adhesions or massive SB-CD involvement is expected and when enteroscopy is aimed
to perform stricture dilation[16,17,22]. Insufflation of CO2 is recommended due to its
capability to allow deeper SB intubation of the scope and minimize postprocedural
discomfort[22,23].

ENTEROSCOPY IN ADULT PATIENTS WITH SUSPECTED IBD
Five studies evaluated the impact of DAE on adults with suspected IBD (Table 2)[24-28].
In a retrospective German study, 16 adult patients with clinical suspicion of isolated
SB-CD underwent DBE after negative gastroscopy and colonoscopy. Abnormal SB
findings were detected in 7 patients (44%) but pathognomonic histological findings of
CD were found in only one case (6%). However, a diagnosis of CD was confirmed in
11 out of 16 (69%) patients taking into account clinical, endoscopic and radiological
features[24].
Navaneethan et al[25] retrospectively reviewed a BAE registry, which included DBE
and SBE procedures performed on adult patients, to assess the diagnostic yield and
clinical impact of BAE in suspected SB-CD. They identified 22 patients with suspected
SB-CD and inconclusive results from conventional upper and lower gastrointestinal
endoscopy, radiological cross-sectional imaging studies, and CE. These patients
underwent BAE, which provided a histological diagnosis of CD in 6 patients (27.3%)
and non-steroidal anti-inflammatory drug-induced enteropathy in 3 patients (13.6%),
whereas no lesions were found in 13 patients (59.1%). One newly diagnosed CD
patient underwent successful balloon dilation of a jejunal stricture without
complications. The authors also evaluated the agreement rate between CT or MRI
enterography and BAE findings which was quite low (36.4%).
In a multicenter retrospective study, 43 adult patients with suspected CD based on
abnormal cross-sectional imaging or CE were evaluated by DBE. The diagnostic yield
reached 79%. SB-CD diagnosis was confirmed in 17 patients, and DBE examination
was normal in 12 cases. The remaining 5 patients received alternative diagnoses, such
as NSAID ulceration, stricture/solitary ulcer, anastomotic ulcer, or Meckel’s
diverticulum. Another main outcome measure of this study was a comparison of DBE
and CE findings. Overall, only 46% of lesions were confirmed on DBE. In 33 (77%)
patients, BAE modified clinical management by the exclusion of CD in 11 patients,
confirming CD in 17, diagnosing stenosis in 2, nonspecific ulcer in 2 and stopping the
NSAID treatment in 1[26].
Tun et al[27] retrospectively evaluated the impact of DBE and histology on the
diagnosis and management of 100 adult patients with suspected SB-CD for whom,
based on clinical and laboratory data and after colonoscopy and radiological imaging
studies or CE, a diagnosis of CD was not achieved. Abnormal macroscopic DBE
findings were detected in 60 patients (ulcers, n = 47; stricture, n = 11; abnormal
mucosa, n = 2), and biopsy samples was obtained. Twenty-three showed no
histological abnormalities despite positive macroscopic appearances on DBE, whilst
among the remaining 37 patients, according to histological examination, the diagnosis
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Table 2 Available studies on diagnostic yield and impact on patient management of device assisted enteroscopy in adult Crohn’s
disease patients
CD patients (n)

Diagnostic yield (%)

Impact on patient
management (%)

DAE system
type

Study design

Mensink et al[36], J Gastroenterol
2009

DBE

Retrospective

0

40

60

75

Kondo et al[33], J Gastroenterol 2010

DBE

Retrospective

25

50

47

53

DBE

Prospective

193

47

NA

DBE

Retrospective

16

0

69

NA

Navaneethan et al[25], Endosc Int
Open 2014

SBE or DBE

Retrospective

22

43

Christian et al[35], World J
Gastrointest Endosc 2016

Retrograde SBE

Retrospective

29

Rahman et al[26], Gastrointest
Endosc 2015

DBE

Retrospective

43

38

Tun et al[27], Eur J Gastroenterol
Hepatol 2016

DBE

Retrospective

100

0

Holleran et al[28], Scand J
Gastroenterol 2018

SBE

Retrospective

13

39

Ref.

Möschler et al

[34]

, Endoscopy 2011

[24]

Schulz et al

, Dig Endosc 2014

Suspected Known Suspected Known Suspected

27

53

41.4

79

NA

53

17

87

77

NA

39

Known

82

45

77

69

DAE: Device-assisted enteroscopy; DBE: Double balloon enteroscopy; SBE: Single balloon enteroscopy; CD: Crohn’s disease; NA: Not applicable.

of CD was confirmed in 8 patients (22%), and 15 (41%) had histology suggestive of CD.
Nevertheless, combining clinical, biochemical, endoscopic, and histological findings,
45% of all patients received treatment for CD. After a median follow-up period of 27
mo, the diagnosis of CD was confirmed in 38% of DBE-positive patients[27].
The diagnostic yield and the impact on clinical outcome of the use of SBE for
suspected SB-CD were evaluated in an Italian retrospective study, which included 13
adult patients. The diagnostic yield was 39%, detecting four patients with active ileitis
and one with ileal stricture. For the remaining eight patients, a new diagnosis of CD
was reached in 4 patients (8%) and excluded in the other 4 patients (8%)[28].

ENTEROSCOPY IN CHILDREN WITH SUSPECTED IBD
Five studies, two on SBE, two on DBE and one on BGE, evaluated the impact of DAE
on children with suspected IBD[19,29-32] (Table 3).
In a study previously published by our group, 16 paediatric patients with suspected
CD and unspecific findings after extensive assessment with upper and lower GI
endoscopy, MRE and CE were assessed by SBE. SBE provided a histological diagnosis
of CD in 12 patients and eosinophilic enteropathy in 2 patients, no lesions were found
in the remaining 2 patients. Moreover, SBE allowed dilation of SB strictures identified
on MRI in 2 suspected CD patients[29].
de Ridder et al[30] evaluated the diagnostic yield of SBE for paediatric CD. In this
study, patients were evaluated directly by two-route SBE, not preceded by
conventional endoscopy or CE, and in 8 out of 14 patients with suspected CD, the
diagnosis was confirmed after SBE.
Urs et al[31] performed DBE in 3 patients with suspected CD after CE examination
indicating mucosal abnormalities. DBE led to a CD diagnosis in 2 out of 3 patients, and
CD was excluded in the other child due to the lack of mucosal lesions and a normal
histology.
The study from Uchida et al[32], evaluated the efficacy and safety of DBE in 8 children
with suspected CD after inconclusive gastroscopy, colonoscopy and an SB-contrast
study. DBE confirmed a CD diagnosis in 2 out of 8 patients, led to an alternative
diagnosis in four patients and did not find mucosal lesions or histological
abnormalities in the remaining 2 patients.
Recently, Broide et al[19] evaluated the feasibility and safety of BAE using a NaviAid
AB device in children with suspected IBD. Technical success was achieved in 95.23%
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Table 3 Available study on device assisted enteroscopy in pediatric inflammatory bowel disease
DAE
system
type

Study
design

Di Nardo et al[29],
Gastrointest Endosc
2012

SBE

Prospective

Suspected CD = MRI and CE
16, known CD =
14

Suspected CD =
87%, known CD =
64%

Balloon dilation
= 5 pts

Not reported

de Ridder et al[30],
Gastrointest Endosc
2012

SBE

Prospective

Suspected CD = MRI and US
14, known CD =
6

Suspected CD =
57%, known CD =
83%

NA

Not reported

Uchida et al[32],
Pediatr Int 2012

DBE

Prospective

Suspected CD =
8, known CD =
4

Upper GI endoscopy,
colonoscopy and SBcontrast study

Suspected CD =
75%, known CD =
75%

Balloon dilation
= 1 pt

Not reported

Urs et al[31], J Pediatr DBE
Gastroenterol Nutr
2014

Prospective

Suspected CD =
3, known CD =
5

CE

Suspected CD =
66%, known CD =
100%

NA

Not reported

Broide et al[19], J
Pediatr Gastroenterol
Nutr 2020

Prospective

Suspected IBD
= 15, known
IBD = 16

NA

NA

NA

Not reported

Ref.

BGE

Patients (n)

Previous
Impact on patient
diagnostic work-up management (%)

Therapeutic
procedure

Complications

DAE: Device-assisted enteroscopy; DBE: Double balloon enteroscopy; SBE: Single balloon enteroscopy; BGE: Balloon guided enterosopy; CE: Capsule
endoscopy; IBD: Inflammatory bowel disease; CD: Crohn’s disease; NA: Not applicable; MRI: Magnetic resonance imaging; US: Ultrasonography; GI:
Gastrointestinal; SB: Small bowel; CE: Capsule endoscopy.

and 85.7% of the anterograde and retrograde approaches, respectively. Moreover, the
total procedure time was significantly shorter and the learning curve was faster than
with BAE, as its operation is intuitive and simple. Unfortunately, the diagnostic yield
of this technique was not assessed. In the 15 patients with suspected IBD, 3 patients
were diagnosed with UC and 3 patients with CD; the remaining 9 patients showed no
intestinal abnormalities.
According to the previously described literature and our previously published
algorithm (Figure 1), in children with suspected IBD, we suggest the following
approach. DAE is recommended when conventional endoscopy, imaging of the SB and
CE are inconclusive and tissue sampling and/or therapeutic procedures would alter
disease management. DAE should be the preferred primary endoscopic procedure
only if a stricture or an easy-to-reach lesion (i.e., proximal SB wall thickness) is
suspected at imaging. This is reasonable due to DAE diagnostic and therapeutic
possibilities and to the high capsule retention risk[6,18].

ENTEROSCOPY IN SUSPECTED AND ALREADY KNOWN IBD ADULT
PATIENTS
Three studies evaluated the impact of DAE on both suspected and already known IBD
adult patients (Table 2)[33-35].
Kondo et al[33] analyzed a total of 1444 cases of DBE performed for various
indications collected in a multicenter database to investigate the efficacy of DBE for the
diagnosis and treatment of CD on adult patient. A total of 50 known and 25 newly
diagnosed patients with CD were included. Active inflammatory lesions (ulcer and
erosion/redness) were found in 51.2% of the symptomatic patients, but they were also
detected in 33.3% of the asymptomatic CD patients. Overall, the treatment was altered
for 53.3% of the patients, resulting in introduction of anti-TNF antibody (20.4%) or
other medication (17.5%), dose reduction (1.9%), endoscopic balloon dilation (EBD,
7.8%), and surgical treatment (5.8%).
In 2011, Möschler et al[34] published the results derived from a large prospective
German database that reported data from 2245 DBE examinations carried out on 1765
adult patients over a 2-year period. Overall, 193 patients (11%) with known or
suspected CD underwent endoscopic examination of the SB, showing pathological
findings in 91 of them, with a diagnostic yield of 47%.
In a retrospective study, Christian et al[35] evaluated the diagnostic and therapeutic
yields of SBE using solely a retrograde approach. Overall, 136 retrograde SBE
procedures were considered. Twenty-nine (21.3%) were performed on adult patients
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Figure 1 Suggested algorithm in children with suspected inflammatory bowel disease (adapted by reference 6). GI: Gastrointestinal; MR:
Magnetic resonance; SB: Small bowel.

with suspected or known CD. Twelve new diagnoses of CD were established, with a
diagnostic yield of 41.4%, and the therapeutic yield was 17.2%.

ENTEROSCOPY IN ADULT PATIENTS WITH KNOWN IBD
Four studies evaluated the impact of BAE on adults with known IBD (Table 2)[25,26,28,36].
Mensink et al[36] assessed the clinical impact of endoscopic evaluation of the SB by
DBE for patients with known CD and clinical suspicion of SB activity. They
retrospectively analyzed 52 DBE procedures performed in 40 adult patients. Twentyfour patients (60%) showed macroscopically active inflammation of the SB, and 18 of
them (75%) had to switch therapy with persistent clinical improvement in 83% of
patients after a mean follow-up of 13 mo. In particular, amongst the 18 patients, 11
introduced anti-TNF therapy, 2 switched from infliximab to adalimumab, 1 introduced
steroid therapy, 2 underwent surgical resection, and 2 underwent balloon dilation.
In the study from Navaneethan et al[25], BAE was performed in 43 adult patients with
an established diagnosis of CD whose main indications were disease activity and
extent assessment in uninvestigated CD, anaemia or obscure gastrointestinal bleeding,
confirmation and treatment of SB strictures diagnosed on radiological examination,
and evaluation of activity and extent of CD in postoperative patients. BAE had impact
on clinical management of 23 patients (53.4%): 18 patients (41.8%) had active
inflammation with ulcers or strictures, which led to a switch of medical therapy or
surgery, 5 (11.6%) with documented stenosis in the absence of active ulcers underwent
EBD to treat obstructive symptoms. Overall, thirteen patients (30%) required surgery:
Two due to lack of other therapeutic strategies, five as a result of medical treatment
escalation failure, five based on patient’s choice, and one due to bowel perforation
after BAE. Finally, the authors found that the agreement rate between CT or MRI
enterography and BAE findings were higher (75.6 %) in already diagnosed CD
patients.
In the study by Rahman et al[26], the authors analyzed the diagnostic yield and the
clinical impact of DBE on the management of 38 adult patients with known CD and
clinical suspicion of SB disease activity. In this setting, the diagnostic yield was 87%
(33/38 patients), revealing an active disease in 11 patients (29%), 5 with CD stricture
(13%), 3 (8%) with functional obstruction due to fixed/angulated bowel, 3 (8%) with
anastomotic ulcers, and 2 (5%) with nonspecific ulceration. DBE examination was
normal in 9 cases (23.6%). Therefore, DBE resulted in a clinical management change for
82% of patients with known CD. Thirteen patients (34%) needed an increase or a
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switch of therapy or surgery, and three patients (8%) underwent endoscopic dilation
without any related complications. One patient (1.2%) underwent surgery due to
perforation consequent to diagnostic DBE and directly related to an ulcer at an
anastomosis site.
Holleran et al[28] evaluated the diagnostic yield and the impact on clinical outcome of
the use of SBE for 39 patients with established SB-CD. In this setting, the diagnostic
yield was significantly higher than for adult patients with suspected CD (77% vs 39%,
P < 0.01). The most frequent findings were ileal or anastomotic strictures in 38% and
26%, respectively, and active ileitis in 21% of patients. SBE had an immediate clinical
impact on 69% (n = 33) of patients, including stricture dilation in 27%, adjustment of
medications in 48%, and referral for surgical resection in 6%. Long-term follow-up
(mean duration of 11 mo, range of 3-22 mo), performed in 34 patients (65%) of the 52
patients, showed a significant change in the mean Harvey-Bradshaw index score from
6.6 to 4.2 after the procedure (P < 0.0001).
Regarding the therapeutic role of enteroscopy in adult patients with IBD
complications, several studies evaluated the clinical impact of EBD using BAE for SB
stricture in CD (Table 4)[25,28,33,37-45]. Among them, Hirai et al[45] conducted, to our
knowledge, the largest multicenter study currently available, which prospectively
enrolled 112 patients with symptomatic SB strictures related to CD to clarify the
efficacy and safety of EBD. Ninety-five patients (85%) were included, and balloon
dilation was successful in 89 (94%) of them. The primary endpoint related to shortterm outcomes was an improvement of symptoms, which was achieved in 66 patients
(70%). The dilation diameter was significantly larger (15.20 ± 1.70 mm vs 13.65 ± 2.59
mm, P = 0.03) in the short-term symptomatic improvement group than in the no
improvement group. There were no other significant differences in the groups’
baseline characteristics or stricture features.
The long-term outcomes of EBD for SB stricture in CD adult patients were
extensively evaluated by two retrospective Japanese studies[43,44].
Hirai et al[43] evaluated 65 CD patients with obstructive symptoms caused by
endoscopically manageable SB strictures (stricture length ≤ 5 cm, not associated with
fistulae, abscesses or deep ulcers, and without severe curvature of the stricture) with
clinical success in 80.0% of patients (52/65). During the observation period after the
initial EBD (mean 41.8 ± 24.9 mo), seventeen patients (26.2%) underwent surgery. The
cumulative surgery-free rate was 79% and 73% at 2 and 3 years, respectively, and it
was significantly higher among successful EBD cases (P < 0.0001). Moreover, the
cumulative re-dilation-free rate was 64% at 2 years and 47% at 3 years. No significant
differences in terms of concomitant treatment or initial dilation method were detected
between patients with and without the need for re-dilation.
More recently, Sunada et al[44] analyzed data regarding 85 patients who underwent
DBE-assisted EBD for SB-CD strictures and were then followed-up for a mean period
of 41.9 mo (range, 0-141). The surgery-free rate after the initial EBD was 87.3% at 1
year, 78.1% at 3 years, and 74.2% at 5 years. Univariate analysis showed that the
presence of an internal fistula beside the refractory stricture was significantly
associated with the need for surgical intervention (hazard ratio: 5.50; 95%CI: 2.16-14.0;
P = 0.01).

ENTEROSCOPY IN CHILDREN WITH KNOWN IBD
Five studies, two on SBE, two on DBE and one on BGE evaluated the impact of BAE in
children with established IBD (Table 3)[19,29-32].
In our study, the SBE findings of 14 patients with longstanding CD and symptoms
unexplained by conventional endoscopy led to the introduction of or to a change in
therapeutic approach in 11 patients. Moreover, SBE allowed successful and safe
dilation of SB strictures identified on MRE in 3 patients[29].
In the study of de Ridder et al[30] SBE findings led to a change in therapy in five out
of six patients with established CD.
In the paper from Urs et al[31], in the established CD group, 2 patients had adverse
reactions to infliximab with poor response to adalimumab and 3 patients underwent
DBE for disease evaluation and consideration of escalation of treatment. DBE led to a
change of treatment in all 5 patients.
Uchida et al[32] evaluated the efficacy and safety of DBE in 4 children with
established CD. After DBE, one patient underwent balloon dilatation and a change in
medical therapy, and in two patients, surgical resection was planned. In one patient,
DBE was performed for assessment of intestinal lesions due to persistent abdominal
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Table 4 Available studies on endoscopic balloon dilation using balloon-assisted enteroscopy for small bowel stricture in adult Crohn’s
disease patients
Dilation
CD
diameter
patients (mm),
mean
(n)
(range)

DAE
system
type

Study
design

Fukumoto
et al[37],
Gastrointest
Endosc 2007

DBE

Retrospective 23

Pohl et al[38],
Eur J
Gastroenterol
Hepatol 2007

Push
NA
enteroscopy

Ohmiya
et al[39],
Gastrointest
Endosc 2009

Ref.

Dilatations
Technical Clinical
(n), mean
success efficacy
per patient
(%)
(%)
(range)

Observation
Symptom
Perforation period (mo),
recurrence
(%)
mean
(%)
(range)

NA

NA

74

35, (1.52; 1-6) 0

12, (1-40)

26

10

17, (12-20)

80

60

15, (1.5; 1-3)

0

10, (4-16)

40

DBE

Retrospective 16

NA, (8-20)

96

69

NA

0

16, (2-43)

31

Despott
et al[40],
Gastrointest
Endosc 2009

DBE

Prospective

11

15.4, (1220)

73

73

18, (2; 1-3)

9

20.5, (2-41)

25

Hirai et al[41],
Dig Endosc
2010

DBE

Retrospective 25

NA, (1218)

72

72

55, (2.2; 1-4)

0

11, (6-29)

22

Kondo
et al[33], J
Gastroenterol
2010

DBE

Retrospective 8

NA

100

87.5

18, 1.5 (1-2)

0

NA

NA

Gill et al[42],
Ther Adv
Gastroenterol
2014

DBE

Retrospective 10

13.5, (1016.5)

80

70

17, (1.8; 1-4)

20

NA

14

Hirai et al[43],
Dig Endosc
2014

DBE

Retrospective 65

NA, (1218)

80

80

NA

1.5

NA

48

Navaneethan BAE
et al[25], Endosc (SBE/DBE)
Int Open 2014

Retrospective 6

NA

100

100

7, (1.16; 1-2)

16

NA

NA

Sunada
et al[44],
Inflamm Bowel
Dis 2016

DBE

Retrospective 85

12.4,
(8–20)

NA

87

321, (3.8;
1–14)

5

41.9, (0–141)

78.5

Holleran
et al[28], Scand
J Gastroenterol
2018

SBE

Retrospective 13

13, (12-15)

100

80

14, (1; 1-2)

0

8, (2-16)

23

Hirai et al[45],
Journal of
Crohn's and
Colitis 2018

SBE and
DBE

Prospective

15, (8-20)

94

70

90, (1; 1-2)

0

24, (NA)

NA

95

BAE: Balloon-assisted enteroscopy; DBE: Double balloon enteroscopy; SBE: Single balloon enteroscopy; SB: Small bowel; CD: Crohn’s disease; NA: Not
available or not applicable; DAE: Device assisted enteroscopy.

pain, and only small erosion near the ileal stoma orifice was found; thus, therapy after
DBE was not changed.
Recently, Broide et al[19] evaluated the feasibility and safety of BAE using a NaviAid
AB device in 16 children with known IBD (undetermined colitis = 7; CD = 9). In this
group, 6 patients with undetermined colitis at baseline were confirmed to have active
UC, and 1 patient exhibited mucosal healing. Eight of the 9 patients with known CD
were confirmed to have active CD, and 1 patient exhibited mucosal healing.
According to the previously described literature and our previously published
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algorithm (Figure 2), we suggest the following approach for children with known IBD.
DAE is recommended when endoscopic visualization and biopsies of the small
intestine are needed to exclude an alternative diagnosis (lymphoma, tuberculosis or
carcinoma) or to perform a therapeutic procedure including SB stricture dilation and
removal of retained capsule. Endoscopists should keep in mind that in established CD
adhesions may limit examination and that active stricturing CD significantly increases
the perforation risk[6,18].

COMPLICATIONS
The most common complications related to DAE are perforation, bleeding, and
pancreatitis, with an overall rate on adult patients of approximately 1%[34,46].
A large retrospective Japanese study identified 29068 patients who underwent
diagnostic BAE, reporting 32 cases of perforation (0.11%). Nine hundred forty-two
patients underwent a subsequent therapeutic BAE, but no perforations occurred in this
group. Univariate logistic regression analysis showed that patients with IBD,
irrespective of steroid therapy, had a significantly higher risk of perforation than
patients without (8.6-fold and 2.5-fold, respectively)[47]. In most published studies, the
perforation rate among CD patients who underwent EBD varied from 0% to 10% of
subjects[25,28,33,37-41,44,45], although one small cohort reported a perforation rate of 20%[42]
(Table 4). Bleeding after balloon dilation of CD strictures occurs in approximately 2.5%
of patients, and it only often requires conservative management[25]. Finally, pancreatitis
has been reported to occur in 0.3% of patients, especially after procedures with an
anterograde approach[34,48,49]. Adverse event rates for the different types of DAE have
been shown to be similar[50].
In paediatric literature, major complications have been reported only for therapeutic
procedures. A large retrospective study on 257 DBE procedures in children reported
an overall complication rate of 5.4% (10.4% in patients under 10 years)[51]. No major
complications related to either diagnostic or therapeutic procedures have been
reported in the paediatric IBD setting.

CONCLUSION
This review analyzed the use of enteroscopy in children and adults with IBD.
Regarding the use of DAE for diagnostic purposes in adult patients, recent ECCOESGAR guidelines recommend its use for: (1) Patients with negative endoscopy and
suspicion of CD on MRI or CE, if endoscopic and histological diagnostic confirmation
is needed; and (2) Patients who need endoscopic intervention in the SB[52].
According to the studies considered in this review, as shown in Table 2, the
diagnostic yields of DAE in adult patients with suspected CD and with known CD is
27%-79% and 53%-87%, respectively, and are higher if the indication for DAE is based
on previous SB investigations that may identify suspected lesions and guide the choice
of insertion route[25,26,28]. Meanwhile, the diagnostic yield of DAE drops drastically
when the indication is placed exclusively based on non-specific abdominal
symptoms[34]. Similarly the agreement rate between imaging and DAE findings
appears to be higher in already diagnosed CD patients than in suspected CD patients
(75.6% vs 36.4% respectively)[25]. In published studies a significant impact of DAE on
patient management, ranges from 17% to 82%, has been reported with a persistent
clinical improvement reaching 83% after a mean follow-up of 13 mo in the study by
Mensink et al[36] (Table 2)[25-28,33,35].
Endoscopic ballon dilation overall has a technical success rate from 72% to 100%,
and a clinical success rate greater than 60%[25,28,33,37-45], although no standardized
definitions of both these short-term outcomes has been clearly stated yet. The majority
of studies evaluated clinical success basing on the obstructive symptoms reported by
the patients often comparing the clinical improvement before and after dilation[40,45].
The most commonly used definition of technical success was a chance to get the
successful inflation of a balloon catheter within the stenotic bowel segment and the
subsequently endoscope passage through the dilated segment. Studies considered in
this review showed that the mean stricture dilation diameter varied from 12.4 to 17
mm, up to a maximum of 20 mm, and the achievement of a larger dilation diameter
seems to be related to a better short-term clinical improvement[45]. The recurrence of
obstructive symptoms after EBD has been variously reported (14% to 78.5% of adult
subjects) according to the time considered that in most cases was very short (less than
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Figure 2 Suggested algorithm in children with known inflammatory bowel disease (adapted by reference 6). GI: Gastrointestinal; MRI: Magnetic
resonance imaging; SB: Small bowel; CE: Capsule endoscopy.

fifteen months). However, in two studies the average duration of the observation
period after initial EBD was greater than three years[43,44]. They showed the highest
recurrence rates of obstructive symptoms (48% and 78.5%, respectively) but most
patients underwent successful re-dilation with a high cumulative surgery-free rate
(over 78% at three years). Although balloon dilation of CD strictures appears effective
in the short term, it needs to take into consideration the high recurrence rate with the
possibility of repeated endoscopic procedures and/or surgery. To our best knowledge,
no RCT comparing surgery vs balloon dilation has been conducted. As suggested by
the ECCO guidelines[53], EBD or surgery are both suitable treatment options for
patients with short (< 5 cm) strictures of the terminal ileum in CD, and the choice of
treatment depends on local expertise and patient choice (very low level of evidence).
Overall, DAE is a relatively safe procedure if it is performed in expert hands.
However, needs deep sedation with the presence of anesthesiologist, may require a bidirectional approach, and has a high complication rate, making this technique not very
widespread. Moreover, in children with CD EBD it could delay or avoid invasive
surgery to dilate the stenosis and potentially positively affect the natural history of
chronic disease all the more important the more it is in childhood.
The present review underlines several limitations related to the studies currently
available in the literature. First, most of them are retrospective and include a small
number of patients. Second, the studies are often extremely heterogeneous in terms of
patient selection, including IBD and non-IBD patients. Third, there are no
standardized definitions of the principal outcome measures, such as technical success
and clinical efficacy. Fourth, observational period after therapeutic endoscopic
procedures, such as EBD, are often too short, not allowing a long-term evaluation.
Fifth, into the manuscripts some results are not always clearly stated but have been
calculated on the basis of results by the authors of the review.
In conclusion, enteroscopy seems a promising technique especially in patients with
suspected isolated SB-CD and inconclusive results from conventional studies
(including ileocolonoscopy and radiological cross-sectional imaging) in whom
histological diagnosis would alter patient management. Moreover, DAE could have
many roles in patients with known CD, in terms of adjustment of medical therapy to
obtain more lasting and deep clinical improvement, concomitant diagnosis and
treatment of stenosing complications and accurate localization of lesions to allow
targeted surgical intervention. Because mucosal healing is increasingly becoming a
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goal of therapy in CD, DBE may have a role in assessment response to therapy in the
future in select cases. More standardized and wider studies are needed to confirm
these evidences.
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Abstract
Due to the rapid progression and poor prognosis of esophageal cancer (EC), the
early detection and diagnosis of early EC are of great value for the prognosis
improvement of patients. However, the endoscopic detection of early EC,
especially Barrett's dysplasia or squamous epithelial dysplasia, is difficult.
Therefore, the requirement for more efficient methods of detection and
characterization of early EC has led to intensive research in the field of artificial
intelligence (AI). Deep learning (DL) has brought about breakthroughs in
processing images, videos, and other aspects, whereas convolutional neural
networks (CNNs) have shone lights on detection of endoscopic images and
videos. Many studies on CNNs in endoscopic analysis of early EC demonstrate
excellent performance including sensitivity and specificity and progress gradually
from in vitro image analysis for classification to real-time detection of early
esophageal neoplasia. When AI technique comes to the pathological diagnosis,
borderline lesions that are difficult to determine may become easier than before.
In gene diagnosis, due to the lack of tissue specificity of gene diagnostic markers,
they can only be used as supplementary measures at present. In predicting the
risk of cancer, there is still a lack of prospective clinical research to confirm the
accuracy of the risk stratification model.
Key Words: Artificial intelligence; Early esophageal cancer; Barrett's esophagus;
Esophageal squamous cell carcinoma; Endoscopic diagnosis; Pathological diagnosis
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
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intelligence (AI). Thus, application of AI technique in endoscopic detection of early
EC is reviewed intensively. Furthermore, pathological and gene diagnosis for early EC
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INTRODUCTION
Esophageal cancer (EC) is the eighth most common cancer and the sixth leading cause
of cancer death worldwide[1]. EC mainly consists of esophageal adenocarcinoma (EAC)
and esophageal squamous cell carcinoma (ESCC). EAC is the most common
pathological type in Western countries, more than 40% of patients with EAC are
diagnosed after the disease has metastasized, and the 5-year survival rate is less than
20%[2,3]. Although the incidence of EAC has been increasing globally, ESCC remains the
most common pathological type (80%) of all ECs with the highest incidence across a
‘cancer belt’ extending from East Africa and across the Middle East to Asia. Only 20%
of patients with ESCC survive longer than 3 years, primarily due to late-stage
diagnosis[4]. In low-resource settings, the 5-year survival is much lower at about
3.4%[5]. Early diagnosis may be associated with significantly improved outcomes for all
ECs.
Barrett's esophagus (BE) is a premalignant condition characterized by the
replacement of normal squamous esophageal epithelium by metaplastic intestinal
epithelium containing goblet cells. It is a result of chronic inflammation of the
esophagus, conferring a significantly increased risk of EAC. Endoscopic surveillance
for BE patients to enable early detection of dysplasia or carcinoma was recommended
by GI societies of Western countries[6,7]. The endoscopic surveillance in patients with
BE is required with random 4-quadrant biopsy specimens obtained every 1 to 2 cm to
detect dysplasia[8]. This method is invasive, time-consuming, and difficult to comply
with[9].
Gastroscopy remains the major way to detection of early ESCC. However,
endoscopic features of these early lesions are subtle and easily missed with
conventional white-light endoscopy (WLE)[10]. Intrapapillary capillary loops (IPCLs)
are microvessels, which have been considered a marker of ESCC, because their
changes in morphology correlate with the invasion depth of ESCC. Advanced
endoscopic-imaging modalities, such as narrow band imaging (NBI), in combination
with magnification endoscopy, afford improved visualization of subtle microvascular
patterns in the esophageal mucosa of patients with ESCC. Although NBI has showed a
high sensitivity for the detection of ESCC, its performance in characterizing these
lesions is still limited[11].
Therefore, the requirement for more efficient methods of detection and
characterization of early EC has led to intensive research in the field of artificial
intelligence (AI), which can be defined by an intelligence established by machines in
contrast to the natural intelligence displayed by humans and other animals[12]. Machine
learning (ML) and deep learning (DL) are important parts of AI. ML can be divided
into supervised and unsupervised methods. Unsupervised learning is to identify
groups within data according to commonalities, lack of knowledge of the number of
groups or their significance. When the training packet contains input-output pairs, a
supervised learning model is required to map new input to output. Conventional ML
techniques are limited in their ability to process natural data in their raw form. During
the early stage of research and development, the model training was mainly with ML
by which researchers have to manually extract the possible disease features based on
clinical knowledge. The power of this computer-aided diagnosis (CAD) system is
weak and is not enough to be applied in clinical real-time diagnosis.
Convolutional neural networks (CNNs) are supervised ML models inspired by the
visual cortex of the human brain processing and recognizing images. Each artificial
neuron is a computing unit and all of them are connected to each other, forming a
network. By the multiple network layers, CNNs may extract the key features from an
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image with minimal preprocessing and then provide a final classification through the
fully connected layers as the output. The competition of increasing performance has
led to a progressive complexity of pooling layers resulting in the concept of DL[13]. The
key aspect of DL is that these layers of features are not designed by human engineers.
They are learned from data using a general-purpose learning procedure. DL has
brought about breakthroughs in processing images, videos, and other aspects, whereas
recurrent CNNs have shone lights on detection of endoscopic images and videos.
Application of AI technique in early EC detection has been over 15 years. Many
studies on CNNs in endoscopic analysis of early EC demonstrate excellent
performance including sensitivity and specificity and progress gradually from in vitro
image analysis for classification to real-time detection of early esophageal neoplasia. In
this manuscript, we will discuss the following: (1) Utility of AI technique in
endoscopic detection of early EC; (2) Role of AI in pathological diagnosis of early EC;
(3) AI in gene diagnosis of early EC; (4) AI in risk stratification of early EC; and (5)
Conclusion and outlook.

AI IN ENDOSCOPIC DETECTION OF EARLY EC
Barrett's dysplasia and early EAC
AI based on WLE and NBI: There are some limitations to recognize BE-related early
neoplastic lesions by WLE, a conventional technology. High-definition WLE (HDWLE) and NBI were ever considered to enhance the accuracy of the diagnosis of BErelated early neoplastic lesions. But the improvement still not satisfied endoscopists.
This situation stimulated development of CAD system for early neoplastic lesions in
BE based on supervised ML[14,15]. However, it was still difficult for this system to locate
BE-related early neoplastic lesions and to select biopsy sites. To solve those problems,
Ebigbo et al[16] established a CAD system based on DL. The accuracy of the system
using HD-WLE was better than that of general endoscopists. Moreover, the system
displayed the ability to locate the lesion and the area coincidence rate between the
lesions delineated by the system and by experts was up to 72%. Generally, the
specificity of NBI was higher than that of conventional WLE[17]. Compared with the use
of HD-WLE, the system showed no obvious advantage when using NBI[16]. However,
there was a common problem in the above studies; that is, the same image dataset was
used in both the training stage and validation stage. This obviously cannot reflect
clinical practice, so it is very important to use different image datasets for training and
validation. de Groof et al[18] used different HD-WLE images for training and testing,
and the results showed that the sensitivity and specificity of the system were
significantly higher than those of general endoscopists. The combinations of AI and
HD-WLE/NBI, which are widely used in the clinic, perform well in the diagnosis of
BE-related early tumor lesions and are superior to general endoscopists. However, in
different studies, the precision of the CAD system in delineating lesions and the
criteria for the evaluation of the ability of lesion location are quite inconsistent. More
high-quality studies are needed in the future.
AI based on endoscopic optical coherence tomography and confocal laser
endomicroscopy: In addition to WLE and NBI, endoscopic optical coherence
tomography (EOCT) and confocal laser endomicroscopy (CLE) are also used to
diagnose early EAC/BE-associated dysplasia. EOCT can identify BE-related early
tumor lesions by analyzing esophageal mucosal and submucosal structures[19]. CLE can
observe the mucosal tissue and cellular morphology to achieve optical biopsy[20].
However, the complexity of these two imaging technologies, the time-consuming
reading of images, and the need for senior endoscopists limit their clinical use. To
solve this problem, Qi et al[19,21] extracted multiple EOCT image features and combined
one or multiple features to classify the lesions, but the results were not satisfactory.
After that, Swager et al[22] used volumetric laser endomicroscopy (VLE, integrated with
second-generation OCT) images for training and testing, and the results showed that
the CAD system was superior to VLE experts. Veronese et al[20] used CLE images, and
the results showed that the system could accurately distinguish gastric metaplasia
(GM), intestinal metaplasia (IM), and neoplasia. Ghatwary et al[23] showed that the
sensitivity of the system using CLE images to diagnose IM and neoplasia was
significantly higher than that to diagnose GM. Similarly, the CAD system established
by Hong failed to identify GM, the sensitivity of diagnosing IM was not significantly
different from that of the above study, and the sensitivity of diagnosing neoplasia was
slightly decreased[24]. This may be due to the limited number of images of GM and
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neoplasia. At present, there are few clinical studies in this field, and the available
images are limited. In the future, more research is needed to confirm the value of
VLE/CLE combined with AI in the diagnosis of early EAC.
Real-time diagnosis by AI: Currently, research in this field is limited. Ebigbo et al[25]
continued to optimize the CAD system based on previous research and applied it to
clinical real-time detection for the first time. While 14 patients with Barrett's neoplasia
were under endoscopic examination, 62 endoscopic images (36 early EAC and 26 BE
without dysplasia) were captured using the CAD system for real-time classification,
and the results showed that the sensitivity and specificity were 83.7% and 100%,
respectively. There was no significant difference between the system and experienced
endoscopists. However, there were still some shortcomings in this study. First, the
numbers of patients and images were low. Second, the system still used images for
diagnosis, not videos for real-time detection. Finally, the ability of AI to assist in the
delineation of lesions and biopsy guidance was not verified. In addition, the CAD
system built by Hashimoto et al[17] could meet the needs of clinical real-time detection;
unfortunately, the researchers did not verify the performance of the system in realtime diagnosis.

Esophageal squamous dysplasia and early ESCC
AI based on WLE and NBI: Lugol's chromoendoscopy is the standard screening
method for ESCC; however, in view of its low specificity and longtime consumption, it
is necessary to adopt new endoscopic techniques. Although WLE has been proven to
be unsuitable for screening early ESCC alone, considering its clinical popularity, some
researchers still hope to introduce AI to improve the accuracy of WLE. Cai et al[26] built
a CAD system based on DL and tested it with WLE images. The results showed that
the accuracy of the system in the diagnosis of early EC was significantly higher than
that of junior and mid-level endoscopists, and there was no significant difference
between the system and senior endoscopists. The results of Ohmori et al[27] showed that
the sensitivity of NBI was higher than that of WLE, but the specificity was lower, and
there was no significant difference between the overall performance of the system and
endoscopic experts[27]. The results of Horie et al[28] were similar to those of Ohmori
et al[27].
In recent years, it has been found that esophageal intrapapillary capillary loop
(IPCL) represents an endoscopically visible feature of esophageal squamous cell
neoplasia, and its morphological changes are closely related to the depth of tumor
invasion[29]. The classification of IPCL based on NBI proposed by the Japanese
Endoscopic Society has been widely used in clinical practice because it is easy to
understand[30]. Nevertheless, classifying IPCL still requires sufficient experience, and
its interpretation is still subjective. Therefore, to classify the IPCL more objectively and
help less experienced endoscopists make full use of NBI, combining NBI with AI will
be the best solution. Zhao et al[31] analyzed magnifying NBI images and showed that
the diagnostic accuracy of the CAD system was better than that of junior and mid-level
endoscopists, and there was no significant difference between the system and senior
endoscopists. However, this study focused on the classification of IPCL only and did
not further verify the accuracy of the system to determine the depth of tumor invasion.
For early ESCC, accurately determining the depth of tumor invasion is the premise of
choosing the appropriate treatment. Nakagawa et al[32] used non-magnifying
endoscopic images to test the CAD system and found that the sensitivity of the system
to diagnose epithelial-submucosal cancers invading up to 200 μm (EP-SM1) was
higher than that of endoscopic experts, but the specificity was lower. There was no
significant difference between the system and endoscopic experts based on magnifying
endoscopic images. Further analysis showed that the system performed well in the
diagnosis of EP/lamina propria mucosa (LPM) and had no significant difference from
endoscopic experts. However, the sensitivity of the system to diagnose muscularis
mucosa (MM)/SM1 was poor, as was the performance of endoscopic experts. In the
diagnosis of SM2/3, the sensitivity of this system was slightly higher than that of
endoscopic experts. Tokai et al[33] also used non-magnifying endoscopic images for
analysis and found that the sensitivity of NBI was slightly higher than that of WLE,
and the diagnostic performance of the system was better than that of endoscopic
experts. Further analysis showed that the accuracy of the CAD system in diagnosing
EP/LPM and MM was more than 90%, which was significantly higher than that in
diagnosing SM1 and SM2. The reasons may be that the training image set did not
contain normal esophageal images, and the system mistook extramural compression
and not fully extended esophageal wall for lesion features.
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AI based on endocytoscopy and high-resolution microendoscopy: Endocytoscopy is
a new technology that combines magnifying endoscopy with vital staining. Because of
its excellent magnifying ability, endoscopists can clearly observe the epithelial cells of
the esophageal mucosa to achieve a similar effect to pathological diagnosis[34].
However, if endoscopists want to use endocytoscopy to complete real-time detection
independently, they need a solid foundation for pathology, which is obviously not
practical. Therefore, AI may be the best option to assist endoscopic diagnosis.
Kumagai et al[35] showed that the performance of the system using higher
magnification images was better than that of lower magnification images. However,
there was no stratified analysis of superficial EC and advanced EC in this study. The
results could not accurately reflect the ability of endocytoscopy combined with AI in
the diagnosis of early EC. High-resolution microendoscopy (HRME) can be used to
observe the esophageal mucosal tissue and cellular morphology. Shin et al[36] tested the
ability of different image features to distinguish tumors from non-tumor lesions, and
the best features selected had an 84% sensitivity and 95% specificity. However, it took
a long time to analyze a single image, and the sensitivity was not ideal. In the future,
more high-quality studies are needed to confirm its role in the diagnosis of early EC.
Real-time diagnosis by AI: Quang et al[37] used the same HRME image data as Shin
et al[36] for training and validation, and the results showed that the sensitivity was 95%
and the specificity was 91%. Then, three patients with suspected EC underwent
endoscopic examination with a 100% accuracy. However, there were some limitations
in this study. First, the number of patients and images in real-time diagnosis was too
small. Second, the system still used images for diagnosis, not videos for real-time
detection. Everson et al[38] and Guo et al[39] established CAD systems based on DL with
good diagnostic performance using NBI videos. Unfortunately, these systems have not
been applied in real-time diagnosis. Endoscopic detection of early EC by various
endoscopic techniques assisted by AI is summarized in Table 1.

AI IN PATHOLOGICAL DIAGNOSIS OF EARLY EC
Although AI combined with endoscopic diagnosis has made progress, endoscopic
diagnosis is still unable to replace the gold standard of pathological diagnosis.
However, there is a problem in the pathological diagnosis of early esophageal
neoplasia; that is, the accuracy of diagnosing dysplasia is not ideal with considerable
interobserver variability. To solve this problem, Sabo et al[40] established two models to
distinguish no dysplasia (ND) from low grade dysplasia (LGD) and LGD from high
grade dysplasia (HGD) by extracting the hematoxylin and eosin (HE) stained
pathological section image features of BE patients. The results showed that the two
models performed well in the diagnosis of indistinguishable borderline lesions. Baak et
al combined HE stained pathological section image characteristics with p53/Ki67
immunohistochemical indicators and used pathological specimens of surgical
resection[41] and endoscopic biopsy samples[42] of BE for testing. It was found that the
system performed well in distinguishing ND from LGD and LGD from HGD;
however, the accuracy of distinguishing HGD from intramucosal carcinoma needs to
be improved. The performance of the system was better than that of the general
pathologist and only slightly inferior to that of the experienced pathologist. In
addition, there were still some studies using immunohistochemical indicators only[43]
or the characteristics of nuclear DNA structure and organization combined with DNA
ploidy analysis[44] to grade BE dysplasia, but the results were not satisfactory.
Therefore, HE stained pathological image features supplemented by relevant immune
indicators or other image enhancement techniques may be the main direction of AIassisted pathological diagnosis in the future.

AI IN GENE DIAGNOSIS OF EARLY EC
As mentioned above, the invasiveness of endoscopic diagnosis and variability of
pathological diagnosis, together with recent advances in the pathogenesis of EC and
the development of various omics technologies, have made early EC gene diagnosis a
hot topic of research. Zhang et al[45] and Yu et al[46] used microRNAs and long
noncoding RNAs specifically expressed in patients with ESCC to establish diagnostic
models, and the results showed that both of them can be used to effectively
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Table 1 Application of artificial intelligence in endoscopic detection of early esophageal cancer
Ref.

Modality

AI technique

No. of images/cases in training dataset
(positive/negative)

No. of images/cases in test dataset
(positive/negative)

Results

van der Sommen
et al[14], 2016

HD-WLE

SVM

100 (60 early BE neoplasia/40 BE)

100 (60 early BE neoplasia/40 BE)

Sensitivity 83%/specificity 83%

de Groof et al[15], 2019

HD-WLE

SVM

60 (40 early BE neoplasia/20 BE)

60 (40 early BE neoplasia/20 BE)

Sensitivity 95%/specificity 85%

[16]

, 2019

HD-WLE

CNN

100 (50 early BE neoplasia/50 BE)

100 (50 early BE neoplasia/50 BE)

Sensitivity 92%/specificity 100%

[16]

, 2019

HD-WLE/NBI

CNN

148 (early BE neoplasia/BE)

148 (early BE neoplasia/BE)

HD-WLE sensitivity 97%/specificity 88%; NBI sensitivity
94%/specificity 80%

Hashimoto et al[17],
2020

WLE/NBI

CNN

1374 (early BE neoplasia/BE)

253 WLE (146 early BE neoplasia/107 BE)
205 NBI (79 early BE neoplasia/126 BE)

WLE sensitivity 98.6%/specificity 88.8%; NBI sensitivity
92.4%/specificity 99.2%

de Groof et al[18], 2020

HD-WLE

ResNet-UNet

1247 WLE + 297 HD-WLE (early BE
neoplasia/BE)

80 (40 early BE neoplasia/40 BE)

Sensitivity 90%/specificity 88%

Swager et al[22], 2017

VLE

SVM

60 (30 early BE neoplasia/30 BE)

60 (30 early BE neoplasia/30 BE)

Sensitivity 90%/specificity 93%

CLE

SVM

337 (23 GM/263 IM/51 neoplasia)

337 (23 GM/263 IM/51 neoplasia)

Sensitivity 96%/95%/100%

Ghatwary et al[23],
2019

CLE

SVM

262 (GM/IM/neoplasia)

262 (GM/IM/neoplasia)

Sensitivity 70%/93%/93%

Hong et al[24], 2017

CLE

CNN

236 (26 GM/155 IM/55 neoplasia)

26 (4 GM/17 IM/5 neoplasia)

Sensitivity 0%/100%/80%

HD-WLE

CNN

129 (early BE neoplasia/BE)

62 (36 early BE neoplasia/26 BE)

Sensitivity 83.7%/specificity 100%

WLE

CNN

2428 (1332 early ESCC/1096 healthy control)

187 (91 early ESCC/96 healthy control)

Sensitivity 97.8%/specificity 85.4%

WLE/NBI

Single Shot MultiBox
Detector

22562 (17435 superficial ESCC/5127 control)

727 (255 WLE/268 non-magnifying NBI/204
magnifying NBI)

WLE sensitivity 90%/specificity 76%; non-magnifying NBI
sensitivity 100%/specificity 63%; magnifying NBI sensitivity
98%/specificity 56%

Zhao et al[31], 2019

Magnifying NBI

Double-labeling fully
convolutional network

1383 (207 type A IPCL/970 type B1 IPCL/206
type B2 IPCL)

1383 (207 type A IPCL/970 type B1
IPCL/206 type B2 IPCL)

Sensitivity 71.5%/91.1%/83.0%

Nakagawa et al[32],
2019

WLE/NBI

CNN

8660 non-magnifying (7230 EP-SM1/1430
SM2/3); 5678 magnifying (4916 EP-SM1/762
SM2/3)

914 (405 non-magnifying/509 magnifying)

Non-magnifying sensitivity 95.4%/specificity 79.2%;
magnifying sensitivity 91.6%/specificity 79.2%

Tokai et al[33], 2020

WLE/NBI

CNN

1751 superficial ESCC

291 (201 EP-SM1/90 SM2)

Sensitivity 84.1%/specificity 73.3%

HRME

Two-class linear
discriminant analysis

104 (15 early ESCC/89 control)

167 (19 early ESCC/148 control)

Sensitivity 84%/specificity 95%

Quang et al[37], 2016

HRME

Two-class linear
discriminant analysis

104 (15 early ESCC/89 control)

3 (1 early ESCC/2 control)

Sensitivity 100%/specificity 100%

Everson et al[38], 2019

magnifying NBI

CNN

7046 sequential images (squamous cell

7046 sequential images (squamous cell

Sensitivity 89.7%/specificity 96.9%

Ebigbo et al
Ebigbo et al

[20]

Veronese et al

[25]

Ebigbo et al
Cai et al

[26]

, 2013

, 2020

, 2019
[27]

Ohmori et al

Shin et al

[36]

, 2020

, 2015
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[39]

Guo et al

, 2020

NBI

SegNet

neoplasia/healthy control)

neoplasia/healthy control)

6473 (early ESCC/control)

47 (27 non-magnifying videos/20
magnifying videos)

Non-magnifying NBI sensitivity 60.8%; magnifying NBI
sensitivity 96.1%

AI: Artificial intelligence; EC: Esophageal cancer; HD-WLE: High-definition white light endoscopy; SVM: Support vector machine; BE: Barrett's esophagus; CNN: Convolutional neural network; NBI: Narrow band imaging; VLE:
Volumetric laser endomicroscopy; CLE: Confocal laser endomicroscopy; GM: Gastric metaplasia; IM: Intestinal metaplasia; ESCC: Esophageal squamous cell carcinoma; IPCL: Intrapapillary capillary loop; EP-SM1: Epithelium-submucosal
cancers invading up to 200 μm; HRME: High-resolution microendoscopy.

distinguish early from advanced tumors. Xing et al[47] selected characteristic secretory
proteins based on the RNA transcriptome data of ESCC patients to establish a
diagnostic model with a high sensitivity but unsatisfactory specificity for early ESCC.
It may be that the selection of characteristic secretory proteins in this study was based
on genes up-regulated in tumor tissues and that the down-regulated genes were not
fully utilized. In addition, Shen et al[48] and Zhai et al[49] used microRNA and protein
markers specifically expressed in the plasma of ESCC patients to build diagnostic
models and found that both of them could effectively distinguish esophageal
squamous dysplasia (ESD) from healthy controls. However, compared with ESD or
early ESCC, the AI-assisted gene diagnosis of BE-related dysplasia and early EAC is
less studied. The results of Slaby et al[50] showed that characteristic microRNAs in BE
tissues could be used to distinguish BE with or without dysplasia. These markers may
not be specific for EC; therefore, gene diagnosis can only be used as an assistant
measure for endoscopic and pathological diagnosis until specific markers of EC gene
diagnosis are established.

AI IN RISK STRATIFICATION OF EARLY EC
Considering that only 0.12%-0.43% of BE patients may progress to EAC every
year[51-53], it is particularly necessary to establish an effective model to predict the risk
of EAC in BE patients. Previous risk stratification was mainly based on the presence of
dysplasia, but its effect was not ideal. Critchley-Thorne et al[54] established a predictive
model based on the characteristic differences of tissue immunofluorescence markers
and histopathological images between patients with BE who developed EAC and
those who did not. The results were not satisfactory, with more than 30% of BE
patients who developed EAC classified as low-risk. Li et al[55] established a predictive
model based on the differences in single nucleotide polymorphisms in the biopsy
tissues of BE patients with good performance for predicting EC. Unlike EAC, ESCC
has no recognized precancerous disease, and endoscopic screening for the general
population is obviously impractical. Therefore, it will be the focus of clinical screening
to establish an effective model to predict which individuals are more likely to develop
ESD. Etemadi et al[56]'s model based on the epidemiological data of patients with ESD
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and healthy controls showed that the performance of the model was not good.
Moghtadaei et al[57]'s predictive model based on epidemiological data was better than
Etemadi's. Unfortunately, there is a lack of prospective follow-up studies to verify the
true accuracy of these models.

CONCLUSION
In conclusion, AI is trying to be used in the endoscopic detection, pathological
diagnosis, gene diagnosis, and cancer risk prediction of early EC. It is helpful for
endoscopists and pathologists to improve the accuracy of diagnosis and to assist
clinicians for treatment and making follow-up strategies. The borderline lesions of EC
pathology that remain difficult to determine may be the main direction of AI-assisted
pathological diagnosis in the future. Gene diagnosis can only be used as an assistant
measure for endoscopic and pathological diagnosis until specific markers of EC gene
diagnosis are established. Higher precision of the CAD system in delineating lesions is
necessary for improvement of the accuracy of diagnosis, and enhancement of accuracy
for the risk stratification model may be of benefit for the prediction of EC risk.
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Abstract
BACKGROUND
Acute pancreatitis (AP) is a sudden inflammatory process of the pancreas that
may also involve surrounding tissues and/or remote organs. Inflammation and
parenchymal cell death are common pathological features of this condition and
determinants of disease severity. Polyethylene glycols (PEGs) are nonimmunogenic, non-toxic water-soluble polymers widely used in biological,
chemical, clinical and pharmaceutical settings.
AIM
To evaluate the protective effect of a 35-kDa molecular weight PEG (PEG35) on
the pancreatic damage associated to cerulein-induced acute pancreatitis in vivo
and in vitro.
METHODS
Wistar rats were assigned at random to a control group, a cerulein–induced AP
group and a PEG35 treatment group. AP was induced by five hourly
intraperitoneal injections of cerulein (50 μg/kg/bw), while the control animals
received saline solution. PEG35 was administered intraperitoneally 10 minutes
before each cerulein injection in a dose of 10 mg/kg. After AP induction, samples
of pancreatic tissue and blood were collected for analysis. AR42J pancreatic acinar
cells were treated with increasing concentrations of PEG35 prior to exposure with
tumor necrosis factor α (TNFα), staurosporine or cerulein. The severity of AP was
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determined on the basis of plasma levels of lipase, lactate dehydrogenase activity,
pancreatic edema and histological changes. To evaluate the extent of the
inflammatory response, the gene expression of inflammation-associated markers
was determined in the pancreas and in AR42J-treated cells. Inflammation-induced
cell death was also measured in models of in vivo and in vitro pancreatic damage.
RESULTS
Administration of PEG35 significantly improved pancreatic damage through
reduction on lipase levels and tissue edema in cerulein-induced AP rats. The
increased associated inflammatory response caused by cerulein administration
was attenuated by a decrease in the gene expression of inflammation-related
cytokines and inducible nitric oxide synthase enzyme in the pancreas. In contrast,
pancreatic tissue mRNA expression of interleukin 10 was markedly increased.
PEG35 treatment also protected against inflammation-induced cell death by
attenuating lactate dehydrogenase activity and modulating the pancreatic levels
of apoptosis regulator protein BCL-2 in cerulein hyperstimulated rats.
Furthermore, the activation of pro-inflammatory markers and inflammationinduced cell death in pancreatic acinar cells treated with TNFα, cerulein or
staurosporine was significantly reduced by PEG35 treatment, in a dose-dependent
manner.
CONCLUSION
PEG35 ameliorates pancreatic damage in cerulein-induced AP and AR42J-treated
cells through the attenuation of the inflammatory response and associated cell
death. PEG35 may be a valuable option in the management of AP.
Key Words: Acute pancreatitis; Inflammation; Polyethylene glycols; Cytokines; AR42J
cells; Cell death
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Acute pancreatitis (AP) is a sudden inflammatory condition of the pancreas
with variable involvement of peri-pancreatic tissues and/or remote organ systems. This
disease is a major clinical challenge for which no specific pharmacological therapy
currently exists. The manuscript describes the protective role of 35-kDa molecular
weight polyethylene glycol (PEG35) on cerulein-induced AP. PEG35 treatment was
able to lessen the inflammatory process in the pancreas and associated cell death in
cerulein-induced AP and in vitro models of pancreatic damage.
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Acute pancreatitis (AP) is an inflammatory disease of the exocrine pancreas
characterized by abnormal intracellular activation of proteolytic enzymes.
Parenchymal injury, pancreatic acinar cell death and an intense inflammatory reaction
are common pathological features of this condition and determine the severity of the
disease[1]. A majority of patients presenting with AP have the mild form of the disease,
which is mostly self-limited and consists of the appearance of edema and
inflammation of the pancreas[2]. In this group, organ failure and local complications are
generally not observed, and the disease usually resolves in the first week. However,
between 20% and 30% develop a severe form requiring intensive care unit admission,
which is often associated with local and systemic complications and, in some
occasions, leads to death[3]. To date, no drug is available to prevent or treat this
condition, and any improved clinical outcomes have mostly been due to continuous
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advancement of various supportive treatments.
Although pancreatic inflammation may be firstly caused by acinar events such as
trypsinogen activation, it finally depends on the subsequent stimulation of
components of the innate immune system. The initial acinar cell damage triggers the
release of pro-inflammatory cytokines and chemokines, leading to increase of
microvascular permeability and subsequent formation of interstitial edema[4].
Activation of inflammatory cells then provokes the production of additional cytokines
and other mediators that initiate the inflammatory response. These mediators recruit
different types of leukocytes (first neutrophils, followed by macrophages, monocytes
and lymphocytes) to the pancreas. In parallel to the pro-inflammatory response, an
anti-inflammatory response is also released[5]. If the anti-inflammatory response is
adequate, the local inflammation resolves at this stage. However, in some cases, an
overwhelming pro-inflammatory response drives the migration of inflammatory
mediators into systemic circulation, leading to distant organ dysfunction[6].
Polyethylene glycols (PEGs) are hydrophilic polymers comprised of repeating
ethylene glycol units[7]. PEGs have several physicochemical properties that make it
advantageous in diverse biological, chemical and pharmaceutical settings, especially in
view of its low toxicity. For instance, these polymers have been found to exert
beneficial effects in several in vivo and in vitro models of cell and tissue injury[8-10].
There are very few studies linking PEGs of different molecular weight with an antiinflammatory activity. In a model of traumatic inflammation, the intraperitoneal
administration of 4-kDa molecular weight PEG prevented the formation of initial
adhesions and reduced the leukocytes number in the peritoneal cavity as a
consequence of an inflammatory peritoneal reaction[11]. Oral treatment with 4-kDa PEG
in experimental colitis reinforced the epithelial barrier function and reduced the
inflammation of the colon[12]. Likewise, in two different models of gut-derived sepsis,
therapeutic administration of PEG reduced inflammatory cytokine expression and
activation of neutrophils[13]. Our group has recently demonstrated an antiinflammatory role for PEG35 in an experimental model of severe necrotizing AP. In
this sense, the therapeutic administration of PEG35 notably alleviated the severity of
AP and protected against the associated lung inflammatory response[14].
Based on the protective features of PEGs, we now have evaluated the effects of
PEG35 in experimental models of pancreatic damage in vivo and in vitro.

MATERIALS AND METHODS
Experimental animals and model of cerulein-induced AP
All experimental animal proceedings were conducted according with European Union
regulatory standards for experimentation with animals (Directive 2010/63/EU on the
Protection of Animals Used for Scientific Purposes). The Ethical Committee for Animal
Experimentation (CEEA, University of Barcelona, April 11, 2018, ethic approval
number: 211/18) authorized all animal experimentation.
The protocol was designed to minimize pain and discomfort to animals. Adult male
Wistar rats (n = 21) weighing 200-250 g were purchased from Charles River (Boston,
MA, United States) and accommodated in a controlled environment with free access to
standard laboratory pelleted formula (A04; Panlab, Barcelona, Spain) and tap water.
Rats were kept in a climate-controlled environment with a 12-h light/12-h dark cycle
for one week. For the 12 h prior to the experiment of AP induction, rats were fasted
with free access to drinking water.
Rats were randomly selected and assigned to three equal groups: (1) Treated with
saline, as controls (n = 7); and (2) Treated with cerulein, to induce AP (CerAP, n = 7)
and (3) Treated with cerulein after a PEG35 pretreatment (PEG35 + CerAP, n = 7).
Immediately before the first injection of PEG35 or saline, 0.05 mg/kg of buprenorphine
was administered as an analgesic. Cerulein (Sigma-Aldrich, St. Louis, MO) was
dissolved with phosphate-buffered saline (PBS) and administered intraperitoneally at
a supramaximal stimulating concentration of 50 μg/kg/body weight (bw) at 1-h
intervals (total of 5 injections); control animals received intraperitoneal saline solution
with the same regime. The use of this supramaximal dosage of cerulein induce a
transient form of interstitial edematous AP characterized by marked hyperamylasemia, pancreatic edema and neutrophil infiltration within the pancreas, as well
as pancreatic acinar cell vacuolization and necrosis[15].
PEG35 was administered intraperitoneally at a dose of 10 mg/kg, 10 min prior to
each cerulein injection. Immediately after the last injection of cerulein or saline,
animals were euthanized by intraperitoneal injection of 40-60 mg/kg of sodium
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pentobarbital, and blood was collected from the vena cava in heparinized syringes.
Harvested blood was centrifuged and the obtained plasma was stored at −80 °C until
analysis. Four tissue samples from each animal were taken from the head of the
pancreas. One portion of each tissue sample was immediately weighed and oven-dried
for the wet-to-dry weight ratio calculation. Another portion was fixed in 10%
phosphate−buffered formalin for histological analysis. The third portion was frozen
and stored at −80 ºC for western blot analysis, and the last portion was saved in
RNAlater solution for real-time qRT-PCR analysis.

Histopathological examination
Pancreas tissue was fixed in 10% phosphate-buffered formalin and then embedded in
paraffin. 3-μm thickness sections were mounted on glass slides. Slides were dewaxed
and rehydrated and stained with hematoxylin and eosin. Assessment of changes in the
tissue was carried out by an experienced pathologist through the examination of
different microscopic fields randomly chosen from each experimental group in a
blinded manner. Pancreatic tissue sections were evaluated for the severity of
pancreatitis based on edema, inflammatory infiltration, parenchymal necrosis, and
vacuolation of acinar cells.

Cell lines and treatments
The rat pancreatic acinar AR42J cell line was purchased from Sigma (St. Louis, MI,
United States). Cells were grown at 37 ºC in RPMI medium supplemented with 100
mL/L fetal bovine serum, 100 U/ml penicillin and 100 μg/mL streptomycin in a
humidified atmosphere of 50 mL/L CO2. Acinar cells were plated at a density of 3 ×
105/well in 12-well culture plates, or at a density of 2 × 104/well in 96-well plates, and
allowed to attach for 24 h or 48 h. Cells were pretreated with PEG35 diluted in PBS, at
a concentration of 0.5, 1, 2, 4, or 6% for 30 min prior to treatment with the appropriate
stimuli: 2 µmol/L or 4 µmol/L staurosporine, 100 ng/mL TNFα or 10 nM cerulein. All
three reagents were purchased from Sigma-Aldrich (St. Louis, MO, United States).
Time points of 3 h were used for TNFα treatment, and of 24 h for the remaining
stimuli.

Lipase activity
Plasma lipase activity levels were determined using a turbidimetric assay kit from
Randox (County Antrim, Crumlin, United Kingdom), in accordance with the
supplier’s specifications. Briefly, the degradation of triolein by the pancreatic lipase
results in lowered turbidity, which was determined in the sample at 340 nm using a
microplate reader (iEMS Reader MF; Labsystems, Helsinki, Finland). The activity of
the sample was obtained in U/L. All samples were run in duplicate.

Pancreas wet-to-dry weight ratio
Edema formation in the pancreas was evaluated by the determination of the wet-todry weight ratio. A portion of the pancreas was weighed. The content of water was
measured by calculating the wet-to-dry weight ratio from the initial weight (wet
weight) and its weight after incubation in an oven at 60 °C for 48 h (dry weight).

Lactate dehydrogenase activity
Lactate dehydrogenase (LDH) activity was measured in plasma samples and cell
culture supernatants using the Lactate Dehydrogenase Assay Kit (Abcam; Cambridge,
United Kingdom). Briefly, LDH reduces NAD to NADH, which interacts with a
specific probe to produce colour. Changes in absorbance due to NADH formation
were measured at 450 nm at 37 °C using an automated microplate reader (iEMS
Reader MF; Labsystems, Helsinki, Finland). Sample activity was expressed in mU/mL.
All samples were run in duplicate. The lower limit of detection for ELISA ranged from
14 to 36 mU/mL.

MTT cell proliferation assay
The cell proliferation was determined by measuring metabolic activity of the cells
through the reduction of the tetrazolium dye MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] to its insoluble formazan. AR42J cells were seeded in
96-well plates at a density of 2 × 104 cells/well in 100 μL of culture medium with or
without the compounds to be tested for 24 h. MTT reagent was added and incubated
for 2 h at 37 °C, and the formazan produced in the cells formed dark crystals at the
bottom of the wells. Crystal-dissolving solution was added and the absorbance of each
sample was quantified at 570 nm using an automated microplate reader (iEMS Reader
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MF; Labsystems, Helsinki, Finland). All samples were run in duplicate. The
absorbance intensity was proportional to the number of viable cells.

Real-time qRT-PCR
Total RNA from the pancreatic tissue and cultured cells was extracted with Nucleozol
reagent (Macherey-Nagel, Dueren, Germany) in accordance with the manufacturer’s
protocol. RNA concentration and quality were measured with the OD A260/A280
ratio and the OD A260/A230 ratio, respectively. Reverse transcription was performed
on a 1 µg RNA sample employing the iScript cDNA Synthesis Kit (Bio-Rad
Laboratories, Hercules, CA, United States). PCR amplification was performed using
SsoAdvanced™ Universal SYBR® Green Supermix (Bio-Rad Laboratories, Hercules,
CA, United States) on a CFX Real-Time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, United States) using 10 µL of amplification mixture containing 50 ng of
reverse-transcribed RNA and 250 nmol/L of the corresponding forward and reverse
primers.
PCR primers for the detection of interleukin (IL) 6, IL1β, IL10, inducible isoform of
nitric oxide synthase (iNOS), or glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were validated primers from BioRad (Hercules, CA, United States). PCR
primers for tumor necrosis factor α (TNFα), designed with Primer3.0 plus[16], were:
TNFα forward, 5’- ATGGGCTCCCTCTCATCAGT-3’ and reverse, 5’-GCTTG
GTGGTTTGCTACGAC-3’. The specificity of amplicon was determined by melting
curve analysis. Threshold cycle values were normalized to GAPDH gene expression
and the ratio of the relative expression of target genes to GAPDH was calculated by
the DCt formula.

Western blot
Pancreatic tissue was homogenized in ice-cold RIPA buffer. Lysates were then
centrifuged at 15000 g for 20 min at 4 °C, and the supernatants were collected.
Supernatant protein concentrations were measured using the Bradford protein assay
(Bio-Rad Laboratories, Hercules, CA, United States). SDS-PAGE was performed on a
10% gel and proteins were transferred to a polyvinylidene difluoride membrane for
blotting.
The following antibodies were used for immunoblotting:rabbit polyclonal cleaved
caspase-3 (Asp175) antibody (1:800 dilution, reference #9661) from Cell Signaling,
rabbit polyclonal BCL-2 (1: 500 dilution, reference #59348) from Abcam (Cambridge,
United Kingdom) and β-actin-HRP conjugated (1: 20000 dilution, reference A3854)
from Sigma (Sigma-Aldrich, St. Louis, MO). Bound antibodies were detected using
enhanced chemiluminescence (ECL) (Bio-Rad Laboratories, Hercules, CA, United
States), and were analyzed using ChemiDoc™ Touch Imaging System (Bio-Rad
Laboratories, Hercules, CA, United States). Protein expression of cleaved caspase-3
and BCL-2 were normalized to β-actin for quantification.

Statistical analysis
All data were exported into Graph Pad Prism 4 (GraphPad Software, Inc.) and
presented as means ± SEM. Statistical analyses were carried out by one-way analysis of
variance (ANOVA), followed by Tukey’s multiple comparison test to determine the
significance between pairs. The minimal level of statistical significance was considered
to be < 0.05.

RESULTS
PEG35 reduced the release of lipase associated with cerulein-induced AP
Cerulein-induced AP in rats was associated with significant raised plasma levels of
lipase, comparing with the control group, reflecting the degree of pancreatic injury
(Figure 1A). Such increase was significantly reduced in rats pre-treated with
intravenous PEG35 at 10 mg/kg.

PEG35 abrogated pancreatic edema following cerulein-induced AP
As cerulein-induced pancreatitis is characterized by a progressive interstitial edema
development, we analyzed the pancreas wet-to-dry weight ratio (Figure 1B). A
significant increase in the pancreas wet-to-dry weight ratio was observed in rats after
AP induction with cerulein (7.865 ± 0.86) as compared to control rats (2.76 ± 0.28).
However, this increase could be largely prevented by co-treatment with PEG35 in
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Figure 1 Effect of PEG35 treatment on plasma lipase activity, pancreatic edema and histological changes in experimental ceruleininduced acute pancreatitis. A: Plasma lipase levels in U/L; B: Pancreatic wet-to-dry weight ratio. Bars represent mean values of each group ± SEM. aP < 0.05 vs
control, cP < 0.05 vs Cerulein-induced acute pancreatitis (CerAP). Each determination was carried out in triplicate; C: Representative images of hematoxylin and
eosin-stained pancreatic sections for each experimental group. Control group showed normal pancreas structure. CerAP group presented areas of necrosis, infiltrated
polymorphonuclear neutrophils, interstitial edema and vacuolation of the acinar cells. Administration of 35-kDa polyethylene glycol notably reduced these features.
Scale bar, 100 and 50 μm. CerAP: Cerulein-induced acute pancreatitis; PEG35: 35-kDa polyethylene glycol.

cerulein-treated rats, with a wet-to-dry weight ratio of 3.8 ± 0.85.

PEG35 reduced local pancreatic tissue damage associated with cerulein-induced AP
Histopathological results showed that cerulein hyperstimulated rats caused an
interstitial edematous acute pancreatitis with considerable areas of interstitial edema,
local necrosis, infiltrated polymorphonuclear neutrophils and vacuolation of the acinar
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cells. (Figure 1C). In the PEG35-treated group, there were consistent reductions in
these characteristics.

PEG35 ameliorated the expression of inflammatory markers in cerulein-induced AP
and AR42J-treated cells
Further, we explored whether PEG35 treatment improves the inflammatory response
after cerulein hyperstimulation in rats, by measuring the gene expression of
inflammatory mediators in the pancreas. Pancreatic tissue levels of IL6, IL1β, TNFα,
IL10 and iNOS increased markedly in rats after AP induction as compared to that of
control rats (Figure 2). Notably, PEG35 treatment significantly reduced the APinduced increases in IL1β, IL6 and iNOS. While TNFα expression levels showed a
tendency to decrease, this was not statistically significant. Finally, as expected based
on its anti-inflammatory role, the gene expression of the IL10 cytokine was not
reduced in PEG35-treated animals.
In addition to its in vivo effects, a direct anti-inflammatory effect of PEG35 was also
observed in in vitro model. Specifically, in a model of cerulein-induced inflammation
in the acinar cells using cultured AR42J cells, PEG35 attenuated the gene expression of
the pro-inflammatory IL1β and TNFα in a dose-dependent manner (Figure 3A).
Additionally, TNFα-treated cells induced the production of iNOS as well as of TNFα
itself, both of which were markedly reduced after the treatment with increasing
concentrations of PEG35 (Figure 3B).

PEG35 lessened inflammation-associated cell death in cerulein-induced AP
To investigate the potential protective effects of PEG35 on the pancreas, cell death was
determined through LDH release and expression of the apoptosis-related proteins
BCL-2 and cleaved-caspase-3 by Western blot. Indeed, a significant increment in LDH
activity in plasma occurred in cerulein AP-induced animals (Figure 4A). Notably, rats
that had PEG35 co-treatment had significantly reduced levels of the LDH necrotic
marker.
The pancreatic levels of cleaved caspase-3 and BCL-2 were also markedly higher
following cerulein-induced AP as compared to the control group, (Figure 4B and C).
The administration of PEG35 promoted a further increase in the levels of antiapoptotic BCL-2 as compared with cerulein hyperstimulated rats while the reduction
in the pro-apoptotic cleaved caspase-3 was not statistically significant.

PEG35 reduced inflammation-associated cell death in models of pancreatic damage
in vitro
The decreased LDH activity observed in vivo in PEG35-treated animals led us to
examine cell death in in vitro models of inflammation. AR42J cells are a wellestablished cell model for studying intracellular mechanisms involved in the cell death
and inflammatory responses of acute pancreatitis. We therefore analysed whether
PEG35 affected the release of LDH in AR42J cells in the presence of the proinflammatory stimulus cerulein or TNFα (Figure 4D). Indeed, both cerulein and TNFαinduced cell death were significantly reduced by PEG35 in a dose-dependent manner.
Likewise, PEG35 markedly prevented staurosporine-induced AR42J apoptotic cell
death in a dose-dependent manner (Figure 4E). These results suggest that PEG35
exerts a protective role against inflammation-induced cell death in vitro and in vivo.

DISCUSSION
Acute pancreatitis (AP) is an inflammatory disease that can have a mild to severe
course. We have recently reported an anti-inflammatory role for PEG35 in a severe
necrotizing AP experimental model. To further investigate the effect of this polymer in
a milder form of the disease, we used a model of cerulein-induced mild edematous
pancreatitis that is mainly characterized by a dysregulation of the production and
secretion of digestive enzymes, interstitial edema formation, infiltration of neutrophil
and mononuclear cells within the pancreas, cytoplasmic vacuolization and the death of
acinar cells[17]. We determined that PEG35 reduced the course of cerulein-induced AP
by inhibiting the inflammatory response as well as inflammation-induced cell death.
In our study, treating the animals with PEG35 significantly abrogated the severity of
cerulein-induced AP, as indicated by the lessened activity of lipase in plasma and
edema formation as well as histopathological features of AP in the PEG35-treated
animals.
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Figure 2 Role of PEG35 on the modulation of inflammation-associated cytokines and inducible nitric oxide synthase enzyme expression
in cerulein-induced acute pancreatitis. Pancreatic tissue gene expression of tumor necrosis factor α, interleukin (IL) 1β, IL6, inducible nitric oxide synthase
and IL10 by real-time qRT-PCR. Bars represent mean values of each group ± SEM. aP < 0.05 vs control, cP < 0.05 vs cerulein-induced acute pancreatitis. Each
determination was carried out in triplicate. CerAP: Cerulein-induced acute pancreatitis; PEG35: 35-kDa polyethylene glycol.

A sudden inflammatory response in the pancreas contributes to the development of
AP, primarily through the release of inflammatory cytokines. TNFα has long been
considered as one of the initial triggers of the inflammatory cascade in experimental
pancreatitis[18]. In this setting, stimulation of acinar cells of the pancreas by TNFα have
been reported to cause a direct activation of pancreatic enzymes, contributing to
premature protease activation and cell necrosis[19]. Increased accumulation of TNFα
promotes the production of other inflammatory cytokines, including IL1β and IL6,
which result in the activation of an inflammatory cascade that leads to widespread
tissue damage in multiple tissues and organs. Indeed, the levels of TNFα, IL1β and IL6
have been correlated with the severity of AP[20-23]. In the current study, treatment with
PEG35 was capable to significantly reduce the AP-induced raises in pro-inflammatory
IL1β and IL6. However, no significant effect on TNFα was observed. This fact could be
explained by the levels of IL10 found in rats co-treated with cerulein and PEG35,
which were similar to those found in those only treated with cerulein. As IL10 plays a
fundamental role in the attenuation of the cytokine response during acute
inflammation, the significant increase of IL10 found in hyperstimulated rats may
contribute to slow TNFα production, with an observed tendency towards a decrease in
its expression. Indeed, in an experimental model of cerulein-induced AP,
intraperitoneal IL10 administration attenuated TNFα production, which was
associated with dramatically lessened pancreatitis severity and mortality[24].
Furthermore, a direct anti-inflammatory effect of PEG35 was observed in cultured
AR42J cells. In an in vitro model of cerulein-induced inflammation, PEG35 was able to
attenuate the gene expression of pro-inflammatory IL1β and TNFα in a dosedependent manner. Moreover, PEG35 reduced the levels of TNFα in AR42J cells
stimulated with TNFα.
Pro-inflammatory cytokines are known to activate the inducible iNOS and the
subsequent production of nitric oxide, thus contributing to the pathophysiology of AP.
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Figure 3 Gene expressions of inflammatory markers in AR42J-treated cells. A: Gene expression by real-time qRT-PCR of tumor necrosis factor α
(TNFα) and IL1β in cerulein-treated AR42J cells subjected to increasing concentrations of 35-kDa polyethylene glycol (PEG35); B: Gene expression by real-time
qRT-PCR of TNFα and inducible nitric oxide synthase in TNFα-treated AR42J cells subjected to increasing concentrations of PEG35. In both cases, mRNA induction
levels were normalized to GAPDH mRNA expression. Bars represent mean values of each group ± SEM. aP < 0.05 vs control, cP < 0.05 vs cerulein or TNFα. Each
determination was carried out in triplicate. Cer: Cerulein; PEG35: 35-kDa polyethylene glycol; TNFα: Tumor necrosis factor α.

In fact, the degree of pancreatic inflammation and tissue injury of cerulein-induced AP
has been found to be markedly reduced in iNOS-deficient mice[25]. In our study, we
observed an increased mRNA expression of iNOS following cerulein hyperstimulation
in rats, which underwent a significant reduction after PEG35 treatment. Likewise,
PEG35 abrogated TNFα-induced iNOS expression in acinar cells in a concentrationdependent manner. Altogether, these results suggest that PEG35 treatment reduced
pancreatic inflammation in pancreatitis by suppressing the expression of proinflammatory mediators.
These changes in the inflammatory response brought about by PEG35 treatment
were further emphasized by a reduction in pancreatic cell death. PEG35 treatment
reduced cell death in cerulein-induced AP rats by lowering plasmatic LDH activity. In
addition, the increased release of LDH observed in cerulein and TNFα-treated acinar
cells in vitro was reverted upon incubation with increasing concentrations of PEG35.
In the pancreas, inflammation is associated with injured acinar cells that can go
through necrosis or apoptosis. Thus, we measured the apoptosis index in pancreatic
tissue following cerulein-induced AP. Injured pancreatic tissue induced a significant
increase in cleaved caspase-3 and BCL-2 apoptotic proteins as compared to the
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Figure 4 Effect of 35-kDa polyethylene glycol on inflammation-induced cell death in cerulein-induced acute pancreatitis and cultured
pancreatic acinar AR42J cells. A: Plasma lactate dehydrogenase (LDH) activity after cerulein-induced acute pancreatitis expressed as mU/mL; B: Pancreatic
protein expression of cleaved caspase-3 and BCL-2 assessed by western blot analysis. β-actin expression was used as loading control. Data shown are
representative blots for each group; C: Densitometry quantification of western blot for cleaved caspase-3 and BCL-2 in pancreatic tissue; D: Cell death rate measured
through LDH activity. AR42J cells pre-treated with increasing concentrations of PEG35 (0.5%, 1%, 2%, 4% or 6%) for 30 min and then co-incubated with 10nM
cerulein for another 24 h or 100 ng/mL of tumor necrosis factor α (TNFα) for another 2.5 h; E: Cell viability rate determined by MTT assay. AR42J cells were pretreated with increasing concentrations of PEG35, as indicated, for 30 min and then incubated with or without 2 µM or 4 µM staurosporine for another 24 h. The values
shown represent the mean ± SEM. aP < 0.05 vs control, cP < 0.05 vs cerulein-induced acute pancreatitis, cerulein, TNFα or staurosporine. Each determination was
carried out in triplicate. CerAP: Cerulein-induced acute pancreatitis; Cer: Cerulein; PEG35: 35-kDa polyethylene glycol; TNFα: Tumor necrosis factor α; ST:
Staurosporine.

respective controls. Following treatment with PEG35, anti-apoptotic BCL-2 further
increased as compared with cerulein-treated animals while cleaved caspase-3 levels
were similar to that found in cerulein hyperstimulated animals. Collectively, these
findings suggest that PEG35 has anti-apoptotic and anti-necrotic properties for
cerulein-induced pancreatitis.

CONCLUSION
In conclusion, results from this study reveal a mechanism by which PEG35 exerts antiinflammatory effects that alleviate experimental cerulein-induced AP, by inhibiting the
inflammatory response as well as inflammation-induced cell death. Because of its low
toxicity as well as its proven biocompatibility, PEG35 could be used as a new
therapeutic tool to resolve the cellular damage associated to mild AP.

ARTICLE HIGHLIGHTS
Research background
Acute pancreatitis (AP) is a common gastrointestinal condition with an increasing
incidence worldwide. The course of the disease ranges from a mild, self-limiting
condition to a more severe acute illness with a high morbidity and mortality. Our
group has previously demonstrated an anti-inflammatory role for a 35-kDa molecular
weight polyethylene glycol (PEG35) in an experimental model of severe necrotizing
AP. The therapeutic administration of PEG35 notably alleviated the severity of AP and
protected against the associated lung inflammatory response, which is the main
contributing factor to early death in patients with this condition.

Research motivation
To date, the treatment of AP continues to be supportive as there are no effective
pharmacologic therapies available. Polyethylene glycols (PEGs) are neutral polymers
widely used in biomedical applications due to its hydrophilic properties combined
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with a low intrinsic toxicity. In this study, we demonstrated the protective role of
PEG35 in a mild form of AP.

Research objectives
To evaluate the effect of PEG35 in experimental models of mild acute pancreatitis in
vivo and in vitro.

Research methods
AP was induced by five hourly intraperitoneal injections of cerulein (50 μg/kg/bw).
PEG35 was administered intraperitoneally 10 minutes before each cerulein injection in
a dose of 10 mg/kg. After AP induction, samples of pancreatic tissue and blood were
collected for analysis. AR42J pancreatic acinar cells were treated with increasing
concentrations of PEG35 prior to exposure with tumor necrosis factor α, staurosporine
or cerulein. The severity of AP was determined on the basis of plasma levels of lipase,
lactate dehydrogenase activity, pancreatic edema and histological changes. To
evaluate the extent of the inflammatory response, the gene expression of
inflammation-associated markers was determined in the pancreas and in AR42Jtreated cells. Inflammation-induced cell death was also measured in both in vivo and in
vitro models of pancreatic damage through apoptosis and necrosis-related assays.

Research results
PEG35 treatment significantly improved pancreatic damage in cerulein-induced AP in
rats through reduction on lipase levels and tissue edema. Furthermore, PEG35
ameliorated the inflammatory response and associated cell death in vivo and in vitro, in
treated-acinar cells, by lowering inflammatory-related cytokines and iNOS gene
expression, levels of apoptotic markers and the activity of lactate dehydrogenase.

Research conclusions
PEG35 ameliorated pancreatic damage in cerulein-induced AP and cultured acinar
AR42J-treated cells through the attenuation of the inflammatory response and
associated cell death.

Research perspectives
Our study provided evidence of a protective role of PEG35 in a mild form of AP
suggesting that PEG35 may be a valuable option in the management of clinical AP.
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Abstract
BACKGROUND
Ulcerative colitis (UC) is an inflammatory bowel disease that is difficult to
diagnose and treat. To date, the degree of inflammation in patients with UC has
mainly been determined by measuring the levels of nonspecific indicators, such as
C-reactive protein and the erythrocyte sedimentation rate, but these indicators
have an unsatisfactory specificity. In this study, we performed bioinformatics
analysis using data from the National Center for Biotechnology Information-Gene
Expression Omnibus (NCBI-GEO) databases and verified the selected core genes
in a mouse model of dextran sulfate sodium (DSS)-induced colitis.
AIM
To identify UC-related differentially expressed genes (DEGs) using a
bioinformatics analysis and verify them in vivo and to identify novel biomarkers
and the underlying mechanisms of UC.
METHODS
Two microarray datasets from the NCBI-GEO database were used, and DEGs
between patients with UC and healthy controls were analyzed using GEO2R and
Venn diagrams. We annotated these genes based on their functions and signaling
pathways, and then protein-protein interactions (PPIs) were identified using the
Search Tool for the Retrieval of Interacting Genes. The data were further analyzed
with Cytoscape software and the Molecular Complex Detection (MCODE) app.
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The core genes were selected and a Kyoto Encyclopedia of Genes and Genomes
pathway enrichment analysis was performed. Finally, colitis model mice were
established by administering DSS, and the top three core genes were verified in
colitis mice using real-time polymerase chain reaction (PCR).
RESULTS
One hundred and seventy-seven DEGs, 118 upregulated and 59 downregulated,
were initially identified from the GEO2R analysis and predominantly participated
in inflammation-related pathways. Seven clusters with close interactions in UC
formed: Seventeen core genes were upregulated [C-X-C motif chemokine ligand 13 (
CXCL13), C-X-C motif chemokine receptor 2 (CXCR2), CXCL9, CXCL5, C-C motif
chemokine ligand 18, interleukin 1 beta, matrix metallopeptidase 9, CXCL3, formyl
peptide receptor 1, complement component 3, CXCL8, CXCL1, CXCL10, CXCL2,
CXCL6, CXCL11 and hydroxycarboxylic acid receptor 3] and one was downregulated
[neuropeptide Y receptor Y1 (NYP1R)] in the top cluster according to the PPI and
MCODE analyses. These genes were substantially enriched in the cytokinecytokine receptor interaction and chemokine signaling pathways. The top three
core genes (CXCL13, NYP1R, and CXCR2) were selected and verified in a mouse
model of colitis using real-time PCR Increased expression was observed
compared with the control mice, but only CXCR2 expression was significantly
different.
CONCLUSION
Core DEGs identified in UC are related to inflammation and immunity
inflammation, indicating that these reactions are core features of the pathogenesis
of UC. CXCR2 may reflect the degree of inflammation in patients with UC.
Key Words: Ulcerative colitis; Bioinformatics analysis; C-X-C motif chemokine ligand 13;
Neuropeptide Y receptor Y1; C-X-C motif chemokine receptor 2; Colitis model mice
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Two microarray datasets were used, and differentially expressed genes were
analyzed. Seventeen core genes were upregulated, and one was downregulated. These
genes were markedly enriched in the cytokine-cytokine receptor interaction and
chemokine signaling pathways. The top three core genes [C-X-C motif chemokine
ligand 13, neuropeptide Y receptor Y1, C-X-C motif chemokine receptor 2 (
CXCR2) ] were verified in a dextran sulfate sodium-induced colitis model mice by
real-time polymerase chain reaction and showed an increased expression, but only
CXCR2 was statistically different. CXCR2 may represent a new biomarker to
determine the degree of inflammation or a treatment target in ulcerative colitis.

Citation: Shi L, Han X, Li JX, Liao YT, Kou FS, Wang ZB, Shi R, Zhao XJ, Sun ZM, Hao Y.
Identification of differentially expressed genes in ulcerative colitis and verification in a colitis
mouse model by bioinformatics analyses. World J Gastroenterol 2020; 26(39): 5983-5996
URL: https://www.wjgnet.com/1007-9327/full/v26/i39/5983.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i39.5983

INTRODUCTION
Ulcerative colitis (UC), a nonspecific inflammatory disease that occurs in the colon or
rectum, is the most common type of inflammatory bowel disease (IBD) and tends to
occur in young and middle-aged people. Symptoms of UC, such as diarrhea, bloody
stools with mucus-pus and abdominal pain, substantially affect quality of life[1,2].
Because UC is difficult to cure, readily relapses and has a high risk of cancer, UC has
been classified as a refractory disease by the World Health Organization.
Epidemiological studies have confirmed that the annual incidence of UC worldwide
is 10.5-14 cases per 100000 people, and the prevalence rate is approximately 246.7 cases
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per 100000 people[3]. Currently, the number of patients in Europe and the United States
accounts for 0.5% of the global population, and the incidence and prevalence rates in
urban areas have exceeded those in rural areas. Since the 1990s, the number of children
who were initially treated for IBD in Western developed countries has gradually
increased. In the past 20 years, the incidence and prevalence of IBD in developed
countries have begun to stabilize and plateau, but in other countries an obvious
increase in the incidence and prevalence still occurs, particularly in South America and
East Asia[4,5]. Recently, a systematic review of 140 studies in 2018 showed that the
incidence of IBD in children increased in both developed and developing countries[6].
The pathogenesis of UC is complex, and the interaction of multiple factors may lead
to its occurrence. With contributions from the environment, mental factors and
intestinal flora, the intestinal barrier of genetically susceptible people is destroyed, and
the immune system is dysfunctional, resulting in excessively hyperactive immune
reactions and inflammation[7,8]. The combination of C-reactive protein and fecal
calprotectin levels may be beneficial for dynamically diagnosing and monitoring the
progress of UC at present[9]. However, the limited number of significant and specific
biomarkers for UC has become an increasingly prominent problem in its diagnosis and
treatment.
Microarray technology reveals numerous genes that are activated in different
tissues as well as their physiological and pathological statuses and has been regarded
as a novel approach for clarifying the mechanisms underlying different diseases[10]. In
recent years with the optimization of gene sequencing platforms, differentially
expressed genes (DEGs) have been identified using bioinformatics analyses[11]. To date,
several studies have reported the bioinformatics analysis of IBD using arrays or
chips[12,13], but the analysis of UC is still lacking. Thus, bioinformatics methods may
help us study and more clearly understand the underlying mechanisms of UC[14].
In this study, we applied two databases from Gene Expression Omnibus (GEO),
GEO2R and online tools for constructing Venn diagrams to identify the DEGs,
including upregulated and downregulated genes. Then, the Database for Annotation,
Visualization and Integrated Discovery (DAVID) was used to analyze the DEGs based
on the molecular function (MF), cellular component (CC), and biological process (BP)
and different Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways[11]. Third,
we constructed a protein-protein interaction (PPI) network using Cytoscape and the
Molecular Complex Detection (MCODE) app for further analysis. Using these
methods, core genes were chosen, and the KEGG pathway enrichment analysis was
repeated. Finally, we verified the top three core genes in the first cluster selected by
MCODE in colon tissues from mice with dextran sulfate sodium (DSS)-induced colitis
using real-time polymerase chain reaction (PCR).

MATERIALS AND METHODS
Microarray data
Microarray data were obtained from the National Center for Biotechnology
Information-GEO, a free public database of microarray and gene profiles, and we
obtained the gene expression profiles of GSE92415 and GSE87466 in colon mucosal
tissues from patients with UC and healthy individuals. Microarray data included in
GSE92415 and GSE87466 were obtained from GPL13158 Platforms (HT_HGU133_Plus_PM] Affymetrix HT HG-U133+ PM Array Plate) and included 162 colonic
mucosal tissues from patients with UC (who were treated with the anti-TNF agent
golimumab and placebo) and 21 healthy colon mucosal tissues and 87 samples from
patients with UC and 21 normal colon mucosal tissues, respectively.

DEG analysis
DEGs were identified between specimens from patients with UC and normal colonic
mucosa using the GEO2R online tool with a |logFC| > 2 and adjusted P value < 0.05.
Then, the raw data in TXT format were imported into the online tool to construct a
Venn diagram and identify the common DEGs among the two datasets. The DEGs
with a logFC < 0 were considered downregulated genes, while the DEGs with a logFC
> 0 were considered upregulated genes.

Gene Ontology and KEGG pathway enrichment analyses
Gene Ontology (GO) analysis is a commonly used method for identifying the
biological properties of high-throughput transcriptome or genome data for genes and
their RNA or protein products[15]. KEGG is a collection of databases for genomes,
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diseases, biological pathways, drugs and chemical materials. DAVID is an online
bioinformatics tool designed to identify a large number of gene or protein functions[10].
We used DAVID and performed a GO analysis to visualize the enrichment of DEGs in
BP, MF, cellular components and KEGG pathways.

PPI network and module analysis
PPI information was evaluated using an online tool, the Search Tool for the Retrieval
of Interacting Genes (STRING). A tab-separated file containing the values for the
network from STRING was imported into Cytoscape (continuous mapping for
columns depended on the frequency of genes; default size of the column = 30.0;
upregulated genes were red and downregulated genes were blue), which was applied
to detect the potential interactions between these DEGs[16]. In addition, the MCODE
app in Cytoscape was used to assess the modules of the PPI network (cutoff = 2, max
depth = 100, k-core = 2, node score cutoff = 0.2) and to identify the core genes in the
top cluster in UC. Meanwhile, the KEGG pathway enrichment analysis of these core
DEGs was repeated.

Establishment of the mouse model of colitis
We complied with the ethics standard for research activity established by the Animal
Ethics Committee of Beijing University of Chinese Medicine in accordance with the
guidelines issued by the Regulations of Beijing Laboratory Animal Management.
Fourteen male specific-pathogen-free (SPF) C57BL/6 mice (weighing 20 ± 2 g) were
procured from SPF Biological Technology Co., Ltd., Beijing, China (Certificate No.
SCXK [jing] 2019-0010). They were housed in the SPF animal center of Beijing
University of Chinese Medicine at a constant temperature of 20-26 °C and humidity of
50% to 60% in a light-controlled environment with a 12-h light/dark cycle. In addition,
fodder and sterilized water were supplied. After adaptive feeding for 1 wk, these mice
were divided into the control (n = 4) and model (n = 10) groups using the random
number table method. Mice in the model group drank 3.5% (weight/volume) DSS
(average molecular weight 36000-50000, MP Biomedicals) for 7 consecutive days[17].

Histological analysis of colon tissues from the colitis model mice
On the 7th d of the experiment, all the mice were fasted for 24 h. On the 8th d, mice were
anesthetized by ether inhalation until the superficial reflex disappeared, and the mice
were sacrificed by cervical spondylolisthesis. After disinfecting and preparing the skin,
the abdomen was incised to separate the colon tissue. Specimens of colon tissues (three
1 cm pieces) from each mouse were fixed with a 10% neutral formaldehyde solution
for at least 24 h. The lesion score was judged by the histological criterion after
hematoxylin-eosin staining of 4 μm thick sections: 0, no signs of inflammation; 1, a low
level of leukocyte infiltration (10-30 leukocytes per high-power field); 2, a moderate
level of leukocyte infiltration (31-70 leukocytes per high-power field); 3, a high level of
leukocyte infiltration (> 71 leukocytes per high-power field), high vascular density and
thickening of the bowel wall; and 4, transmural infiltrations, loss of goblet cells, high
vascular density, strong bowel wall thickening, ulcerations and cryptic abscesses[18].

Verification of top three core genes in the colitis model mice using real-time PCR
The other tissues were placed in cryotubes, frozen in liquid nitrogen overnight and
stored at -80 °C. Total RNA was extracted from the colon tissues using TRIzol reagent
(Invitrogen, United States). Specific primers were used to amplify the core genes
(Table 1), and the expression of each gene was normalized to β-actin with the standard
curve method. Reverse transcription was performed at 42 °C for 60 min, and reverse
transcriptase was inactivated at 70 °C for 15 min. The relative quantitative analysis
was performed using the 2-ΔΔCT approach.

Statistical analysis
The histological lesion score and relative expression levels obtained using real-time
PCR were analyzed with SPSS (version 22.0, IBM, Corp., Armonk, NY, United States).
Data were distributed normally, and the two groups were compared with an
independent-sample t test. A P value < 0.05 indicated a statistically significant
difference.
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Table 1 Sequences of primers
Gene

Sequence, 5’ to 3’

β-actin

Forward: GAGATTACTGCTCTGGCTCCTA
Reverse: GGACTCATCGTACTCCTGCTTG

CXCL13

Forward: CCCAACCCACATCCTTGTTCCTT
Reverse: CTGAAGTCCATCTCGCAAACCTCT

NPY1R

Forward: CCAGTGAGACCAAGCGAATCAACA
Reverse: GCGGTGAGGTGACAGAGCAGAA

CXCR2

Forward: ATGGTGGAACTTGTGGCTCTAGC
Reverse: CCATTCCTGGTCCTGGCATTCC

CXCL13: C-X-C motif chemokine ligand 13; NPY1R: Neuropeptide Y receptor Y1; CXCR2: C-X-C motif chemokine receptor 2.

RESULTS
Identification of DEGs
One hundred and ninety-six DEGs were identified in the GSE92415 database,
including 130 upregulated and 66 downregulated genes. One hundred and eighty-four
DEGs were identified in the GSE87466 database, including 122 upregulated and 62
downregulated genes. Among the two databases, 177 genes (118 upregulated and 59
downregulated) overlapped (Figure 1A and 1B).

Functional enrichment of DEGs in the GO analysis
Three categories of DEGs, MF, BP and CC, were classified by performing a GO
analysis. Among these GO functions, extracellular region (GO: 0005576), defense
response (GO: 0006952), extracellular region part (GO: 0044421), response to wounding
(GO: 0009611), extracellular space (GO: 0005615) and inflammatory response (GO:
0006954) were the top six terms associated with UC with more than 30 genes identified
in each category (Figure 1C). Upregulated genes were mainly enriched in defense
response, inflammatory response, response to wounding, extracellular region,
extracellular region part, extracellular space, cytokine activity, chemokine activity and
chemokine receptor binding and were the top three enriched terms, depending on the
P value of the respective categories (Table 2, P < 0.05). Downregulated genes were
mainly enriched in transmembrane transport, carboxylic acid transport, organic acid
transport, cell fraction, membrane fraction, insoluble fraction, symporter activity,
xenobiotic-transporting ATPase activity and multidrug transporter activity and were
the top three enriched terms, based on the P value of the respective categories (Table 3,
P < 0.05). The KEGG pathway enrichment analysis suggested that DEGs
predominantly participated in inflammation-related pathways, including the
chemokine signaling pathway, cytokine-cytokine receptor interaction and complement
and coagulation cascades (Table 4, P < 0.05).

Analysis of the PPI network using Cytoscape
One hundred and seventy-seven DEGs were entered into the PPI network using the
Search Tool for the Retrieval of Interacting Genes, including 130 nodes and 639 edges.
The thickness of the edges was adjusted based on the level of the combined score. The
larger the area of a protein node, the more protein nodes that interacted with it.
Upregulated genes were shown in red, and downregulated genes were shown in blue
(Figure 2A). Then, we applied the MCODE app for further analysis and identified
seven clusters with close interactions in patients with UC. Seventeen core genes were
upregulated [C-X-C motif chemokine ligand 13 (CXCL13), C-X-C motif chemokine receptor 2
(CXCR2), CXCL9, CXCL5, C-C motif chemokine ligand 18 (CCL18), interleukin 1 beta (IL1B)
, matrix metallopeptidase 9 (MMP9), CXCL3, formyl peptide receptor 1 (FPR1), complement
c o m p o n e n t 3 ( C3), CXCL8, CXCL1, CXCL10, CXCL2, CXCL6, C X C L 1 1 a n d
hydroxycarboxylic acid receptor 3 (HCAR3)], and one gene was downregulated [
neuropeptide Y receptor Y1 (NPY1R)] in the first significant cluster (Figure 2B).
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Table 2 Top three enriched terms in the respective categories of upregulated differentially expressed genes identified in ulcerative colitis (P < 0.05)
Category Term

Count Genes

BP

Defense response (GO:
0006952)

40

CXCL1, KYNU, S100A8, FGR, C3, CXCL3, CXCL2, S100A9, CXCL9, CXCR2, CXCL6, DEFB4A, CXCL11, CXCL10, REG3A, SERPINA3, CSF3R, VNN1, IL1B, LTF, SERPINA1, CFI, SPP1, SELP,
CR1, PDPN, CFB, IL1RN, C4BPB, IDO1, CCL18, S100A12, LILRB2, TNFAIP6, PROK2, DEFA6, CXCL13, DEFA5, PLA2G2D, DMBT1.

BP

Inflammatory response
(GO: 0006954)

31

CXCL1, S100A8, C3, CXCL3, CXCL2, S100A9, CXCL9, CXCR2, CXCL6, CXCL11, CXCL10, REG3A, SERPINA3, VNN1, IL1B, SERPINA1, CFI, SPP1, SELP, CR1, PDPN, CFB, IL1RN, C4BPB,
IDO1, CCL18, S100A12, TNFAIP6, PROK2, CXCL13, PLA2G2D.

BP

Response to wounding
(GO: 0009611)

33

CXCL1, S100A8, C3, TNC, CXCL3, CXCL2, S100A9, CXCL9, CXCR2, CXCL6, CXCL11, CDH3, CXCL10, REG3A, SERPINA3, VNN1, IL1B, SERPINA1, CFI, SPP1, SELP, CR1, PDPN, CFB,
IL1RN, C4BPB, IDO1, CCL18, S100A12, TNFAIP6, PROK2, CXCL13, PLA2G2D.

CC

Extracellular region (GO:
0005576)

55

REG4, MMP9, MMP7, CXCL11, MMP3, MMP1, CXCL10, REG3A, SERPINA3, CSF3R, IL1B, LTF, SERPINA1, KLK10, CFI, FCGR3B, CYR61, IL13RA2, EGFL6, IL24, TCN1, MMP12, MMP10,
PROK2, GZMK, DEFA6, SERPINB5, DEFA5, STC1, PLA2G2D, CXCL1, CXCL5, C3, CXCL3, TNC, CXCL2, CXCL9, CXCL6, DEFB4A, GREM1, TIMP1, THBS2, OLFM1, SPP1, SELP, CFB,
IL1RN, CHI3L1, CHI3L2, C4BPB, CCL18, LCN2, CXCL13, PI3, DMBT1.

CC

Extracellular region part
(GO: 0044421)

38

CXCL1, CXCL5, C3, MMP9, TNC, CXCL3, CXCL2, MMP7, CXCL9, CXCL6, CXCL11, MMP3, GREM1, MMP1, CXCL10, TIMP1, REG3A, IL1B, SERPINA1, CFI, OLFM1, SPP1, IL13RA2, SELP,
EGFL6, IL1RN, CHI3L1, CHI3L2, IL24, CCL18, MMP12, MMP10, SERPINB5, DEFA6, CXCL13, DEFA5, PI3, STC1.

CC

Extracellular space (GO:
0005615)

33

CXCL1, CXCL5, C3, MMP9, CXCL3, CXCL2, MMP7, CXCL9, CXCL6, GREM1, CXCL11, MMP3, CXCL10, REG3A, IL1B, SERPINA1, CFI, OLFM1, IL13RA2, SPP1, SELP, EGFL6, IL1RN,
CHI3L1, CHI3L2, IL24, CCL18, MMP10, SERPINB5, DEFA6, CXCL13, DEFA5, STC1.

MF

Cytokine activity (GO:
0005125)

16

CXCL1, NAMPT, CXCL5, CXCL3, IL1RN, CXCL2, CXCL9, CXCL6, IL24, GREM1, CXCL11, CCL18, CXCL10, CXCL13, IL1B, SPP1.

MF

Chemokine activity (GO:
0008009)

10

CXCL1, CXCL5, CXCL13, CXCL3, CXCL2, CXCL9, CXCL6, CXCL11, CCL18, CXCL10.

MF

Chemokine receptor
binding (GO: 0042379)

10

CXCL1, CXCL5, CXCL13, CXCL3, CXCL2, CXCL9, CXCL6, CXCL11, CCL18, CXCL10.

MF: Molecular function; CC: Cellular component; BP: Biological process.

Repeated KEGG pathway enrichment analysis of 18 core genes
The KEGG pathway enrichment analysis was repeated using the DAVID GO analysis
to identify the pathways in which these 18 core DEGs in the top cluster (18 nodes, 142
edges, and a score of 16.706) were involved (P < 0.05). These DEGs were markedly
enriched in the cytokine-cytokine receptor interaction and chemokine signaling
pathways (Table 5).

Verification of the top three genes in the colitis model mice
Finally, we verified the top three genes (CXCL13, NPY1R and CXCR2) among the 18
core DEGs in the colitis model mice. Four mice in the model group were sacrificed
during the experimental period because of the severity of disease, and the colon
tissues of all the remaining mice (control: n = 4; colitis model: n = 6) were observed
under a microscope. The normal four-layer structure of intestinal tissues, goblet cells
and crypts disappeared, and inflammatory cells had infiltrated the submucosa in the
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Table 3 Top three enriched terms in the respective categories of downregulated differentially expressed genes identified in ulcerative
colitis (P < 0.05)
Category Term

Count Genes

BP

Transmembrane transport (GO: 0055085)

9

TRPM6, SLC23A1, SLC16A1, SLC25A34, SLC17A4, ABCB1, AQP7, SLC30A10,
SLC26A2.

BP

Carboxylic acid transport (GO: 0046942)

5

SLC38A4, SLC23A1, SLC16A1, AQP8, SLC3A1.

BP

Organic acid transport (GO: 0015849)

5

SLC38A4, SLC23A1, SLC16A1, AQP8, SLC3A1.

CC

Cell fraction (GO: 0000267)

12

HSD3B2, SLC23A1, SLC16A1, AQP8, SLC17A4, CYP2B6, MEP1B, ABCB1, ANPEP,
SLC3A1, SLC26A2, PCK1.

CC

Membrane fraction (GO: 0005624)

10

HSD3B2, SLC23A1, SLC16A1, AQP8, SLC17A4, CYP2B6, MEP1B, ABCB1, SLC3A1,
SLC26A2.

CC

Insoluble fraction (GO: 0005626)

10

HSD3B2, SLC23A1, SLC16A1, AQP8, SLC17A4, CYP2B6, MEP1B, ABCB1, SLC3A1,
SLC26A2.

MF

Symporter activity (GO: 0015293)

4

SLC38A4, SLC23A1, SLC16A1, SLC17A4.

MF

Xenobiotic-transporting ATPase activity (GO:
0008559)

2

ABCB1, ABCG2.

MF

Multidrug transporter activity (GO: 0015239)

2

ABCB1, ABCG2.

MF: Molecular function; CC: Cellular component; BP: Biological process.

Table 4 Enriched terms in the Kyoto Encyclopedia of Genes and Genomes pathways for differentially expressed genes identified in
ulcerative colitis (P < 0.05)
Pathway ID Term

Genes

hsa04062

Chemokine signaling pathway

CXCL1, FGR, CXCL5, CXCL3, CXCL2, CXCL9, CXCR2, CXCL6, CXCL11, CCL18, CXCL10,
CXCL13, JAK3.

hsa04060

Cytokine-cytokine receptor interaction

CXCL1, CXCL5, CXCL3, CXCL2, CXCL9, CXCR2, CXCL6, IL24, CXCL11, CCL18, CXCL10,
CXCL13, CSF3R, IL1B.

hsa04610

Complement and coagulation cascades

CR1, C3, CFB, C4BPB, SERPINA1, CFI.

hsa04514

Cell adhesion molecules

SELP, SELL, CD274, CTLA4, CLDN2, CDH3.

hsa00830

Retinol metabolism

CYP2B6, ADH1C, UGT2A3.

hsa00980

Metabolism of xenobiotics by cytochrome
P450

CYP2B6, ADH1C, UGT2A3.

hsa04620

Toll-like receptor signaling pathway

CXCL9, IL1B, CXCL11, SPP1, CXCL10.

hsa00982

Drug metabolism

CYP2B6, ADH1C, UGT2A3.

hsa03320

PPAR signaling pathway

HMGCS2, AQP7, PCK1.

PPAR: Peroxisome proliferator-activated receptor.

model group compared with the control group (Figure 3A-D). Histological lesions
indicated the successful establishment of the colitis model (Figure 3E). The CXCL13
and CXCR2 mRNAs were expressed at higher levels in the colon tissues from the
colitis model mice than in the mice from the control group (Figure 4), and the
difference in CXCR2 expression was significant (P < 0.01). These manifestations were
consistent with the results of the bioinformatics analysis in the present study.
Interestingly, higher expression of the NPY1R mRNA was also observed in the colitis
model mice (Figure 4), which differed from our bioinformatics results.

DISCUSSION
The incidence of UC in China and other Asian countries is gradually increasing[19], but
due to the complicated pathogenesis, accurate molecular biomarkers for diagnosing
UC are still lacking. In the past, biomarkers such as the C-reactive protein level and
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Table 5 Repeated Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis of 18 core genes in the first cluster (P <
0.05)
Count,
%

Category

Term

Genes

KEGG
pathway

hsa04060, cytokine-cytokine receptor
interaction.

12, 6.06

CXCL1, CXCL5, CXCL13, CXCL3, CXCL2, CXCL9, IL1B, CXCR2, CXCL6, CXCL11,
CCL18, CXCL10.

KEGG
pathway

hsa04062, chemokine signaling pathway.

11, 5.56

CXCL1, CXCL5, CXCL13, CXCL3, CXCL2, CXCL9, CXCR2, CXCL6, CXCL11,
CCL18, CXCL10.

KEGG
pathway

hsa04620, toll-like receptor signaling
pathway.

4, 2.02

CXCL9, IL1B, CXCL11, CXCL10.

KEGG
pathway

hsa04621, NOD-like receptor signaling
pathway.

3, 1.52

CXCL1, CXCL2, IL1B.

KEGG: Kyoto Encyclopedia of Genes and Genomes.

erythrocyte sedimentation rate were used to judge the degree of inflammation in
patients with UC but are generally nonspecific[20], which greatly complicated the
determination of the clinical diagnosis, recurrence and prognosis. The lack of
biomarkers has increased the medical burden and physical and psychological
discomfort of patients and accelerated the waste of public social health resources.
Therefore, the identification and excavation of relatively specific molecular biomarkers
is a bottleneck problem that must be solved in the diagnosis of UC[21]. Focusing on
methods to solve this problem, our study chose the GEO database for an in-depth
analysis of biological information.
GEO is an international public repository for high-throughput microarray and nextgeneration sequencing functional genomic datasets submitted by the research
community[22]. We selected two microarray datasets from the GEO database, combined
GEO2R and Venn diagram analyses and initially identified 177 DEGs, including 118
upregulated and 59 downregulated genes. Next, we annotated these genes by function
and signaling pathways and found that they were mainly related to inflammation,
such as chemokines, cytokine receptors and complement proteins. The PPI analysis
helped us identify 18 core genes based on their functional annotations, and cytokinecytokine receptor interactions and chemokine signaling pathways were maximally
enriched.
We established colitis model mice and verified the transcript levels of the top three
genes in the first cluster in colon tissues using real-time PCR to clarify the expression
of these core genes and their main pathophysiological functions. The expression of the
CXCL13 and CXCR2 mRNAs, particularly the CXCR2 mRNA, was increased in the
colitis model mice, consistent with our bioinformatics analysis.
Chemokines and cytokines play pivotal roles in regulating mucosal inflammation
and the immune system by promoting neutrophil migration to sites of inflammation,
ultimately leading to tissue damage and destruction[23,24]. Carlsen et al[25] reported the
expression of CXCL13 in both healthy individuals and patients with UC, in addition to
reports in rodents from published studies; however, differences in the expression of
CXCL13 between patients with UC and healthy individuals were unclear. Singh et al[23]
reported significantly increased expression of CXCL13 in patients with IBD, including
patients with UC and Crohn’s disease, compared to healthy controls.
On the other hand, CXCR2 has been reported to regulate the migration and
recruitment of neutrophils to the site of inflammation[26]. A review also suggested that
in addition to calprotectin, CXCR2, a neutrophil-related protein, may have potential
roles in diagnosis and treatment[27]. As shown in the study by Farooq et al[28], CXCR2positive mice have more severe symptoms, such as the infiltration of
polymorphonuclear neutrophils(PMNs), than CXCR2-deficient mice with DSSinduced colitis. The mechanism of increased CXCR2 expression in colitis has not been
conclusively determined, as the infiltration of increased numbers of PMNs in the
mucosa or submucosa is a feature of DSS-induced colitis. CXCR2 functions as a
PMNchemokine receptor, which would lead to a significantly higher level in
individuals with colitis. Our study verified this hypothesis by showing neutrophil
infiltration and a high level of the CXCR2 mRNA.
Notably, the expression of the NPY1R mRNA in the colitis model mice differed from
our bioinformatics results. NPY is a 36-amino acid peptide with a wide distribution in
the central and peripheral nervous system[29] that evokes numerous physiological
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Figure 1 Identification of differentially expressed genes in the two databases (GSE92415 and GSE87466) and Gene Ontology analysis of
differentially expressed genes in ulcerative colitis. A: Upregulated differentially expressed genes (DEGs); B: Downregulated DEGs. DEGs were identified
with a t-test, and statistically significant DEGs were defined by the GEO2R online tool with a |logFC| > 2 and adjusted P value < 0.05; C: The Gene Ontology analysis
classified the DEGs into three groups: Molecular function, biological process and cellular component. Terms were selected with > 15 genes and arrayed in ascending
order from top to bottom according to the count. GO: Gene Ontology.

responses by activating different receptors (Y1, Y2, Y3)[30]. NPY is considered the most
potent orexigenic neuropeptide and may be involved in the stress response, anxiety
and mood-related disorders as well as the regulation of the immune system and
cancer[31].
NPY1R expression was decreased in patients with UC based on the results of the
bioinformatics analysis; however, its expression was increased in the colitis model
mice as evidenced by real-time PCR, which might be related to the four aspects
described below. First, our bioinformatics results were derived from human colon
specimens, which were fundamentally heterologous compared to the mice. Second,
microarray data were obtained from the human colonic mucosa, while RT-PCR was
performed on mouse colon tissues, which contained the mucosa, submucosa, muscle
layer and subserosa. Thus, differences in expression were observed between the
bioinformatics results and in vivo analysis. Third, because of the current shortage of
microarrays containing samples from patients with UC in the same platforms, we
chose the GSE92415 microarray dataset, including patients with UC who were treated
with a TNF-α inhibitor and placebos, and thus the result potentially did not accurately
reflect the detailed scientific features of UC. Additionally, a 3.5% DSS solution was
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Figure 2 Protein-protein interactions of differentially expressed genes and the most significant module cluster identified by Molecular
Complex Detection in the protein-protein interaction network of ulcerative colitis. A: Protein-protein interaction network of differentially expressed
genes determined using Cytoscape. One hundred and seventy-seven differentially expressed genes from the Search Tool for the Retrieval of Interacting Genes
online database were screened using Cytoscape, including 130 nodes and 639 edges. Upregulated genes were shown in red, and downregulated genes were shown
in blue; B: The most significant cluster was analyzed with the Molecular Complex Detection app in Cytoscape. Seventeen core genes were upregulated, and one
gene was downregulated; a larger node indicated more interactions with a gene or a protein.

used to establish the colitis model and combined with the histological lesions, the
model was much more severe. Further studies are needed to confirm whether
dysplasia of the intestinal epithelium occurred, and the NPY/NPY1R system was
activated.

CONCLUSION
In conclusion, the core DEGs identified in patients with UC were CXCL13, NPY1R,
CXCR2, CXCL9, CXCL5, CCL18, IL1B, MMP9, CXCL3, formyl peptide receptor 1, C3,
CXCL8, CXCL1, CXCL10, CXCL2, CXCL6, CXCL11 and HCAR3. These DEGs are
related to inflammation and immune-inflammatory reactions, indicating that
inflammation and abnormal activation of the immune system may represent the core
features of the pathogenesis of UC. Based on the current data, we propose that CXCR2
may represent a new biomarker for the degree of inflammation or a treatment target,
and our study may provide new insights into the diagnosis and treatment of UC.
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Figure 3 Hematoxylin-eosin staining and histological lesion score of colon tissues. Hematoxylin-eosin staining of colon tissues from the control and
dextran sulfate sodium-induced colitis model mice. A: Control mice (× 100); B: Control mice (× 200); C: Colitis mice (× 100); D: Colitis mice (× 200); E: Histological
lesion scores of colon tissues. Numerous neutrophils infiltrated and the crypts, goblet cells and normal four-layer structure of colon disappeared in the colitis model
mice. Compared to the score of the control group (n = 4, 12 pieces), the score of the model group (n = 6, 18 pieces) increased significantly (P < 0.01).
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Figure 4 Real-time polymerase chain reaction of the top three core genes from the first cluster in colon tissues from the colitis model and
control mice. A, C, E, and G: Amplification curves for β-actin, C-X-C motif chemokine ligand 13, neuropeptide Y receptor Y1 and C-X-C motif chemokine receptor 2
(CXCR2); B, D, F and H: Melting peaks for β-actin, C-X-C motif chemokine ligand 13, neuropeptide Y receptor Y1 and CXCR2; I: Relative expression obtained using
real-time polymerase chain reaction. C-X-C motif chemokine ligand 13, neuropeptide Y receptor Y1 and CXCR2 expression, particularly CXCR2 expression (P <
0.01), increased in the colitis model mice. The other two genes were expressed at higher levels in the colitis mice than in the control mice, but the difference was not
significant. CXCL13: C-X-C motif chemokine ligand 13; NPY1R: Neuropeptide Y receptor Y1; CXCR2: C-X-C motif chemokine receptor 2.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) tends to occur in young and middle-aged people. It
substantially affects the patient’s quality of life because it is difficult to cure, readily
relapses and poses a high risk of colon cancer. However, the pathogenesis of UC is
complex and multifaceted, and specific biomarkers for UC are currently unavailable.

Research motivation
In recent years, with the optimization of gene sequencing platforms, differentially
expressed genes (DEGs) have been identified through bioinformatics analyses by
comparing microarrays. To date, several studies have reported the results of
bioinformatics analyses of samples from patients with inflammatory bowel disease
using arrays or chips, but the analysis of patients with UC is still lacking. The specific
molecules or biomarkers of UC are insufficient. Thus, we will apply bioinformatics
methods to more clearly elucidate the underlying biomarkers and mechanisms of UC.

Research objectives
To identify UC-related DEGs by performing a bioinformatics analysis and verify them
in vivo and to identify novel biomarkers and the underlying mechanisms of UC.
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Research methods
Two microarray datasets from the National Center for Biotechnology InformationGene Expression Omnibus database were used, and DEGs were analyzed using
GEO2R and Venn diagrams. We annotated these genes based on functions and
signaling pathways. Then protein-protein interaction (PPI) were constructed using the
Search Tool for the Retrieval of Interacting Genes. The data were further analyzed with
Cytoscape software and the Molecular Complex Detection (MCODE) app. The core
genes were selected, and the Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis was repeated. Finally, colitis model mice were established by
administering dextran sulfate sodium, and the top three core genes were verified in
colitis mice using real-time polymerase chain reaction.

Research results
One hundred and seventy-seven DEGs (118 upregulated genes and 59 downregulated
genes) predominantly participated in inflammation-related pathways. Seventeen core
genes were upregulated, and one gene was downregulated in the first cluster
according to the PPI and MCODE analyses in Cytoscape. These genes were markedly
enriched in the cytokine-cytokine receptor interaction and chemokine signaling
pathways. The top three core genes showed increased expression compared with the
control mice, but only the difference in C-X-C motif chemokine receptor 2 (CXCR2)
expression was statistically significant. CXCR2 may reflect the degree of inflammation
in patients with UC and serve as an underlying treatment target.

Research conclusions
Core DEGs identified in patients with UC are related to inflammation and immune
inflammatory reactions, indicating that these reactions are core features of the
pathogenesis of UC. CXCR2 may reflect the degree of inflammation in patients with
UC.

Research perspectives
CXCR2 may represent a new biomarker to determine the degree of inflammation or a
treatment target in UC. In the future, the combination of CXCR2 with other
biomarkers will potentially improve the ability to diagnose and dynamically monitor
UC.
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Abstract
BACKGROUND
Autophagy is an evolutionarily conserved biological process in eukaryotic cells
that involves lysosomal-mediated degradation and recycling of related cellular
components. Recent studies have shown that autophagy plays an important role
in the pathogenesis of Crohn’s disease (CD). Herbal cake-partitioned moxibustion
(HM) has been historically practiced to treat CD. However, the mechanism by
which HM regulates colonic autophagy in CD remains unclear.
AIM
To observe whether HM can alleviate CD by regulating colonic autophagy and to
elucidate the underlying mechanism.
METHODS
Rats were randomly divided into a normal control (NC) group, a CD group, an
HM group, an insulin + CD (I + CD) group, an insulin + HM (I + HM) group, a
rapamycin + CD (RA + CD) group, and a rapamycin + HM (RA + HM) group.
2,4,6-trinitrobenzenesulfonic acid was administered to establish a CD model. The
morphology of the colonic mucosa was observed by hematoxylin-eosin staining,
and the formation of autophagosomes was observed by electron microscopy. The
expression of autophagy marker microtubule-associated protein 1 light chain 3
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beta (LC3B) was observed by immunofluorescence staining. Insulin and
rapamycin were used to inhibit and activate colonic autophagy, respectively. The
mRNA expression levels of phosphatidylinositol 3-kinase class I (PI3KC1), Akt1,
LC3B, sequestosome 1 (p62), and mammalian target of rapamycin (mTOR) were
evaluated by RT-qPCR. The protein expression levels of interleukin 18 (IL-18),
tumor necrosis factor-α (TNF-α), nuclear factor κB/p65 (NF-κB p65), LC3B, p62,
coiled-coil myosin-like BCL2-interacting protein (Beclin-1), p-mTOR, PI3KC1,
class III phosphatidylinositol 3-kinase (PI3KC3/Vps34), and p-Akt were evaluated
by Western blot analysis.
RESULTS
Compared with the NC group, the CD group showed severe damage to colon
tissues and higher expression levels of IL-18 and NF-κB p65 in colon tissues (P <
0.01 for both). Compared with the CD group, the HM group showed significantly
lower levels of these proteins (P IL-18 < 0.01 and P p65 < 0.05). There were no
significant differences in the expression of TNF-α protein in colon tissue among
the rat groups. Typical autophagic vesicles were found in both the CD and HM
groups. The expression of the autophagy proteins LC3B and Beclin-1 was
upregulated (P < 0.01 for both) in the colon tissues of rats in the CD group
compared with the NC group, while the protein expression of p62 and p-mTOR
was downregulated (P < 0.01 for both). However, these expression trends were
significantly reversed in the HM group compared with the CD group (PLC3B < 0.01,
PBeclin-1 < 0.05, Pp62 < 0.05, and Pm-TOR < 0.05). Compared with those in the RA + CD
group, the mRNA expression levels of PI3KC1, Akt1, mTOR, and p62 in the RA +
HM group were significantly higher (PPI3KC1 < 0.01 and PAkt1, mTOR, and p62 < 0.05), while
those of LC3B were significantly lower (P < 0.05). Compared with the RA + CD
group, the RA + HM group exhibited significantly higher PI3KC1, p-Akt1, and pmTOR protein levels (PPI3KC1 < 0.01, Pp-Akt1 < 0.05, and Pp-mTOR < 0.01), a higher p62
protein level (P = 0.057), and significantly lower LC3B and Vps34 protein levels (P
< 0.01 for both) in colon tissue.
CONCLUSION
HM can activate PI3KC1/Akt1/mTOR signaling while inhibiting the PI3KC3
(Vps34)-Beclin-1 protein complex in the colon tissues of CD rats, thereby
inhibiting overactivated autophagy and thus exerting a therapeutic effect.
Key Words: Crohn’s disease; Colon; Moxibustion; Macroautophagy; Immunity;
Phosphatidylinositol 3-kinase signaling
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Here, we demonstrated that overactivation of colonic autophagy can be
observed in a 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced rat Crohn’s Disease
(CD) model. Herbal cake-partitioned moxibustion ameliorated TNBS-induced
inflammation and colon damage, facilitated the repair of colonic epithelial cells, and
inhibited colonic overactivated autophagy by activating the phosphatidylinositol 3kinase class I/protein kinase B akt-1/mammalian target of rapamycin signaling
pathway while inhibiting the class III phosphatidylinositol 3-kinase -coiled-coil
myosin-like BCL2-interacting protein (Beclin-1) complex in CD rats.
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INTRODUCTION
Crohn's disease (CD), a chronic inflammatory gastrointestinal disease, is a form of
inflammatory bowel disease (IBD) characterized by abdominal pain, diarrhea, anal
lesions, and systemic symptoms of varying degrees of severity. CD features recurrent
and remitting changes that can affect all parts of the digestive tract, with the most
common being the terminal ileum and colon[1]. A population-based cohort study of
diagnosed IBD patients from 13 countries in the Asia-Pacific region (2011-2013) has
revealed that the overall incidence of IBD in Asia is 1.4/100000[2]. A 2018 systematic
review of the epidemiology of IBD in mainland China has shown that the current
incidence of IBD is 1.80/1000000, of which CD accounts for 0.46/1000000 cases[3]. The
pathogenesis of CD has not been fully elucidated. At present, it is believed that CD
onset is caused by abnormal factors such as genetic susceptibility, environmental
factors, and intestinal flora imbalance that result in an abnormal intestinal mucosal
immune response and impaired epithelial barrier function[4].
Macroautophagy (commonly shortened to “autophagy”) is an evolutionarily
conserved biological process that occurs in eukaryotic cells and is mediated by
lysosomal degradation and recycling of related cell components. Under normal
conditions, autophagy occurs at a relatively low level, but it is activated when cells are
stimulated by starvation, hypoxia, exposure to toxic molecules, or other stresses.
Autophagy maintains intracellular homeostasis and promotes cell survival by
decomposing related intracellular substrates[5]. Increasing evidence suggests that
dysregulation of autophagy is inextricably linked to the onset of CD[6,11]. For example,
autophagic dysfunction can reduce the restriction of intracellular replication of
adherent-invasive E. coli (AIEC) and increase the secretion of proinflammatory factors
such as tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) in the intestine[12,13].
Autophagy in intestinal epithelial cells (IECs) may play a protective role in preventing
TNF-induced apoptosis of IECs and thus play a role in limiting intestinal
inflammation[14]. In-depth study of autophagy will help to further elucidate the
pathogenesis of CD.
Mammalian target of rapamycin (mTOR) is a key mediator that regulates autophagy
in response to cellular nutritional levels, hypoxia, and growth factors. As mTOR is a
major regulator of autophagy, inhibiting mTOR is an important way to increase
autophagy levels[15]. As a direct downstream target of phosphatidylinositol 3-kinase
(PI3K) and Akt, mTOR can be activated by neurotrophic factors and growth factor
receptors, thereby promoting cell growth, differentiation, and survival and
simultaneously downregulating related apoptosis signals. Studies have shown that
insulin, insulin-like growth factor (IGF), and epithelial growth factor (EGF) can
activate PI3K[16-18], which promotes Akt (site 473) phosphorylation, and increases in Akt
phosphorylation can directly or indirectly lead to increases in the phosphorylation of
specific sites on mTOR downstream (such as Ser2448). Therefore, activation of the
PI3K/AKT/mTOR pathway should in principle play a role in autophagy inhibition. In
contrast, induction of autophagy (inhibition of mTOR) may impair cell survival by
causing continuous activation of autophagy[19]. PI3K family members can be divided
into 3 types; type I consists of regulatory and catalytic subunits (PI3Kα, β, γ, and δ),
and its main pathway is the above mentioned PI3K/Akt/mTOR, whereas type III
consists of only one member, the class III PI3K (PI3KC3/Vps34). Vps34 is also a major
player in autophagy that mainly forms a complex with coiled-coil myosin-like BCL2interacting protein (Beclin-1) to promote the formation of autophagosomes, and
autophagy is inhibited when the formation of this complex is blocked. Therefore, the
PI3K/Akt/mTOR pathway and the Vps34-Beclin-1 complex may play coregulatory
roles in autophagy[20]. For example, administration of the mTOR-specific inhibitor
rapamycin can lead to downregulation of mTOR phosphorylation and directly activate
autophagy, and mTOR inhibition can directly lead to activation of the autophagyrelated protein unc-51-like kinase 1 (ULK1). When ULK1 is activated, Beclin-1 is
phosphorylated, which enhances the activity of the Vps34-Beclin-1 complex and
further enhances autophagic activity[21].
Herbal cake-partitioned moxibustion (HM), an important type of moxibustion, has
the characteristics and advantages of moxibustion combined with traditional Chinese
medicine, and its clinical application scope has exceeded that of conventional
moxibustion. Our previous research has shown that HM improves intestinal epithelial
morphology and epithelial cell structure and increases the expression of tight junction
proteins to repair damage to the intestinal epithelial barrier by upregulating tumor
necrosis factor alpha-induced protein 3 (A20) expression[22,23], alleviates colon tissue
ulcers and relieves intestinal inflammation by downregulating IL-17 and IL-23 mRNA
and protein expression in the colonic mucosa in CD model rats[24], alleviates colonic
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inflammation through regulation of Toll-like receptor 4 (TLR4), which induces nuclear
factor κB (NF-κB) signal transduction[25], and ameliorates visceral pain and
downregulates extracellular signal-regulated kinase, substance P, and neurokinin-1
protein and mRNA expression in the dorsal root ganglia in IBD[26]. However, there
have been few studies on the regulation of autophagy in CD, and the related
mechanism is unclear. Therefore, this study was conducted to explore the regulatory
effects and mechanism of HM in CD rats from the perspective of colonic autophagy to
provide a scientific basis for research on related signal transduction mechanisms and
clinical applications of moxibustion in the treatment of CD.

MATERIALS AND METHODS
Chemicals and reagents
2,4,6-trinitrobenzenesulfonic acid (TNBS; P2297, Sigma), anti-IL-18 (ab191860, Abcam),
anti-TNF-α (ab6671, Abcam), anti-NF-κB p65 (ab16502, Abcam), anti-microtubuleassociated protein 1 Light chain 3 beta (LC3B; #3868, Cell Signaling Technology, CST),
anti-sequestosome 1 (p62; #23214, CST), anti-Beclin-1 (#3738, CST), anti-phosphomTOR (p-mTOR; #2971, CST), Cy3-AffiniPure goat anti-mouse IgG (H + L) (111-165003, Jackson), HRP-labeled goat anti-rabbit IgG (H + L) (A0208, Beyotime), HRPlabeled goat anti-mouse IgG (H + L) (A0216, Beyotime), insulin (P3376, Beyotime),
rapamycin (LC R-5000, LC Laboratories), anti-PI3K p85 (#4292, CST), anti-Akt (#9272,
CST), anti-p-Akt (#9271, CST), anti-Vps34 (V9764, sigma), and Antifade mounting
medium (Beyotime, P0126) were used in this study.

Animals
Sprague-Dawley (SD) rats (male, clean grade, 180 ± 20 g) were provided by the
Experimental Animal Center of Shanghai University of Traditional Chinese Medicine.
The rats were housed indoors in clean conditions under a 12-h light/dark cycle, a
room temperature of 20 ± 2 °C, and a humidity of 50%-70%. After 1 wk of adaptive
feeding, the formal experiments began. All animal experiments in this study were
approved and performed under the guidelines of the Animal Ethics Committee of the
Shanghai University of Traditional Chinese Medicine (No. PZSHUTCM200403009).
Seventy rats were randomly divided into a normal control (NC) group, a CD group, an
HM group, an insulin + CD (I + CD) group, an insulin + HM (I + HM) group, a
rapamycin + CD (RA + CD) group, and a rapamycin + HM (RA + HM) group, with ten
rats in each group. A CD rat model was established by using 2,4,6-TNBS enema (10
mg/100 g). To perform the enema, each rat was lifted upside down to expose the anus,
and then a 1 mL syringe was connected to a gastric perfusion needle. The gastric
perfusion needle was dipped in liquid paraffin and then slowly inserted into the anus
of the rat to a depth of approximately 6-8 cm. After the injection was finished, the rats
were kept in the head-down position for 5 min. The injection was repeated every 7 d
for five times.

Intervention and HM treatment
Traditional Chinese medicines such as Radix Aconiti Lateralis Preparata, Cortex
Cinnamomi, and Radix Salviae Miltiorrhizae were made into powder. Yellow rice wine
was poured into the powder and blended to make a paste. The paste was then made
into an herbal cake with a special cake mold (0.5 cm in diameter and 1.0 cm in height).
After the CD rat model was confirmed to be successfully established, the rats in the I +
CD and RA + CD groups were given intraperitoneal injections of insulin and
rapamycin, respectively, once daily for 7 d. The CD rats in the HM group were treated
with moxa cones. The cones were made of refined mugwort floss (90 mg) placed on an
herbal cake and were placed on the abdominal acupoints [Tianshu (ST25) and Qihai
(CV6)] of the rats before being ignited. Two moxa cones were used for each acupoint
once daily for 7 d. The CD rats in the I + HM and RA + HM groups underwent the
same procedures as those in the HM group and were given intraperitoneal injections
of insulin and rapamycin, respectively, once daily at the same time for 7 d.

Immunofluorescence
Rat colon samples were fixed in 40 g/L formaldehyde for 24 h, embedded in paraffin,
cut into 5 μm sections, and then heated at 60 °C for 20 min. The sections were collected
and soaked in dimethylbenzene for 15 min twice; soaked in 100%, 95% and 70%
alcohol for 5 min each; and washed with water. Antigen repair was conducted using
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the microwave thermal repair method. Briefly, 0.01 mol/L citrate buffer (1000 mL with
3 g of trisodium citrate and 0.4 g of citric acid) was placed in a microwave oven and
heated on a high setting. After the buffer began to boil, it was removed. Then, the
sections were soaked in the buffer, put into the microwave oven, heated for 10 min,
and cooled at room temperature for 1 h. The sections were then washed with
phosphate buffer saline (PBS) for 5 min, blocked with goat serum for 30 min at room
temperature, and incubated with a primary antibody (LC3B, 1:200) overnight at 4 °C.
After the samples were incubated at 37 °C for 45 min and washed three times for 5 min
with PBST, they were incubated with a secondary antibody (Cy3, 1:400) for 30 min at
room temperature and then washed three times for 5 min with PBST. The samples
were incubated with DAPI staining solution for 10 min and washed three times for 5
min with PBST. One drop of antifade mounting medium was added to each section,
and laser confocal microscopy (Nikon, Japan) was used to detect the expression of
LC3B.

Real-time qPCR
Total RNA was isolated using TRIzol reagent (Invitrogen), and cDNA was synthesized
using a RevertAid First Strand cDNA Synthesis Kit (K1622, Invitrogen) according to
the manufacturer’s protocol. Detection of mRNA was performed using a
QuantityNova SYBR Green Kit (208052, Qiagen) and a Roche480II Real-Time PCR
System (Roche). The mRNA expression levels were normalized to those of GAPDH
and were calculated using the 2−ΔΔCt method. The primers used for PCR amplication
are listed in Table 1.

Western blot analysis
Total proteins were extracted from colon tissues using RIPA buffer supplemented with
protease and phosphatase inhibitors (P1046, Beyotime). Equal amounts of protein (50
µg) were separated by 8%-10% sodium dodecylsulphate polyacrylamide gel
electrophoresis, and the separated proteins were transferred to polyvinylidene
fluoride membranes. The membranes were blocked with 5% bovine serum albumin in
Tris Buffered Saline with Tween-20 (TBST) and then incubated at 4 °C overnight with
primary antibodies. Following several sequential washes, the membranes were
incubated with secondary antibodies for 1 h at room temperature. The antibody
concentrations/dilutions were prepared according to the instructions (IL-18 and p65,
0.5 µg/mL; Vps34, 2 µg/mL; TNF-α, LC3B, p62, Beclin-1, p-mTOR, p85, Akt, and pAkt, 1:1000). The blots were then washed four times with TBST (10 min each time). The
membranes were stained with enhanced chemiluminescence solution (Thermo) and
visualized using an imager.

Transmission electron microscopy
Samples of the rat colonic mucosa were cut into 1 mm3 strips and placed in
glutaraldehyde fixation solution. The samples were washed for three times for 15 min
each with 0.1 mol/L PBS, fixed with 2% glutaraldehyde fixative at 4 °C for at least 2 h,
washed three times for 15 min each with 0.1 mol/L PBS, fixed with 2% osmium acid
for 2 h, and again washed three times for 15 min each with 0.1 mol/L PBS. The
samples were then dehydrated in 30%, 50%, and 70% ethanol solutions for 20 min each
at 4 °C; incubated in uranyl acetate dihydrate overnight at 4 °C; placed sequentially
into 80% and 90% ethanol solutions; soaked in 90% acetone: Embedding agent (1:1) for
20 min at 4 °C; soaked in 100% acetone three times for 20 min each at room
temperature; Soaked in 100% acetone:embedding agent (1:1) for 2 h at room
temperature; and Soaked in embedding agent two times for 1.5 h each at 37 °C. The
samples were then heated in an oven at 37 °C for 12 h and at 60 °C for 48 h. For
sectioning, the block of embedded sample was trimmed with a double-sided knife,
and the top was cut into a pyramid shape. The top was flattened, and the tissue was
exposed to facilitate slicing. A glass strip was fitted into an ultramicrotome knifemaking machine to make the glass knife, which was fixed on the stage with sticking
plaster. The block of sample in embedding agent was placed on the ultramicrotome
and sliced at a thickness of 80 nm. The slices were removed and placed on a support
membrane of copper mesh. Lead citrate staining solution was used to dye the slices for
15 min, after which the slices were washed with distilled water three times, dried
naturally, and observed under a transmission electron microscope (Leica EMUC 7,
Germany). The embedding agent consisted of 618 epoxy resin 40.5 g, dodeceny
succinicanhydride 36 g, dibutyl phthalate 2.7 g, and 2,4,6-Tris(dimethylaminomethyl)phenol 0.675 mL.

WJG

https://www.wjgnet.com

6001

October 21, 2020

Volume 26

Issue 39

Wang SY et al. Moxibustion inhibits autophagy in Crohn’s disease

Table 1 Primers used for PCR
NM

Length

Primer NM

Sequence (5’-3’)

NM_017008.4

129 bp

Rat GAPDH F-primer

tgccactcagaagactgtgg

Rat GAPDH R-primer

ttcagctctgggatgacctt

Rat p62 F-primer

agaagtggacccatccacag

Rat p62 R-primer

agaaacccatggacagcatc

Rat Map1lc3b F-primer

ttcttcctcctggtgaatgg

Rat Map1lc3b R-primer

ctgggaggcatagaccatgt

Rat mTOR Forward primer

ggcttctgaagatgctgtcc

Rat mTOR Reverse primer

gagttcgaagggcaagagtg

Rat Pik3r1 F-primer

actactggggagaggggaga

Rat Pik3r1 R-primer

caggaagggtcaacactggt

Rat Akt1 F-primer

actcattccagacccacgac

Rat Akt1 R-primer

ccggtacaccacgttcttct

NM_175843.4

NM_022867.2

NM_019906.1

NM_013005.1

NM_033230.2

188 bp

114 bp

153 bp

166 bp

176 bp

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; p62: Sequestosome 1; Map1lc3b: Microtubule-associated protein 1 light chain 3 beta; mTOR:
Mammalian target of rapamycin; Pik3r1: Phosphatidylinositol 3-kinase regulatory subunit alpha; Akt1: Protein kinase B akt-1.

Statistical analysis
SPSS 20.0 statistical software was used for statistical analyses. One-way ANOVA was
used for data that met the assumptions of a normal distribution and homogeneity of
variance. For data that did not meet the normal distribution or homogeneity of
variance assumption, a nonparametric test was used. Continuous data are presented as
the mean ± standard deviation or as medians (P25, P75) according to the distribution;
P < 0.05 were considered to indicate statistical significance.

RESULTS
HM ameliorates TNBS-induced inflammation and colon damage in CD rats
We used the Morris method[27] to establish a rat model of CD. After TNBS induction,
the colon was shortened and exhibited megacolon or intestinal obstruction. Upon
cutting of the intestine, wall thickening, mucosal surface roughness, and cobblestonelike changes were observed, accompanied by scattered edema, congestion, and
ulceration, suggesting that the rat model had been successfully established
(Figure 1A). After confirming the success of the modeling, we selected the Qihai (CV6)
and bilateral Tianshu (ST25) acupoints for HM and performed pathological
observation. In the NC group, the colon tissues showed clear and intact colonic
epithelial structures, complete and continuous mucosae, and neatly arranged glands.
In the CD group, considerable inflammatory cell infiltration, destruction of mucosal
structure, partial mucosal shedding, disappearance or deformation of glands, and
fissure-like ulcers were observed. Compared with rats in the CD group, the colon
tissue of rats in the HM group showed relatively complete mucosal epithelial
coverage, ulcer repair, and partial amelioration of gland abnormalities and
lymphocyte infiltration (Figure 1B). Our previous research has demonstrated that HM
at the Qihai (CV6) and Tianshu (ST25) acupoints in CD rats can relieve intestinal
inflammation by downregulating IL-17 and IL-23[24]. In the present study, we tested the
expression levels of IL-18, TNF-α, and NF-κB in the colon tissues of the rats in each
group. Compared with the NC group, the CD group exhibited significantly higher
levels of IL-18 protein and NF-κB p65 in colon tissue (P < 0.01 for both). Compared
with the CD group, the HM group exhibited significantly lower levels of these proteins
(PIL-18 < 0.01 and Pp65 < 0.05). There were no significant differences in the expression of
TNF-α protein in colon tissue among the groups. However, compared with the NC
group, the CD group exhibited a trend toward higher TNF-α protein expression, and
compared with the CD group, the HM group exhibited a trend toward lower TNF-α
protein expression (Figure 1C).
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Figure 1 Herbal cake-partitioned moxibustion at the Qihai (CV6) and bilateral Tianshu (ST25) acupoints ameliorates colon damage and
inflammation in Crohn’s disease rats. A: Megacolon and cobblestone-like changes; B: Histopathological observations of colon tissue by hematoxylin and
eosin staining. Scale bar: 100 μm; C: Expression of the colonic inflammatory factors interleukin-18 (IL-18), nuclear factor κB/p65 (NF-κB p65), and tumor necrosis
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factor-α (TNF-α) proteins evaluated by Western blot. Six independent experiments were analyzed, and the data are presented as the mean ± SD. aP < 0.01, bP <
0.05 vs NC group; cP < 0.01, dP < 0.05 vs CD group. NC: Normal control; CD: Crohn’s disease; HM: Herbal cake-partitioned moxibustion; IL-18: Interleukin 18; NF-κB
p65: Nuclear factor κB p65; TNF-α: Tumor necrosis factor-α.

HM facilitates the repair of colonic epithelial cells
Since the intestinal mucosa is composed of a simple columnar epithelium that serves
as a physical and chemical barrier and an absorptive surface[28], we next observed the
damage, repair, and autophagosome formation of colon tissue epithelial cells in the
rats in each group by electron microscopy (Figure 2). In the NC group, the colonic
epithelial cell structure was intact, the organelles and microvilli were arranged neatly
without damage, and no autophagosomes were present. In the CD group, injury,
swelling, and deformation of organelles were observed. Typical autophagic vesicles
were found that had double-layer membrane structures and contained damaged
organelles. In the HM group, typical autophagic vesicles were still present, and
organelle deformation and swelling could be observed, but these features were milder
than those in the CD group, and repair of microvillus damage could be seen. These
findings suggested that inflammation activated autophagy and that HM promoted the
repair of colonic epithelial cells, but it remained unclear whether HM could regulate
autophagy.

HM inhibits colonic autophagy in CD rats
Next, we observed the effect of HM on the colonic levels of autophagy proteins in each
group of rats. As shown in Figure 3A, compared with the NC group, the CD group
and the HM group exhibited significantly higher expression of LC3B protein in colon
tissue (P < 0.01 for both). Compared with the CD group, the HM group exhibited
significantly lower expression of LC3B protein in colon tissue (P < 0.01). Both p62 and
LC3 are used to evaluate autophagy, and studies have shown that the expression
levels of p62 decrease with increasing LC3 Levels[29]. Therefore, we tested the
expression levels of p62 protein in colon tissues. As expected, compared with the NC
group, the CD group and the HM group exhibited significantly lower expression of
p62 protein in colon tissue (P < 0.01 for both). In addition, compared with the CD
group, the HM group exhibited significantly higher expression of p62 protein in colon
tissue (P < 0.05). Compared with the NC group, the CD group exhibited significantly
higher expression of Beclin-1 protein in colon tissue (P < 0.01). Compared with the CD
group, the HM group exhibited significantly lower expression of Beclin-1 protein in
colon tissue (P < 0.05). Furthermore, compared with the NC group, the CD group and
the HM group exhibited significantly lower expression of p-mTOR (ser 2448) protein
in colon tissue (P < 0.01 and P < 0.05, respectively). Compared with the CD group, the
HM group exhibited significantly higher expression of p-mTOR protein in colon tissue
(P < 0.05). Immunofluorescence showed that LC3B was expressed in different layers of
the colon, especially in the lamina propria and submucosa. Only a few positive puncta
were observed in the NC group, while strong positive staining was observed in the CD
group. Compared with the CD group, the HM group had obviously weaker positive
staining (Figure 3B). The above results suggested that HM may have exerted a
therapeutic effect by inhibiting autophagy in colon tissue in CD rats, but the
mechanism was still unclear.

HM regulates autophagy through PI3K signaling
The activation of the PI3K/Akt/mTOR signaling pathway by insulin has been
confirmed[30]. Specifically, insulin upregulates Akt phosphorylation and activates
mTOR complex 1 (mTORC1), thereby inhibiting autophagy[31-33]. The protein mTOR is
downstream of the PI3K and AKT pathway[19], and studies have shown that rapamycin
can inhibit cyclophosphamide-induced activation of the PI3K/Akt/mTOR signaling
pathway, thus activating autophagy[34,35]. In addition, rapamycin and its derivatives
can not only inhibit mTORC1, but also inhibit the phosphorylation of Akt by inhibiting
mTORC2 after long-term application[36,37]. Thus, we used insulin to activate the
PI3KC1/Akt1/mTOR pathway to inhibit autophagy and used rapamycin to inhibit the
PI3KC1/Akt1/mTOR pathway to activate autophagy, and subsequently observed the
changes in the PI3K signaling pathway in the colon tissues of the rats in each group.
The hematoxylin-eosin staining results showed that the colon tissue structure was
severely damaged and that the glands had disappeared in both the CD and RA + CD
groups. In addition, fissure-like ulcers and granulomas were found. In the other
groups, healing ulcers, epithelial hyperplasia, partial loss of glands, and lymphocyte
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Figure 2 Ultrastructure of colonic epithelial tissue and autophagic vesicles in each group of rats. Scale bar: 2 μm. NC: Normal control; CD:
Crohn’s disease; HM: Herbal cake-partitioned moxibustion.

infiltration were observed (Figure 4). Immunofluorescence showed that compared
with the CD and RA + CD groups, the I + CD, I + HM, and RA + HM groups exhibited
lower expression of LC3B (Figure 5). In addition, compared with the RA + CD group,
the RA + HM group exhibited significantly higher expression of PI3KC1, Akt1, mTOR,
and p62 mRNA (P PI3KC1 < 0.01 and P Akt1, mTOR, and p62 < 0.05) but significantly lower
expression of LC3B mRNA (P < 0.05) (Figure 6A). Compared with the RA + CD group,
colon tissue in the RA + HM group exhibited significantly higher expression of
PI3KC1 protein (P < 0.01), significantly higher expression of p-Akt1 and p-mTOR
proteins (P < 0.05 and P < 0.01, respectively), and higher expression of p62 protein (P =
0.057). LC3B protein expression was significantly downregulated in the RA + HM
group (P < 0.01) (Figure 6B). Previous research has indicated that administration of the
mTOR-specific inhibitor rapamycin can downregulate mTOR phosphorylation,
directly activate autophagy, and cause phosphorylation of the autophagy-related
protein Beclin-1, thus enhancing the activity of the Vps34-Beclin1 protein complex[21]
and further enhancing autophagic activity. In addition, studies have shown that
insulin can inhibit the autophagy-related gene PI3KC3/Vps34[38]. Since the expression of
Beclin-1 could be inhibited by HM treatment (Figure 3A), thus, we observed the
protein expression levels of Vps34 in the colon tissues of the rats in each group. The
results showed that HM could significantly downregulate the expression of Vps34
protein in the colon tissues of CD rats. Compared with the CD group, the expression of
Vps34 protein in RA + CD group was significantly upregulated (P < 0.01). Compared
with the RA + CD group, Vps34 protein expression was significantly downregulated
in the I + CD, I + HM, and RA + HM groups (P < 0.01 for all; Figure 6B).
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Figure 3 Herbal cake-partitioned moxibustion at the Qihai (CV6) and bilateral Tianshu (ST25) acupoints regulates the expression of
autophagy proteins in the colon tissues of Crohn’s disease rats. A: Expression changes of the microtubule-associated protein 1 light chain 3 beta,
sequestosome 1, coiled-coil myosin-like BCL2-interacting protein, and phospho-mammalian target of rapamycin proteins evaluated by Western blot. Six independent

WJG

https://www.wjgnet.com

6006

October 21, 2020

Volume 26

Issue 39

Wang SY et al. Moxibustion inhibits autophagy in Crohn’s disease

experiments were analyzed, and the data are presented as the mean ± SD or medians (P25, P75). aP < 0.01, bP < 0.05 vs NC group; cP < 0.01, dP < 0.05 vs CD
group; B: Immunofluorescence images for LC3B (Red) in each group. Scale bar: 200 μm. NC: Normal control; CD: Crohn’s disease; HM: Herbal cake-partitioned
moxibustion; LC3B: Microtubule-associated protein 1 light chain 3 beta; p62: Sequestosome 1; Beclin-1: Coiled-coil myosin-like BCL2-interacting protein; p-mTOR:
Phospho-mammalian target of rapamycin.

Figure 4 Histopathological observations of colon tissue from each group by hematoxylin and eosin staining. Scale bar: 100 μm. CD: Crohn’s
disease; I + CD: Insulin + Crohn’s disease; I + HM: Insulin + herbal cake-partitioned moxibustion; RA + CD: Rapamycin + Crohn’s disease; RA + HM: Rapamycin +
herbal cake-partitioned moxibustion.

DISCUSSION
At present, autophagy is broadly divided into three types: Macroautophagy,
microautophagy, and molecular chaperone-mediated autophagy[39]. Among them,
macroautophagy (commonly shortened to “autophagy”) has received the most
attention in research. This type of autophagy can be triggered by different stimuli,
such as starvation, inflammation, oxidative stress, hypoxia, and toxic molecules.
Studies have shown that dysregulation of autophagy is inextricably linked to the
occurrence and development of CD[6,7]. Thus, in the present study, we used the Morris
method to establish a rat model of CD and observed the effects of TNBS on colonic
autophagy in rats. The results showed that after TNBS stimulation, the colons of the
rats showed severe inflammation and damage; they also showed significant activation
of autophagy, as indicated by the upregulated protein expression of LC3B and Beclin-1
and the downregulated protein expression of p62 and p-mTOR and as further
validated by transmission electron microscopy. In addition, treatment with rapamycin
(a widely used autophagy activator) did not attenuate the pathological damage in the
colon; however, HM and/or insulin treatment not only greatly ameliorated colon
damage but also inhibited colonic autophagy, suggesting that under inflammatory
conditions, overactivation of autophagy is harmful to colon tissues. This finding is
consistent with the findings of previous studies[40,41].
Among the autophagy-related proteins, the kinase mTOR is a major regulator of
autophagy. It can receive input from different signaling pathways and become
inactivated under stress conditions, thereby activating ATG1 kinases (mammalian
homologs of unc-51-like autophagy-activating kinases 1 and 2) and initiating
autophagosome formation, thus activating autophagy[39]. Our results showed that the
expression of p-mTOR protein in colon tissues was significantly downregulated in the
CD group but that HM treatment reversed this downregulation, suggesting that TNBS
may activate autophagy through the mTOR pathway and that mTOR may be one of
the targets of HM therapy.
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Figure 5 Immunofluorescence images for microtubule-associated protein 1 light chain 3 beta (Red) in each group. Scale bar: 200 μm. CD:
Crohn’s disease; I + CD: Insulin + Crohn’s disease; I + HM: Insulin + herbal cake-partitioned moxibustion; RA+CD: Rapamycin + Crohn’s disease; RA + HM:
Rapamycin + herbal cake-partitioned moxibustion; LC3B: Microtubule-associated protein 1 light chain 3 beta.

mTOR is downstream of PI3K/Akt signaling[42], and studies have shown that
inhibiting the PI3K/Akt/mTOR pathway enhances autophagy and induces
apoptosis[31,43], while activation of the PI3K/Akt/mTOR pathway inhibits
autophagy[44]. PI3K is an enzyme that catalyzes the phosphorylation of inositol
phospholipids at position 3 of the inositol ring. Its function is to generate specific
molecular messengers on the cell membrane. There are eight types of PI3Ks in
mammalian cells that are divided into three classes: Class I, which includes four
isomers (PI3KC1α, β, γ, and δ); Class II, which includes three isomers (PI3KC2α, β, and
γ); and Class III, which includes a single isomer (PI3KC3)[45,46]. PI3KC1 is the main type
involved in the PI3K/Akt signaling pathway, and phosphorylation and activation of
the serine kinase PKB (also known as AKT) appears to be a general response to class I
PI3K activation[47]. Activation of the PI3K/Akt/mTOR pathway is initiated by
interactions between PI3K and transmembrane G protein-coupled receptors or
receptor tyrosine kinases such as IGF and fibroblast growth factor that lead to Akt
phosphorylation; Akt phosphorylation then leads to activation of downstream
mTOR[42]. Therefore, activation of the PI3K/Akt pathway can promote mTOR
activation and inhibit autophagy, which in turn may lead to upregulation of
autophagy. Based on the relationship between the PI3K/Akt/mTOR signaling
pathway and autophagy mentioned above, we used insulin to inhibit autophagy and
used rapamycin to activate autophagy. The results showed that after administration of
rapamycin to CD rats, the mRNA expression of PI3K, Akt, mTOR, and p62 and the
protein expression of PI3K, p-Akt, p-mTOR, and p62 in colon tissues were further
downregulated, while the mRNA and protein expression of LC3B was further
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Figure 6 Herbal cake-partitioned moxibustion at the Qihai (CV6) and bilateral Tianshu (ST25) acupoints regulates the mRNA and protein
expression of PI3KC signaling-related molecules in the colon tissues of Crohn’s disease rats. A: The mRNA levels of phosphatidylinositol 3kinase class I (PI3KC1), Akt1, mammalian target of rapamycin (mTOR), microtubule-associated protein 1 light chain 3 beta (LC3B), and sequestosome 1 (p62) were
determined by real-time PCR; B: Expression changes of the PI3KC1, p-Akt1, mTOR, LC3B, p62, and class III phosphatidylinositol 3-kinase proteins evaluated by
Western blot. Six independent experiments were analyzed, and the data are presented as the mean ± SD or medians (P25, P75). cP < 0.01, dP < 0.05 vs CD group; e
P < 0.01, fP < 0.05 vs RA+CD group. CD: Crohn’s disease; I + CD: Insulin + Crohn’s disease; I + HM: Insulin + herbal cake-partitioned moxibustion; RA+CD:
Rapamycin + Crohn’s disease; RA + HM: Rapamycin + herbal cake-partitioned moxibustion; PI3KC1: Phosphatidylinositol 3-kinase class I; Akt1: Protein kinase B akt1; p-Akt1: Phospho-protein kinase B akt-1; mTOR: Mammalian target of rapamycin; p-mTOR: Phospho-mammalian target of rapamycin; LC3B: Microtubuleassociated protein 1 light chain 3 beta; p62: Sequestosome 1; Vps34: Class III phosphatidylinositol 3-kinase.

upregulated. These changes indicated that autophagy in colon tissue was further
upregulated. Notably, the changes in these indicators were reversed by HM or/and
insulin treatment. These results suggest that HM can inhibit excessively activated

WJG

https://www.wjgnet.com

6010

October 21, 2020

Volume 26

Issue 39

Wang SY et al. Moxibustion inhibits autophagy in Crohn’s disease

autophagy during CD by activating the PI3K/Akt/mTOR signaling pathway.
PI3K class III currently contains only one member, PI3KC3, also known as Vps34[48],
which is one of the main participants in autophagy[49]. Vps34 complexes with Beclin-1
(an autophagy-related protein 6 homolog) and provides a PI3P-rich domain that
mediates autophagosome membrane formation[20,39]. Vps34-Beclin-1 complexes have
been identified in mammals to play an important role in regulating autophagy[50]. For
example, acetylation of Vps34 can inhibit the formation of the Vps34-Beclin 1 complex,
thereby suppressing autophagy[51]. In contrast, phosphorylation of Beclin-1 can
enhance the activity of the Vps34-Beclin1-ATG14L complex, thereby enhancing
autophagy[52]. Studies have shown that insulin has an inhibitory effect on Vps34[38] and
that inactivation of Vps34 enhances insulin-related effects[53]. Rapamycin can directly
activate ULK1 by inhibiting mTOR; after activation of ULK1, rapamycin
phosphorylates Beclin-1 at the Ser14 site, thereby strengthening Vps34-Beclin1-ATG14
complex activity, which is essential for autophagic vesicle formation and initiation of
autophagy[21,54]. Based on the above findings, we observed the effect of HM on the
Vps34-Beclin-1 complex core protein Vps34 in colon tissues. As expected, compared
with the CD group, the CD + RA group exhibited further upregulation of VPS34
protein expression, and the Vps34 protein expression level was significantly
downregulated after HM and/or insulin treatment. These results suggest that HM can
inhibit overactivated autophagy by inhibiting the PI3KC3 (Vps34)-Beclin-1 protein
complex.

CONCLUSION
In summary, our results suggest that HM can inhibit TNBS induced excessive
autophagy in colon tissues of CD rats by activating PI3KC1/Akt1/mTOR signaling
while inhibiting the PI3KC3 (Vps34)-Beclin-1 protein complex. Additionally, our
findings raise the question of whether insulin has dual therapeutic effects on diabetic
patients with CD. However, since the PI3KC signaling pathway may have different
mechanisms between the two diseases, further clinical observations are needed to
answer this question.

ARTICLE HIGHLIGHTS
Research background
Recent studies have shown that autophagy dysfunction plays an important role in the
pathogenesis of Crohn's disease (CD). Our previous studies have indicated that herbal
cake-partitioned moxibustion (HM) can attenuate inflammation and ameliorate
pathological changes in colon tissue in CD. However, it is unclear whether HM can
regulate colonic autophagy in CD.

Research motivation
The mechanism of HM in the treatment of CD has remained unclear. We sought to
elucidate the relevant mechanism by which HM alleviates CD from the perspective of
autophagy.

Research objectives
To observe the effect of HM on colonic autophagy in CD rats and further explore the
underlying mechanism.

Research methods
2,4,6-trinitrobenzene sulfonic acid (TNBS) was used to establish a rat CD model. The
morphology of the colonic mucosa, formation of autophagosomes, and expression of
microtubule-associated protein 1 Light chain 3 beta (LC3B) were observed by
hematoxylin-eosin staining, electron microscopy, and immunofluorescence staining,
respectively. Insulin and rapamycin were used to inhibit and activate colonic
autophagy, respectively. The mRNA expression levels of phosphatidylinositol 3-kinase
class I (PI3KC1), Akt1, LC3B, sequestosome 1 (p62), and mammalian target of
rapamycin (mTOR) and the protein expression levels of interleukin-18 (IL-18), tumor
necrosis factor-α (TNF-α), nuclear factor κB/p65 (NF-κB p65), LC3B, p62, coiled-coil
myosin-like BCL2-interacting protein (Beclin-1), p-mTOR, PI3KC1, class III
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phosphatidylinositol 3-kinase (PI3KC3/Vps34), and p-Akt1 were evaluated by RTqPCR and Western blot analysis, respectively.

Research results
Our experiments revealed that TNBS-induced inflammation activated autophagy in
rat colon tissues. HM at the Qihai (CV6) and bilateral Tianshu (ST25) acupoints
reversed the expression changes in the autophagy proteins LC3B, p62, Beclin-1, and pmTOR in colon tissues while ameliorating colonic inflammation (indicated by IL-18,
TNF-α, and NF-κB p65 levels) and damage. Furthermore, HM facilitated the repair of
colonic epithelial cells. We hypothesized that the mechanisms by which HM alleviates
CD may involve the PI3KC1/Akt1/mTOR pathway and the PI3KC3 (VPS34)-Beclin-1
protein complex and confirmed this hypothesis through our experiments.

Research conclusions
HM can activate the PI3KC1/Akt1/mTOR signaling pathway while inhibiting the
PI3KC3 (VPS34)-Beclin-1 protein complex, thereby inhibiting overactivated colonic
autophagy in CD rats.

Research perspectives
Our findings provide insights into the molecular mechanism of HM and shed new
light on a cost-effective and safe therapy for CD.
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Abstract
BACKGROUND
Single port laparoscopic surgery allows total colectomy and end ileostomy for
medically uncontrolled ulcerative colitis solely via the stoma site incision. While
intuitively appealing, there is sparse evidence for its use beyond feasibility.
AIM
To examine the usefulness of single access laparoscopy (SAL) in a general series
experience of patients sick with ulcerative colitis.
METHODS
All patients presenting electively, urgently or emergently over a three-year period
under a colorectal specialist team were studied. SAL was performed via the stoma
site on a near-consecutive basis by one surgical team using a “surgical glove port”
allowing group-comparative and case-control analysis with a contemporary
cohort undergoing conventional multiport surgery. Standard, straight rigid
laparoscopic instrumentation were used without additional resource.
RESULTS
Of 46 consecutive patients requiring surgery, 39 (85%) had their procedure begun
laparoscopically. 27 (69%) of these were commenced by single port access with an
89% completion rate thereafter (three were concluded by multi-trocar
laparoscopy). SAL proved effective in comparison to multiport access regardless
of disease severity providing significantly reduced operative access costs (>
100€case) and postoperative hospital stay (median 5 d vs 7.5 d, P = 0.045) without
increasing operative time. It proved especially efficient in those with preoperative
albumin > 30 g/dL (n = 20). Its comparative advantages were further confirmed in
ten pairs case-matched for gender, body mass index and preoperative albumin.
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SAL outcomes proved durable in the intermediate term (median follow-up = 20
mo).
CONCLUSION
Single port total colectomy proved useful in planned and acute settings for
patients with medically refractory colitis. Assumptions regarding duration and
cost should not be barriers to its implementation.
Key Words: Single incision laparoscopy; Minimal access surgery; Inflammatory bowel
disease; Ulcerative colitis; Total colectomy and end ileostomy; Case match analysis
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INTRODUCTION
The acceptance of the clear advantages of laparoscopy over open surgery for patients
with inflammatory bowel disease[1], particularly in the acute setting[2-4], has been
relatively recent[5]. For patients undergoing a total abdominal colectomy for ulcerative
colitis (UC), a laparoscopic approach is associated with lower overall complication and
mortality rates[6]. However, surgical technique and technology continues to undergo
evolutionary change.
Single access laparoscopic (SAL) surgery is a recent modified access technique that
allows grouping of laparoscopic instrumentation at a single confined site in the
abdomen in order to further minimize the degree of parietal wounding associated
with intraperitoneal surgery. Meta-analyses demonstrate that overall, SAL for
segmental colorectal resection compared to standard multiport approaches has no
difference in conversion to open laparotomy, morbidity or operation time but a
significantly shorter total skin incision and a shorter post-operative length of stay is
observed[7]. As the size of an ileostomy approximates that of a single port access site,
total colectomy with end ileostomy should be ideally suited to this access modality.
Early reports demonstrated that with judicious patient selection and considered
operative technique, SAL total colectomy for medically UC can be safely performed[8].
To date however, experience analyses have predominantly focused on feasibility and
technical adequacy in small series predominantly in the elective setting and mostly
without a concurrent comparative cohort[8-12].
Here we analyze, including case-matching, our experience of SAL in a consecutive
series of patients requiring planned, urgent or emergency total colectomy for
refractory UC in comparison with contemporaneous others in the same departments
undergoing multiport access colectomy. The purpose of this study is to examine the
role of this access in an all-comers experience reflective of general practice in patients
with UC including those with acute severe colitis and those with severe disease and
systemic toxicaemia in debilitated condition as indicated by symptoms, endoscopy
and biochemistry including albumin and inflammatory markers. This a retrospective
study of a clinical experience whose details were recorded prospectively.
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MATERIALS AND METHODS
All patients presenting for total colectomy with end ileostomy for medically refractory
severe UC to a tertiary referral centre over a 36-mo period were considered for
inclusion regardless of urgency of presentation. Patients requiring surgery for
dysplasia or neoplasia were excluded. Laparoscopic surgery is the standard approach
for all colorectal resections in the departments although only one surgeon has trained
in SAL. All procedures were performed either solely by a Senior Resident alongside
the scrubbed consultant or shared between the two depending on procedure
circumstance, difficulty and duration as would be our typical practice within a
teaching hospital.

Preoperative preparation
Those patients already in the hospital and those who were referred as out-patients for
planned resections were prepared for surgery similarly with the latter routinely being
admitted on the morning of surgery. Preoperative mechanical bowel preparation for
bowel cleansing was not utilized. All patients were marked for optimal stoma site by a
specialist nurse practitioner or senior member of the Surgical Team. A formal
Enhanced Recovery Programme with a dedicated nurse specialist was in place over
the duration of the study period and implemented uniformly across all surgical teams.
All patients received standard anti-thrombosis and antimicrobial prophylaxis and
underwent general anesthesia without epidural/spinal anesthesia. The anaesthetized
patient was placed in a Trendelenburg position on an anti-slip beanbag and painted
and draped in the standard fashion.

Single port access device
The single port access device of preference was the “Surgical Glove Port”[13].
Constructed table-side, in short, this comprises a standard surgical glove into which
laparoscopic trocar sleeves (one 10 mm and two 5 mm) are inserted without needing
obturators into three fingers cut at their tips (Figure 1). The ports are tied in position
using strips cut from the other glove in the pair and the cuff of the “Glove port”
stretched onto the outer ring of a wound protector-retractor (ALEXISTM XS, Applied
Medical) sited in the operative access wound.

Single port procedure
A local anesthetic block (bupivicaine) was infiltrated around the intended incision site
in the right iliac fossa at the site planned ultimately for stoma maturation. A 3 cm skin
and fascial incision was measured and made in the appropriate site. On securing safe
entry into the peritoneum, a wound protector-retractor was placed into the wound and
its outer ring adjusted down to the abdominal wall. The “Glove Port” was then
stretched onto the outer ring. The operation was performed using standard rigid
laparoscopic instruments, a 10 mm 30o high definition laparoscope (where possible
using the EndoeyeTM, Olympus Corporation, which has sterilized in-line optical
cabling) along with an atraumatic grasper and an energy sealer-divider (Ligasure,
Covidien). Total colectomy with end ileostomy for colitis recalcitrant to medical
therapy was performed as previously described[14]. In brief, early rectosigmoid
transection was achieved by laparoscopic stapling at the level of the sacral
promonitory. Thereafter the operation was performed progressively quadrant by
quadrant, working in a close pericolic plane and proceeding distal to proximal until
the caecum was reached. After intracorporeal stapling across the distal ileum, the
entire colon was then withdrawn “caecum first” via the stoma site. Relaparoscopy was
performed via the stoma site and the rectal stump checked in addition to peritoneal
lavage and haemostasis control. The end ileostomy was then matured at the single
port access site (Figure 2).

Multiport procedure
The multiport procedure was performed in a conventional fashion typically beginning
with an open induction of the pneumoperitoneum in a subumbilical site and thereafter
typically employing four additional trocars of between 5 and 10 mm diameter (two on
the left side and two on the right). The specimen was extracted either via the stoma site
incision or via a separate incision (most commonly a dedicated Pfanniestiel,
suprapubic or subumbilical incision). Local anaesthetic was infiltrated at all wounds
on completion of the procedure.
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Figure 1 Photographs detailing the surgical glove port set-up for single port total colectomy with end ileostomy.

Figure 2 The end ileostomy was then matured at the single port access site. Intraoperative photographs showing (A) operating via the stoma site port
during the procedure (B) the colonic specimen after extraction via the stoma site incision (C) The end ileostomy fashioned at the site of the single port as the only
operative incision.

Access selection
SAL was the preferred commencement access of RAC in patients considered
potentially suitable (precluding exceptional cases) and so this approach required this
surgeon be available. As many patients with UC can undergo planned surgery rather
than needing immediate operation this allowed the majority of patients be considered
for this approach. There was no especial referral to any particular surgeon for the
patients who tended to be seen by the surgeon taking acute referrals at the time of
surgical need.

Postoperative management
All patients were managed postoperatively using an enhanced recovery protocol.
Analgesia was by means of patient-controlled analgesia transitioning to oral medicines
once oral diet commenced. Patient with extraction site or laparotomy wounds had
local an aesthetic infusion catheters placed at time of wound closure. Nasogastric tubes
were routinely removed at procedure completion and the patients are mobilized
within the first 6-12 h of surgery. Oral intake was commenced on demand
commencing within six hours of surgery and built up steadily as tolerated thereafter.
Urinary catheters were removed on the first postoperative day. Intra-abdominal drains
and transanal decompressive catheters were placed by surgeon judgment and were
removed on or before the third postoperative day.

Ethical considerations
Departmental approval was agreed in advance of this experience. The technique of
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SAL was not itself considered experimental as it is a variation of standard multiport
laparoscopy that has been already proved valid and feasible and is in common use for
other resectional procedures in the department. All patients were fully consented
regarding the approach and informed of alternatives. As the intention in treatment
was always to ensure safe, effective and efficient surgery, all patients were assured a
low threshold for conversion if any deviation from operative plan was encountered.
The authors have no conflicts of interest or relevant disclosures to declare with respect
to this report.

Data collection and analysis
Patient demographics along with their clinical, haematological, biochemical and
radiological profiles and disease characteristics were recorded prospectively on a
dedicated database in addition to operative and postoperative details. Access
equipment and length of stay costs were determined by the directorate business
manager. Postoperative classifications were categorized as by Clavien-Dindo[15]. Unless
otherwise stated, data is represented as median (range) and n represents the number of
patients included in the analysis. Differences in categorical variables were evaluated
using a Pearson's chi-squared test and differences in continuous variables were
evaluated using Mann–Whitney U and Student’s t-testing where appropriate (the
latter for comparison between paired patients). All calculations were done using SPSS
version 12.0 (SPSS, Inc., Chicago, IL, United States).

RESULTS
Over the thirty-six month study period, 46 patients with confirmed UC required
scheduled, urgent or emergency total colectomy with end ileostomy by a colorectal
specialist consultant for medically uncontrolled severe disease alone. Overall, the
median age (range) was 38 (19-73) years and median (range) body mass index was 22.8
(17.3-38.9) kg/m2. Twenty-six patients were male. Nine patients had acutely severe
disease resulting in clinical deteriorating conditions with toxaemia and low
preoperative albumin (< 30 g/dL). Thirteen patients had their surgery performed on
scheduled lists while the others were done either urgently (n = 25) or emergently (n =
8). Overall, co-morbidity was low (one patient had multiple sclerosis while two had
asthma). Only five patients had had prior abdominal surgery (only one had a prior
midline laparotomy and another was a renal transplant recipient).
All patients were considered for a laparoscopic approach ab initio with 39 (85%)
having their procedure commenced in such fashion at the attending surgeon’s
discretion. 29 of these patients were already inpatient in the hospital under the care of
the gastroenterology service for an acute exacerbative episode. The other ten patients
were admitted specifically for surgery. 27 patients (59% of total cohort, 69% of those
having laparoscopic surgery) had their procedure begun via a single port approach
(three on scheduled lists) with a completion rate thereafter of 89% (Table 1). The SAL
approach patients were begun consecutively on a non-selected basis with the
exception of two patients (7% of this cohort) over the time period who had their
operation commenced by multiport laparoscopic access due to exceptional comorbidity (one had concurrent acute bilateral ileofemoral deep venous thrombosis and
steroid psychosis while the other had congenital micrognathia and oesphageotracheal
atresia with long-term feeding jejeunostomy) and both were in fact converted to open
operations due to extreme friability of the colon. The three “converted” SAL patients
had between 1 (n = 2) and three additional trocars inserted for reasons of difficult
splenic flexure mobilization, intra-operative evidence of colitis-related perforation and
extensive adhesiolysis (related to prior open nephrectomy for trauma) respectively. All
patients in the SAL group had their specimens removed via the stoma site incision. Ten
other patients had their operation performed by a multiport approach (no
conversions) while the remaining seven patients had their operations commenced via
laparotomy by other surgeons in the department (Table 2).
The characteristics of the patients undergoing surgery are shown by access (both at
start and by completion) in Table 1 and postoperative complications for patients
undergoing laparoscopic surgery are shown in Table 3. Overall there was no
significant difference between the groups in terms of age, gender, Body mass index
(BMI) or preoperative disease suppressant medications and the postoperative
morbidity was predominantly reflective of the severity of the disease process rather
than of operative access route. One patient in the single port group (4%), required an
early return to theatre for a fascial release for an oedematous stoma while, after a
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Table 1 Characteristics of patients undergoing total colectomy and end ileostomy for medically refractory colitis by laparoscopic
access including how commenced and completed and by patient preoperative albumin
Single port Single port
Single port
started (n = completed (n = completed, preop
Alb > 30 (n = 18)
27)
24)

Single port
completed, preop
Alb < 30 (n = 6)

Multiport
started (n =
12)

Multiport
Multiport
completed (n = completed, Alb >
30 (n = 12)
13)

Median age
(yr)

37

36

39

34.4

36.6

37.6

41

Range

19-59

19-59

19-59

29-45

18-70

31-70

33-69

Median BMI
(kg/m2)

23.3

23

23.5

21.4

22.2

25.8

25.9

Range

18.9-31.8

18.9-31.8

18.9-31.8

20.1-24.7

17.3-38

17.3-38.9

17.3-38.9

Males

16 (59%)

14 (58%)

9 (50%)

4 (66%)

4 (33%)

4 (31%)

4 (33%)

Anti-TNF
agents

16 (59%)

14 (58%)

9 (50%)

5 (83%)

7 (58%)

9 (69%)

8 (66%)

Median
preop Alb

36

37

39

24.5

38

38

38

Range

17-44

17-44

30-44

17-28

15-43

27-44

32-44

Median
preop Hb

12.9

12.6

13.1

10.4

11.6

11.9

12

Range

7.9-17.2

7.9-17.2

7.9-17.2

8.4-13.2

8.2-13.5

8.2-14.6

8.2-14.6

Median
preop CRP

29

25

10

51

9

9

18.7

Range

1-221

1-221

1-53

21-221

1-7

1-71

1-71

Total OT
time (min)

290

285

285

275

300

302

301

Range

100-395

100-380

100-380

250-363

200-423

200-420

200-420

Operative
time (min)

182

180

180

177.5

205

235

230

Range

90-270

90-270

90-270

150-240

120-345

120-345

120-345

Postop
length of
stay

5

5

5

7.5

7.5

8

7

Range

3-21

3-21

3-9

3-12

4-31

4-23

4-23

Alb: Albumin; BMI: Body mass index; CRP: C-reactive protein; Hb: Haemoglobin; Min: Minutes; OT: Operating theatre; Preop: Preoperative.

median follow-up of 20 mo (range 5-40 mo), two patients (7%) who had single port
surgery have had parastomal hernia requiring repair (one done at the same time as
completion proctectomy). One patient in the multiport group has complained of a
parastomal hernia after an overall mean follow-up of 19 mo (range 1-25 mo).
As compared to other patients with preoperative albumin > 30 g/dL, those having
laparoscopic surgery with preoperative albumin < 30 g/dL (n = 9, 7 of whom had their
procedure started by SAL with one in this group being converted to multiport access)
were significantly more likely to be anaemic (median preoperative haemoglobin 10.4
vs 12.25, P = 0.002) and have elevated preoperative (median 10 vs 51, P = 0.03) and
postoperative C-Reactive Protein (CRP) levels (Figure 3). They were also more likely to
have an urgent or emergent operation and to be converted from their initial access
approach whether started by multi-port or single-port.
As a group overall, patients having their surgery by single port access had a
significantly shorter postoperative hospital stay (5 d vs 7.5 d, P = 0.045) being
especially evident in those who were non-toxic (P = 0.034) and who also had their
surgery completed by this access (P = 0.005). Furthermore, these patients were also
significantly more often discharged on or before day 5 as compared with patients
undergoing multiport surgery (P = 0.04, Pearson Chi-square). While as an overall
group the single port patients had trends towards reduced operative time (P = 0.46)
and total theatre occupancy (P = 0.85), these did not reach statistical significance. There
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Table 2 Characteristics of patients undergoing total colectomy and end ileostomy for medically refractory colitis by laparotomy (either
at commencement or by completion)
Laparotomy commenced (n = 7)

Laparotomy completed (n = 9)

Age (yr)

49

45

Range

26-73

22-73

Males

6 (85%)

8 (88%)

Preop Alb

30

27

Range

15-42

(15-42)

Median length of stay

11

16

Range

7-56

7-56

Alb: Albumin.

was also no significance difference overall in terms of resumption of bowel function,
postoperative pain scores, analgesia requirements, daily CRP levels or complications.
Interestingly, although patients who were toxic and underwent single port surgery
had a significantly longer hospital stay (median 9 d, P = 0.03) as well as CRP levels on
each day before and after their surgery than those non-toxic patients having the same
operation by the same access approach, there was no significant difference in terms of
operating length of time or indeed with postoperative length of stay between these
patients and those having multiport access (whether as a group overall or those with
preoperative albumin > 30 g/dL) with a median hospital stay of 7.5 and 7 d
respectively.
Case-matching for gender, albumin > 30 g/dL and BMI (+/-3 kg/m2) in addition to
commencement and completion by method of laparoscopic access, surgery type and
indication, presented 10 pairs for analysis. Comparison between the groups again
shows significant difference in favour for single port surgery for postoperative length
of stay, both by group medians (P = 0.02 Student’s t-test) as well as day of discharge
on or before day 5 (P = 0.02 Pearson Chi-square) with no significant difference in either
operative time or total theatre occupancy. While there was no significant difference in
terms of opiate requirement or pain score, the trend was in favour of single port access
for opiate requirement (day 3, P = 0.07).
Economically, the cost of the glove port per case is €63.80 (comprising wound
protector with three trocar sleeves). Assuming the use of disposable trocars, as
compared to a four port trocar technique (comprising a balloon Hassan Port, a 12 mm
port with obturator for stapling as well as one 5 mm trocar with obturator and another
one without) there is a cost saving of €101.10 per case (a wound protector is also used
in the latter cases while both techniques require two staplers fires, an energy sealer
and suction/irrigation). The cost of a 24-h stay in our unit has been averaged at €950.
Therefore, the total cost saving when a SPLS total colectomy is compared to case
matched multiport equivalent is €2476.10.

DISCUSSION
Aside from isolated cases and small series describing elective colectomy for colitis, the
effectiveness and appropriateness of SAL for severe colitis has only recently begun to
be specifically reflected in the literature. Its practitioners view SAL as particularly
useful for these individuals who are often slim and young and without previous
laparotomy and who value body image[16,17]. Psychologically, a minimally invasive
approach may also seem less traumatic. Many in addition will need their surgery
performed urgently at a time when they are physically and immunologically
debilitated and so have an impaired capacity for wound healing. Furthermore, such
patients have to come to terms with managing a stoma in the early postoperative
period and an ability to concentrate on this alone rather than any additional
abdominal wall wounds may be advantageous. Many in this group will also need
further surgery in the future for proctectomy with or without restorative ileal pouchanal reconstruction. Preservation of the majority of the abdominal wall to facilitate
future surgery along with the minimization of peritoneal adhesions could therefore be
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Table 3 Postoperative complications after laparoscopic total colectomy and end ileostomy presented for groups by how operation was commenced as per Clavian-Dindo (contracted form)
Complication
grade

Definition by Clavien-Dindo

First 30 d

Single port group (n = 27)

Multiport group (n = 12)

n Comment

n Comment

I

Any deviation from postop
course without intervention

3

Serous discharge from around stoma site (all patients
albumin < 30)

3

Persistent pneumoperitoneum with pain; Non-cardiac chest pain, high output stoma

II

Pharmacological treatment

2

Parastomal wound infection; Portal vein thrombosis treated
by anticoagulation diagnoses after discharge

2

Parastomal wound infection; Umbilical port infection (pt started single port, converted due to adhesions); Portal
vein thrombosis treated by anticoagulation (CT diagnosis on day 2 postop in patient begun multiport and
converted to open due to extreme colonic friability)

III

Surgical, endoscopic or
radiological intervention

1

Return to theatre on day 4 postop for fascial release for
oedematous stoma (pt with preop Alb < 30)

2

Radiological drain of intrabdominal collection in one patient started by single port but converted to multiport
laparoscopy and in another started by multiport but converted to open (retroperitoneal colon perforations found
at surgery)

IV/V

Life-threatening
complication/Death

0

-

0

-

After 30 d

Median follow-up 12.3 mo

Median follow-up 10.5 mo

I

0

-

1

III

2

Both parastomal hernia requiring repair. (One performed at
time of complection proctectomy, other requiring urgent
laparoscopic repair)

Parastomal hernia

Alb: Albumin; Preop: Preoperative; CT: Computed tomography; pt: Pharmacological treatment.

advantageous. SAL may therefore be particularly relevant to this patient cohort.
While prior series have compared patients undergoing SAL and multiport total
colectomy[18] or total proctocolectomy and ileal pouch anal anastomosis[19], these have
predominantly been performed solely with respect to the elective setting. The current
data represents an all comers’ experience, including both planned and urgent total
colectomies for ulcerative colitis whether or not the procedure could be included on a
scheduled list. Importantly no patient in this cohort is purely elective in that all
suffered a debilitating disease requiring operative intervention and indeed most were
already inpatients under the gastroenterology service or urgent transfers from outside
institutions and were therapeutically immunosuppressed. This is why these patients
were chosen to undergo total colectomy and end ileostomy while of course patients
presenting purely electively for surgical relief of ulcerative colitis can undergo
panproctocolectomy with ileo-anal pouch formation as part of a two stage procedure
towards gastrointestinal reconstitution (rather than three stage as is our practice with
the sicker medically refractory group). The current data demonstrates that both overall
and when matched for gender, preoperative albumin, BMI and method of completion,
SAL was directly applicable to this patient group and provided shorter postoperative
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Figure 3 Daily median C-reactive protein level following surgery by access (multiport versus single port) including by the patients
preoperative albumin (< or > 30 g/dL).

length of stays without increased operative time then patients undergoing the same
operation for the same disease by a multiport access approach.
Preoperative albumin level is a reasonable indicator of preoperative clinical
deterioration upon which to case match disease severity[20] as, in general, pre-operative
hypoalbuminaemia is associated with increased surgical site infection following
gastrointestinal surgery[21] and, specifically for patients undergoing laparoscopic total
abdominal colectomy for ulcerative colitis, is associated with reoperation[22].
Furthermore, prior series have shown a higher pre-operative serum albumin is
associated with performance of a laparoscopic approach[23]. This study shows that,
while the advantages of the single port access are particularly evident in those
undergoing their surgery when in a less toxic state, single port access can also be
implemented in sicker patients without significantly compromise of theatre or hospital
efficiency as compared to patients undergoing multiport total colectomy although the
numbers are too limited to define specific comparative advantage in relation to wound
healing in this cohort.
Therefore the current experience has shown that SAL allows completion of surgery
via the stoma site alone as the only point of transabdominal access, thereby obviating
any additional port sites, in the majority of cases. While not the same magnitude of
advance that laparoscopy represents over laparotomy (prior to introduction of
laparoscopy as access of preference in 2010, the median length of stay for this category
of operation overall was ten days in our unit), there are nonetheless advantages for
both the patient and healthcare provider. Although the morbidity associated with 5
mm internal diameter trocars is considered minimal, colorectal surgery typically
requires a stapler and/or clip applicator and so mandates at least one extra 12 mm
port, a diameter more likely to be associated with postoperative complications
including discomfort, infection and fascial herniation[24]. Furthermore, the sole site of
abdominal wounding is confined to one small area of the parietal wall, a factor likely
to favor effective local postoperative analgesic techniques reducing opiate
requirements although the current data show did not show a statistically significant
difference in this parameter compared between the groups (indeed it is difficult from
this data to be specific regarding why exactly the confined access route translated into
significantly shortened postoperative hospital stays).
Although demonstrated feasible for colorectal surgery in general[7], some experts
continue to feel SAL is undermined by the current expense of the commercially
available devices[25]. Our choice of access port obviates this issue proving in fact
cheaper than the multi-port equivalent as the surgical glove port needs only trocar
sleeves rather than the otherwise necessary obturators. In addition, because these ports
are placed into the glove space (and so are in fact extracorporeal) rather than into the
patient means that the risk visceral or vascular injury at the time of trocar placement is
reduced. However the main advantage of this innovative access modality is its
performance which is, in our experience, better than the commercial equivalent by
virtue of its elasticity and lack of fulcrum point (permitting enhanced horizontal,
vertical and rotational maneuverability as well as augmented instrument tip
ab/adduction and triangulation) while being equally stable and durable during a case.
Furthermore, the device is always available (without needing prepurchasing),
applicable to every patient regardless of body wall depth (due to the adaptable wound
protector-retractor component) and is associated with no financial penalty if
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conversion to a multiport or open operation is required due to the specifics of the
patient or case. Also there were no costs accrued due to loss of theatre efficiency, in
fact the operative time of a SAL total colectomy tended to be shorter than its multiport
equivalent (although interestingly any potential gain in this aspect is noticeably offset
by the fact overall theatre occupancy was the same reflecting a need for engagement
and focus of the entire perioperative team in order to maximize any potential gain
associated with innovation in operative access). One of the primary delays following
colorectal resection is patient education in ostomy care. The shortened hospital stay
associated with a laparoscopic approach, particularly SAL, can increase demands on
the stoma education service that traditionally has had several days to get to know the
patient and provide appropriate training. However, the dedicated nurse practitioners
in our unit have responded to this issue by providing additional visits, commencing
preoperatively. The reduced period of ileus facilitates early eating and increased
opportunity to gain experience in ostomy management.
While the relatively small numbers of patients in this study period is a limitation of
the study, this experience does still represent the largest reported experience of single
port total colectomy with end ileostomy for recalcitrant ulcerative colitis to date. The
published experience even regarding multiport total colectomy is also relatively small
as these cases present relatively infrequently even in large centres with most groups
tending to publish figures that at most approximate 20 cases annually. There is in
addition a possible bias in that choice of surgical approach reflected surgeon
experience. We have tried to control for this aspect by including case match analysis
rather than crude group analysis overall. Furthermore, the operations presented here
were never solely done by one operator alone but included resident performance of
the majority of the procedure in most cases as is routine for all cases in our university
teaching hospital. The postoperative care pathways are shared for all patients also
including common postoperative care pathways and protocols in addition to common
ward rounds and allied health professional input in all cases. Certainly, further
experience with larger patient numbers is required to understand why exactly patients
are significantly more likely to be discharged earlier when having their surgery by
single access vs the conventional, standard multiport approach. Lastly, single port
access itself can impose technical limitations on surgeons performing this aspect and
its usefulness of course relates to experience across the discipline and our practice
incudes its employment in elective surgery for neoplasia either for part or the entirety
of the operation in addition to its employment for such multiquadrant operating as for
this indication. We have found empirically however that its need for only two
experienced surgeons and very limited instrument set-up does seem positive in the
case of urgent operations which often in our institution take place at inconvenient
times and in general, non-specialist and emergency operating theatres.
In conclusion, SAL represents an adapted laparoscopic access technique that can
safely and effectively allow total colectomy with end ileostomy in the majority of
patients with medically uncontrolled ulcerative colitis in both scheduled and acute
settings. Not only does it not need to be associated with increased costs either in terms
of access devices or theatre efficiency, it can in fact be an economically favorable
option that enables earlier discharge from hospital.

CONCLUSION
SAL was confirmed as a therapeutic option for surgical approach for patients with UC
and should be considered more often where the skillsets and technology exist.

ARTICLE HIGHLIGHTS
Research background
Single access laparoscopy (SAL) is a modification of standard laparoscopy that has not
be studied in detail for the operation of total colectomy in patients sick with ulcerative
colitis (UC). Here we examine its impact in this patient cohort.

Research motivation
Clinical outcomes were examined along with measure of operative efficiency to define
the comparative advantages of the SAL approach for this surgery.
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Research objectives
SAL was safely and efficiently applied meaning this approach can be considered in
future for this patient group.

Research methods
Clinical data along with patient demographics and outcomes including complications.

Research results
SAL was associated with satisfactory outcomes in patients sick with UC and compared
favourably to standard surgery in terms of cost and operative time.

Research conclusions
SAL was confirmed as a therapeutic option for surgical approach for patients with UC
and should be considered more often where the skillsets and technology exist.

Research perspectives
Further work can expand on this series in particular to show the generalisability of
these findings and also define better the relative merits of the different operative
approaches now available.
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Abstract
BACKGROUND
Over the last decade, multiple agents have demonstrated efficacy for advanced
esophagogastric cancer (EGC). Despite the availability of later lines of therapy,
there remains limited real-world data about the treatment attrition rates between
lines of therapy.
AIM
To characterize the use and attrition rates between lines of therapy for patients
with advanced EGC.
METHODS
We identified patients who received at least one cycle of chemotherapy for
advanced EGC between July 1, 2017 and July 31, 2018 across six regional centers
in British Columbia (BC), Canada. Clinicopathologic, treatment, and outcomes
data were extracted.
RESULTS
Of 245 patients who received at least one line of therapy, median age was 66 years
(IQR 58.2-72.3) and 186 (76%) were male, Eastern Cooperative Oncology Group
(ECOG) performance status 0/1 (80%), gastric vs GEJ (36% vs 64%). Histologies
included adenocarcinoma (78%), squamous cell carcinoma (8%), and signet ring
(14%), with 31% HER2 positive. 72% presented with de novo disease, and 25%
had received previous chemoradiation. There was a high level of treatment
attrition, with patients receiving only one line of therapy n = 122, 50%), two lines n
= 83, 34%), three lines n = 34, 14%), and four lines n = 6, 2%). Kaplan-Meier
analysis demonstrated improved survival with increasing lines of therapy
(median overall survival 7.7 vs 16.6 vs 22.8 vs 40.4 mo, P < 0.05). On multivariable
Cox regression, improved survival was associated with better baseline ECOG and
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increased lines of therapy (P < 0.05).
CONCLUSION
The steep attrition rates between therapies highlight the unmet need for more
efficacious early-line treatment options for patients with advanced EGC.
Key Words: Esophagogastric cancer; Gastric cancer; Treatment attrition; Systemic therapy;
Treatment outcomes; Real-world evidence
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Core Tip: Despite the availability of later lines of therapy for esophagogastric cancer
(EGC), there remains limited real-world data about the treatment attrition rates
between lines of therapy. In this population-based analysis, we characterize the use and
treatment attrition rates for patients with advanced EGC. Among 245 patients, there
was a high level of treatment attrition, with 50% receiving one line of therapy, 34%
receiving two lines, and 14% receiving three-lines. Improved survival was associated
with better baseline Eastern Cooperative Oncology Group and increased lines of
therapy. This real-world analysis demonstrating such steep attrition rates highlights the
unmet need for more efficacious early-line treatment options.
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INTRODUCTION
Gastric cancer is the fourth most common type of cancer, while esophageal cancer
remains the eight most common type of cancer[1]. Locally advanced unresectable and
metastatic disease in both sites have dismal outcomes, with 5-year survival rates
measuring less than 4%[2,3]. The current standard of care for advanced esophagogastric cancer is systemic chemotherapy with a first-line platinum and
fluoropyrimidine combination[4]. Rates of second-line treatment have been reported to
be between 14% and 75%[5,6]. A retrospective Italian study early in the ramucirumab
era examined rates of second-line treatment and reported a range of 7%-41%; however,
this was limited by a small number of patients who received ramucirumab, which has
now been established as a standard second-line regimen[7].
Over the last decade, multiple agents have also been tried in later line settings,
including ramucirumab, irinotecan, trifluridine/tipiracil, and immunotherapy[8-11].
Current trials such as the CCTG GA.3 trial focus on examining the role of regorafenib
in the later line setting (NCT02773524). It is important to gauge the real-world use of
multiple lines of therapy for patients with metastatic esophagogastric cancer, beyond a
clinical trial population.
The objectives of this study were to characterize the attrition rates between lines of
therapy for patients with unresectable locally advanced or metastatic esophagogastric
cancer (EGC), and to identify prognostic factors for improved survival.

MATERIALS AND METHODS
In British Columbia (BC), Canada, BC Cancer is the provincial institution responsible
for overseeing cancer-related care for 4.4 million residents, including the development
of cancer therapy guidelines, provision of radiation therapy, and funding for all
approved systemic therapies. The BC Cancer Provincial Pharmacy Database provides
and holds records for all provincially funded systemic therapies across six cancer
centres in BC.
We sought to characterize the use and attrition rates between lines of therapy for
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patients with advanced EGC, defined as either esophageal, gastroesophageal junction,
or gastric cancer. We identified patients who received at least one cycle of systemic
therapy for advanced histology-confirmed EGC between July 1, 2017 and July 31, 2018
from the BC Cancer Provincial Pharmacy Database. These dates were chosen based on
the funding and availability of ramucirumab and paclitaxel after May 2017, and to
allow for sufficient follow-up. Clinicopathologic data, treatment details, and survival
outcomes were extracted by chart review. Patients who continued on treatment were
censored at the date of last contact. Given the focus on systemic therapy, data
regarding radiotherapy for palliative purposes was not explicitly included. This study
was approved by the BC Cancer Research Ethics Board.

Statistical analysis
Baseline clinicopathologic characteristics and delivery of multiple lines of therapies
were reported using descriptive statistics, with differences in variables analyzed using
the chi-square or Wilcoxon rank-sum tests where appropriate. Overall survival (OS)
was calculated from the date of diagnosis of advanced disease to date of death or date
of last follow-up. Univariable and multivariable logistic regression analyses exploring
factors associated with improved survival were performed with the Cox proportional
hazards model. Variables included in the Cox proportional hazards models were
selected based on known prognostic factors and those significant on univariable
analysis (P < 0.05). OS was estimated using the Kaplan-Meier method, with the logrank test used to compare differences. All tests were two-sided, and a P value of < 0.05
was considered statistically significant. Stata version 15.1 was used for all statistical
analyses (Stata, College Station, TX, United States).

RESULTS
Of 245 patients who received at least one line of therapy, median age was 66 years
(IQR 58.2-72.3) and 186 (76%) were male. Baseline Eastern Cooperative Oncology
Group (ECOG) performance status was 0-1 in 80%, and site of primary was gastric vs
GEJ (36% vs 64%). Histologies included adenocarcinoma (78%), squamous cell
carcinoma (8%), and signet ring (14%), with 31% HER2 positive. 72% presented with
de novo disease, and 25% had received previous chemoradiation. Further
clinicopathologic characteristics are detailed in Table 1.
There was a high level of treatment attrition, with 50% of patients (n = 122)
receiving only one line of therapy. Distribution across subsequent lines was: two lines
(n = 83, 34%), three lines (n = 34, 14%), and four lines (n = 6, 2%). Patients who received
at least two lines of therapy were younger (median age 62.2 vs 67.6 years, P < 0.05) and
demonstrated a longer and improved response to first-line systemic therapy compared
to those who only received one line of treatment (median duration 5.0 vs 2.7 mo, P <
0.05; 50% complete or partial response (40% vs 32%, P < 0.05).
In terms of systemic therapy regimens, ramucirumab and paclitaxel was the most
common second line treatment (62%), with an objective response (complete or partial
response) observed in only 16% of patients (Table 2). In the third-line setting, 5fluorouracil and irinotecan was the most common regimen (35%). Fourth-line
regimens were largely 5-fluorouracil based, with one of six patients receiving
nivolumab.
Kaplan-Meier survival analysis demonstrated improved survival with increasing
lines of therapy (median OS 7.7 vs 16.6 vs 22.8 vs 40.4 mo, P < 0.05; Figure 1). On
multivariable Cox regression, improved survival was associated with better baseline
ECOG and increased lines of therapy (P < 0.05; Table 3).

DISCUSSION
In this population-based analysis, we demonstrate high treatment attrition rates
among patients with advanced EGC, with only half of patients proceeding to receive
two or more systemic therapy regimens. Survival improved with the application of
multiple lines of therapy and a good baseline ECOG performance status.
Our findings of high levels of attrition are consistent with other retrospective
studies reported in the literature, with a number of these employing electronic health
record (EHR) data. Le et al[12] examined EHR data from the Flatiron Health database,
and found a 75% rate of first-line, 32% rate of second-line, 14% rate of third-line, and
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Table 1 Baseline characteristics of 245 patients with advanced esophagogastric cancer who received at least one line of systemic
therapy

Median age (IQR)

Only one line of therapy (n = 122)

At least two lines of therapy (n = 123) P value

68 (61.7-73.7)

62 (56.1-70.6)

< 0.05

Gender, n (%)

0.37

Male

96 (79)

90 (73)

Female

26 (21)

33 (27)

Ethnicity, n (%)

0.59

Caucasian

101 (83)

95 (77)

Asian

15 (12)

21 (17)

East Asian

6 (5)

6 (5)

Other

0

1 (1)

Histology, n (%)

0.92

Adenocarcinoma

96 (79)

95 (77)

Squamous cell carcinoma

9 (7)

11 (9)

Signet ring cell

17 (14)

17 (14)

HER2 status, n (%)

0.41

Positive

27 (22)

37 (30)

Negative

70 (57)

72 (59)

Unknown

25 (20)

14 (11)

MMR status by IHC, n (%)

1.0

Deficient MMR

1 (1)

1 (1)

Proficient MMR

34 (28)

55 (45)

Unknown

87 (71)

67 (54)

Grade, n (%)

0.14

Well

3 (2)

5 (4)

Moderate

30 (25)

42 (34)

Poor

58 (48)

45 (37)

Unknown

31 (25)

31 (25)

Site of primary, n (%)

0.44

Gastric

44 (36)

46 (37)

GEJ/esophagus

78 (64)

77 (63)

Lymph node

64 (52)

54 (44)

0.20

Lung

29 (24)

28 (67)

0.88

Liver

39 (32)

50 (41)

0.18

Peritoneum

31 (25)

23 (19)

0.22

Other

28 (23)

16 (13)

0.05

Location of metastases, n (%)

Disease presentation, n (%)

0.89

De novo disease

87 (71)

89 (72)

Recurrent disease

35 (29)

34 (28)

Previous chemoradiation, n (%)

32 (26)

29 (24)

0.66

Previous resection, n (%)

27 (22)

24 (20)

0.64
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ECOG at baseline, n (%)

0.14

0

11 (9)

20 (16)

1

83 (68)

84 (68)

2

28 (23)

19 (15)

Best response to first-line treatment, n (%)

< 0.05

Complete response

6 (5)

4 (3)

Partial response

33 (27)

46 (37)

Stable disease

20 (16)

38 (31)

Progressive disease

58 (48)

33 (27)

Unknown

5 (4)

2 (2)

2.7 (0.9-6.1)

5.00 (3.5-9.8)

Median duration of first-line treatment

< 0.05

Reason for discontinuation of first-line treatment, n (%)

0.02

Progression

82 (67)

101 (82)

Toxicity

15 (12)

4 (3)

Other

23 (19)

17 (14)

Unknown

2 (2)

1 (1)

IQR: Interquartile range; HER2: Human epidermal growth factor receptor 2; MMR: Mismatch repair; IHC: Immunohistochemistry; GEJ: Gastroesophageal
junction.

6% rate of fourth-line therapies. We note that this was primarily in a United States
community-based practice setting, compared to our Canadian single-payer system. In
a similar EHR-based analysis, Barzi et al[13] described a 60% rate of second-line therapy
use. Previous retrospective EHR-based studies have reported an approximately 50%
rate of second-line therapies[14,15]. In a Japanese single institution study, Ueno et al[16]
reported a 26% rate of third-line systemic therapy.
Similarly, improved survival outcomes have been associated with an increasing
number of lines of therapy and improved baseline performance status[12,17]. Fanotto
et al[18] described additional prognostic factors, including lower LDH levels and a lower
neutrophil/Lymphocyte ratio at the initiation of second-line therapy. There was
insufficient LDH data to examine this, and we did not find a similar association with
the neutrophil/Lymphocyte ratio.
The survival outcomes and high level of treatment attrition highlight the lethality of
EGC. Screening can play a role in detecting these cancers at an earlier stage. While this
is feasible in countries with a high incidence rate such as South Korea and Japan, this
is not readily available in Canada[19-21]. For patients already diagnosed with advanced
disease, better risk stratification and more effective frontline therapies are urgently
needed. The combined positive score is now used to identify patients who are more
likely to benefit from immunotherapy, after the findings from KEYNOTE-181[22].
Improved biomarkers for risk stratification and treatment selection are also being
investigated. Despite the work done in molecular subtyping of gastric cancer, there are
few actionable targets and significant intratumoral heterogeneity; thus, limiting the
role for precision medicine in the upfront treatment setting[23,24]. Some markers, such as
MET overexpression, have been associated with poor prognosis and this continues to
be studied as a potential actionable target[25,26]. In recent years, there has been a shift
towards immunotherapy-based combinations, such as in the MORPHEUS umbrella
trial[27]. It remains to be seen whether this can play an effective earlier-line strategy in
patients with advanced EGC.
Limitations of our study include the retrospective nature, which limits causal
inference regarding prognostic factors for improved survival. The limited sample size
in a Canadian single-payer health system may limit generalizability. However, while
our sample size of 245 patients is smaller than the United States nationwide EHR
database, our data are manually curated and provide more granularity as a result.
There is also selection bias and practitioner variability in defining ECOG performance
status, and in offering a subsequent line of therapy. Finally, this study was done prior
to the approval and availability of oral trifluridine/tipiracil in the third-line setting,
which may influence treatment practices in this population.
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Table 2 Treatment details for patients who received at least two lines of systemic therapy
Second-line chemotherapy backbone [n = 123, n (%)]
5-FU/oxaliplatin

9 (7)

5-FU/irinotecan

21 (17)

5-FU/cisplatin

3 (2)

Ramucirumab/paclitaxel

76 (62)

Docetaxel

8 (7)

Capecitabine

2 (2)

Irinotecan

3 (2)

Trastuzumab alone

1 (1)

Best response to second-line treatment, n (%)
Complete response

2 (2)

Partial response

17 (14)

Stable disease

27 (22)

Progressive disease

73 (59)

Unknown

4 (3)

Median duration of second-line treatment (mo)

2.8 (1.4-5.7)

Reason for discontinuation of second-line treatment, n (%)
Progression

100 (81)

Toxicity

7 (6)

Other

12 (10)

Unknown

11 (9)

Third-line chemotherapy backbone [n = 40, n (%)]
5-FU

1 (2.5)

5-FU/irinotecan

14 (35)

5-FU/oxaliplatin

1 (2.5)

Docetaxel

2 (5)

Irinotecan

8 (20)

Ramucirumab/paclitaxel

11 (28)

Pembrolizumab

1 (2.5)

Nivolumab

1 (2.5)

Durvalumab/Tremelimumab

1 (2.5)

Best response to third-line treatment, n (%)
Complete response

1 (2.5)

Partial response

7 (18)

Stable disease

6 (15)

Progressive disease

25 (63)

Unknown

1 (2.5)

Median duration of third-line treatment (mo)

1.9 (0.9-4.4)

Reason for discontinuation of third-line treatment, n (%)
Progression

34 (85)

Toxicity

0

Other

3 (8)
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Unknown

3 (8)

Fourth-line chemotherapy backbone [n = 6, n (%)]
5-FU

1 (17)

5-FU/oxaliplatin

2 (33)

5-FU/irinotecan

1 (17)

5-FU/cisplatin

1 (17)

Nivolumab

1 (17)

Best response to fourth-line treatment, n (%)
Complete response

0

Partial response

0

Stable disease

1 (17)

Progressive disease

5 (83)

Median duration of fourth-line treatment (mo)

2.57 (2.08-3.75)

Reason for discontinuation of fourth-line treatment, n (%)
Progression

6 (100)

Toxicity

0

Other

0

Unknown

0

5-FU: 5-fluorouracil.

Table 3 Multivariable Cox regression analysis for overall survival
Hazard ratio (95%CI)

P value

Gender (male vs female)

1.07 (0.77-1.48)

0.69

Baseline ECOG (continuous)

1.33 (1.02-1.73)

0.04

Recurrent disease (vs de novo)

0.86 (0.62-1.19)

0.37

Duration of first-line treatment

1.00 (1.00-1.002)

0.09

Lines of treatment

0.61 (0.50-0.74)

< 0.01

ECOG: Eastern Cooperative Oncology Group.

CONCLUSION
We present a population-based analysis of real-world use of later-line therapy in
patients with advanced EGC. The steep attrition rates between therapies highlight the
high symptom burden in this setting and the unmet need for more efficacious earlyline treatment options for patients with advanced EGC. Improved biomarkers may
provide informed risk stratification in selecting later lines of treatment, and identifying
patients who would derive greater benefit from multiple lines of therapy.
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Figure 1 Overall survival by number of lines of treatment.

ARTICLE HIGHLIGHTS
Research background
Over the last decade, multiple agents have demonstrated efficacy for advanced
esophagogastric cancer (EGC).

Research motivation
Despite the availability of later lines of therapy, there remains limited real-world data
about the treatment attrition rates between lines of therapy.

Research objectives
We aimed to characterize the use and attrition rates between lines of therapy for
patients with advanced EGC.

Research methods
We identified patients who received at least one cycle of chemotherapy for advanced
EGC between July 1, 2017 and July 31, 2018 across six regional centers in British
Columbia, Canada. Clinicopathologic, treatment, and outcomes data were extracted.

Research results
Of 245 patients who received at least one line of therapy, median age was 66 years
(IQR 58.2-72.3) and 186 (76%) were male, Eastern Cooperative Oncology Group
(ECOG) performance status 0/1 (80%), gastric vs GEJ (36% vs 64%). Histologies
included adenocarcinoma (78%), squamous cell carcinoma (8%), and signet ring (14%),
with 31% HER2 positive. Seventy-two percent presented with de novo disease, and
25% had received previous chemoradiation. There was a high level of treatment
attrition, with patients receiving only one line of therapy (n = 122, 50%), two lines (n =
83, 34%), three lines (n = 34, 14%), and four lines (n = 6, 2%). Kaplan-Meier analysis
demonstrated improved survival with increasing lines of therapy (median overall
survival 7.7 vs 16.6 vs 22.8 vs 40.4 mo, P < 0.05). On multivariable Cox regression,
improved survival was associated with better baseline ECOG and increased lines of
therapy (P < 0.05).
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Research conclusions
The steep attrition rates between therapies highlight the unmet need for more
efficacious early-line treatment options for patients with advanced EGC.

Research perspectives
This real-world analysis demonstrating such steep attrition rates highlights the unmet
need for more efficacious early-line treatment options.
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Abstract
BACKGROUND
Detailed information on metastatic patterns in of patients with esophageal and
gastric cancer is limited. Early recognition of metastases is important to avoid
futile locoregional treatments. Furthermore, knowledge on metastatic patterns is
necessary for further development of personalized treatment modalities.
AIM
To gain insight into the metastatic pattern of gastroesophageal cancer.
METHODS
A nationwide retrospective autopsy study of 3876 patients with adenocarcinoma
(AC) or squamous cell carcinoma (SCC) of the esophagus or stomach between
1990 and 2017 was performed. Only patient with metastases were included for
analysis. The metastatic pattern was analyzed according to the primary tumor
location and histological subtype.
RESULTS
Metastatic disease was found in 268 esophageal and 331 gastric cancer patients. In
esophageal cancer, the most common metastatic locations were liver (56%),
distant lymph nodes (53%) and lung (50%). Esophageal AC showed more
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frequently metastases to the peritoneum and bone compared with esophageal
SCC. In gastric cancer, the most common metastatic locations were distant lymph
nodes (56%), liver (53%) and peritoneum (51%). Intestinal-type AC of the stomach
showed metastases to the liver more frequently, whereas metastases to the bone,
female reproductive organs and colorectum were observed more frequently in
diffuse-type gastric AC.
CONCLUSION
This study showed differences in metastatic patterns of patients with esophageal
and gastric cancer according to the primary tumor location and histological
subtype.
Key Words: Esophageal cancer; Gastric cancer; Metastases; Histology; Gastroesophageal
junction; Adenocarcinoma; Carcinoma; Squamous cell
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this nationwide retrospective autopsy study, the metastatic pattern of 599
patients with metastases of primary adenocarcinoma or squamous cell carcinoma of the
esophagus or stomach were evaluated. Differences in metastatic patterns of these
patients were found according both to the primary tumor location as well as the
histological subtype. This study provides robust data regarding metastatic patterns in
esophageal and gastric cancer patients. Knowledge of metastatic patterns is helpful
during preoperative staging, follow-up and in future research.
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INTRODUCTION
In 2018, over 570000 esophageal cancer and over 1000000 gastric cancer cases occurred
globally, respectively the 6th and 3rd leading cause of cancer related death[1,2]. Over the
last decade, peri-operative treatment modalities for patients with potentially curable
esophageal or gastric cancer have improved. In the Netherlands, most patients with
locally advanced esophageal cancer are treated with neo-adjuvant chemoradiotherapy,
followed by resection[3]. Patients with potentially curable gastric cancer are treated
with peri-operative chemotherapy and resection[4,5]. Despite the fact that these
treatment modalities resulted in improved overall survival, the prognosis of patients
with gastric or esophageal cancer is still dismal mainly due to the high incidence of
locoregional recurrence and distant metastases. Moreover, up to 50% of gastroesophageal cancer patients present with metastatic disease at time of diagnosis[6,7].
Early recognition of metastases is important to avoid futile locoregional treatments.
There is a wide variability in the timing, location and extent of metastatic disease. In
order to optimize pretreatment evaluation of patients and to ensure adequate
surveillance, it is essential to know more about the metastatic pattern occurring in this
patient group.
Metastases of esophageal cancer are most frequently seen in the liver, lung and
distant lymph nodes[8-10]. The most common metastatic sites of gastric cancer are the
liver, peritoneum and distant lymph nodes[11,12]. There are limited studies reporting on
differences of the metastatic spreading according to the primary tumor location, for
example, upper esophageal vs distal esophageal cancer or cardia vs non-cardia gastric
cancer[9,12]. Few studies reported data on differences in metastatic site according to
histological subtype[8,9,11,12].
As upper gastrointestinal tract tumors are a heterogenous group, further
improvement of survival probably lies within a more personalized treatment strategy.
Therefore, it is important to attain deeper knowledge on the different patterns of
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metastatic spreading and the factors that are instrumental in the determination of
these patterns. The aim of this study is to gain insight into the location of metastases
and the metastatic pattern according to the primary tumor site and the histology of the
primary tumor.

MATERIALS AND METHODS
Study design
A nationwide retrospective review was conducted of pathological records of patients
diagnosed with esophageal or gastric cancer who underwent autopsy between 1990
and 2017. Patients were selected from the nationwide network and registry of
histopathology and cytopathology in the Netherlands (PALGA)[13]. In the Netherlands,
post-mortem examination is performed at the request of the family or treating
physician with consent of the family and is carried out by a pathologist. All autopsies
included in this study were performed in order to obtain information on the medical
status of the deceased or to determine the exact cause of death. This type of study does
not require approval from an ethics committee under Dutch law.

Inclusion and exclusion criteria
Patients with a history of esophageal or gastric cancer who underwent autopsy were
selected from the Dutch pathology registry (PALGA). Only patients with a history of
esophageal or gastric cancer with metastases, or those who were diagnosed with
metastatic esophageal or gastric cancer during autopsy, were included. Patients with a
primary diagnosis of a premalignant lesion, (i.e. dysplasia and in-situ carcinoma),
neuroendocrine neoplasm, mesenchymal tumor, lymphoma or metastases from
elsewhere to the esophagus or stomach were excluded. Incomplete autopsies were
excluded. Patients were excluded if the location of the metastases could not be
retrieved from the records.

Study characteristics and outcome parameters
Gender, date of autopsy, age at autopsy, type of autopsy (body or body and brain),
location of primary cancer (proximal esophagus, mid esophagus, distal esophagus
[incl. gastro-esophageal junction (GEJ)], proximal stomach (i.e. cardia and fundus),
stomach corpus, distal stomach (i.e. antrum, pylorus and linitis plastica), number of
metastases and location of metastases were recorded. The histological type of
carcinoma was recorded according to the World Health Organization and Laurén
classification. In case of adenocarcinoma not otherwise specified, the carcinoma was
assigned to the intestinal-type adenocarcinoma group. In case of metastases to the
abdominal organs, records where thoroughly screened whether it was a peritoneal
metastasis rather than an organ specific metastasis.

Statistical analysis
Statistical analyses were performed with the statistical software package IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, United States). For
dichotomous data, frequencies are presented. Continuous data are presented as mean
and range. Values are compared by the chi2-squared test. All tests of significance were
two-tailed: P values of < 0.05 were considered to be significant.

RESULTS
A total of 3876 autopsy records were initially retrieved in this study: Esophageal
cancer was diagnosed in 1686 cases, gastric cancer in 2190 cases. We excluded 3277
patients from further analysis, since they did not have metastatic disease (n = 2919),
tumor type was not specified (n = 7) or patients did not have a primary
gastroesophageal carcinoma (n = 351). The remaining 599 patients were included in
our analysis; 268 (45%) patients had primary esophageal and 331 (55%) gastric
carcinoma. Two hundred four patients (34.1%) underwent a resection. The mean age
of patients at diagnosis was 66 years (range 25-94 years) and age of patients at death
was 67 years (range 25-94 years). In only 28 (5%) cases the neurocranium was
examined. The mean number of metastatic locations per patient was 3 (SD 1.86) and
21% of the patients had only one metastasis at the time of death.
Of the 268 esophageal cancer patients with metastatic disease, 62% had AC (167
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cases) and 38% SCC (101 cases). AC was subdivided into intestinal-type (144 cases,
86%) and diffuse-type AC (23 cases, 14%). The 331 gastric adenocarcinoma patients
were categorized as diffuse-type (including signet-ring cell carcinoma) in 37% (122
cases) or intestinal-type AC in 63% (209 cases). Clinicopathological data of metastatic
esophageal and gastric cancer patients are presented in Table 1.

Pattern of metastases in 268 esophageal cancer patients
Of the 268 esophageal cancer patients, 54.5% had multiple (3 or more) metastases,
23.9% had 2 metastases and 21.6% had only one metastasis. Overall, esophageal cancer
patients presented most frequently with liver, distant lymph node and lung metastases
(56.0%, 52.6%, and 50.0% respectively) (Figure 1). Metastases to the liver were most
common in AC (59.9%), whereas metastases to the lungs were most frequently seen in
SCC (57.4%). There were three major differences in metastatic pattern between
histological subtypes (Figure 2A and B). AC more frequently had metastases to the
peritoneum and bone compared with SCC, 34.7% vs 15.8% (P < 0.01) and 29.9% vs
17.8% (P < 0.05), respectively. Lung metastases were observed more frequently in SCC
(57.4%) compared with AC (45.5%, P = 0.059). Patients with a single metastatic location
predominantly seem to have a liver metastasis in AC and a liver or lung metastasis in
SCC esophageal cancer (Figure 2A and B).

Pattern of metastases in 331 gastric cancer patients
Of the gastric cancer patients, 54.1% had multiple (3 or more) metastases, 26.3% had 2
metastases and 19.6% had only one metastasis. Overall, gastric cancer patients
presented most frequently with distant lymph node, liver and peritoneal metastases
(55.9%, 52.9%, and 51.4% respectively) (Figure 3). Intestinal-type AC showed
predominantly metastases to the liver (67.5%), whereas diffuse-type AC more likely
present with metastases to the peritoneum (57.4%). Significant differences were found
in the occurrence of metastases to the liver (67.5% in intestinal-type vs 27.9% in diffusetype, P < 0.0001), bone (15.3% in intestinal-type vs 29.5% in diffuse-type, P < 0.01),
female reproductive organs (5.7% in intestinal-type vs 16.4% in diffuse-type, P < 0.01)
and colorectum (1.0% in intestinal-type vs 5.7% in diffuse-type, P < 0.05). In diffusetype gastric cancer, patients with metastases to the female productive organs often
were simultaneously diagnosed with metastases to the peritoneal cavity (Figure 2C
and D).

Pattern of metastases according to primary tumor location
Esophageal vs gastric carcinomas: For both esophageal (including GEJ) and gastric
cancer (all histological types), the liver was the most frequent metastatic site (56.0%
and 52.9%, respectively). Esophageal cancer was more likely to show metastases to the
lung (50.0% vs 35.3%, P < 0.0001) and heart (13.4% vs 7.0%, P < 0.01). Metastases to the
peritoneum (e.g. peritoneum, mesentery, omentum, abdominal cavity not further
specified) (27.6% vs 51.4%, P < 0.0001), female reproductive organs (1.1% vs 9.7%, P <
0.0001) and the urinary bladder (0.4% vs 2.4%, P < 0.05) were seen more often in gastric
cancer.
Proximal and mid esophageal carcinomas vs distal esophageal and GEJ carcinomas:
A sub-analysis for the metastatic site of proximal and mid vs distal esophageal cancer
(including GEJ carcinoma) was impeded due to the small number of upper esophageal
carcinomas (n = 25). Upper esophageal carcinomas tend to show metastases to the
spleen more often (3 out of 25 patients (12%) vs 2 out of 174 patients (1.1%), P < 0.01),
while distal esophageal carcinomas more often showed metastases to the peritoneum
(3 out of 25 patients (12%) vs 57 vs 174 patients (32.8%), P < 0.05).
Distal esophageal, GEJ and cardia carcinomas: Comparing distal esophageal, GEJ
and cardia adenocarcinomas (intestinal- and diffuse-type) vs non-cardia gastric
adenocarcinomas showed differences in the metastatic pattern. Metastases to the
peritoneum and female reproductive organs were seen more frequently in non-cardia
gastric cancer (56.3% vs 37.6%, P < 0.001 and 12.2% vs 2.1%, P < 0.001, respectively).
Distal esophageal, GEJ and cardia carcinomas more often showed metastases to the
liver (61.5% vs 47.2%, P < 0.05), pleura (27.8% vs 17.9%, P < 0.05) and heart (12.0% vs
6.1%, P < 0.05) compared with non-cardia gastric carcinomas. Lung metastases were
more frequently found when comparing only distal esophageal and GEJ carcinomas
with cardia adenocarcinomas (49.2% vs 36.2%, P < 0.05).
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Table 1 Clinicopathological data of esophageal and gastric cancer patients with metastatic disease
Esophageal carcinoma

Gastric adenocarcinoma

AC

SCC

Intestinal-type AC

Diffuse-type AC

n = 167

n = 101

n = 209

n = 122

Female

31 (18.6%)

32 (31.7%)

54 (25.8%)

50 (41.0%)

Men

136 (81.4%)

69 (68.3%)

155 (74.2%)

72 (59.0%)

1987-1993

24 (14.4%)

20 (19.8%)

40 (19.1%)

22 (18.0%)

1994-1999

38 (22.8%)

30 (29.7%)

69 (33.0%)

28 (23.0%)

2000-2005

28 (16.8%)

19 (18.8%)

41 (19.6%)

23 (18.9%)

2006-2011

34 (20.4%)

17 (16.8%)

30 (14.4%)

20 (16.4%)

2011-2017

43 (25.7%)

15 (14.9%)

29 (13.9%)

29 (23.8%)

Mean age at diagnosis (years)

66

64

69

64

Mean age at death (years)

67

65

70

65

Proximal

1 (0.6%)

12 (11.9%)

73 (34.9%)

29 (23.8%)

Mid

2 (1.2%)

10 (9.9%)

25 (12.0%)

20 (16.4%)

Distal

132 (79.0%)

42 (41.6%)

43 (20.6%)

18 (14.8%)

NOS

32 (19.2%)

37 (36.6%)

68 (32.5%)

44 (36.1%)

-

-

-

11 (9.0%)

Sex

Year of diagnosis

Location of primary tumor

Linitis plastica

Figure 1 Metastatic sites of patients with esophageal cancer. Other metastases of esophageal cancer (all types) with proportion ≥ 2%: pancreas (6%),
brain (4%), mediastinum (3%), skin/subcutis (3%), thyroid gland (3%), spleen (3%), gallbladder (2%). AC: Adenocarcinoma; SSC: Squamous cell carcinoma.

DISCUSSION
This nationwide autopsy study provides insight into the metastatic patterns in patients
with esophageal or gastric cancer (n = 599). The two most common metastatic sites for
esophageal and gastric cancer are liver and distant lymph nodes. Lung metastases are
more frequently observed in patients with esophageal cancer while peritoneal
metastases are more common in gastric cancer patients. Furthermore, differences in
metastatic pattern according to primary tumor location and histological subtype were
WJG
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Figure 2 Metastatic pattern of esophageal and gastric cancer by histological subtype. AC: Adenocarcinoma; SSC: Squamous cell carcinoma.

Figure 3 Metastatic sites of patients with gastric cancer. Other metastases of gastric cancer (all types) with proportion ≥ 2%: heart (7%), kidney (6%),
pancreas (5%), thyroid gland (4%), brain (3%), large intestine (3%), small intestine (2%), mediastinum (2%), skin/subcutis (2%), urine bladder (2%). AC:
Adenocarcinoma.

observed.
Overall, the most common metastatic sites of esophageal and gastric cancer found in
this study are comparable to the literature[8-12]. Metastases to the liver are frequently
observed in both esophageal and gastric cancer. The venous drainage of the distal
esophagus is partly provided by the left gastric vein and by the gastroepiploic veins
for the stomach which both drain directly into the portal vein. This may explain a high
frequency of liver metastases in both groups. The other part of the venous drainage of
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the distal esophagus, as well as the mid and proximal part of the esophagus, is
provided by the azygos vein which directly drains to the superior vena cava which
probably explains the high frequency of lung metastases[14]. In addition to anatomical
factors which promote specific spreading, organ specific tropism of circulating tumor
cells as suggested by the seed and soil hypothesis[15] may also account for frequent
metastases to the liver and lung. In esophageal and gastric cancer patients with
metastatic disease, we surprisingly also observed frequent metastases in the adrenal
gland (27% and 23%), heart (13% and 7%) and kidney (10% and 7%). In literature,
metastases to the adrenal gland, heart and kidney are sparsely described. This can
probably be explained by the fact that our study is based on autopsy cases, and these
distant metastases might be later occurrences, that are also part of a more widespread
disease[9,16-18]. Major differences in metastatic sites between histological subtypes were
found. While esophageal AC had a predilection for peritoneal and bone metastases,
SCC more often spread to the lungs, as is in line with previous findings[8,9]. Underlying
mechanisms for differences in metastatic patterns between histological esophageal
cancer subtypes are not clear, although the tumor location can be a confounding factor
as ACs are generally located in the distal esophagus and SCC generally represent the
more proximal tumors. For gastric intestinal adenocarcinoma, more metastases were
found in the liver while diffuse-type gastric cancer spreads more often to bone,
colorectum, peritoneum and female reproductive organs. The preference of signet-ring
cell carcinoma for metastases to the female reproductive organs and peritoneum has
been described before in colorectal cancer and may be organ specific tropism of
circulating signet-ring cells[19]. Furthermore, previous research reported on the affinity
of diffuse-type gastric cancer for peritoneal seeding[12,20]. However, subclassifying of
adenocarcinomas into intestinal- and diffuse-type cancers may vary between
pathologists since the subclassification of these carcinomas was ill-defined until very
recently[21].
This study has limitations due to the retrospective nature of the study. Post-mortem
studies offer a unique opportunity to examine the extent and location of metastases
and can been seen as the gold standard in the study of cancer metastatic pattern. An
autopsy study can lead to a biased population in which patients are included who
have died postoperatively, had an unexpected clinical course, or died of other causes
than esophageal or gastric cancer. However, previous studies confirmed the validity of
data from autopsy studies in other cancer types where independent clinical trial and
population-based cohorts showed identical patterns[19,22], illustrating that the bias is
indeed limited. Unfortunately, the PALGA database does not include a broad
spectrum of patient characteristics regarding, for example, comorbidities and
demographics and therefore the exact external validity of this study is unclear.
Another limitation is the problem of classifying cardia cancers, since the cardia is an
ill-defined region of the stomach[23]. This may explain the differences in the metastatic
pattern of proximal stomach (cardia) carcinomas in our cohort compared to
literature[12].
Over the last decades, considerable improvements of diagnostic techniques in
preoperative staging have been made[24]. Still, early recognition of metastases is
necessary to avoid futile locoregional treatments. For example, diffuse-type gastric
cancer has the tendency to spread to the peritoneal cavity, and therefore a diagnostic
laparoscopy for the detection of peritoneal metastases is now common practice in the
staging of gastric cancer[25]. Interestingly, this study shows that peritoneal metastases
are also frequently observed in patients with metastatic distal esophageal and GEJ AC
(38%). Few clinical studies do show the added value of a diagnostic laparoscopy for
occult metastatic disease in distal esophageal and GEJ adenocarcinoma patients, whilst
other studies report a relatively low rate of positive findings for routine laparoscopy in
these patients. Further clinical studies are warranted to investigate if a pre-treatment
diagnostic laparoscopy could also be of value for these patients[26,27]. Furthermore,
knowledge of the preference location of metastases may help to develop
individualized treatment strategies in case of metastatic disease such as Selective liver
Internal Radiation therapy (SIRT) for liver metastases or adjuvant pressurized
intraperitoneal aerosol chemotherapy or hyperthermic intraperitoneal chemotherapy
for peritoneal metastases[28].

CONCLUSION
In conclusion, this autopsy study shows differences in the spread of distant metastases
based on the primary tumor location and their histological subtypes in a large national
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cohort. These results should be taken into account during preoperative staging, during
follow-up and in future research.

ARTICLE HIGHLIGHTS
Research background
Patients with gastric or esophageal cancer have a high incidence of locoregional
recurrence and distant metastases and therefore have limited survival. There are
limited studies reporting on differences of the metastatic spreading according to the
primary tumor location and histological subtype.

Research motivation
As upper gastrointestinal tract tumors are a heterogenous group, further improvement
of survival probably lies within a more personalized treatment strategy. Also, early
recognition of metastases is important to avoid futile locoregional treatments.
Therefore, it is important to attain deeper knowledge on the different patterns of
metastatic spreading and the factors that are instrumental in the determination of
these patterns.

Research objectives
The aim of this study is to gain insight into the metastatic pattern of gastroesophageal
cancer.

Research methods
A nationwide retrospective autopsy study of patients with adenocarcinoma or
squamous cell carcinoma (SCC) of the esophagus or stomach with metastases between
1990 and 2017 was performed. The metastatic pattern was analyzed according to the
primary tumor location and histological subtype.

Research results
Metastatic disease was found in 268 esophageal and 331 gastric cancer patients that
underwent an autopsy. In esophageal cancer, the most common metastatic locations
were liver (56%), distant lymph nodes (53%) and lung (50%). Esophageal
adenocarcinoma showed more frequently metastases to the peritoneum and bone
compared with esophageal SCC. In gastric cancer, the most common metastatic
locations were distant lymph nodes (56%), liver (53%) and peritoneum (51%).
Intestinal-type adenocarcinoma of the stomach showed metastases to the liver more
frequently, whereas metastases to the bone, female reproductive organs and
colorectum were observed more frequently in diffuse-type gastric adenocarcinoma.

Research conclusions
This autopsy study provides novel data on differences in the spread of distant
metastases based on the primary tumor location and their histological subtypes in a
large national autopsy cohort.

Research perspectives
These results should be taken into account during preoperative staging, during followup and in future research.
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Abstract
BACKGROUND
It is well known that an alcohol consumption habit together with inactive
heterozygous aldehyde dehydrogenase-2 (ALDH2) is an important risk factor for
the development of esophageal squamous cell carcinoma (ESCC). It remains
controversial whether human papillomavirus (HPV) infection contributes to the
occurrence/development of ESCC. There has been no study in which the
relationship between ESCC and HPV in addition to alcohol dehydrogenase-1B
(ADH1B) and ALDH2 genotypes was evaluated.
AIM
To evaluate relationships between HPV infection and development of esophageal
cancer, particularly early esophageal cancer, based on ADH1B/ALDH2
polymorphisms.
METHODS
We conducted an exploratory retrospective study using new specimens, and we
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enrolled 145 patients who underwent endoscopic resection for superficial ESCC
and had been observed for more than two years by both physical examination and
endoscopic examination in Hokkaido University Hospital. Saliva was collected to
analyze genetic polymorphisms of ADH1B/ALDH2. We performed in situ
hybridization for resected specimens to detect HPV by using an HPV type 16/18
probe.
RESULTS
HPV was detected in 15 (10.3%) of the 145 patients with ESCC. HPV-positive rates
in inactive ALDH2*1/*2 and ALDH2*1/*1 + *2/*2 were 10.8% and 9.8%,
respectively (P = 1.00). HPV-positive rates in slow-metabolizing ADH1B*1/*1 and
ADH1B*1/*2 + *2/*2 were 12.0% and 10.0%, respectively (P = 0.72). HPV-positive
rates in the heavy or moderate alcohol consumption group and the light or rare
consumption group were 11.1% and 8.7%, respectively (P = 0.68). HPV-positive
rates in the heavy smoking group and the light or no smoking group were 11.8%
and 8.3%, respectively (P = 0.59). The 3-year incidence rates of secondary ESCC or
head and neck cancer after initial treatment in the HPV-positive and HPVnegative groups were 14.4% and 21.4% (P = 0.22), respectively.
CONCLUSION
In the present situation, HPV status is considered to be less important than other
risk factors, such as alcohol consumption, smoking habit, ADH1B/ALDH2
polymorphisms, and HPV status would therefore have no effect on ESCC risk
management.
Key Words: Human papillomavirus; Esophageal squamous cell carcinoma; Early
esophageal cancer; Alcohol dehydrogenase-1B; Aldehyde dehydrogenase-2; Endoscopic
resection
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We examined esophageal squamous cell carcinoma (ESCC) tissues obtained
by endoscopic mucosal resection or endoscopic submucosal dissection for human
papillomavirus (HPV) infection. Genotyping of alcohol dehydrogenase-1B (ADH1B)/
aldehyde dehydrogenase-2 (ALDH2) by using saliva sampling was performed. As a
result, significant differences were not found between HPV infection and
ADH1B/ALDH2. However, results of investigations including investigation of genetic
polymorphisms in alcohol metabolism were shown for the first time, and there has so
far been study on only early ESCC. We therefore consider the results of our study to be
important.

Citation: Inoue M, Shimizu Y, Ishikawa M, Abiko S, Shimoda Y, Tanaka I, Kinowaki S, Ono
M, Yamamoto K, Ono S, Sakamoto N. Relationships of early esophageal cancer with human
papillomavirus and alcohol metabolism. World J Gastroenterol 2020; 26(39): 6047-6056
URL: https://www.wjgnet.com/1007-9327/full/v26/i39/6047.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i39.6047

INTRODUCTION
Esophageal cancer is a prevalent cancer and has a high mortality rate with a 5-year
relative survival rate of only about 20% despite recent technological advances in
surgery and chemoradiotherapy[1]. It is well known that smoking and alcohol
consumption are risk factors for esophageal squamous cell carcinoma (ESCC).
However, some ESCC patients have had no smoking or alcohol consumption habit
until they are diagnosed with ESCC. This indicates that there might be other risk
factors for the development of ESCC including polycyclic aromatic hydrocarbons,
high-temperature foods, diet, oral health, and microbiome and human papillomavirus
(HPV) infection[2]. The hypothesis of a relationship between HPV infection and
development of ESCC was first proposed in 1982[3]. After that, various studies were
WJG
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performed, and the results of some studies supported the hypothesis, while the results
of other studies did not support the hypothesis[4-13]. It remains controversial whether
HPV contributes to the development of ESCC. In head and neck squamous cell
carcinoma (HNSCC), which is the same squamous cell carcinoma as ESCC is, it has
been shown that HPV infection promotes the development of cancer, and HPV has
been recognized as a carcinogenic agent[14]. Moreover, it has been reported that HPV
infection in oropharyngeal squamous cell carcinoma is a significant prognostic factor
for good survival. Notably, it has been reported that the incidence of second primary
tumors is significantly lower in patients with HPV-positive oropharyngeal squamous
cell carcinoma[15]. Subsequent investigations revealed that not only the prognosis of
oropharyngeal squamous cell carcinoma (SCC) but also that of other head and neck
cancers such as hypopharyngeal, laryngeal, oral cavity cancer is related to HPV
status[16].
Alcohol consumption is known to be the most important risk factor for ESCC.
Ethanol, which is one type of alcohol, itself does not cause the occurrence of ESCC, but
acetaldehyde produced by alcohol has been reported to have carcinogenicity[17,18].
Ethanol is broken down by an enzyme called alcohol dehydrogenase 1B (ADH1B),
resulting in the formation of acetaldehyde. Acetaldehyde is mostly metabolized in the
liver by an enzyme called aldehyde dehydrogenase 2 (ALDH2), resulting in the
formation of harmless acetic acid[19]. ADH1B and ALDH2 have active and inactive
forms in the metabolism to acetaldehyde, and the combination of these forms is
associated with not only advanced ESCC but also early stage ESCC[20,21]. Many studies
have shown an association between ADH1B/ALDH2 and incidence of ESCC[21,22]. As
for metachronous ESCC, Abiko et al[23] demonstrated that superficial ESCC patients
with inactive ALDH2 have a high incidence of secondary ESCC.
There has been no study in which the risk of ESCC depending on the HPV status
and the genetic polymorphisms of ADH1B/ALDH2 was investigated. In this study,
we therefore investigated the relationship between HPV infection and development of
esophageal cancer, particularly early esophageal cancer, based on ADH1B/ALDH2
polymorphisms.

MATERIALS AND METHODS
Patients
The subjects for this study were registered during the period from July 2016 to August
2017. The subjects were patients who underwent endoscopic mucosal dissection (ESD)
or endoscopic mucosal resection (EMR) for ESCC at Hokkaido University Hospital
and received follow-up endoscopic examinations for 2 years or more. Endoscopic
examinations were performed in all patients using iodine staining at 3 mo, 6 mo, and 1
year after the EMR/ESD and every 6 mo to 1 year thereafter. All of the patients
underwent annual physical examinations including laryngoscopy conducted by
otolaryngologists. Inclusion criteria for this study were (1) pathological diagnosis of
ESCC in resected specimens; (2) complete endoscopic resection by EMR or ESD; (3)
written informed consent obtained from the patient; and (4) possibility of collecting
saliva samples. Exclusion criteria were (1) surgical resection after EMR/ESD; (2)
unsuitability as subjects; (3) age < 20 years; and (4) current pregnancy. After exclusion,
158 patients were included in the study. No patients had lymph node metastasis. This
study was a retrospective study in which newly obtained specimens were used.
Written informed consent was obtained from the study subjects.
Information on alcohol consumption and smoking before and after EMR/ESD was
obtained by using a questionnaire. Information on past treatment for esophageal
cancer or head and neck cancer by EMR/ESD and histological diagnosis was obtained
from electronic health records. Before the endoscopic examination, approximately 1
mL of saliva was obtained by using a pipette or a cotton swab to examine two single
nucleotide polymorphisms (SNPs) in ADH1B and ALDH2 genotyping.
This study was approved by the Medical Ethics and Human Clinical Trial
Committee of Hokkaido University Hospital.

Alcohol consumption and smoking habits
Subjects whose alcohol consumption was less than 1 unit/wk were classified as rare
drinkers, those whose alcohol consumption was 1 to 8.9 units/wk were classified as
light drinkers, those whose alcohol consumption was 9 to 17.9 units/wk were
classified as moderate drinkers, and those whose alcohol consumption was 18 or more
units/wk were classified as heavy drinkers. We defined 1 unit of alcohol as 22 g of
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ethanol, which is contained in 500 mL of beer or 1/4 bottle of wine. Subjects who did
not smoke or smoked rarely were classified as rare smokers (nonsmokers). Current
smokers with a smoking history of 30 pack years were classified as light smokers,
while subjects who had a smoking history of ≥ 30 pack years were classified as heavy
smokers. Thirty pack years = one package of cigarettes (20 cigarettes) daily for 30
years[24,25].

HPV in situ hybridization
We conducted in situ hybridization to detect HPV using the ENZO PATHO-GENE
HPV type 16/18 probe according to the protocol of manufacturer (Morpho Technology
Co., Ltd, Sapporo, Japan). Fixed specimens were deparaffinized and rehydrated
through a graded ethanol series and then washed with phosphate buffered saline. The
deparaffinized tissue sections were incubated with pronase, rinsed in deionized water,
immersed in 0.3% H2O2 in methanol for 20 min, and rinsed in deionized water again. A
drop of HPV probe was added to the air-dried sections. After heart denaturation at 90
°C, hybridization was done in a pre-warmed humid chamber at 37 °C for 16 to 18 h.
The slides were washed in Tris-buffered saline with Tween 20 (TBST). Hybridized
probes were detected by streptavidin. HPV-positive cervical cancer was used as a
positive control. All pathological diagnoses including whether HPV is positive or
negative were made by a pathologist.

ADH1B/ALDH2 polymorphisms
SNPs of ADH1B and ALDH2 genes were genotyped using the TaqMan assay on an
ABI 7300 Real-Time polymerase chain reaction (PCR) System (Applied Biosystems)[26].
The ADH1B*1 allele encodes the slow-metabolizing form of ADH1B, while the
ALDH2*2 allele encodes the inactive form of ALDH2. The ADH1B and ALDH2
genotype combinations were classified into five categories according to the
classification proposed by Yokoyama et al[27]: A group, ADH1B*1/*1 + ALDH2*1/*1; B
group, ADH1B*2 carrier + ALDH2*1/*1; C group, ADH1B*1/*1 + ALDH2*1/*2; D
group, ADH1B*2 carrier + ALDH2*1/*2; E group, ADH1B any + ALDH2*2/*2.

Statistical analysis
Analyses of data were performed by using JMP® Pro 14.0.1 (SAS Institute, Inc., Cary,
NC, United States). Age is expressed as mean ± SD values. Differences in frequency
distributions were tested using Fisher’s exact test, and quantitative data were
examined with Student’s t-test. Differences were considered statistically significant at
P < 0.05. The time to development of metachronous ESCC/HNSCC was defined as the
period from the day of EMR/ESD to the day of endoscopic diagnosis of metachronous
ESCC/HNSCC. The Kaplan–Meier method and log-rank test were used for analysis of
the development of metachronous ESCC as well as HNSCC.

RESULTS
Among the 158 patients, 13 patients were excluded because their primary lesions were
not large enough to assess HPV. Finally, 145 patients were assessed. Characteristics of
the patients and lesions are shown in Table 1. Specimens from 15 (10.3%) of the 145
patients were HPV-positive. There was no significant difference between HPV-positive
patients and HPV-negative patients in sex, age or tumor location. The main
macroscopic types were 0-Is in 1 patient (0.7%), 0-IIa in 16 patients (15.2%), 0-IIb in 43
patients (29.7%), and 0-IIc in 85 patients (58.6%). The main macroscopic type was
related to HPV infection, and the number of 0-IIa cases was significantly larger in
HPV-positive ESCC cases (P = 0.045). The mean tumor size was 22.4 ± 10.6 mm. There
was no difference between the HPV-positive and the HPV-negative groups in depth of
invasion or vascular invasion.
The relationships of HPV status with risk factors for ESCC are summarized in
Table 2. HPV-positive rates in inactive ALDH2*1/*2 and ALDH2*1/*1 + *2/*2 were
10.8% and 9.6%, respectively (P = 1.00). HPV-positive rates in slow-metabolizing
ADH1B*1/*1 and ADH1B*1/*2 + *2/*2 were 12.0% and 10.0%, respectively (P = 0.72).
HPV-positive rates in the heavy or moderate alcohol consumption group and the light
or rare consumption group were 11.1% and 8.7%, respectively (P = 0.68). HPV-positive
rates in the heavy smoking group and the light or no smoking group were 11.8% and
8.3%, respectively (P = 0.59). Genotype combinations did not show significant
differences in HPV-positive rates (group A, 0%; group B, 10.9%; group C, 15.0%; group
D, 9.6%; group E, 0.0%; P = 0.87). There were no significant differences in HPV-
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Table 1 Clinicopathological findings according to the human papillomavirus positive or negative, n (%)
Total (n = 145)

HPV positive (n = 15)

HPV negative (n = 130)

P value

Male

119 (82.1)

12 (80.0)

107 (82.3)

0.73

Female

26 (17.9)

3 (20.0)

23 (17.7)

Age (yr), mean ± SD

66.3 ± 7.8

63.9 ± 9.3

66.6 ± 7.6

0.21

Cervical

1 (0.7)

1 (6.7)

0 (0)

0.059

Upper

22 (15.2)

0 (0)

22 (16.9)

Middle

85 (58.6)

11 (73.3)

74 (56.9)

Lower

36 (24.8)

3 (20.0)

33 (25.4)

Abdominal

1 (0.7)

0 (0)

1 (0.8)

0-Is

1 (0.7)

0 (0)

1 (0.8)

0-IIa

16 (11.0)

5 (33.3)

11 (8.5)

0-IIb

43 (29.7)

4 (26.7)

39 (30.0)

0-IIc

85 (58.6)

6 (40.0)

79 (60.8)

Tumor size (mm), mean (SD)

22.4 (10.6)

26.5 (12.7)

21.9 (10.3)

0.11

EP

53 (36.6)

5 (33.3)

48 (36.9)

0.74

LPM

66 (45.5)

7 (46.7)

59 (45.4)

MM

19 (13.1)

2 (13.3)

17 (13.1)

SM1

4 (2.8)

1 (6.7)

3 (2.3)

SM2

3 (2.1)

0 (0)

3 (2.3)

Yes

6 (4.1)

2 (13.3)

4 (3.1)

No

139 (95.9)

13 (86.7)

126 (96.9)

Sex

Tumor location

Main macroscopic type
0.045

Depth of invasion

Vascular invasion
0.12

EP: Epithelium; LPM: Lamina propria mucosae; MM: Muscularis mucosae; HPV: Human papillomavirus; SM1: ≤ 200 μm from MM; SM2: > 200 μm from
MM.

positive rates according to either ADH1B/ALDH2 genotype or smoking and alcohol
consumption histories. The median follow-up period was 73 mo (range, 24-244 mo).
The 3-year incidence rates of secondary ESCC or HNSCC after initial treatment in the
HPV-positive and HPV-negative groups were 14.4% and 21.4% (P = 0.22), respectively
(Figure 1).

DISCUSSION
This study is the first study that focused on HPV infection in cases of early ESCC
based on ADH1B/ALDH2 polymorphisms. Many studies have been carried out to
determine whether the hypothesis that HPV contributes to the occurrence of ESCC is
true, but the results have not been consistent[4-13]. Even in a recent meta-analysis and
systematic review, the conclusions are still confusing. Petrick et al[13] conducted a metaanalysis including 124 studies with a total of 13832 ESCC cases and reported that the
highest HPV prevalence was found in Africa and Asia, notably among Chinese studies
from provinces with high ESCC incidence rates. Halec et al[10] conducted a study on
HPV-transformation of ESCC by using tissues from high-incidence ESCC regions and
a meta-analysis of 14 other similar studies. They concluded that the results of the
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Table 2 Relationships of human papillomavirus status according to ISH with risk factors for esophageal squamous cell carcinoma, n
(%)
ALDH2 genotype

HPV

*1/*2 (n = 93)

*1/*1 + *2/*2 (n = 52)

Positive (n = 15)

10 (10.8)

5 (9.6)

Negative (n = 130)

83 (89.3)

47 (90.4)

P value
1.00

ADH1B genotype
*1/*1 (n = 25)

*2 carrier (n = 120)

Positive (n = 15)

3 (12.0)

12 (10.0)

Negative (n = 130)

22 (88.0)

108 (90.0)

0.72

Alcohol consumption
Light – Rare (n = 46)

Heavy – Moderate (n = 99)

Positive (n = 15)

4 (8.7)

11 (11.1)

Negative (n = 130)

42 (91.3)

88 (88.9)

0.68

Smoking habits
Light – Rare (n = 60)

Heavy (n = 85)

Positive (n = 15)

5 (8.3)

10 (11.8)

Negative (n = 130)

55 (91.7)

75 (88.2)

0.59

Genotype combinations
A

B

C

D

E

Positive (n = 15)

0 (0.0)

5 (10.9)

3 (15.0)

7 (9.6)

0 (0.0)

Negative (n = 130)

5 (100.0)

41 (89.1)

17 (85.0)

66 (90.4)

1 (100.0)

0.87

A: ADH1B genotype (*1/*1), ALDH2 genotype (*1/*1); B: ADH1B genotype (*2 carrier), ALDH2 genotype (*1/*1); C: ADH1B genotype (*1/*1), ALDH2
genotype (*1/*2); D: ADH1B genotype (*2 carrier), ALDH2 genotype (*1/*2); E: ADH1B genotype (Any), ALDH2 genotype (*2/*2).

studies did not support an etiological role of HPV in ESCC carcinogenesis. Although
the effects of HPV infection on the occurrence of ESCC with consideration of smoking
and drinking habits were examined in many previous studies, there has been no study
focusing on ADH1B/ALDH2. Assuming that HPV infection is involved in the
development of ESCC, we thought that patients who do not have ESCC risk factors,
particularly inactive ALDH2, would tend to show high HPV-positive rates. However,
we could not find any significant difference between HPV infection and any of the
ESCC risk factors. From another point of view, early ESCC after endoscopic resection
often causes metachronous recurrence. After examining the possibility that HPV
infection contributes to less prevalence of metachronous recurrence of ESCC, no
significant difference was found between HPV-positive and HPV-negative groups in
the incidence of secondary SCC. As for the characteristics of HPV-positive ESCC, in
our analyses, type IIa lesions, which have mild protrusion up to about 1 mm, tended to
be detected in HPV-positive lesions. In many previous studies, significant
clinicopathological differences between HPV-positive ESCC and HPV-negative ESCC
were not revealed[28-33]. Since the relationship between HPV infection and development
of ESCC is not clear, it is debatable whether HPV infection contributes to upward
growth. The influence of HPV infection on tumor growth and morphology in the
esophagus remains unknown.
In a past review, it was shown that HPV-positive rates in patients with ESCC range
from 11.7% to 38.9%[9]. Some differences in HPV-positive rates have been observed in
previous studies, and the HPV-positive rate of 10.3% in our study is slightly lower
than the rates in previous studies. There are various possible reasons for the
differences, but geographic variation has been reported to be the main reason for the
differences in HPV-positive rates[34]. Studies showing high HPV prevalence rates were
studies conducted in Asia, while studies showing low HPV prevalence rates were
studies conducted in North America and Europe[8,34,35]. Previous studies including
meta-analyses in which the relationship between HPV infection and esophageal cancer
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Figure 1 Metachronous development of esophageal squamous cell carcinoma or head and neck squamous cell carcinoma after
endoscopic mucosal dissection/endoscopic mucosal resection. The median follow-up period was 73 mo (range, 24-244 mo). The 3-year incidence rates
of secondary esophageal squamous cell carcinoma or head and neck squamous cell carcinoma after initial treatment in the human papillomavirus (HPV)-positive and
HPV-negative groups were 14.4% and 21.4% (P = 0.22), respectively. SCC: Squamous cell carcinoma; HPV: Human papillomavirus.

was investigated included many studies conducted in Asia, which is considered to be
a region with a high incidence of HPV. Such publication bias has been an issue of
discussion[9]. For example, Syrjänen conducted a meta-analysis including 10234 ESCC
cases and reported that the overall HPV prevalence was 30.6%. However, when
regions were limited to North America, which is a region with a low incidence of HPV,
the rate fell to 10.1%[36]. Japan is a country in Asia, but considering HPV prevalence
regions, it is not clear whether Japan, like other Asian countries, can be regarded as a
region with a high incidence of HPV. There have been only a few reports about the
prevalence of HPV in Japan. Goto et al[37] reported that the HPV-positive rate in
patients with esophageal carcinoma in Asia including Japan was 9.4%, and they also
showed that HPV-positive rates varied depending on the location in Japan. These
regional differences might be caused by environmental risk factors, genetic
background, and histological types. We therefore cannot simply compare HPVpositive rates in our region with HPV-positive rates in previous reports. However,
there would not be large differences. Moreover, even if HPV infection rate varies
depending on the region, the role HPV in ESCC would not change. HPV-positive rates
are also affected by the quality of patient samples and the methods used for evaluating
HPV status. Sampling by endoscopic biopsies might result in inadequate or incorrect
tissue samples[38]. EMR/ESD for ESCC can provide precise tissue samples of almost
exclusively ESCC without the problem of excessive or insufficient tissue samples. We
analyzed early ESCC specimens, all of which were endoscopically resected. In the
most past studies, the association of HPV with ESCC was investigated using samples
derived from endoscopic biopsy or parts of surgical specimens. There is no
information about HPV-positive rates only in early ESCC specimens derived from
EMR/ESD. The use of specimens obtained from EMR/ESD would reduce sampling
errors such errors caused by inaccurate endoscopic biopsy and would enable accurate
evaluation of ESCC cases of the same stage. We therefore consider that HPV-ESCC
prevalence was evaluated with a high level of accuracy and under the most possible
uniform condition in our study. With regard to methodological issues, another concern
is the method used for inspection of tissue samples. In most recent studies, ISH or PCR
was used for detecting HPV infection. It has been reported that HPV infection rate
varied depending on the method used for detecting HPV[34,36,39,40]. In general, ISH has
higher specificity but lower sensitivity than those of PCR for detection of HPV[41]. In
our study, lower HPV prevalence might have resulted from the characteristics of ISH.
This study has some limitations. First, participants in this study were all Japanese
patients, and the study was conducted in a single institution. Therefore, geographic
bias, especially for HPV prevalence, could not be completely excluded. Second,
methodological bias must be considered for accurate estimation of HPV-positive rates.
HPV-positive rate would differ depending on the sensitivity and accuracy of the
method used for detecting HPV infection. However, in our study conducted with
EMR/ESD samples and using ISH for detection of HPV, it is thought that bias was
reduced as much as possible. Third, this study was conducted with a restricted sample
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size. To improve statistical reliability, further studies with large sample sizes are
required.

CONCLUSION
In conclusion, our study in which genetic polymorphisms of ADH1B/ALDH2 were
considered suggested that HPV did not have an association with ESCC. In the present
situation, HPV status is considered to be less important than other risk factors, such as
alcohol consumption, smoking habit, and ADH1B/ALDH2 polymorphisms, and HPV
status would therefore have no effect on ESCC risk management.

ARTICLE HIGHLIGHTS
Research background
There has been no study in which the relationship between superficial esophageal
squamous cell carcinoma (ESCC) and human papillomavirus (HPV) in addition to
alcohol metabolism was evaluated.

Research motivation
We aimed to clarify whether HPV infection together with alcohol metabolism genes
affects the carcinogenesis of ESCC.

Research objectives
We enrolled 145 patients who underwent endoscopic submucosal dissection (ESD) or
endoscopic mucosal resection (EMR) for ESCC.

Research methods
We analyzed patients' genetic polymorphisms of alcohol dehydrogenase-1B
(ADH1B)/ aldehyde dehydrogenase-2 (ALDH2) and performed in situ hybridization
for resected specimens to detect HPV by using an HPV type 16/18 probe.

Research results
There were no significant differences in HPV-positive rates according to either
ADH1B/ALDH2 genotype or smoking and alcohol consumption histories.

Research conclusions
HPV status is considered to be less important than other risk factors, such as alcohol
consumption, smoking habit, ADH1B/ALDH2 polymorphisms and HPV status would
therefore have no effect on ESCC risk management.

Research perspectives
We are planning a multicenter study of patients with superficial pharyngeal cancer
evaluating ADH1B/ALDH2 and HPV status.
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Abstract
BACKGROUND
The activity staging of Crohn’s disease (CD) in the terminal ileum is critical in
developing an accurate clinical treatment plan. The activity of terminal ileum CD
is associated with the microcirculation of involved bowel walls. Dynamic
contrast-enhanced magnetic resonance imaging (DCE-MRI) and diffusionweighted imaging (DWI) can reflect perfusion and permeability of bowel walls by
providing microcirculation information. As such, we hypothesize that DCE-MRI
and DWI parameters can assess terminal ileum CD, thereby providing an
opportunity to stage CD activity.
AIM
To evaluate the value of DCE-MRI and DWI in assessing activity of terminal
ileum CD.
METHODS
Forty-eight patients with CD who underwent DCE-MRI and DWI were enrolled.
The patients’ activity was graded as remission, mild and moderate-severe. The
transfer constant (Ktrans), wash-out constant (Kep), and extravascular extracellular
volume fraction (Ve) were calculated from DCE-MRI and the apparent diffusion
coefficient (ADC) was obtained from DWI. Magnetic Resonance Index of Activity
(MaRIA) was calculated from magnetic resonance enterography. Differences in
these quantitative parameters were compared between normal ileal loop (NIL)
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and inflamed terminal ileum (ITI) and among different activity grades. The
correlations between these parameters, MaRIA, the Crohn’s Disease Activity
Index (CDAI), and Crohn’s Disease Endoscopic Index of Severity (CDEIS) were
examined. Receiver operating characteristic curve analyses were used to
determine the diagnostic performance of these parameters in differentiating
between CD activity levels.
RESULTS
Higher Ktrans (0.07 ± 0.04 vs 0.01 ± 0.01), Kep (0.24 ± 0.11 vs 0.15 ± 0.05) and Ve (0.27 ±
0.07 vs 0.08 ± 0.03), but lower ADC (1.41 ± 0.26 vs 2.41 ± 0.30) values were found in
ITI than in NIL (all P < 0.001). The Ktrans, Kep, Ve and MaRIA increased with disease
activity, whereas the ADC decreased (all P < 0.001). The Ktrans, Kep, Ve and MaRIA
showed positive correlations with the CDAI (r = 0.866 for Ktrans, 0.870 for Kep, 0.858
for Ve, 0.890 for MaRIA, all P < 0.001) and CDEIS (r = 0.563 for Ktrans, 0.567 for Kep,
0.571 for Ve, 0.842 for MaRIA, all P < 0.001), while the ADC showed negative
correlations with the CDAI (r = -0.857, P < 0.001) and CDEIS (r = -0.536, P < 0.001).
The areas under the curve (AUC) for the Ktrans, Kep, Ve, ADC and MaRIA values
ranged from 0.68 to 0.91 for differentiating inactive CD (CD remission) from
active CD (mild to severe CD). The AUC when combining the Ktrans, Kep and Ve was
0.80, while combining DCE-MRI parameters and ADC values yielded the highest
AUC of 0.95.
CONCLUSION
DCE-MRI and DWI parameters all serve as measures to stage CD activity. When
they are combined, the assessment performance is improved and better than
MaRIA.
Key Words: Crohn’s disease; Ileum; Magnetic resonance imaging; Diffusion-weighted
imaging; Perfusion imaging
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) and
diffusion-weighted imaging (DWI) can reflect quantitative changes in perfusion and
permeability information on the microcirculation of bowel walls due to variable
degrees of inflammation. This study investigated the performances of DCE-MRI and
DWI for assessing the activity of Crohn’s disease (CD). The results showed that DCEMRI and DWI parameters were correlated with CD inflammation indices and were
valuable in noninvasively staging CD activity. Furthermore, the diagnostic
performance of the transfer constant (Ktrans) , wash-out constant (Kep) , extravascular
extracellular volume fraction (Ve) and ADC was better than the Magnetic Resonance
Index of Activity, which can assist clinical diagnosis and monitoring.
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INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing inflammatory disease of the whole
gastrointestinal tract that commonly involves the terminal ileum with a complicated
and unclear pathogenesis[1]. This disease has a high morbidity and disability rate
among young adults along with a poor curative rate, and the prognosis leads to a low
quality of life[2]. The diagnosis and activity staging of CD located in the terminal ileum
are usually difficult due to occult onset, which often leads to delayed clinical
treatment. However, this type of CD deserves more attention, because it is more likely
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to have complications requiring surgery than other types[3,4]. Therefore, an accurate
evaluation of the activity of this condition is highly necessary for gastroenterologists to
develop a reasonable treatment plan. Currently, the activity of CD is diagnosed
according to clinical symptoms and staged by the subjective Crohn’s Disease Activity
Index (CDAI) based on symptoms, or the objective Crohn’s Disease Endoscopic Index
of Severity (CDEIS) on the basis of endoscopy findings[5]. However, the patients’
symptoms are sometimes nonspecific, and the related evaluation also suffers from the
clinicians’ subjectivity. Even endoscopy has some inherent disadvantages, such as the
inadequate evaluation of large parts of the small bowel, the risk of procedure-related
complications and the low patient acceptance rate due to discomfort during the
procedure[6,7].
In contrast, magnetic resonance enterography (MRE), as a non-invasive, nontraumatic and non-ionizing method with high soft-tissue resolution, has been
increasingly used for the detection of bowel abnormalities[8,9]. However, this method
contributes little to assessing the activity of CD. Conventional Magnetic Resonance
Index of Activity (MaRIA) is calculated by multiple embedded formulas by wall
thickness, relative contrast enhancement (RCE) and two qualitative variables, edema
and ulceration, to identify inactive and active disease[10]. Dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) has been widely accepted as a tool to monitor
disease progression in other organs[11-13] and can provide quantitative perfusion and
permeability information on the bowel wall to accurately localize lesions, monitor
disease activity and evaluate treatment responses[14-17]. Menys et al[18] proposed grading
CD with MRE on the basis of magnetic resonance (MR) contrast enhancement,
indicating that DCE-MRI may be useful in grading CD. Diffusion-weighted imaging
(DWI), which characterizes the random motion of water molecules within the tissue,
has been utilized to detect abnormal small bowel segments in CD[19,20]. Oto et al[21]
pointed out that DCE-MRI and DWI could differentiate actively inflamed small bowel
segments from normal small bowel segments in CD. Thus, DCE-MRI and DWI are
both potentially available methods for evaluating the activity of CD. However, few
studies have compared correlations of DCE-MRI and DWI with endoscopic findings
and CD inflammatory indices to analyze the value of accurate staging CD using these
two methods. Moreover, to the best of our knowledge, comprehensive comparisons of
the diagnostic performance obtained from single or combined use of DCE-MRI and
DWI and these two methods with MaRIA in assessing CD activity staging has not been
reported.
Therefore, the purpose of this study was to investigate the diagnostic performance
of quantitative parameters derived from DCE-MRI and DWI, the combination of both
and MaRIA in staging CD using comprehensive assessment of CDAI and CDEIS by
gastroenterologist as the reference standard.

MATERIALS AND METHODS
Patients and preparation
The institutional review board of our hospital approved this retrospective study, and
the requirement for patient informed consent was waived because of the retrospective
nature of this study. From September 2018 to July 2019, 48 patients (32 males and 16
females, mean age 33.8 ± 14.6 years) were included in this study. The inclusion criteria
were as follows: (1) Clinically proven CD involving the terminal ileum (confirmed
uniformly by clinical characteristics, medical history and endoscopic histopathology
performed within 1 wk before MRE); (2) No treatment between MRE and endoscopy;
and (3) Availability of CDAI and CDEIS evaluations (CDAI and CDEIS scores were
provided by the gastroenterologists with at least 7 years of experience). The exclusion
criteria were as follows: (1) Insufficient MR image quality and (2) Affected bowel walls
in the colon segments. On endoscopy, CD appeared as patchy segmental
inflammation, cobblestone appearance, worsening friability and ulceration, erosion,
edema, and pseudopolyp formation. The sampling sites for endoscopic
histopathological examination were the tissue around ulceration and erosion and some
normal tissue as a comparison. According to the CDAI and CDEIS values, the enrolled
patients were divided into three groups: Remission group (CDAI < 151, CDEIS < 3),
mild group (CDAI 151-219, CDEIS 3-8), and moderate-severe group (CDAI > 219,
CDEIS > 8).
The magnetic resonance imaging (MRI) examinations were performed after the
patients fasted for 8 h. Twenty-four hours before the examination, the patients orally
took 10 g Senna leaf mixed with 2000 mL water to clean the bowel. Approximately 1 h
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and 30 min before the examination, 1500 mL of 137.5 mOsm/L mannitol solution
mixed with water was ingested to distend the bowels (150 mL per time in 5-min
intervals). Ten minutes before the examination, 20 mg of raceanisodamine
hydrochloride was slowly injected to prevent intestinal peristalsis.

MRI protocols
The MRI examinations were performed in a 3T MRI scanner (Magnetom Skyra;
Siemens) with the patient in a supine position using a multichannel phased-array body
coil covering the whole abdomen and pelvis. Before the scan, a bellyband was
wrapped around the patient’s abdomen to reduce the motion artefacts. The MRI
protocol included conventional static MRE sequences and DCE-MRI sequences. First,
static MRE was applied: Coronal and axial 2D fat-suppressed T2-weighted halfFourier acquisition single-shot turbo spin echo, two axial T2-weighted True FISP
(Trufi) sequences with and without fat saturation, DWI (b = 50/800), and unenhanced
3D fat-suppressed T1-weighted volumetric interpolated breath hold examination (3DVIBE). After the intravenous administration of a gadolinium-based contrast medium
(0.1 mL/kg bodyweight of gadobenate dimeglumine, MultiHance, Bracco Diagnostics)
at an injection rate of 2 mL/s followed by a subsequent injection of the same amount
of normal saline, the Twist VIBE-based DCE sequence was continuously applied
followed by the coronal and axial T1-weighted Dixon sequence 3 min after
administration. The detailed parameters of the MRI protocol are given in Table 1.

Image analyses
The conventional MRE was independently reviewed by two radiologists with 7 years
and 10 years of experience in abdominal imaging, respectively. For each patient, the
two radiologists identified the inflammatory and normal small bowel. The standards
of CD were as follows: (1) Mural segmental thickening (> 3 mm); (2) Distinct abnormal
mural hyperenhancement; (3) High signal in the wall on T2-weighted and DWI scans;
(4) Adjacent fat stranding and enlarged lymph nodes (> 5 mm in shortest diameter);
(5) Penetrating disease (sinus tract, fistula or abscess); and (6) The comb sign
(prominent vasa recta)[22]. Based on the conventional MRE and subsequent postcontrast
images, the normal-appearing and abnormal segments and locations were defined for
further analysis by another gastrointestinal radiologist with 28 years of experience.
MaRIA was calculated for the terminal ileum segment using the following
formula[10]: MaRIA = 1.5 × wall thickness (mm) + 0.02 × RCE + 5 × edema + 10 ×
ulceration (1); RCE was calculated according to: RCE = (WSIpost-enhancement - WSIpre-enhancement)
/WSIpre-enhancement × 100 × SDnoise pre-enhancement/SDnoise post-enhancement (2); where SDnoise pre-enhancement is
the average of three standard deviations (SDs) of the signal intensity measured outside
of the body before enhancement, and SDnoise post-enhancement is the same result after
enhancement.
The DCE-MRI data were processed using commercially available software (Tissue
4D, Syngo.via; Siemens Healthcare, Erlangen, Germany) to calculate the corresponding
parameters using the Tofts model. Specifically, first, a volume of interest (VOI) that
contained both normal tissue and the lesion in the terminal ileum was selected on the
DCE-MRI. Then, the concentration curve of the VOI was calculated according to the
two-compartment Tofts model. This post-processing perfusion model describes the
distribution of gadodiamide after injection and predicts a change in the contrast
concentration in the tissue as a function of time, C(t), as follows[23]: dC(t)/dt = Ktrans × (Cp
(t)-C(t)/υe) (3); where Ktrans (min-1) is the transfer constant from the intravascular to
extravascular extracellular space (EES), Ve is the EES volume, and Cp(t) is the arterial
input function (AIF). Kep, the wash-out constant, is equal to the Ktrans divided by Ve.
Three concentration curves with different AIF and the value of Chi2 of each were
provided by the software. The AIF with the minimum of Chi2 was chosen for the
subsequent operation. As for the analysis of DCE-MRI parameters, the two
radiologists independently and manually delineated two regions of interest (ROIs)
(range 39-177 mm2) among the VOI on the normal ileal loop (NIL) and two ROIs
(range 15-47 mm2) on the inflamed terminal ileum (ITI) with caution to avoid the
image artifacts. All radiologists were blinded to the CDEIS and CDAI score. Then, the
Ktrans, Kep and Ve were calculated and the measurements from two radiologists was
averaged as the final results for the NIL and ITI. The ADCs were also calculated from
the walls of the NIL and ITI. ADC measurements were performed by the same two
observers on the same workstation with diffusion analysis software. ITI results were
obtained from the area with the brightest signal on the DWI image. Because two DCEMRI and ADC values were calculated for the NIL and ITI in each patient, the mean
values were defined as the final results for each patient.
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Table 1 Magnetic resonance enterography acquisition parameters
Parameter

HASTE

Trufi

DWI

Dixon

Twist

Dixon

Imaging plane (s)

Coronal/axial

Axial

Axial

Axial

Axial

Axial/coronal

TR (ms)

1800/1600

382.48/398.94

8300

3.93

4.5

3.93/4.21

TE (ms)

88/95

1.68/1.72

54

1.26 2.49

1.23 2.46

1.26 2.49/1.34 2.57

180/160

50/52

-

9

6.1

9

FOV (mm )

360 × 360/380 × 380

380 × 380

400 × 400

400 × 400

380 × 380

400 × 400/450 × 450

Slices

30/50

55

48

96

96

96/72

Slice thickness (mm)

5

5

5

3

3

3/1.5

Slice gap (%)

20

20

20

20

20

20

Fat saturation

Yes

No/Yes

-

-

-

-

TA (min : s)

0:54/1:32

0:21/0:22

3:03

0:16

2:05

0:16/0:12

Flip angle (°)
2

HASTE: Half-Fourier acquisition single-shot turbo spin echo; DWI: Diffusion-weighted imaging; TR: Repetition time; TE: Echo time; TA: Acquisition time;
FOV: Field of view.

Statistical analysis
Statistical analysis was performed with SPSS software (version 19.0, IBM). The
quantitative DCE-MRI parameters, the Ktrans, Kep and Ve, the ADC and MaRIA were
tested with the Kolmogorov-Smirnov test for normality and then with the Levene test
for variance homogeneity. The quantitative parameters were compared between the
terminal ileum and normal ileal loop using the paired t-test. If the data followed a
normal distribution, the parameters were tested by the LSD-test (data obey
homogeneity of variance) or Dunnett's T3-test (data do not obey homogeneity of
variance) for differences between groups; otherwise, the Kruskal-Wallis test was used.
The Spearman test was used to analyze correlations among MaRIA and the parameters
and the CDAI and CDEIS scores. Binary logistic regression was used to calculate
predicted probability of the Ktrans, Kep, Ve, and ADC. For multi-factors, Ktrans + Kep + Ve
and Ktrans + Kep + Ve + ADC, the beta coefficients were calculated through logistic
regression analysis. The scores of both were calculated according to: Ktrans + Kep + Ve
score = -16.123 -191.557 × Ktrans + 55.077 × Kep + 66.178 × Ve (4); Ktrans + Kep + Ve + ADC
score = -27.228 -106.268 × Ktrans + 34.849 × Kep + 37.763 × Ve + 27.749 × ADC (5).
Finally, receiver operating characteristic (ROC) curves of the Ktrans, Kep, Ve, ADC,
MaRIA, Ktrans + Kep + Ve score, and Ktrans + Kep + Ve + ADC score, including the area under
the curve (AUC), were analyzed to evaluate the ability to differentiate inactive CD (CD
remission) from active CD (mild to severe CD). The threshold was determined by
calculating the ROC curves followed by Youden’s index [1- (sensitivity + specificity)].
Statistical significance was defined as P < 0.05. The AUCs were compared using the
DeLong test.
Intra- and interclass agreement for the Ktrans, Kep, Ve, ADC and MaRIA in ROI-related
measurements was evaluated by Bland-Altman analysis. Statistical significance was
defined as P < 0.05.

RESULTS
Forty-eight patients underwent conventional MRE and DCE-MRI, and forty-eight
groups of processible images were acquired. Of these, 27.08% were in the remission
group (13/48), 41.67% were in the mild activity group (20/48), and 31.25% were in the
moderate-severe activity group (15/48).
On DCE-MRI, the Ktrans, Kep and Ve in the ITI were higher than those in the NIL (all P
< 0.001), and the ADC derived from DWI in the ITI was lower than that in the NIL (all
P < 0.001). The differences in the Ktrans, Kep, Ve and ADC in the ITI between the groups
were statistically significant (all P < 0.001). The Ktrans, Kep, Ve and MaRIA were lower in
the CD remission group than those in the active CD group, and the ADC was higher in
the CD remission group. As the activity increased, the Ktrans, Kep, Ve and MaRIA also
increased, and the Ktrans increased most among the three groups in three DCE-MRI
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parameters (Table 2, Figure 1-3).
As shown in Table 3 and Figure 4, the Kep showed the strongest positive correlations
with the CDAI (r = 0.870, P < 0.001), followed by the Ktrans (r = 0.866, P < 0.001) and Ve (
r = 0.858, P < 0.001) in DCE-MRI parameters. The ADC showed a strong negative
correlation with the CDAI (r = -0.857, P < 0.001). The Ve, Kep, and Ktrans showed
moderate positive correlations with the CDEIS (r = 0.571, 0.567, and 0.563, P < 0.001,
respectively). The ADC showed a moderate negative correlation with the CDEIS (r = 0.536, P < 0.001). MaRIA showed strong positive correlations with both CDAI (r =
0.890, P < 0.001) and CDEIS (r = 0.842, P < 0.001).
The ROC analysis results of the ability of MaRIA, these parameters and combined
parameters, including Ktrans + Kep + Ve and Ktrans + Kep + Ve + ADC, to differentiate
inactive CD from active CD are shown in Table 4. The ROC analysis showed that
MaRIA had higher accuracy for differentiating inactive CD from active CD than the
individual parameters. The ADC had the highest accuracy for differentiation among
the individual parameters, with an AUC of 0.89, and the threshold value was 1.6 × 10-3
mm 2 /s. With only DCE-MRI parameters, when the threshold Ve value was 0.29,
differentiation with a sensitivity of 0.83 and a specificity of 0.85 was achieved. By
combining the Ktrans, Kep and Ve, the diagnostic performance for detecting remission
was improved, with an AUC of 0.80, while the highest AUC was observed when DCEMRI and DWI parameters were combined (Ktrans + Kep + Ve + ADC), with an observed
AUC of 0.95 (Figure 5). This combination of parameters had the highest AUC among
the combination of DCE-MRI parameters, the ADC and MaRIA alone (all P < 0.05).
The intraclass correlation coefficient was 0.957 for the Ktrans, 0.855 for the Kep, 0.973
for the Ve, 0.941 for the ADC and 0.971 for MaRIA between the two observers (all P <
0.001). The interclass correlation coefficient between observer 1’s first and second
measurements was 0.902 for the Ktrans, 0.740 for the Kep, 0.961 for the Ve, and 0.913 for
the ADC (all P < 0.001). The interclass correlation coefficient between observer 2’s first
and second measurements was 0.922 for the Ktrans, 0.772 for the Kep, 0.957 for the Ve, and
0.900 for the ADC (all P < 0.001). The results of the Bland-Altman analysis for the
intraclass and interclass coefficients are shown in Figure 6.

DISCUSSION
Our study demonstrated that the ITI was able to be differentiated from the NIL in
patients with CD in the terminal ileum, and that the inflammatory activity could be
graded quantitively based on both DCE-MRI and DWI parameters. When the ADC
and DCE-MRI parameters were combined, the assessment performance was improved
and better than MaRIA.
The ITI had restricted diffusion compared with the NIL as indicated by lower ADC
values, which is supported by previous studies, and one of the other important and
well-known findings of CD is increased small intestinal wall enhancement[24-26]. As a
direct method to evaluate enhancement, the DCE-MRI parameters were derived from
a two-compartment general kinetic model to describe the contrast agent distribution
after a bolus injection[23]. Ktrans and Kep, the transfer constant and the wash-out constant,
are proportional to the capillary permeability and blood flow, and Ve, the plasma
volume fraction, is proportional to the leakage space. We found that the ITI had higher
Ktrans, Kep and Ve values than those of the NIL, indicating that an inflamed bowel wall
could be detected by visual assessments of gadolinium enhancement and abnormal
angiogenesis as a feature of the pathogenesis of CD, which manifested as increased
blood perfusion and permeability reflected by higher parameters[27-29]. Although this
finding is similar to that of previous studies, some results have striking magnitude
differences. In Oto’s study[15], the Ktrans values of the NIL and the ITI were 0.18 to 0.36
min-1 and 0.31 to 0.92 min-1, respectively, while the Ktrans values in this study were 0.07
min-1 and 0.12 min-1, respectively. One reason for this discrepancy may be patient
preparation before the examination. In Oto’s study[15], a total volume of 1350 mL was
administered orally over the course of 45 min before scanning, which may lead to
nonuniform and incomplete distension of the bowel segments due to inhomogeneous
drinking. This may have an impact on the perfusion measurements as it can lead to an
oversized ROI or lower signal in the collapsed small bowel loops[30,31]. Another possible
reason for the discrepancy between the two studies lies in the different sample sizes. A
total of two ROIs were selected for each segment in the perfusion images of Oto’s
study[15], and the mean value was defined, which may lead to a smaller simple size and
a higher Ktrans.
Compared to previous studies, our study focused on the correlations of DCE-MRI
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Table 2 Parameters in the normal ileal loop and the inflamed terminal ileum in different staging of Crohn’s disease
Total

Parameter

Remission CD

Mild CD

Moderate-severe CD

NIL

ITI

P value

NIL

ITI

P value

NIL

ITI

P value

NIL

ITI

P value

Ktrans (min -1)

0.01 ± 0.01

0.07 ± 0.04

< 0.001

0.01 ± 0.01

0.03 ± 0.01

< 0.001

0.01 ± 0.00

0.05 ± 0.01

< 0.001

0.01 ± 0.00

0.12 ± 0.04

< 0.001

Kep (min -1)

0.15 ± 0.05

0.24 ± 0.11

< 0.001

0.11 ± 0.03

0.16 ± 0.05

< 0.001

0.18 ± 0.05

0.21 ± 0.05

< 0.001

0.15 ± 0.05

0.35 ± 0.11

< 0.001

0.08 ± 0.03

0.27 ± 0.07

< 0.001

0.10 ± 0.04

0.18 ± 0.03

< 0.001

0.07 ± 0.02

0.26 ± 0.03

< 0.001

0.08 ± 0.03

0.35 ± 0.05

< 0.001

2.41 ± 0.30

1.41 ± 0.26

< 0.001

2.33 ± 0.26

1.72 ± 0.12

< 0.001

2.45 ± 0.31

1.42 ± 0.12

< 0.001

2.42 ± 0.30

1.12 ± 1.12

< 0.001

Ve
-3

2

ADC (×10 mm /s)
MaRIA

14.10 ± 10.09

6.39 ± 1.07

9.34 ± 1.30

27.12 ± 8.23

NIL: Normal ileal loop; ITI: Inflamed terminal ileum; CD: Crohn’s disease; ADC: Apparent diffusion coefficient; MaRIA: Magnetic Resonance Index of Activity.

and DWI parameters with CD activity estimated by more objective indices to grade
CD-the CDAI, CDEIS and Kep, the latter of which is a new parameter. We found that
the Ktrans, Kep and Ve all showed positive correlations with the CDAI and CDEIS, while
the ADC decreased when the CDAI and CDEIS increased. The major determinants of
the Ktrans and Kep are blood flow and the capillary permeability surface area[32]. The high
Ktrans and Kep in the ITI are likely related to an increase in blood flow but also the
vascularity supplying the inflamed tissue[33]. Microvessel density and the vascular
endothelial growth factor levels are increased in the mucosal extracts of patients with
inflammatory bowel disease compared with those in the normal mucosa[34,35]. Increased
vascularity and edema correlating with the level of inflammation in the bowel was
shown in vitro by angiography of the resected bowel specimens of patients with
inflammatory bowel disease[15]. The basement membrane of the neovasculature is
incomplete, which causes a wide endothelial cell gap. The contrast agent molecules
can easily pass through and wash out[7]. We believe that both the microvessel density
and imperfections increase with disease chronicity, which leads to increased Ktrans and
Kep values in the inflamed bowel wall. The positive correlations of Ktrans and Kep with
CDAI and CDEIS also confirm this. Ve represents the volume of extracted contrast
agent. Microvascular alterations and continuous epithelial damage to the mucosa have
a pathogenic role in initiation and maintenance throughout the whole course of CD. In
the advanced stage of inflammation, increases in vascular perfusion, vasospasm, and
incomplete neovasculature lead to increased EES contrast agent leakage[21]. This
applies to Ve, which has a positive association with CDAI and CDEIS. The negative
correlation of ADC and CDAI as well as CDEIS was also observed in this study. The
reduced water diffusion is likely related to infiltration of inflammatory cells, dilated
lymphatic channels and granuloma development during the CD process[15] and is also
associated with fibrosis in the bowel wall[36]. Although, the histologic degrees of bowel
fibrosis and inflammation cannot be accurately detected by DWI during the disease
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Table 3 Correlations of parameters of inflamed terminal ileum with Crohn’s Disease Activity Index and Crohn’s Disease Endoscopic
Index of Severity in different staging of Crohn’s disease
CDAI

Parameter

CDEIS

r

P value

r

P value

Ktrans (min -1)

0.866

< 0.001

0.563

< 0.001

Kep (min -1)

0.870

< 0.001

0.567

< 0.001

0.858

< 0.001

0.571

< 0.001

ADC (× 10 mm /s)

-0.857

< 0.001

-0.536

< 0.001

MaRIA

0.890

< 0.001

0.842

< 0.001

Ve
-3

2

CDAI: Crohn’s Disease Activity Index; CDEIS: Crohn’s Disease Endoscopic Index of Severity; ADC: Apparent diffusion coefficient; MaRIA: Magnetic
Resonance Index of Activity.

Table 4 Receiver operating characteristic analysis results for the parameters for differentiating inactive Crohn’s disease from active
Crohn’s disease
Parameter

AUC (CI)

Threshold

Sensitivity (CI)

Specificity (CI)

PPV (CI)

NPV (CI)

0.76 (0.610.91)

0.03

0.83 (0.66-0.93)

0.69 (0.39-0.90)

0.88 (0.710.96)

0.6 (0.33-0.83) 2.69 (1.18-6.17) 0.25 (0.110.55)

Kep (min -1)

0.68 (0.500.85)

0.19

0.69 (0.51-0.83)

0.69 (0.39-0.90)

0.86 (0.660.95)

0.45 (0.240.68)

2.23 (0.96-5.19) 0.45 (0.260.79)

Ve

0.78 (0.600.96)

0.29

0.83 (0.66-0.93)

0.85 (0.54-0.97)

0.94 (0.770.99)

0.65 (0.390.85)

5.39 (1.4919.44)

0.20 (0.100.43)

ADC (× 10-3 mm 0.89 (0.782
/s)
1.00)

1.6

0.91 (0.76-0.98)

0.77 (0.46-0.94)

0.91 (0.760.98)

0.77 (0.460.94)

3.96 (1.4610.74)

0.11 (0.040.34)

MaRIA

0.91 (0.821.00)

7.2

0.89 (0.72-0.96)

0.85 (0.54-0.97)

0.94 (0.780.99)

0.73 (0.450.91)

5.76 (1.6020.71)

0.14 (0.050.35)

Ktrans + Kep + Ve

0.80 (0.620.98)

-

0.89 (0.72-0.96)

0.85 (0.54-0.97)

0.94 (0.780.99)

0.73 (0.450.91)

5.76 (1.6020.71)

0.14 (0.050.35)

Ktrans + Kep + Ve
+ ADC

0.95 (0.851.00)

-

0.97 (0.83-1.00)

0.92 (0.62-1.00)

0.97 (0.831.00)

0.92 (0.621.00)

12.63 (1.9283.09)

0.03 (0.000.22)

trans

K

-1

(min )

LR+ (CI)

LR- (CI)

AUC: Area under the curve; CI: 95% confidence interval; NPV: Negative predictive value; PPV: Positive predictive value; LR+: Positive likelihood ratios;
LR-: Negative likelihood ratios; ADC: Apparent diffusion coefficient; MaRIA: Magnetic Resonance Index of Activity.

course, it is certain that water diffusion restriction develops progressively with the
increased activity of CD[36]. These results indicate the potential clinical utility of these
quantitative parameters for non-invasive assessment of CD severity. We noted that the
correlations between these parameters and CDAI were slightly stronger than those
with CDEIS, which may be related to the objectivity of the indicators. CDAI is a
subjective assessment of the patients and may overestimate the severity of CD.
MaRIA, an external validation of conventional MRE was used to predict the disease
activity of CD due to different clinical treatment plans for inactive CD and active CD
in previous studies[10]. This conclusion was verified in our study. However, it is worth
noting that the calculation is complicated and inconvenient due to multiple embedded
formulas, especially the RCE formula. Moreover, MaRIA included two qualitative
parameters, edema and ulceration. Therefore, our study focused on the improved
performance of quantitative techniques to differentiate inactive CD from active CD,
and further refine its staging. The combination of DCE-MRI and DWI parameters,
Ktrans + Kep + Ve + ADC, exhibited a higher AUC for differentiation between inactive CD
and active CD compared to individual parameters and MaRIA. It is suggested that the
combination of parameters enhances contrast between inactive and active segments,
which indicates the potential value of combined DCE-MRI and DWI parameters for
grading CD. Even though a variety of clinical scoring tools have been used to monitor
the disease activity, there is no established gold standard to provide pathologic
information of inactive or active CD[37]. The main advantage of DCE-MRI and DWI in
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Figure 1 A 41-year-old male with moderate active Crohn’s disease in the terminal ileum and a Crohn’s Disease Activity Index of 267 and
Crohn’s Disease Endoscopic Index of Severity of 12. A: Terminal ileum demonstrates wall thickening and increased signal on axial T2-weighted image; B:
Terminal ileum wall has a high signal. Axial diffusion-weighted imaging image (b = 800 s/mm2) demonstrates high signal (arrow) in the same bowel segment. Region
of interest (ROI) for the inflammatory bowel wall shows that apparent diffusion coefficient = 1.11×10-3 mm2/s; C: ROI for the inflammatory bowel wall shows that Ktrans
= 0.10 min-1 (Kep = 0.87 min-1, Ve = 0.11); D: In contrast, ROI of the normal appearing ileal loop shows that Ktrans = 0.01 min-1 (Kep = 0.80 min-1, Ve = 0.02); E: The
contrast concentration curve of inflammatory bowel is plotted as ROI (line with circle) and fitted with the model (line); F: The contrast concentration curve of normal
loop is plotted as ROI (line with circle) and fitted with the model (line). ROI: Region of interest.

addition to conventional MRE is the ability to provide quantitative, spatially encoded
information on entire small bowel segments, which provides more possibility for the
objective assessment of CD activity to determine therapies.
Our study has several limitations. First, motion artefacts (e.g., respiration,
peristalsis) and compromised signal-to-noise ratios are inevitable. Expansion of the
lumen with oral contrast and antiperistaltic agents before the examination helped
reduce the motion artefacts. However, the errors due to motion in the estimation of
these parameters were not investigated in this study. In addition, the ROI was
manually delineated. We cannot completely exclude the possibility of a partial volume
of alvine gas or perienteric tissues, especially in the normal bowel walls. However, the
use of the mean parameter values reduces the influence of this partial volume effect to
some degree.

CONCLUSION
In conclusion, the ITI in CD patients exhibits increased perfusion and restricted
diffusion with activity progression. DCE-MRI and DWI parameters, particularly when
used in combination, are promising for assessing CD activity. Such data may provide
further insight into therapeutic monitoring of the disease.
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Figure 2 A 42-year-old male with remission of Crohn’s disease in the terminal ileum and a Crohn’s Disease Activity Index of 108 and
Crohn’s Disease Endoscopic Index of Severity of 2. A: Axial T2-weighted image shows mural thickening and hyperintensity in the terminal ileum (arrow); B:
Axial diffusion-weighted imaging image (b = 800 s/mm2) demonstrates high signal (arrow) in the same bowel segment. Regions of interest (ROI) for the inflammatory
bowel wall shows that apparent diffusion coefficient = 1.89×10-3 mm2/s; C: Ktrans map is obtained through the relevant phase. The perfusion parameters of the ROI
placed in the terminal ileum is calculated by TCM (Ktrans = 0.18 min-1); D: Kep map is obtained through the relevant phase. The Kep of the ROI placed is 0.98 min-1; E:
Ve map is obtained through the relevant phase. The Ve of the ROI placed is 0.19; F: The contrast concentration curve is plotted as ROI (line with circle) and fitted with
the model (line). ROI: Region of interest.
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Figure 3 The Ktrans, Kep, Ve and apparent diffusion coefficient among the three groups. A: Bar charts show increasing Ktrans, between the normal ileal
loop (NIL) and the inflamed terminal ileum (ITI) and pairwise comparisons of them is different (all P < 0.001); B: Kep between the NIL and the ITI is different (all P <
0.001); C: Ve between the NIL and the ITI is different (all P < 0.001); D: Apparent diffusion coefficient between the NIL and the ITI is different (all P < 0.001).
Furthermore, increasing Ktrans, Kep and Ve are shown with activity of CD in remission, mild and moderate-severe CD while decreasing apparent diffusion coefficients
are shown (all P < 0.001). aP indicate difference with P < 0.001. NIL: Normal ileal loop; ITI: Inflamed terminal ileum.
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Figure 4 Correlations of inflamed terminal ileum with Crohn’s Disease Activity Index and Crohn’s Disease Endoscopic Index of Severity
in Crohn’s disease. A and C: Scatterplots show positive correlation of Ktrans, Kep and Ve and negative correlation of apparent diffusion coefficient in inflamed
terminal ileum of Crohn’s disease patients with Crohn’s Disease Activity Index score; B and D: Positive correlation of Ktrans, Kep and Ve and negative correlation of
apparent diffusion coefficient in inflamed terminal ileum of Crohn’s disease patients with Crohn’s Disease Endoscopic Index of Severity score. CDAI: Crohn’s Disease
Activity Index; CDEIS: Crohn’s Disease Endoscopic Index of Severity; ADC: Apparent diffusion coefficient.

WJG

https://www.wjgnet.com

6068

October 21, 2020

Volume 26

Issue 39

Wu YC et al. DCE-MRI and DWI of CD activity

Figure 5 Receiver operating characteristic curve analysis. Receiver operating characteristic curve analysis shows high accuracy of Ktrans (areas under the
curve [AUC] = 0.76), Ve (AUC = 0.78), Kep (AUC = 0.68), apparent diffusion coefficient (AUC = 0.89) and Magnetic Resonance Index of Activity (AUC = 0.91) for
differentiating inactive from active Crohn’s disease. Accuracy of combining the Ktrans, Kep and Ve (AUC = 0.80) is higher than the individual dynamic contrast-enhanced
magnetic resonance imaging parameters. The highest AUC is observed when combining dynamic contrast-enhanced magnetic resonance imaging and diffusionweighted imaging parameters (AUC = 0.95). ROC: Receiver operating characteristic; ADC: Apparent diffusion coefficient; DCE-MRI: Dynamic contrast-enhanced
magnetic resonance imaging; MaRIA: Magnetic Resonance Index of Activity.
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Figure 6 Bland-Altman analysis for the intraclass and interclass coefficients. A: Bland-Altman analysis of the difference between the two observers’
average results for Ktrans; B: Bland-Altman analysis of the difference between the two observers’ average results for apparent diffusion coefficient; C: Bland-Altman
analysis of the difference between the two observers’ average results for Kep. ADC: Apparent diffusion coefficient; SD: Standard deviation.

ARTICLE HIGHLIGHTS
Research background
Crohn’s disease (CD) is a chronic inflammatory bowel disease which usually involves
the terminal ileum. Clinically, it is important to evaluate accurately and noninvasively
the activity of terminal ileum CD in order to make a precise treatment plan. However,
current evaluation methods have their inherent disadvantages. Specifically, the
Crohn’s Disease Activity Index (CDAI) is subjective, Crohn’s Disease Endoscopic
Index of Severity (CDEIS) is invasive, and Magnetic Resonance Index of Activity
(MaRIA) is complex.
The activity of terminal ileum CD is associated with the microcirculation of
involved bowel walls. During the process of CD, blood perfusion and permeability
increase and water diffusion will be restricted. Dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI) and diffusion-weighted imaging (DWI) can reflect
perfusion and permeability of bowel walls by providing microcirculation information.
As such, we hypothesize that DCE-MRI and DWI parameters can assess terminal
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ileum CD, thereby providing an opportunity to stage CD activity.

Research motivation
The parameters of DCE-MRI, based on the two-compartment Tofts model (TCM), and
apparent diffusion coefficient (ADC), based on DWI, allow for the evaluation of
perfusion and permeability in bowel walls. Few studies have analyzed the diagnostic
performance of the combination of DCE-MRI and DWI in staging CD activity.

Research objectives
The purpose of this study was to investigate the performance of DCE-MRI and DWI as
non-invasive methods in staging CD activity with CDAI and CDEIS as references.

Research methods
Forty-eight patients with CD were analyzed retrospectively. According to the CDAI
and CDEIS values, the patients were divided into the remission group (CDAI < 151,
CDEIS < 3), mild group (CDAI 151-219, CDEIS 3-8), and moderate-severe group
(CDAI > 219, CDEIS > 8). Ktrans, Kep, and Ve were calculated from DCE-MRI and ADC
was obtained from DWI. MaRIA was calculated from magnetic resonance
enterography. The parameters were compared between normal ileal loop (NIL) and
inflamed terminal ileum (ITI). Correlations between these parameters, MaRIA with
CDAI, CDEIS were examined. Receiver operating characteristic curve analyses were
used to evaluate the performance of these parameters in staging CD activity.

Research results
In the present study, the results showed that higher Ktrans (0.07 ± 0.04 vs 0.01 ± 0.01), Kep
(0.24 ± 0.11 vs 0.15 ± 0.05) and Ve (0.27 ± 0.07 vs 0.08 ± 0.03) but lower ADC (1.41 ± 0.26
vs 2.41 ± 0.30) values were displayed in the ITI than in the NIL (all P < 0.001). The
parameters of DCE-MRI and MaRIA increased in CD progression, whereas the ADC
decreased. The Ktrans, Kep, Ve and MaRIA showed positive correlations with the CDAI (r
= 0.866 for Ktrans, 0.870 for Kep, 0.858 for Ve, 0.890 for MaRIA, all P < 0.001) and CDEIS (r
= 0.563 for Ktrans, 0.567 for Kep, 0.571 for Ve, 0.842 for MaRIA, all P < 0.001), while the
ADC showed negative correlations with the CDAI (r = -0.857, P < 0.001) and CDEIS (r
= -0.536, P < 0.001). The areas under the curve (AUC) for the individual values ranged
from 0.68 to 0.91 for differentiating inactive CD (CD remission) from active CD (mild
to severe CD) and MaRIA had the higher AUC of 0.91. The AUC when combining the
Ktrans, Kep and Ve was 0.80, while the AUC when combining DCE-MRI parameters and
ADC was the highest (AUC = 0.95).

Research conclusions
DCE-MRI and DWI are non-invasive methods with good performances in staging the
activity of terminal ileum CD. When they were used in combination, the value was
greater, which can supplement clinical diagnosis and monitoring.

Research perspectives
DCE-MRI and DWI are valuable tools in staging CD with CDAI and CDEIS as the
references. The correlation of the DCE-MRI and DWI parameters between pathological
activity status of CD, and the performance of DCE-MRI and DWI in monitoring the
treatment effect of CD should be explored in the future.
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Abstract
BACKGROUND
Gastroesophageal reflux disease (GERD) is a highly prevalent disease of the upper
gastrointestinal tract, and it is associated with environmental and lifestyle habits.
Due to an increasing interest in the environment, several groups are studying the
effects of meteorological factors and air pollutants (MFAPs) on disease
development.
AIM
To identify MFAPs effect on GERD-related medical utilization.
METHODS
Data on GERD-related medical utilization from 2002 to 2017 were obtained from
the National Health Insurance Service of Korea, while those on MFAPs were
obtained from eight metropolitan areas and merged. In total, 20071900 instances
of GERD-related medical utilizations were identified, and 200000 MFAPs were
randomly selected from the eight metropolitan areas. Data were analyzed using a
multivariable generalized additive Poisson regression model to control for time
trends, seasonality, and day of the week.
RESULTS
Five MFAPs were selected for the prediction model. GERD-related medical
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utilization increased with the levels of particulate matter with a diameter ≤ 2.5 μm
(PM2.5) and carbon monoxide (CO). S-shaped and inverted U-shaped changes
were observed in average temperature and air pollutants, respectively. The time
lag of each variable was significant around nine days after exposure.
CONCLUSION
Using five MFAPs, the final model significantly predicted GERD-related medical
utilization. In particular, PM2.5 and CO were identified as risk or aggravating
factors for GERD.
Key Words: Gastroesophageal reflux disease; Air pollution; Meteorological factor;
Particulate matter; Carbon monoxide
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The model showed correlation between five meteorological factors and air
pollutants and gastroesophageal reflux disease (GERD)-related medical utilization. Sand inverted U-shaped changes were noted in average temperature and air pollutants.
Average temperature, sunshine duration, wind speed, PM2.5, and carbon monoxide are
risk factors of GERD. GERD occurrence is reduced using environmental management
and national alarm systems.
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INTRODUCTION
Technological advancements have made possible to measure various meteorological
factors and air pollutants (MFAPs). Additionally, multiple studies focusing on the
relationship of weather and air pollutants with disease are being conducted[1-4].
However, the majority of previous studies on the topic focused only on acute-phase
medical diseases[5-7], while others performed analyses without including various
MFAPs as potential confounding factors[3-5,7]. Since the relationship among MFAPs is
highly complex, it is not possible to analyze each factor separately[8,9]. Therefore, it is
essential to perform the analyses after appropriate correction, considering correlations
among these factors.
Gastroesophageal reflux disease (GERD) is among the most commonly occurring
benign diseases of the upper gastrointestinal tract[10,11]. The incidence of GERD is
rapidly increasing owing to changes in people’s lifestyle and eating habits[12]. GERD
can be treated with proton pump inhibitors (PPIs), while surgery may be necessary in
severe cases[13]. To date, only one study investigated the relationship between humidity
and monthly GERD occurrence[14]. However, it was limited by the exclusive inclusion
of patients in Taiwan, where there is a hot and humid weather, and a lack of data on
air pollutants.
This study aimed to identify the factors affecting GERD-related medical utilization
through complex MFAPs data analyses in the Republic of Korea, in combination with
the analyses of reliable meteorological and national health insurance data.

MATERIALS AND METHODS
Study population and MFAPs
Data on GERD-related medical utilizations from 2002 to 2017 were obtained from the
National Health Insurance Services (NHIS). All inpatient and outpatient data on
Korea’s population can be identified using NHIS data, due to a single-payer healthcare

WJG

https://www.wjgnet.com

6075

October 21, 2020

Volume 26

Issue 39

Seo HS et al. MFAPs effect on GERD-related medical utilization

insurance system in the country. GERD was identified by the International
Classification of Disease, 10th Revision, Clinical Modification (ICD-10-CM) codes and
pharmaceutical codes, as well as procedure or operation codes. Only patients with a
clear GERD as defined by the presence of an ICD-10 K21 code, an operation code
corresponding to fundoplication, and a procedure code related to esophagogastroduodenoscopy, esophagography, esophageal manometry, or pH monitoring of
the esophagus, as well as the pharmaceutical code for PPIs were included in the study.
The date of GERD-related medical utilization was defined as the first date of PPI
administration.
Data on meteorological factors were obtained from the National Climate Data
Center of the Korea Meteorological Administration (http://data.kma.go.kr) and
included the following factors: Average temperature (AT) (°C), high temperature (°C),
low temperature (°C), diurnal temperature range (°C), vapor pressure (hPa), solar
radiation (MJ/m2), sunshine duration (SD) (hr), wind speed (WS) (m/s), daily rain
(mm), dew point temperature (°C), humidity (%), daily snow (cm), and presence of
clouds (1/10). Each factor was measured hourly using automated equipment at 77
manned stations located on high mountains or in central cities; these factors were
merged as a daily average with the GERD-related medical utilization. Additionally,
data on air pollutants, including atmospheric particulate matter of diameter ≤ 2.5 µm
(PM2.5) (µg/m3), PM10 (µg/m3), ozone (O3) (parts-per-billion [ppb]), nitrogen dioxide
(NO2) (ppb), sulphur dioxide (SO2) (ppb), and carbon monoxide (CO) (parts-permillion [ppm]) were obtained from the AirKorea database (http://airkorea.or.kr),
operated by the Korea Environment Corporation[15]. Levels of the following gases were
measured as follows: PM2.5 and PM10 levels were determined using the beta-ray
absorption method, SO2 levels using ultraviolet pulse fluorescence, CO levels using the
non-dispersive infrared method, NO2 levels using chemiluminescence, and O3 levels
using ultraviolet photometry. We also calculated the 8-hour maximum level per time
period. An observation center was selected in the eight largest cities in the country
(Seoul, Incheon, Daejeon, Gwangju, Daegu, Ulsan, Busan, and Jeju) (Supplementary
Figure 1). In these eight metropolitan areas, the distance between the MFAP
observation center and medical utilization point is very short. In the case of nonmetropolitan areas, the distance may be longer. We used random sampling to identify
the 2007190 instances of medical utilization due to GERD in Korea from 2002 to 2017
for inclusion in this study. These represented 10% of all instances of medical
utilization; and corresponded to only those pertaining to the chosen eight
metropolitan areas. There were 799537 GERD-related medical utilizations in the eight
urban areas after merging with meteorological factors. Due to the possibility of
operating the generalized additive model with cubic splines through the degree of
freedom parameter in limited computing power, we chose a random sample from the
urban dataset. In the end, 200000 out of 799537 cases from the eight metropolitan areas
were randomly selected for inclusion (Supplementary Figure 2). This study was
approved by the Institutional Review Board of the Gachon University Gil Medical
Center, which waived the need for informed consent, No. GCIRB2019-039.

Modelling approach
A Granger causality (GC) test was performed to identify the MFAPs showing the
strongest correlation with the daily number of GERD-related medical utilizations for
GERD[16] and to identify causality between the two time-series variables. In this study,
the GC test showed the direct and indirect relationships between MFAPs and GERDrelated medical utilization and was used to determine the MFAPs that influenced each
other intricately.
In the time-series analysis, we created a generalized additive Poisson regression
model (GAM) to control for time trends, seasonality, and day of the week. The GAM
provided tool optimization of nonparametric smooth functions for the management of
potential nonlinear weather variables and flexibility pertaining to the logarithm of the
number of GERD-related medical utilizations. Since the GAM model produces
unstable estimates as an autocorrelation between meteorological factors, we accounted
for time lags using the Durbin-Watson test. Lag detection was performed until the
autocorrelation was considered to be white noise. The sum of autocorrelation terms
was included as covariate in GAM, after which we validated our dataset for overdispersion and multicollinearity problems (Supplementary Table 1).
Additionally, we accounted for the daily number of GERD-related medical
utilizations in the eight metropolitan areas using the logged variable as the offset
variable for control of regional variations in the GAM. Among the meteorological
factors, we compared both the Akaike Information Criterion (AIC) and the Bayesian
Information Criterion (BIC) for each candidate model using backward elimination for
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a better fit. AT, WS, SD, PM2.5, and CO were selected in the model, as they had the
lowest AIC values (Supplementary Table 2)[17,18]. Our final multivariable model was as
follows: Log[E(Y)] = α0 + S (AT, df = 4) + S (WS, df = 20) + S (SD, df = 18) + S (PM2.5, df =
14) + S (CO, df = 1) + offset [log (province population)] + γ (Day of Week) + γ (Year) +
∑1≤θ≤jARj. Where Log[E(Y)] was the logged expected number of GERD-related medical
utilizations, the intercept, S the smooth function of meteorological factors as obtained
using natural cubic splines, offset denoted province population; γ indicator variable for
day of the week and year, and overall autocorrelation effect as AR1 +… + ARj.

Statistical analyses
Statistical analyses were conducted using SAS version 9.4 for Windows (SAS Institute,
Cary, NC, United States). The results are presented as relative risk ratios with 95%
confidence intervals. P values < 0.05 were considered to indicate statistical
significance.

RESULTS
Of the 200000 included patients, 59.2% (n = 118313) were female, and the peak age at
GERD-related medical utilization was between 60 and 69 years (24.6%, n = 49190)
(Table 1).
The GC test revealed the presence of an intricate correlation between various
MFAPs and GERD-related medical utilizations (Figure 1). Each factor was directly or
indirectly associated with GERD-related medical utilization (Figure 1A). Figure 1B
shows the findings of the GC test representing the relationship between the selected
MFAPs and GERD-related medical utilization. Based on these correlations, the BIC
and AIC values of each model for GED-related medical utilization were analyzed. The
most valid and effective combination for the predictive model, with the lowest BIC
and AIC values (8.33 and 14.0, respectively), included AT, WS, SD, PM2.5, and CO (
Supplementary Table 1).
The prediction model for the number of GERD-related medical utilizations,
developed using the univariate GAM for the three major MFAPs, is shown in Figure 2.
The trend between GERD-related medical utilizations and AT indicated that GERD is
less likely to develop within an AT of 5-7 °C. However, a gradual S-shape curve
between 5.4 °C and 22.4 °C, corresponding to the IQR of AT could be observed. For AT
> 23 °C, GERD-related medical utilizations tended to decrease; this may be attributed
to people’s tendency not to go out in extreme weather conditions (Figure 2A).
Interestingly, at 3-26 µg/m3, the IQR for PM2.5, a higher number of GERD-related
medical utilizations were observed. Medical utilization began to decrease when PM2.5
levels exceeded 40 µg/m3. This pattern was similar to that observed for fine dust
related diseases (Figure 2B). The positive relative risk for GERD-related medical
utilizations was between 0.4 and 0.6 ppm (IQR of CO). Within this range, the number
of GERD-related medical utilizations increased rapidly according to CO concentration
in a similar fashion as PM2.5 (Figure 2C).
For the five selected variables (AT, WS, SD, PM2.5, and CO), lags were analyzed
using GAM with cubic spline analysis to identify the manner in which prolonged
exposure to each variable affects GERD-related medical utilization (Supplementary
Table 3). All five selected MFAPs showed a maximum lag period of 9 d; no further
effect was observed beyond this time point in multivariate cubic spline analysis
(Figure 3). The effects were relatively stable up to 7 d and then declined over time.
Results were consistent for the five MFAPs in the multivariate analyses. Box-plot
models of estimated risk for GERD-related medical utilization concerning the five
MFAPs are shown in Figure 3.
Figure 4 shows the three-dimensional graphs of the prediction models for GERDrelated medical utilization using the five selected MFAPs. The estimated risk
according to the values and time lags of each variable was included. In univariate
GAM, a nonlinear relationship between medical utilizations due to GERD and MFAP
was observed, and in multivariable GAM, a consistent relationship up to 9 days of
MFAP and medical utilizations was found.

DISCUSSION
In this study we developed a model using five MFAPs, which showed a significant

WJG

https://www.wjgnet.com

6077

October 21, 2020

Volume 26

Issue 39

Seo HS et al. MFAPs effect on GERD-related medical utilization

Table 1 Summary statistics of the relationship of gastroesophageal reflux disease-related medical utilizations with meteorological
factors and air pollutants
mean ± SD

Quantiles
Min

25%

50%

75%

Max

Sex, n (%)
Male

81687 (40.8)

Female

118313 (59.2)

Age group, yr, n (%)
< 10

341 (0.17)

10-19

2402 (1.20)

20-29

6863 (3.43)

30-39

12477 (6.24)

40-49

23564 (11.78)

50-59

46228 (23.11)

60-69

49190 (24.60)

70-79

43077 (21.54)

≥ 80

15858 (7.93)

Meteorological factors
Average temperature (°C)

13.8 ± 9.8

-13.7

5.4

15.2

22.4

33.1

High temperature (°C)

18.4 ± 10.0

-10.7

10.1

20.2

27.0

38.8

Low temperature (°C)

10.0 ± 10.0

-17.1

1.0

10.9

18.9

28.8

Diurnal temperature Range (°C)

8.4 ± 3.3

0.0

6.3

8.3

10.5

23.4

Vapor pressure (hPa)

12.2 ± 8.5

0.0

4.7

10.4

18.7

38.3

2

Solar radiation (MJ/m )

12.6 ± 7.3

0.0

7.2

12.2

18.3

33.0

Sunshine duration (hr)

12.0 ± 2.3

9.7

10.5

12.2

13.9

14.8

Wind speed (m/s)

2.5 ± 1.1

0.0

1.8

2.4

3.1

10.1

Daily rain (mm)

3.2 ± 12.5

0.0

0.0

0.0

0.3

310.0

Dew point temperature (°C)

6.3 ± 11.6

-25.9

-3.0

7.3

16.4

28.2

Humidity (%)

62.1 ± 18.6

0.0

49.9

63.3

75.5

100.0

Daily snow (cm)

0.1 ± 0.9

0.0

0.0

0.0

0.0

29.2

Cloud (1/10)

4.5 ± 3.2

0.0

1.6

4.5

7.4

10.0

PM2.5 (μg/m3)

15.9 ± 16.1

0.0

3.0

14.0

26.0

99.0

PM10 (μg/m3)

46.6 ± 25.9

0.0

31.2

42.6

57.0

1025.4

1

O3 (ppb)

23.7 ± 11.6

0.0

15.4

23.0

31.3

83.8

NO2 (ppb)

28.2 ± 12.6

0.0

18.9

26.4

35.5

94.9

SO2 (ppb)

5.1 ± 2.1

0.0

3.8

4.9

6.2

25.8

CO (ppm)

0.5 ± 0.2

0.0

0.4

0.5

0.6

2.2

Air pollutants

1

An 8 h maximum was used for O3. SD: Standard deviation; PM2.5: Particulate matter with a diameter ≤ 2.5 µm; PM10: Particulate matter with a diameter ≤
10 µm; NO2: Nitrogen dioxide; SO2: Sulphur dioxide; CO: Carbon monoxide; ppb: Parts-per-billion; ppm: Parts-per-million.
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correlation between these five (MFAPs) and GERD-related medical utilization.
Furthermore, two MFAPs, PM2.5 and CO, were identified as risk factors for GERD.
Various recent studies have focused on the relationship between meteorological
factors and disease. Several commonly occurring diseases have been shown to be
associated with meteorological factors; for example, pneumonia was found to be
related to AT and the range of diurnal temperature[2,6,19]. Out-of-hospital cardiac arrest
is related to temperature, humidity, vapor pressure, and wind speed, and also seasondependent[3,5,20,21]. In this same context, many studies have reported on infectious
diseases, strokes, and even fractures[1,4,7,22,23]. However, most of them focused on acutephase medical diseases, which are considered appropriate targets for meteorological
research owing to rapid disease progression, precise diagnosis, and clear medical
course.
GERD has a high prevalence and can be treated with medication, even though
surgery is required in some cases[13]. GERD usually can become chronic, and patients
usually visit the hospital when the symptoms are severe. In general, PPIs are
administered only to patients with clinical symptoms without special diagnostic
examinations; when symptoms are severe or drug therapy ineffective, examinations
such as endoscopy are also performed[13]. Several methods, such as observation after
administering PPI based on symptoms, esophagogastroduodenoscopy, or pH
monitoring, are used to diagnose GERD. Manometry and esophagogram can be
performed for differential diagnosis. In this study, patients who had more than one of
the diagnostic examination codes (i.e., codes for esophagogastroduodenoscopy,
esophagogram, manometry, and pH monitoring) were defined as an occurrence in
order to improve the accuracy of diagnosis, excluding empirical PPI administration or
PPI administration for the treatment of other diseases. Besides, in the case of chronic
and non-life-threatening medical conditions such as GERD, the national medical
environment, insurance coverage, and access to medical care might have a significant
impact on medical care utilization. In Korea, the entire national medical insurance
system is implemented, medical accessibility is high, and when GERD is suspected,
PPI administration, various examinations, and fundoplication are all covered by
national insurance. In particular, in the case of urban areas, the race of the population
and medical insurance coverage is very homogenous, and medical accessibility is very
high due to the high population density. Notably, the use of endoscopy is widespread,
owing to its low cost and easy accessibility; thus, it is unlikely that many patients were
excluded based on this examination[24]. Therefore, the national medical environment is
thought to affect similarly to the entire study group. Additionally, to confirm the time
at which GERD symptoms became severe, the day of PPI first administration was
defined as the date of GERD occurrence. Therefore, the cohort included in the present
study comprised patients who received PPIs after a correct GERD diagnosis.
A study from Taiwan (China) reported that humidity correlates to GERD monthly
incidence[14]. However, Taiwan is a tropical region with extremely high temperature
and humidity levels throughout the year, leading to difficulties in observing seasonal
variation[25,26]. In contrast, the Republic of Korea has four distinct seasons and
difference in MFAPs types among seasons is significant. Moreover, the Korea
Meteorological Administration conducts detailed measurements by region, while the
National Health Insurance provides extensive data on the total population. Thus, the
Republic of Korea was a suitable area for this study. However, numerous
meteorological studies have been limited to partial analyses or univariate analyses of
meteorological variables without consideration of their complexity[3-5,7]. However,
MFAPs are closely related to each other. For example, PM2.5 is known to be negatively
correlated with WS, SD, and daily rainfall, and positively correlated with humidity
and vapor pressure[8,9,27]. Therefore, it is necessary to consider these complex
correlations in MFAPs analysis. To compensate for this complexity, we investigated
the correlation of GERD-related medical utilization with all MFAPs using a GC test,
and then selected the appropriate model based on BIC and AIC values. Afterwards,
we run the GC test once again to determine the adequacy of the selected model.
The analysis of the correlation between MFAPs and GERD-related medical
utilization showed that a model combining AT, SD, WS, PM2.5, and CO, was the most
suitable for prediction. The number of GERD-related medical utilizations increased as
AT dropped to sub-zero values or when AT was > 10 °C. There is no direct evidence
that an increase in AT is a risk factor for GERD. However, as AT increases, the number
of outdoor activities that individuals partake in also increases. Additionally, eating
habits may change, increasing the intake of fatty foods. Fatty food and soda intake are
well-known GERD risk factors; thus, dietary changes as a result of climate variations
could explain the increase in GERD-related medical utilization[28].
Some studies have shown that cold temperatures are associated with the
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Figure 1 Granger causality test of the relationship between meteorological factors and air pollutants and GERD-related medical utilization.
A: Various meteorological factors and air pollutants (MFAPs) show a direct or indirect association with GERD-related medical utilization; B: Relationship between the
five selected MFAPs and GERD-related medical utilization. All variables were significantly correlated except AT and WS. The five selected MFAPs were significantly
correlated to GERD-related medical utilization. MFAPs: Meteorological factors and air pollutants; GERD: Gastroesophageal reflux disease; WS: Wind speed; SD:
Sunshine duration; AT: Average temperature; CO: Carbon monoxide; PM2.5: Particulate matter with a diameter ≤ 2.5 µm.
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development of respiratory diseases[6,29]. Coughing, the most commonly reported
symptom of respiratory disease, leads to increased abdominal pressure, which may
result in GERD development or a worsening of its symptoms. Coughing has been
associated with PM2.5 levels as well as cold temperatures[30,31], while higher PM2.5
concentrations can cause a cough, which can likewise cause or worsen GERD
symptoms.
PM2.5 enters the circulatory system directly through the alveoli, and causes cardiac
and respiratory diseases through vascular inflammation[32]. In mice, particulate matter
was found to cause oxidative stress or inflammatory changes through its influence on
the microbiome in the gastrointestinal tract[33,34]. No study to date has focused on the
direct mechanism through which PM2.5 leads to GERD; thus, further research is needed
to identify how these inflammatory and metabolic changes of the vascular or
gastrointestinal tract affect the lower esophageal sphincter and surrounding structures.
In terms of WS, GERD-related medical utilization increased with low WS (2-4 m/s),
and decreased as WS increased to values > 4 m/s. Previous studies have reported that
PM2.5 concentration is negatively correlated to WS[8,9,27]. This may be due to the fact that
strong winds result in decreasing PM2.5 levels, which in turn maintains GERD-related
medical utilizations at a low level.
Chronic CO intoxication has been known to cause headache, confusion, nausea,
vomiting, seizure, and muscle weakness[35,36]. In the present study, GERD-related
medical utilizations increased with CO concentrations of 0.4-0.6 ppm. It is unknown
how long-term exposure to low CO concentrations affects GERD occurrence or
worsening of its symptoms. However, CO can bind to myoglobin with high affinity,
resulting in muscle weakness, which may lead to lower esophageal sphincter pressure
weakness[37]. Additionally, continued and repeated exposure may cause nausea or
vomiting, which could increase the abdominal pressure and worsen GERD symptoms.
For all five variables selected for modelling, we observed that GERD-related
medical utilizations rapidly decreased at values above the extreme or national weather
MFAP alarm values. GERD-related medical utilizations decreased in hot weather
conditions, when AT was > 23 °C or on very windy days. Of note, in terms of PM2.5,
GERD-related medical utilizations decreased rapidly when the concentration exceeded
40 μg/m3. In Korea, a national alarm is issued when PM2.5 concentration exceeds 40
μg/m3. Therefore, people pay more attention to personal protection, such as wearing a
mask, and refrain from going out as much as possible. As GERD is not a lifethreatening disease, the decrease in GERD-related medical utilizations as a result of
national alarm, high temperatures, or strong winds is likely due to people’s behavioral
changes. Furthermore, the time lag for the prediction model in this study was
approximately 7 d. This finding suggests that GERD may occur or be aggravated by
various MFAPs through different mechanisms, and it may take up to 7 d for patients
to visit the hospital. As GERD is a relatively chronic disease with limited severity, this
time lag appears reasonable.
This study was subject to several limitations. First, although GERD is greatly
affected by lifestyle, individual factors such as dietary habits, smoking status, or body
mass index were not investigated. More, the first visit date of the outpatient clinic, the
duration for observation or medication, the first date for PPI, the dose of medication,
the duration of hospitalization, and compliance for medication are important related
factors for GERD-related medical utilization. Besides, the first date of PPI
administration could be affected by other conditions of the patient or the physicians,
such as interest in health or preference of medication. However, this study is a bigdata study using NHIS data, and the detailed information about the patient’s situation,
symptoms, compliance, preferences, or the physician’s preference is difficult to be
identified. Therefore, in order to minimize the bias, the authors defined the first date
of PPI administration, the most clearly definable, as the occurrence of GERD. Second,
an inaccurate GERD diagnosis could result in bias, since PPI is commonly used for
patients with only clinical symptoms but without a definite diagnostic GERD
examination. However, this bias was reduced through the use of diagnostic
examination codes (i.e., codes for esophagogastroduodenoscopy, pH monitoring,
manometry, or esophagogram). Third, individual MFAP exposure levels were not
evaluated. This was an ecological study; thus, the ecological fallacy that people living
in the same city are exposed to the same environment could not be ruled out. Finally,
the mechanisms underlying the effect of each MFAP on GERD-related medical
utilizations could not be identified. Further well-designed animal studies are needed
to reveal the underlying mechanisms.
To the best of our knowledge, this study is the first to identify the relationship
between MFAPs and GERD-related medical utilization. Additionally, it involved a
large sample size, with the 200000 cases being selected from areas with significant
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Figure 2 Prediction model of gastroesophageal reflux disease -related medical utilization using a univariate generalized additive Poisson
regression model. A: Gastroesophageal reflux disease (GERD)-related medical utilizations with AT; B: GERD-related medical utilizations as with particulate
matter with a diameter ≤ 2.5 µm levels ≤ 40 μg/m3; C: GERD-related medical utilizations in the range of the IQR for carbon monoxide. CO: Carbon monoxide; PM2.5:
Particulate matter with a diameter ≤ 2.5 µm; ppm: Parts-per-million.

season-related variations in MFAPs levels. Finally, bias was reduced by sampling only
in large cities with similar races, cultures, eating habits, economic levels, and
accessibility to hospitals. Thus, the data analyzed in this study took into consideration
the complexity of all MFAPs.

CONCLUSION
In conclusion, our results suggest that a model using AT, SD, WS, PM2.5, and CO has
significant power for the prediction of GERD-related medical utilizations.
Additionally, the aforementioned variables were found to be risk factors for GERD.
The time-lag to disease progression was 7 d. Therefore, to reduce GERD occurrence
and aggravation, environmental management and national alarm systems for each
factor should be established.
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Figure 3 Time lag for exposure in multivariate analyses. A: Excess risk was significant after exposure up until 8 d for average temperature; B: Excess risk
was significant after exposure up until 9 d for wind speed; C: Excess risk was significant after exposure up until 6 d for sunshine duration; D: Excess risk was
significant after exposure up until 9 d for particulate matter with a diameter ≤ 2.5 µm; E: Excess risk was significant after exposure up until 9 d for carbon monoxide. a
P < 0.05. CO: Carbon monoxide; PM2.5: Particulate matter with a diameter ≤ 2.5 µm; ppm: Parts-per-million.
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Figure 4 Three-dimensional graph of the prediction model. Each graph shows excess risk according to factor and time lag. A: Average temperature; B:
Wind speed; C: Sunshine duration; D: Particulate matter with a diameter ≤ 2.5 µm; E: Carbon monoxide. CO: Carbon monoxide; PM2.5: Particulate matter with a
diameter ≤ 2.5 µm; ppm: Parts-per-million.

ARTICLE HIGHLIGHTS
Research background
The incidence of gastroesophageal reflux disease (GERD) is rapidly increasing owing
to changes in people’s lifestyle and eating habits. It is essential to perform the analyses
after considering correlations among meteorological factors and air pollutants
(MFAPs).

Research motivation
To date, only one study investigated the relationship between humidity and monthly
GERD occurrence. However, it was limited by the exclusive inclusion of patients in
study population.

Research objectives
This work aims to identify MFAPs effect on GERD-related medical utilization.
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Research methods
Data on GERD-related medical utilizations were obtained from the National Health
Insurance Services. Data on meteorological factors were obtained from the National
Climate Data Center of the Korea Meteorological Administration. A Granger causality
test was performed to identify the MFAPs showing the strongest correlation with the
daily number of GERD-related medical utilizations for GERD and to identify causality
between the two time-series variables.

Research results
GERD-related medical utilization increased with the levels of particulate matter with a
diameter ≤ 2.5 μm (PM2.5) and carbon monoxide (CO). S-shaped and inverted Ushaped changes were observed in average temperature and air pollutants,
respectively. The time lag of each variable was significant around nine days after
exposure.

Research conclusions
Current study suggests that a model using average temperature, sunshine duration,
wind speed, PM2.5, and CO has significant power for the prediction of GERD-related
medical utilizations.

Research perspectives
To reduce GERD occurrence and aggravation, environmental management and
national alarm systems for each factor should be established.
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Abstract
BACKGROUND
The coronavirus disease 2019 (COVID-19) is spreading rapidly around the world.
Most critically ill patients have organ injury, including acute respiratory distress
syndrome, acute kidney injury, cardiac injury, or liver dysfunction. However, few
studies on acute gastrointestinal injury (AGI) have been reported in critically ill
patients with COVID-19.
AIM
To investigate the prevalence and outcomes of AGI in critically ill patients with
COVID-19.
METHODS
In this retrospective study, demographic data, laboratory parameters, AGI grades,
clinical severity and outcomes were collected. The primary endpoints were AGI
incidence and 28-d mortality.
RESULTS
From February 10 to March 10 2020, 83 critically ill patients out of 1314 patients
with COVID-19 were enrolled. Seventy-two (86.7%) patients had AGI during
hospital stay, of these patients, 30 had AGI grade I, 35 had AGI grade II, 5 had
AGI grade III, and 2 had AGI grade IV. The incidence of AGI grade II and above
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retrospective study.
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16 (19.3%) patients. Patients with worse AGI grades had worse clinical variables, a
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Core Tip: This is the first study to investigate acute gastrointestinal injury (AGI) in
critically ill patients with coronavirus disease 2019. The incidence of AGI was 86.7%,
and hospital mortality was 48.2% in critically ill patients. Sequential organ failure
assessment scores, white blood cell counts, and duration of mechanical ventilation
were risk factors for the development of AGI grade II and above. Patients with worse
AGI grades had worse clinical severity variables, a higher incidence of septic shock,
and higher hospital mortality.
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INTRODUCTION
In December 2019, clusters of acute pneumonia cases of unclear etiology were
identified in Wuhan, the capital of Hubei province in China[1-3]. The pathogen was
reported to be a novel coronavirus that was named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Coronavirus disease 2019 (COVID-19) was characterized
by the World Health Organization (WHO) as a pandemic due to the rapid spread of
the disease around the world[4]. As of May 16, 2020, a total of 82947 cases (4634 deaths)
were confirmed in China, including 50339 cases (3869 deaths) in Wuhan city[5].
The National Health Commission of China issued a series of diagnosis and
treatment recommendations and suggested classifying the disease into four grades:
Mild, moderate, severe and critical[5]. Recent studies have reported the clinical
characteristics and prognosis of COVID-19 with varied severity[1,2,6-8]. Most critically ill
patients had organ injury, including acute respiratory distress syndrome (ARDS),
acute kidney injury (AKI), cardiac injury, or liver dysfunction[9]. During our clinical
work against the epidemic of COVID-19 in Wuhan, we observed that numerous
patients had gastrointestinal symptoms during the course of disease development. It is
known that gastrointestinal dysfunction is closely related to adverse outcomes in
critically ill patients. However, few studies on acute gastrointestinal injury (AGI) have
been reported in critically ill patients with COVID-19. In this study, we investigated
the prevalence and outcomes of AGI in critically ill patients with COVID-19 who were
admitted to Guanggu District of Wuhan Tongji Hospital.
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MATERIALS AND METHODS
Patients
From February 10 to March 10 2020, adult patients (age ≥ 18 years) with confirmed
critical COVID-19 admitted to our specialized isolation units and intensive care unit
(ICU), Guanggu district of Wuhan Tongji Hospital were enrolled in this retrospective
study. Patients with chronic organ dysfunction (e.g., hepatic or renal dysfunction),
immunodeficiency, terminal cancer, and patients with a history of long-term use of
corticosteroids were excluded. Written informed consent was waived by our
institutional review board as this was a retrospective study for emerging infectious
disease. The diagnosis of COVID-19 was according to the WHO interim guidance and
recommendations of the National Health Commission of China[4,5], and identified by
the detection of SARS-CoV-2 RNA in the clinical laboratory of Tongji Hospital.

Definitions
An identified case of COVID-19 was defined as a positive finding on real-time reversetranscriptase–polymerase-chain-reaction (RT-PCR) assay of nasal and pharyngeal
swab specimens[4,5,7]. Only laboratory-confirmed cases were enrolled in the analysis.
The diagnosis of critical COVID-19 was in accordance with the Chinese
recommendations[5]: Meeting any of the following: I, respiratory failure with
mechanical ventilation (MV); II, shock; III, multiple organ failure requiring ICU
treatment. AGI was defined as a malfunction of the gastrointestinal tract due to acute
illness and was categorized into four grades according to its severity[10]. This AGI
grading system was based mainly on gastrointestinal symptoms, intra-abdominal
pressure, and the presence/absence of feeding tolerance. AGI grade I was defined as
an increased risk of developing gastrointestinal dysfunction or failure (a self-limiting
condition); AGI grade II was defined as gastrointestinal dysfunction (a condition that
requires interventions); AGI grade III was defined as gastrointestinal failure (GI
function cannot be restored with interventions); AGI grade IV was defined as marked
gastrointestinal failure (a condition that is immediately life-threatening)[10]. Sepsis was
defined as life-threatening organ dysfunction caused by a dysregulated host response
to infection, septic shock was defined as a subset of sepsis with circulatory and
cellular/metabolic dysfunction associated with a higher risk of mortality[11]. The
diagnostic criteria for ARDS were in accordance with the Berlin definitions[12]. The
definition of AKI was based on the 2012 Kidney Disease: Improving Global Outcomes
guidelines[13]. Cardiac injury was defined as serum levels of cardiac biomarkers (e.g.,
troponin I) above the 99th percentile reference upper limit or new abnormalities on
electrocardiography and echocardiography[2]. Liver injury was defined as serum levels
of hepatic biomarkers (e.g., alanine aminotransferase) more than twice the reference
upper limit or a disproportionate elevation of alanine aminotransferase and aspartate
aminotransferase levels compared with alkaline phosphatase levels[14]. Multiple organ
dysfunction syndrome (MODS) was defined as the combined dysfunction of two or
more organs.

Data collection
The baseline clinical characteristics, including sex, age, days from onset to admission,
initial symptoms or signs, and body mass index (BMI) were collected from electronic
medical and nursing records, and all laboratory tests were performed according to the
clinical needs of patients. The acute physiology and chronic health evaluation
(APACHE) II score, sequential organ failure assessment (SOFA) score, serum levels of
C-reactive protein (CRP), D-dimer, white blood cell (WBC) count, lymphocyte count,
procalcitonin (PCT), and blood lactate within 24 h of admission were recorded. The
RT-PCR assay of viral RNA was performed using a commercial kit (Tianlong, Xi’an,
China) according to the manufacturer’s instructions. All laboratory parameters were
detected by the clinical laboratory of Tongji Hospital. Moreover, the numbers of
patients with AGI (grades), ARDS, AKI, cardiac injury, liver injury, septic shock,
MODS, and patients receiving MV or continuous renal replacement therapy (CRRT)
during hospital stay were also recorded. The primary endpoints were the incidence of
AGI and 28-d mortality. The secondary endpoints were the incidence of MODS and
septic shock.

Statistical analysis
The Kolmogorov-Smirnov test was first performed to test the normal distribution of
the data. Normally distributed data were expressed as the means ± standard deviation
and were compared by t tests. Non-normally distributed data were expressed as the
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medians (interquartile ranges, IQR) and were compared by the Mann-Whitney U test
or the Kruskal-Wallis test. Categorical variables were presented as absolute numbers
or percentages and were analyzed using the χ2 test or Fisher’s exact test. To take into
account the repeated nature of the variables, analysis of variance (ANOVA) for
repeated measurements of the general linear model was implemented. Pearson’s test
was used to analyze the correlation between two variables. To determine the risk
factors associated with AGI grade II and above, we performed a series of several
univariate logistic regression analyses using the above-mentioned variables. Variables
with P < 0.1 in univariate analyses were tested in further multivariate logistic
regression analyses. Receiver operating characteristic (ROC) curves were used to
evaluate the associations between AGI and MODS, septic shock, and 28-d mortality.
Survival curves for up to 28 d after admission and 60 d from disease onset were
generated using the Kaplan–Meier method and were compared by the log-rank test.
IBM Statistical Package for the Social Sciences (SPSS, version 22.0, NY, United States)
software was used for statistical analysis, and two-sided P < 0.05 was considered
statistically significant. The statistical methods used in this study were reviewed by
Liu Q, a biostatistician from the Center for Disease Control and Prevention of Jiangsu
Province in China.

RESULTS
As shown in Figure 1, a total of 83 critically ill patients with confirmed COVID-19 were
enrolled in this retrospective study. The median age was 70 (IQR, 60-79) years, and
most patients were male 59 (71.1%). Fever (33/83, 39.8%) and cough (18/83, 21.7%)
were the main initial symptoms. Seventy-two (86.7%) patients had AGI during
hospital stay, of them, 30 had AGI grade I, 35 had AGI grade II, 5 had AGI grade III,
and 2 had AGI grade IV. The incidence of AGI grade II and above was 50.6% (42/83).
The detailed clinical data of the patients are presented in Table 1. Forty (48.2%)
patients died within 28 d of admission, their median hospital stay was 12.0 (IQR, 8.017.8) d, ranging from 3 d to 27 d. The median duration from disease onset to death was
22.0 (IQR, 15.3-33.0) d, ranging from 8 d to 44 d. ARDS developed in most patients
(77/83, 92.8%), and 5 patients received extracorporeal membrane oxygenation. MODS
developed in 58 (69.9%) patients, and septic shock in 16 (19.3%) patients.

AGI grades and clinical variables
We divided the patients into four groups based on the AGI grades: No AGI (n = 11),
AGI grade I (n = 30), AGI grade II (n = 35), and AGI grade III to IV (n = 7). As shown in
Table 2, significant differences in APACHEII scores, SOFA scores, WBC counts, and Ddimer levels were found among the four groups (P < 0.05). Statistical differences in
CRP (P = 0.024) and PCT (P = 0.033) were only found between group AGI grade I and
grade III to IV. Significant differences in lactate levels were found between group no
AGI and AGI grade II (P = 0.027) or grade III to IV (P = 0.009). Statistical differences in
lymphocyte counts were found between group no AGI and AGI grade I (P = 0.028) or
grade II (P = 0.007). No differences in BMI were found among the four groups (P >
0.05).
Patients without AGI had longer hospital stay than those with AGI grade I (P =
0.002), II (P = 0.022), and III to IV (P = 0.012). Patients with AGI grade III to IV had
longer days of MV and CRRT than those without AGI (P = 0.011, 0.013) and with AGI
grade I (P = 0.009, 0.007). No differences in days from onset to admission were found
among the four groups (P > 0.05).
Correlation analysis showed that the AGI grades were positively correlated with
MV days (r = 0.377, P < 0.001), APACHEII (r = 0.590, P < 0.001) and SOFA scores (r =
0.662, P < 0.001), WBC counts (r = 0.433, P < 0.001), CRP (r = 0.261, P = 0.017) and Ddimer levels (r = 0.425, P < 0.001).

AGI grades and clinical outcomes
As shown in Table 2, patients with AGI grade III to IV had a higher incidence of septic
shock than those without AGI (P = 0.002) and with AGI grade I (P = 0.001) and II (P =
0.031). Significant differences in 28-d mortality were found among the four groups (P <
0.05) except for group AGI grade I and II (P = 0.540). No differences in the incidence of
MODS were found among the four groups (P > 0.05). Non-survivors were
accompanied by a higher incidence of AGI grade III to IV than survivors (17.5% vs
0.0%, P = 0.004) (Table 3), whereas survivors had a higher incidence of no AGI than
non-survivors (25.6% vs 0.0%, P < 0.001) (Table 3).
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Table 1 Demographic data and clinical parameters
Variable

Value

Age (yr)

70 (60-79)

Sex (male: female)

59:24

Days from onset to admission

10 (7-15)

2

BMI (kg/m )

23.8 (22.1-25.1)

APACHEII scores

14.0 (12.0-17.0)

SOFA scores

6.0 (4.0-7.0)

Initial symptoms or signs, n (%)
Fever

33 (39.8)

Cough

18 (21.7)

Chest tightness or pain

8 (9.6)

Dyspnea

7 (8.4)

Fatigue

6 (7.2)

Diarrhea

3 (3.6)

Nausea or vomiting

3 (3.6)

Pharyngalgia/myalgia

3 (3.6)

Abdominal pain

2 (2.4)

Laboratory parameters
CRP (mg/L)

85.9 (49.9-136.0)

WBC (109/L)

10.30 (7.44-14.0)

Lymphocyte (109/L)

0.60 (0.43-0.83)

PCT (ng/mL)

0.27 (0.14-0.50)

D-dimer (μg/mL)

8.29 (2.00-14.19)

Lactate (mmol/L)

2.22 (1.68-2.73)

Organ injury, n (%)
ARDS

77 (92.8)

Liver injury

15 (18.1)

AKI

30 (36.1)

Cardiac injury

37 (44.6)

MODS, n (%)

58 (69.9)

Septic shock, n (%)

16 (19.3)

Duration of MV (d)

9.0 (6.0-13.0)

Duration of CRRT (d)

0.0 (0.0-5.0)

Hospital stay (d)

18.0 (11.0-29.0)

Death, n (%)

40 (48.2)

BMI: Body mass index; APACHEII: Acute physiology and chronic health evaluation II; SOFA: Sequential organ failure assessment; CRP: C-reactive protein;
WBC: White blood cell; PCT: Procalcitonin; ARDS: Acute respiratory distress syndrome; AKI: Acute kidney injury; MODS: Multiple organ dysfunction
syndrome; MV: Mechanical ventilation; CRRT: Continuous renal replacement therapy.

To determine the risk factors associated with AGI grade II and above, univariate
logistic regression was performed using the above-mentioned variables (sex, age, days
from onset to admission, BMI, APACHEII scores, SOFA scores, CRP, D-dimer, WBC
counts, lymphocyte counts, PCT, blood lactate, MV days, CRRT days, and hospital
stay). Variables with P < 0.1 in univariate analyses were tested in further multivariate
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Table 2 Acute gastrointestinal injury grades and clinical variables
Variables

No AGI (n = 11)

AGI I (n = 30)

AGI II (n = 35)

AGI III-IV (n = 7)

P value

BMI (kg/m )

23.9 (22.5-24.9)

23.8 (21.5-26.1)

23.8 (22.1-24.9)

22.4 (21.6-23.1)

0.426

APACHEII scores

11.0 (9.0-12.0)

13.0 (10.0-14.3)

15.0 (13.0-18.0)

18.0 (16.0-21.0)

< 0.001

SOFA scores

3.0 (3.0-4.0)

5.0 (4.0-6.0)

6.0 (5.0-9.0)

10.0 (7.0-12.0)

< 0.001

CRP (mg/L)

82.7 (46.1-136.0)

72.3 (47.3-113.2)

99.8 (54.6-145.2)

130.4 (87.3-221.0)

0.155

7.9 (6.4-11.3)

8.7 (7.2-11.8)

11.9 (8.1-15.1)

16.6 (12.9-25.5)

0.001

Lymphocyte (10 /L)

0.85 (0.62-1.12)

0.66 (0.43-0.82)

0.51 (0.38-0.76)

0.59 (0.37-0.85)

0.044

PCT (ng/mL)

0.17 (0.08-0.49)

0.19 (0.13-0.41)

0.29 (0.16-0.50)

0.41 (0.31-0.97)

0.079

D-dimer (μg/mL)

2.65 (0.97-7.06)

4.60 (1.72-12.30)

11.90 (4.64-22.00)

15.51 (3.76-22.00)

0.001

Lactate (mmol/L)

1.17 (1.09-1.88)

2.09 (1.68-2.44)

2.25 (1.94-2.99)

2.55 (1.92-3.84)

0.038

MV days

6.0 (4.0-11.0)

7.0 (5.8-10.5)

10.0 (6.0-14.0)

14.0 (11.0-19.0)

0.029

CRRT days

0.0 (0.0-4.0)

0.0 (0.0-3.0)

0.0 (0.0-7.0)

6.0 (5.0-8.0)

0.045

Days from onset to admission

10.0 (7.0-15.0)

10.0 (6.0-14.3)

10.0 (7.0-15.0)

15.0 (10.0-21.0)

0.263

Hospital stay (d)

30.0 (28.0-34.0)

13.5 (9.0-24.0)

18.0 (11.0-31.0)

19.0 (13.0-28.0)

0.020

MODS, n (%)

6 (54.5)

18 (60.0)

27 (77.1)

7 (100.0)

0.089

Septic shock, n (%)

0 (0)

2 (6.7)

9 (25.7)

5 (71.4)

0.001

Death, n (%)

0 (0)

14 (46.7)

19 (54.3)

7 (100.0)

0.037

2

9

WBC (10 /L)
9

AGI: Acute gastrointestinal injury; BMI: Body mass index; APACHEII: Acute physiology and chronic health evaluation II; SOFA: Sequential organ failure
assessment; CRP: C-reactive protein; WBC: White blood cell; PCT: Procalcitonin; ARDS: Acute respiratory distress syndrome; AKI: Acute kidney injury;
MV: Mechanical ventilation; CRRT: Continuous renal replacement therapy; MODS: Multiple organ dysfunction syndrome.

Table 3 The incidence of different acute gastrointestinal injury grades in non-survivors and survivors, n (%)
AGI grades

Non-survivors (n = 40)

Survivors (n = 43)

P value

No AGI

0 (0)

11 (25.6)

< 0.001

AGI I

14 (35.0)

16 (37.2)

0.834

AGI II

19 (47.5)

16 (37.2)

0.343

AGI III-IV

7 (17.5)

0 (0)

0.004

AGI: Acute gastrointestinal injury.

logistic regression analyses. As shown in Table 4, three variables (SOFA scores, WBC
counts, MV days) were established as independent risk factors for the development of
AGI grade II and above.
ROC curves were performed to evaluate the associations between AGI and clinical
outcome variables. As shown in Figure 2, the area under the curves of MODS
(Figure 2A), septic shock (Figure 2B), and 28-d mortality (Figure 2C) were 0.659 (P =
0.022), 0.793 (P < 0.001), and 0.716 (P = 0.001), respectively. Significant differences in
28-d mortality after admission (P = 0.002) and 60-day mortality after disease onset (P =
0.003) were found between group no AGI (n = 11) and AGI (n = 72). As shown in
Figure 3, statistical differences in 28-d mortality (P = 0.037) (Figure 3A) and 60-d
mortality (P = 0.049) (Figure 3B) were also found between group AGI grade I/no AGI (
n = 41) and AGI grade II to IV (n = 42).

DISCUSSION
This retrospective study investigated the prevalence and outcomes of AGI in critically
ill patients with COVID-19. 86.7% of the patients had AGI, and 50.6% had AGI grade II
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Table 4 Independent factors associated with acute gastrointestinal injury grade II and above in multivariate logistic regression analysis
Variable

OR

95%CI

P value

SOFA scores

1.982

1.374-2.860

< 0.001

WBC counts

1.196

1.037-1.379

0.014

MV days

1.169

1.020-1.340

0.025

OR: Odds ratio; CI: Confidence interval; SOFA: Sequential organ failure assessment; WBC: White blood cell; MV: Mechanical ventilation.

Figure 1 The flow diagram of participants. AGI: Acute gastrointestinal injury.

and above during hospital stay. We found that patients with worse AGI grades had
worse clinical severity variables, a higher incidence of septic shock, higher 28-d
mortality after admission and 60-d mortality after disease onset. SOFA scores, WBC
counts, and duration of MV were risk factors for the development of AGI grade II and
above. The 28-d mortality and incidence of MODS and septic shock in critically ill
patients were 48.2%, 69.9%, and 19.3%, respectively. Non-survivors had a higher
incidence of AGI grade III to IV than survivors.
Most of critically ill patients with COVID-19 had organ injury, including ARDS and
AKI[9]. However, few studies on gastrointestinal injury have been reported in patients
with COVID-19. Gastrointestinal dysfunction is common and closely related to
adverse outcomes in critically ill patients[10,15-17]. In 2012, the Working Group on
Abdominal Problems of the European Society of Intensive Care Medicine developed
the definitions and a grading system for AGI in intensive care patients[10]. This expert
opinion-based AGI grading system had been proven to be a predictor of all-cause
mortality[16]. To our knowledge, this is the first study to investigate AGI in critically ill
patients infected by SARS-CoV-2. Our results showed that the incidence of AGI was
very high in critically ill patients with COVID-19. AGI was also correlated with clinical
severity and outcomes of this novel disease. A recent meta-analysis showed that the
incidence of AGI was about 40% and mortality was 33% in critically ill patients[15]. The
corresponding data in this study were higher than those in previous reports. This
indicated that SARS-CoV-2 was also very virulent in the gastrointestinal tract.
However, the underlying mechanisms of SARS-CoV-2 causing organ dysfunction are
unknown.
Gastrointestinal injury is often caused by an inflammatory reaction, infection or
sepsis, severe trauma, shock, pancreatitis, and other critical diseases[10,15,16]. The receptor
for SARS-CoV, which is angiotensin-converting enzyme 2 (ACE2) has also been
suggested to be the receptor for SARS-CoV-2[18]. ACE2 is expressed in endothelial cells
and smooth muscle cells of almost all organs, especially in lung alveolar cells[18]. That is
why COVID-19 patients are susceptible to ARDS and even MODS. Our findings also
showed that the incidence of ARDS was very high (92.8%), and AGI grades were
significantly positively correlated with MV days. Liang et al[19] reported that ACE2 is
highly expressed in the small intestine, especially in proximal and distal enterocytes.
ACE2 expression in epithelial cells is required for maintaining antimicrobial peptide
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Figure 2 The areas under the receiver operating characteristic curves. A: Multiple organ dysfunction syndrome (0.659, P = 0.022); B: Septic shock
(0.793, P < 0.001); C: 28-d mortality (0.716, P = 0.001).

Figure 3 Cumulative survival. Significant differences in 28-d mortality after admission and 60-d mortality after disease onset were found between the group with
acute gastrointestinal injury (AGI) grade I/no AGI (n = 41) and the group with acute gastrointestinal injury grade II to IV (n = 42). A: 28-d mortality after admission (P =
0.037); B: 60-d mortality after disease onset (P = 0.049). AGI: Acute gastrointestinal injury.

expression, amino acid homeostasis, and the ecology of gut microbiome in the
intestine[20]. Therefore, gastrointestinal symptoms were also reported in previous
studies on COVID-19[7,8]. We believe that these gastrointestinal symptoms were the
early manifestations of AGI and should be taken seriously in clinical treatment.
In this study, we found that AGI grades were correlated with APACHEII and SOFA
scores, WBC counts, CRP and D-dimer levels. Moreover, SOFA scores, WBC counts,
and duration of MV were risk factors for the development of AGI grade II and above.
These results indicated that patients with worse AGI grades had a more serious virus
infection and severe inflammatory response, which may lead to a vicious circle
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between systemic infection and intestinal barrier damage. D-dimer, a fibrin
degradation product, is also considered to be associated with adverse outcomes in
COVID-19 patients[21]. The abnormal elevation of D-dimer indicated microcirculation
disturbance, including microthrombosis formation in intestinal mucosa[21]. During our
clinical work against the epidemic of COVID-19 in Wuhan, we observed that
gastrointestinal hemorrhage developed in several severe patients. We speculated that
stress ulcer and intestinal microcirculation disturbance may be causes of the disorder.
Yang et al[9] reported that ARDS developed in 67%, AKI in 29%, cardiac injury in
23%, and liver dysfunction in 29% of critically ill patients with SARS-CoV-2
pneumonia. The study by Zhou et al[21] showed that septic shock developed in 20%,
ARDS in 31%, AKI in 15%, and cardiac injury in 17% of the total number of patients
with COVID-19. Our results showed that ARDS developed in 92.8%, AKI in 36.1%,
cardiac injury in 44.6%, and liver injury in 18.1% of critically ill patients with COVID19. The incidence of organ injury in this study was higher than that in previous
studies, which may suggest that patients with AGI have worse clinical outcomes. The
high incidence of MODS (69.9%) and hospital mortality (48.2%) in critically ill patients
in this study also confirmed this conclusion. Moreover, we found that hospital
duration in patients without AGI was significantly longer than that in patients with
AGI. This could be explained by the high 28-d mortality in patients with AGI, as the
median hospital stay of non-survivors was only 12.0 (IQR, 8.0-17.8) days, ranging from
3 d to 27 d.
This study had some limitations. Due to the single-center retrospective design and
small sample size, the results might be inconclusive, and the accuracy should be
confirmed by large-scale clinical prospective studies. Moreover, because the study was
not based on pathophysiological models, the results were hypothesis generating, the
exact mechanisms of AGI in COVID-19 should be tested by more basic experiments. In
addition, patients were sometimes transferred to our hospital late in their illness. Lack
of effective antivirals and inadequate adherence to standard supportive therapy may
have contributed to the poor clinical outcomes in some patients.

CONCLUSION
To our knowledge, this is the first study to investigate AGI in critically ill patients with
COVID-19. The incidence of AGI was 86.7%, and hospital mortality was 48.2% in
critically ill patients. SOFA scores, WBC counts, and duration of MV were risk factors
for the development of AGI grade II and above. Patients with worse AGI grades had
worse clinical severity variables, a higher incidence of septic shock, and higher
hospital mortality.

ARTICLE HIGHLIGHTS
Research background
Few studies on acute gastrointestinal injury have been reported in critically ill patients
with coronavirus disease 2019 (COVID-19).

Research motivation
This was the first study to investigate acute gastrointestinal injury (AGI) in critically ill
patients with COVID-19.

Research objectives
To investigate the prevalence and outcomes of AGI in critically ill patients with
COVID-19.

Research methods
In this retrospective study, the primary endpoints were the incidence of AGI and 28-d
mortality.

Research results
The incidence of AGI was 86.7%, and hospital mortality was 48.2% in critically ill
patients. Sequential organ failure assessment scores, white blood cell (WBC) counts,
and duration of mechanical ventilation were risk factors for the development of AGI
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grade II and above.

Research conclusions
Patients with worse AGI grades had worse clinical severity variables, a higher
incidence of septic shock, and higher hospital mortality.

Research perspectives
To our knowledge, this is the first study to investigate AGI in critically ill patients with
COVID-19. The incidence of AGI was 86.7%, and hospital mortality was 48.2% in
critically ill patients. Sequential organ failure assessment scores, WBC counts, and
duration of mechanical ventilation were risk factors for the development of AGI grade
II and above. Patients with worse AGI grades had worse clinical severity variables, a
higher incidence of septic shock, and higher hospital mortality.
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Abstract
BACKGROUND
Colonic transendoscopic enteral tubing (TET) requires double cecal intubation,
raising a common concern of how to save cecal intubation time and make the tube
stable. We hypothesized that cap-assisted colonoscopy (CC) might reduce the
second cecal intubation time and bring potential benefits during the TET
procedure.
AIM
To investigate if CC can decrease the second cecal intubation time compared with
regular colonoscopy (RC).
METHODS
This prospective multicenter, randomized controlled trial was performed at four
centers. Subjects ≥ 7 years needing colonic TET were recruited from August 2018
to January 2020. All subjects were randomly assigned to two groups. The primary
outcome was the second cecal intubation time. Secondary outcomes included
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success rate, insertion pain score, single clip fixation time, purpose and retention
time of TET tube, length of TET tube inserted into the colon, and all procedurerelated (serious) adverse events.
RESULTS
A total of 331 subjects were randomized to the RC (n = 165) or CC (n = 166) group.
The median time of the second cecal intubation was significantly shorter for CC
than RC (2.2 min vs 2.8 min, P < 0.001). In patients with constipation, the median
time of second cecal intubation in the CC group (n = 50) was shorter than that in
the RC group (n = 43) (2.6 min vs 3.8 min, P = 0.004). However, no difference was
observed in the CC (n = 42) and RC (n = 46) groups of ulcerative colitis patients
(2.0 min vs 2.5 min, P = 0.152). The insertion pain score during the procedure in
CC (n = 14) was lower than that in RC (n = 19) in unsedated colonoscopy (3.8 ± 1.7
vs 5.4 ± 1.9; P = 0.015). Multivariate analysis revealed that only CC (odds ratio
[OR]: 2.250, 95% confidence interval [CI]: 1.161-4.360; P = 0.016) was an
independent factor affecting the second cecal intubation time in difficult
colonoscopy. CC did not affect the colonic TET tube’s retention time and length of
the tube inserted into the colon. Moreover, multivariate analysis found that only
endoscopic clip number (OR: 2.201, 95%CI: 1.541-3.143; P < 0.001) was an
independent factor affecting the retention time. Multiple regression analysis
showed that height (OR: 1.144, 95%CI: 1.027-1.275; P = 0.014) was the only
independent factor influencing the length of TET tube inserted into the colon in
adults.
CONCLUSION
CC for colonic TET procedure is a safe and less painful technique, which can
reduce cecal intubation time.
Key Words: Transendoscopic enteral tube; Endoscopy; Colonoscopy; Fecal microbiota
transplant; Washed microbiota transplant; Colon
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Core Tip: The design of colonic transendoscopic enteral tubing (TET) requires repeated
colonoscopies, which increase procedure time and potential procedure-related risk.
This multicenter, prospective, randomized controlled trial explored whether capassisted colonoscopy (CC) can decrease the second cecal intubation time and has
potential benefits compared with regular colonoscopy during the TET procedure. Our
findings show that CC can decrease the second cecal intubation time during the TET
procedure, especially for difficult colonoscopy. Moreover, CC for colonic TET can
reduce the insertion pain score in unsedated colonoscopy and does not affect the safety
and stability of the TET tube.

Citation: Wen Q, Liu KJ, Cui BT, Li P, Wu X, Zhong M, Wei L, Tu H, Yuan Y, Lin D, Hsu
WH, Wu DC, Yin H, Zhang FM. Impact of cap-assisted colonoscopy during transendoscopic
enteral tubing: A randomized controlled trial. World J Gastroenterol 2020; 26(39): 6098-6110
URL: https://www.wjgnet.com/1007-9327/full/v26/i39/6098.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i39.6098

INTRODUCTION
Fecal microbiota transplantation (FMT) as a promising novel therapeutic approach has
shown superior effectiveness in many microbiota-related diseases such as Clostridium
difficile infection (CDI) and inflammatory bowel disease (IBD)[1-4]. As reported in most
studies, multiple fecal infusions are often necessary to obtain a higher remission rate.
Ianiro et al[5] proved that multiple infusions of FMT were significantly more effective
than a single infusion in curing severe refractory CDI via colonoscopy. Several
randomized controlled trials have also confirmed the outstanding benefit of FMT in
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treating ulcerative colitis (UC) using the protocol of multiple fecal infusions by
colonoscopy or enema[6,7]. Furthermore, previous studies have suggested that FMT via
lower gut delivery is more effective than upper gut delivery[8,9]. The higher efficacy of
FMT in CDI treatment via colonoscopy than duodenal delivery has also been proven
by a meta-analysis[10]. However, delivering multiple FMTs by colonoscopy needs
repeated bowel preparation over a short period of time, and it is challenging to retain
the infused fecal suspensions on account of the residual effect of laxatives.
Importantly, we have to consider the higher risk of complications in severe colitis via
repeated colonoscopies. Although enema can meet the needs of multiple FMT
treatments, the bacteria can only cover the rectum and sigmoid colon, which limits the
input bacteria volume and is not suitable for patients who have difficulty in retaining
the bacterial fluid. Thus, since 2014, our team have been exploring the placement of a
tube through the anus into the cecum, a method called colonic transendoscopic enteral
tubing (TET), capable of meeting the needs of patients receiving multiple fresh FMT
treatments or whole-colon administration of drugs during a period of time[11-13]. The
TET device (FMT Medical, Nanjing, China) has been approved by the China Food and
Drug Agency for endoscopic use since 2017. At present, the colonic TET as a soughtafter technique has been successfully used in many hospitals in Asia[3,11,14-17]. Allegretti
et al[18] commented in the Lancet review that colonic TET is a promising method of
FMT delivery. Recently, the consensus on the methodology of washed microbiota
transplantation released a statement that washed microbiota suspensions can be
delivered via colonic TET[19].
We first reported a colonic endoscopic procedure for TET in 2016 that requires cecal
intubation twice, the first inserting the TET tube through the endoscopic channel, and
the second affixing the TET tube to the intestinal wall using clips[11]. Generally, it is
easier to insert the colonoscope for the second time with the TET tube’s guidance.
However, for some patients, the intestinal lumen is difficult to find during the second
insertion of colonoscope into the cecum because intestinal mucosa wrinkles and sharp
corners could be caused by the TET tube pulling. This increases the difficulty of cecal
intubation (Figure 1A). Thus, the TET technique raises a common concern on longer
procedure time, increased medical cost and potential procedure-related risk. Capassisted colonoscopy (CC) is a well-known simple technique of attaching a transparent
plastic cap to the tip of the colonoscope. In our early experience, we found that CC was
beneficial to the decrease of cecal intubation time and difficulty of colonoscopy
(Figure 1B). Cap method is a simple, practical, and inexpensive technique that serves
several useful purposes in enhancing colonoscopy performance[20]. A Cochrane review
indicated that CC had a faster cecal intubation time than the regular colonoscopy
(RC)[21]. Reviewing studies individually would also seem to favor CC for cecal
intubation rate and pain during the procedure[21]. Lee and colleagues found that CC
shortened the cecal intubation time and performed better as a rescue method when the
first attempt failed[22]. Kim et al[23] reported that CC had advantages in overcoming the
problems associated with angulated and/or narrowed sigmoid and redundant colon.
However, it is uncertain whether CC would facilitate the technical performance after
the TET tube is inserted into the intestinal lumen during the TET procedure.
Therefore, this prospective randomized controlled trial compared CC with RC
regarding second cecal intubation time among subjects undergoing colonic TET. We
tested the hypothesis that CC might reduce the second cecal intubation time and bring
potential benefits during the TET procedure.

MATERIALS AND METHODS
Subjects
This multicenter, prospective, subject-blinded, and randomized controlled trial was
conducted at four tertiary hospitals from August 2018 to January 2020. The study
protocol was approved by the Second Affiliated Hospital of Nanjing Medical
University Institutional Review Board on October 10, 2017, and subsequently in all
other participating centers. Written informed consent was obtained from all adult
subjects or parents in pediatric cases. The study was registered at ClinicalTrials.gov
(NCT03621033).
Inclusion criteria: Subjects aged ≥ 7 years who had suitability for endoscopy and
needed colonic TET. Exclusion criteria were: (1) Severe bowel lesions with stenosis,
fistula, or the risk of perforation; (2) Complex perianal lesions or serious lesions in the
ileocecal junction or ascending colon; (3) No proper site for endoscopic clip fixation; (4)
The distal of TET tube not placed in the cecum; (5) Use of the cap-assisted method in
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Figure 1 Procedure-related colonic transendoscopic enteral tubing. A: It is difficult to find the lumen after the tube is inserted in some subjects because
of the gathering of colonic folds and acute angle of colonic lumen caused by the transendoscopic enteral tube pulling; B: Cap-assisted colonoscopy uses a
transparent plastic cap attached to the tip of the colonoscope to flatten the semilunar folds and improve mucosal exposure.

the first insertion of colonoscope; (6) Changed endoscopists during colonoscopy; (7)
Poor bowel preparation affecting cecal intubation; (8) Allergy to TET tube material;
and (9) Being unable to give informed consent.

Randomization
Subjects were randomized (1:1) to CC and RC groups by computer-generated random
numbers. Randomization was stratified by individual colonoscopists using permuted
blocks of random sizes six. Each colonoscopist had his own set of randomization
envelopes throughout the study at each center. The sealed opaque envelopes
containing the codes were prepared by the clinical research coordinator who kept the
randomization key under lock until the data collection was completed.
Subject blinding involved colonoscopists not informing the subjects of the methods
and the equipment setup was the same for both groups. The endoscopic display screen
was placed over the head of the subjects so they could not see the images. All data
were collected by one investigator at each center who did not participate in data
analysis.
All TET endoscopic procedures were performed by six colonoscopists with the
experience of at least 500 colonoscopies and 10 colonic TET procedures before joining
the study. All endoscopists were required to perform procedures with the same
workflow.

Endoscopic procedure
The variable-stiffness colonoscope (CF-H260AI or CF-HQ290I; Olympus, Tokyo,
Japan) was used. Some of the subjects received intravenous sedation with propofol
and/or sufentanil and/or dezocine by anesthesiologists. Spasmolytic agents were not
used before or during the procedure. The concept of colonic TET is to insert a tiny and
soft tube into the deep colon and fix it onto the intestinal wall through the anus under
endoscopy with endoscopic clips[11,24]. The endoscopic procedure of colonic TET was in
accordance with our previous study[11,24].
During the first cecal intubation, when the scope reached the cecum, the TET tube
(outer diameter of 2.7 mm and the inner diameter of 1.8 mm, FMT-DT-F-27/1350, FMT
medical, Nanjing, China) was inserted into the endoscopic channel. Then, as the TET
tube reached the cecum, the colonoscope was removed. For CC, before re-insertion of
the colonoscope (the second cecal intubation), a transparent plastic cap (D-201-14304;
Olympus) was attached to the tip of the colonoscope (diameter 15 mm). The edge of
the cap protruded for approximately 4 mm beyond the tip of the colonoscope. For RC,
the colonoscope was directly re-inserted until it reached the cecum. Then the
disposable endoscopic clip (ROCC-D-26-195-C, 2.6 mm × 1950 mm; Nanjing Microtech
Co., Ltd, Nanjing, China) was inserted through the endoscopic channel and the loop of
the TET tube was fixed to the intestinal wall. The biopsy and polypectomy were
performed after the TET procedure.

Data collection and outcome measurement
Baseline characteristics including age, sex, body mass index, previous abdominal or
pelvic surgery, and disease category were collected before colonic TET. The diagnosis
of constipation was based on Rome IV criteria[25]. The primary outcome was the second
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cecal intubation time which was recorded from the beginning of the second insertion
(after inserting the TET tube) to reaching the cecum. The secondary outcomes included
TET success rate, maximum insertion pain score, single clip fixation time, purpose and
retaining time of TET tube, length of TET tube inserted into the colon, and all
procedure-related (serious) adverse events (AEs). The first cecal intubation time was
also recorded (from the anus to cecum). The cecal intubation time, maximum pain
score and other outcomes of TET were recorded by one investigator at each center who
was not involved in colonoscopy. Successful colonic TET was defined as inserting the
TET tube into the cecum and closing the last clip to fix the tube onto the intestinal wall.
The maximum real-time insertion pain in subjects undergoing unsedated colonoscopy
was evaluated by visual rating scale. The assistant explained the pain scores (degree of
abdominal pain) to the subjects. At the second insertion phase, the subjects were asked
by the assistant to report the pain score by using an 11-point visual analog scale (0 no
pain and 10 most severe pain imaginable) at regular intervals. Clip fixation time was
defined as the time of insertion of the first clip into the endoscopic channel to the last
clip closed. The number of endoscopic clips used was also recorded. The purposes of
TET tube insertion included microbiota transplantation treatment, administration of
medications, and collection of intestinal fluid samples to analyze the dynamic changes
of healthy human intestinal microbiome at the ileocecal interface. The friction between
the cap and the TET tube may potentially affect the safety and reliability of the
procedure of TET. Thus, the retaining time and the length of TET tube inserted into the
colon were recorded. The retaining time of TET tube was defined as the time from the
implantation of the TET tube to its falling out naturally. The length of TET tube
inserted into the colon was defined as the length of the tube from the distal of TET
tube (close to mouth direction) to the anus. AEs with a potential relation to colonic
TET during and after TET were also investigated.

Statistical analysis
Sample size calculation was carried out using Stata software system (version 14.0;
Stata Corp., College Station, TX, United States). We assumed that the time of the
second cecal intubation is 3.5 min by regular colonoscopic tube placement based on
our previous experience and can be accelerated 0.4 min by the cap-assisted method. To
detect the difference with a significance level (a) of 0.05 and a power of 90% with a
two-tailed test, we calculated that at least 132 subjects in each group were needed.
Considering possible dropout rate of 10% (unsuccessful intubation and inspection due
to technical difficulty), 146 subjects were planned to be enrolled in each group.
Quantitative data were summarized as mean ± standard deviation or median
(interquartile range [IQR]), and categorical variables were reported as percentages.
Differences in continuous variables between both arms were tested using the t-test or
Mann–Whitney nonparametric test, depending on which assumption was met.
Categorical variables were analyzed using the χ 2 test or Fisher’s exact test. The
Kruskal-Wallis test was used to compare the relationship between the number of
endoscopic clips and retention time of TET tube. Subjects were divided into two
groups according to the median of the first cecal intubation time, and those with
longer time than the median were defined as difficult colonoscopy. Univariate and
multivariate logistic regression analyses were performed, and multivariate analysis
was done using variables with P value < 0.20 in the univariate analysis. Analyses were
performed with the SPSS software V.25.0 (IBM Corp., Armonk, NY, United States). A
two-tailed P value < 0.05 was considered statistically significant.

RESULTS
Enrollment and baseline characteristics
Between August 2018 and January 2020, 413 subjects referred to the four centers were
considered for enrollment, with a total of 82 subjects excluded. Four subjects switched
to the cap method successfully achieved cecal intubation. The tubes of six subjects
were fixed at the terminal ileum for enteral administration, including two Crohn's
disease (CD) patients with terminal ileum lesions (RC vs CC, 0 vs 2; P = 0.498) and four
UC patients with extensive colitis (RC vs CC, 2 vs 2; P = 1.000), who had no proper site
for endoscopic clip fixation. Moreover, the tubes were fixed at ascending colon or
transverse colon in nine UC patients with left-side colitis for better coverage of
intestinal lesions with medication (RC vs CC, 5 vs 4; P = 0.750). Finally, 152 subjects in
the RC group and 151 in the CC group underwent analysis. The study flow is detailed
in Figure 2. Baseline characteristics were well balanced between the two groups as
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Figure 2 Study flowchart. TET: Transendoscopic enteral tubing; CC: Cap-assisted colonoscopy; RC: Regular colonoscopy.

shown in Table 1.

Procedure-related outcomes
The study outcomes related to TET procedure are summarized in Table 2. The median
second cecal intubation time in RC and CC groups was 2.8 (1.8-4.0) and 2.2 (1.6-3.2)
min, respectively (P < 0.001). A subgroup analysis was done in the constipation
patients, and the median time of the second cecal intubation in RC (n = 43) and CC (n
= 50) groups was 3.8 (2.2-5.6) and 2.6 (1.9-3.7) min, respectively (P = 0.004). However,
no statistical difference was observed in patients with UC, the median time of the
second cecal intubation in RC (n = 46) and CC (n = 42) groups being 2.5 (1.6-3.5) and
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Table 1 Baseline characteristics of the study subjects
RC group, n = 152

CC group, n = 151

P value

Age in yr, mean ± SD

44.4 ± 17.6

46.7 ± 17.0

0.248

Children1,n (%)

4 (2.6)

4 (2.6)

1.000

76 (50.0)

79 (52.3)

0.687

21.1 ± 3.8

21.6 ± 3.3

0.243

Ulcerative colitis

46 (30.3)

42 (27.8)

0.639

Constipation

43 (28.3)

50 (33.1)

0.363

Irritable bowel syndrome

14 (9.2)

18 (11.9)

0.443

Crohn's disease

6 (3.9)

3 (2.0)

0.501

Healthy volunteers

3 (2.0)

3 (2.0)

1.000

40 (26.3)

35 (23.2)

0.527

38 (25.0)

33 (21.9)

0.518

Male, n (%)
2

Body mass index in kg/m , mean ± SD
Disease category, n (%)

Others

2

Previous surgery, abdominal or pelvic, n (%)

1

Aged ≤ 15 years.
Other disease categories include antibiotic-associated diarrhea, diabetes, Parkinson’s disease, Tourette's syndrome, autism, epilepsy, cirrhosis, etc. RC:
Regular colonoscopy; CC: Cap-assisted colonoscopy.
2

Table 2 Outcomes related to transendoscopic enteral tubing procedure
RC group,n = 152

CC group,n = 151

P value

Cecal intubation rate after inserting TET tube, n (%) (%)

148 (97.4)

151 (100)

-

The first cecal intubation time in min, median (IQR)

5.9 (4.3-8.5)

6.2 (4.1-8.3)

0.921

The second cecal intubation time in min, median (IQR)

2.8 (1.8-4.0)

2.2 (1.6-3.2)

0.000

The second cecal intubation time of constipation patients

3.8 (2.2-5.6)

2.6 (1.9-3.7)

0.004

The second cecal intubation time of ulcerative colitis patients

2.5 (1.6-3.5)

2.0 (1.5-3.0)

0.152

Average fixation time per endoscopic clip in min, mean ± SD

1.1 ± 0.4

1.2 ± 0.6

0.238

Number of endoscopic clips, mean ± SD

2.7 ± 1.1

2.6 ± 1.1

0.339

Sedated

133 (87.5)

137 (90.7)

0.367

Unsedated

19 (12.5)

14 (9.3)

0.367

Maximum pain score, mean ± SD

5.4 ± 1.9

3.8 ± 1.7

0.015

TET success rate, n (%)

152 (100)

151 (100)

-

Serious adverse event, n (%)

0

0

-

Adverse events, n (%)

4 (2.6)

5 (3.3)

0.750

Anal pain

2 (1.3)

1 (0.7)

1.000

Mild anal discomfort

1 (0.7)

3 (2.0)

0.371

Transient anal bleeding

1 (0.7)

1 (0.7)

1.000

Colonoscopy type, n (%)

TET: Transendoscopic enteral tubing; RC: Regular colonoscopy; CC: Cap-assisted colonoscopy; IQR: Interquartile range; SD: Standard deviation.

2.0 (1.5-3.0) min, respectively (P = 0.152).
In total, 296 (97.7%) subjects used TET for single or multiple microbiota
transplantations, 75 (24.8%) for intracolonic medication administrations, and 6 (2.0%)
healthy volunteers for sampling. After the treatment was completed, 85 subjects
(28.1%) actively pulled out the TET tube. The TET tube spontaneously fell out in 218
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subjects (71.9%), and the median retention time was 8.0 (6.0-10.0) d. We analyzed
possible factors contributing to the retention time of TET tube. These subjects were
divided into the short retention time group (< 8 d) and the long retention time group
(≥ 8 d). As shown in Table 3, multivariate analysis showed that only endoscopic clip
number (OR = 2.201, 95%CI: 1.541-3.143, P < 0.001) was an independent factor
affecting the retention time.
The maximum retention time of the TET tube was 28 d. As shown in Figure 3, the
retention time of 1 (n = 37), 2 (n = 74), 3 (n = 78), and 4 (n = 29) clips used by the TET
was 6.0 (4.5-7.0) d, 7.0 (6.0-10.0) d, 8.0 (7.0-11.0) d, and 10.0 (7.0-11.5) d, respectively.

Factors associated with the second cecal intubation time in difficult colonoscopy
The median of the first cecal intubation time was 6.1 min. The median of the second
cecal intubation time was 3.1 min in the subjects with difficult colonoscopy. The
subjects were divided into the fast cecal intubation group (< 3.1 min) and the slow
cecal intubation group (≥ 3.1 min). As shown in Table 4, according to multivariate
analysis, only CC (OR = 2.250, 95%CI: 1.161-4.360; P = 0.016) was an independent
factor affecting the second cecal intubation time in subjects with difficult colonoscopy.

Factors associated with the length of TET tube inserted into the colon
During the late stage of the current procedure, we recorded the length of the tube at
the anus in 63 adult subjects (aged ≥ 18). The mean length of TET tube inserted into the
colon was 85.9 ± 10.0 cm. As shown in Table 5, in multiple regression analysis, height
(OR = 1.144, 95%CI: 1.027-1.275; P = 0.014) was the only independent factor
influencing the length of TET tube inserted into the colon in adults.

Safety
There was no cap displacement during the TET procedure. No serious AE was
observed during and after the procedure of TET in either group. Among all subjects
with TET, merely 3.0% (9/303) complained of mild AEs as shown in Table 2. The anal
pain in three cases was considered to be related to hemorrhoids. Four subjects
reported abdominal discomfort during the TET tube retention period, and the
abdominal discomfort disappeared after TET tube was removed.

DISCUSSION
In this randomized controlled study, we showed that CC shortened the second cecal
intubation time during the TET procedure. Multiple studies have reported a significant
decrease in cecal intubation time in CC compared with RC. The use of cap decreased
the cecal intubation time by an average of 0.63 and 0.88 min, respectively, in two metaanalyses[26,27]. Among meta-analyses of randomized controlled trials, no study has
shown a longer intubation time by the cap method[21]. Short cecal intubation time is
vital for several reasons: Less anesthetic drug and sufficient withdrawal time for
accurate examination and endoscopic treatment. A previous study reported that a
longer cecal insertion time was associated with a decreased detection of adenomas and
advanced adenomas[28]. Moreover, in the stratified subgroup analysis, the effect of
cecal intubation time with a transparent cap was strong in the subgroups of
constipation patients. However, the cap failed to show significant benefit in UC
patients, probably because it is easier to cecal intubation due to chronic inflammation
that results in the shortening of colon length, stiff colon and loss of haustral pattern.
Most of the constipation patients with redundant colon, twisted colon, and mucosal
prolapse receive typical difficult colonoscopy. As proven by multiple studies[22,23] the
cap method showed significantly higher performance under challenging cases. Kim
et al[23] found that CC helped shorten the cecal intubation time in difficult cases by an
average of 1.43 min. An earlier study by Lee and colleagues also found that CC was
effective as a back-up procedure in difficult cases[22]. Consistent with these previous
results, we further demonstrated that CC was an independent factor affecting the
insertion time in difficult cases during TET procedure. If the time of the endoscopy is
prolonged during the procedure of TET, patients potentially have the risk of
complications, including abdominal pain, respiratory depression, low oxygen
saturation, hypotension, cardiac arrhythmia, aspiration, etc. Besides, rare serious
complications related to barotraumas, such as mucosal tears, intestinal perforation and
air embolism, might be observed[29]. Therefore, use of CC is recommended in TET
procedure for difficult colonoscopy, except for UC patients, who may have more
mucosal traumas, particularly in severe cases of colitis[30].
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Table 3 Univariate and multivariate analyses of factors associated with the retention time of transendoscopic enteral tube < 8 d
Univariate analysis

Multivariate analysis

OR (95%CI)

P value

OR (95%CI)

Age in yr

1.008 (0.992-1.025)

0.343

-

-

Sex, male vs female

1.517 (0.804-2.862)

0.198

1.930 (0.966-3.858)

0.063

Disease type, IBD vs others

0.589 (0.339-1.025)

0.061

0.960 (0.499-1.846)

0.903

Number of endoscopic clips

2.137 (1.546-2.954)

0.000

2.201 (1.541-3.143)

0.000

Grouping, RC vs CC

0.775 (0.455-1.320)

0.348

-

-

P value

IBD: Inflammatory bowel disease; RC: Regular colonoscopy; CC: Cap-assisted colonoscopy.

Table 4 Univariate and multivariate analyses of factors associated with the second cecal intubation time of < 3.1 min in difficult
colonoscopy
Univariate analysis

Multivariate analysis

OR (95%CI)

P value

OR (95%CI)

P value

Age in yr

1.002 (0.477-2.102)

0.996

-

-

Sex, male vs female

0.930 (0.487-1.774)

0.825

-

-

0.855 (0.452-1.616)

0.629

-

-

Previous surgery, abdominal or pelvic

0.868 (0.414-1.822)

0.709

-

-

Colonoscopy, sedated vs unsedated

1.062 (0.406-2.781)

0.902

-

-

0.559 (0.291-1.073)

0.080

0.514 (0.263-1.005)

0.052

2.103 (1.101-4.017)

0.024

2.250 (1.161-4.360)

0.016

Body mass index, < 21 vs ≥ 21 kg/m2
1

Constipation

1

Grouping, RC vs CC

1

Without vs with each factor. RC: Regular colonoscopy; CC: Cap-assisted colonoscopy.

Table 5 Univariate and multivariate analyses of factors associated with the length of transendoscopic enteral tube inserted into the
colon ≥ 86 cm
Univariate analysis

Multivariate analysis

OR (95%CI)

P value

OR (95%CI)

P value

Age in yr

0.996 (0.967-1.025)

0.774

-

-

Height, < 165 vs ≥ 165 cm)

9.750 (2.523-37.675)

0.001

1.144 (1.027-1.275)

0.014

Sex, male vs female

0.352 (0.117-1.062)

0.064

1.184 (0.246-5.693)

0.833

IBD

1.161 (0.346-3.901)

0.809

-

-

Constipation1

1.212 (0.329-4.466)

0.773

-

-

Grouping, RC vs CC

1.895 (0.645-5.569)

0.245

1

1

Without vs with each factor. IBD: Inflammatory bowel disease; RC: Regular colonoscopy; CC: Cap-assisted colonoscopy.

Several studies have explored patient discomfort and pain undergoing CC among
unsedated patients. Both Tada et al[31] and Lee et al[22] showed that there was no
difference in patient discomfort between the CC and RC groups. However, a
significantly reduced pain level in the colonoscopy with cap was proved by several
studies[32-34]. No study has shown a higher degree of patient discomfort or pain with
CC compared with RC. The finding is consistent with this study, which found that the
pain score was lower in the CC group than the RC during the TET procedure. This
might be attributed to two factors: The cap method may prevent looping and there is
also less need for air insufflation because the cap provides a better visual field[33,34].
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Figure 3 Relationship between the number of endoscopic clips and retention time of transendoscopic enteral tube. With the increased
number of endoscopic clips, the retention time of transendoscopic enteral tube was prolonged (P < 0.001). After pairwise comparisons, subjects with four, three, or
two clips had longer retention times than subjects with one titanium clip (4 vs 1, adjusted P < 0.001; 3 vs 1, adjusted P < 0.001; 2 vs 1, adjusted P = 0.035); and also,
longer than patients with two clips (4 vs 2, adjusted P = 0.011; 3 vs 2, adjusted P = 0.036). But compared to three and four clips, there was no significant difference
(adjusted P = 1.000). aP < 0.05, bP < 0.001. Data are presented as the median (range).

Our current study showed that CC had a higher cecal intubation rate than RC,
though no significant difference was found. It echoes the findings by two metaanalyses[26,35]. Although it seems that colonoscopy using the cap method does not
confer any significant benefit for cecal intubation, there is evidence to suggest that it
may be a back-up procedure when RC fails to intubate the cecum. Lee and colleagues
reported that CC achieved a higher rescue rate in cecal intubation compared with
RC[22].
In our experience, the cap method may help to stabilize the colonoscope which may
be useful to the procedure of fixing endoscopic clips. However, the results of this
study suggested that there was no difference in the TET tube’s single endoscopic clip
fixation time between the two groups. This may be related to the fact that fecal matter
may stick to the cap’s interior, thus impeding the view and needing a longer time to be
cleaned by water insufflation or simple flushing.
Our results confirmed that the transparent cap did not affect the retention time of
the colonic TET tube. The retention time of the tube was significantly correlated with
the endoscopic clip number. Our previous study reported that two to four endoscopic
clips are recommended to ensure the fixation of the TET tube onto the colonic wall and
maintain it for 7-11 d[24]. We increased the sample size in using one endoscopic clip for
the fixation of TET tube in the current study, suggesting that one clip could also meet
short-term treatment needs within 6 d. Therefore, it is recommended to use one
endoscopic clip to fix the TET tube in patients who only need 1 to 2 FMTs and do not
need a long-term intracolonic administration of drugs, because the increased number
may not bring more benefits to the patient and, conversely, may increase medical
costs. Although the retention time of the TET tube using four endoscopic clips was
longer than that of three, the absence of statistical significance in the three to four is
likely a type II error due to the small sample size.
The length of the TET tube inserted into the colon is affected by many factors. On
the one hand, it may be related to age and height in physiology. On the other hand, it
may be associated with the type of disease. For example, constipation may cause
redundant colon or twisted colon. Nevertheless, chronic inflammatory diseases such as
IBD may shorten the colon. Multivariate analysis demonstrated that height was an
independent factor affecting the length of the TET tube inserted into the colon in
adults. This result of our current study may be useful to guide inexperienced
endoscopists to perform the TET procedure in the future. Then, the more physicians
would bring more opportunities to more patients with better education and
endoscopic technique[36]. Further large sample studies are still warranted to confirm
this opinion, due to the lack of sample size of children in current results. Also,
evidence remains to be obtained from the Western population.
There were several limitations in the current study. First, the lack of blinding of the
assistant who gathered the data on pain scores may have exposed individual bias
outcomes. Second, as the endoscopists had a different personal preference for the cap
assisted method before, we could not exclude the possibility that the cecal intubation
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time may have been affected by personal bias. However, we had used procedure
randomization blocks in individual operators, and each colonoscopist would
contribute equally in the two groups and the overall result should not be biased by the
performance of individual colonoscopists. Third, due to the absence of withdrawal
time, polyp and adenoma detection rate in this study, we still need further research to
investigate the time for observation of the entire colon and the number of polyps and
adenomas after placing a tube in the colon.

CONCLUSION
This study demonstrated for the first time that CC for the colonic TET procedure is a
safe and less painful technique saving the cecal intubation time. However, further
studies are needed in children aged 3-7 years and among the Western population.

ARTICLE HIGHLIGHTS
Research background
The design of colonic transendoscopic enteral tubing (TET) requires repeated
colonoscopies, which increase procedure time and potential procedure-related risks. It
is uncertain whether cap-assisted colonoscopy (CC) would facilitate the technical
performance after inserting the TET tube into the intestinal lumen during the TET
procedure.

Research motivation
We conducted a multicenter, prospective, and randomized controlled trial to ascertain
whether CC could decrease the second cecal intubation time and bring potential
benefits compared with regular colonoscopy (RC) during TET.

Research objectives
The aim of this study was to compare CC with RC in the second cecal intubation time
among subjects undergoing colonic TET.

Research methods
This trial was performed at four centers. Subjects ≥ 7 years needing colonic TET were
recruited from August 2018 to January 2020. All subjects were randomly assigned to
the RC (n = 165) or CC (n = 166) group. Baseline characteristics including age, sex,
body mass index, previous abdominal or pelvic surgery, and disease category were
collected before colonic TET. The primary outcome was the second cecal intubation
time. The secondary outcomes included TET success rate, maximum insertion pain
score, single clip fixation time, purpose and retaining time of TET tube, length of TET
tube inserted into the colon, and all procedure-related (serious) adverse events.

Research results
The median time of the second cecal intubation was significantly shorter for the CC
group than RC (2.2 min vs 2.8 min; P < 0.001). In constipation patients, the median
time of the second cecal intubation in group of CC (n = 50) was shorter than RC (n =
43) (2.6 min vs 3.8 min; P = 0.004). However, no difference was observed in the groups
of CC (n = 42) and RC (n = 46) in ulcerative colitis patients (2.0 min vs 2.5 min; P =
0.152). The insertion pain score during the procedure in the group of CC (n = 14) was
lower than that in RC (n = 19) in unsedated colonoscopies (3.8 ± 1.7 vs 5.4 ± 1.9; P =
0.015). Multivariate analysis revealed that only CC (OR = 2.250, 95%CI: 1.161-4.360; P =
0.016) was an independent factor affecting the second cecal intubation time in difficult
colonoscopy. CC did not affect the colonic TET tube retention time and the length of
the tube inserted into the colon. Moreover, multivariate analysis found that only
endoscopic clip number (OR = 2.201, 95%CI: 1.541-3.143; P < 0.001) was an
independent factor affecting the retention time. Height (OR = 1.144, 95%CI: 1.0271.275; P = 0.014) was the only independent factor influencing the length of TET tube
inserted into the colon in adults by multiple regression analysis.

Research conclusions
CC for the colonic TET procedure is a safe and less painful technique which is able to
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save the cecal intubation time. Importantly, CC does not affect the safety and stability
of the TET tube.

Research perspectives
Further studies are needed in children aged 3-7 years and the Western population.
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