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Abstract
BACKGROUND
Myocarditis is an important cause of morbidity and mortality in children, leading
to long-term sequelae including chronic congestive heart failure, dilated
cardiomyopathy, heart transplantation, and death. The initial diagnosis of
myocarditis is usually based on clinical presentation, but this widely ranges from
the severe sudden onset of a cardiogenic shock to asymptomatic patients. Early
recognition is essential in order to monitor and start supportive treatment prior
to the development of severe adverse events. Of note, many cases of fulminant
myocarditis are usually misdiagnosed as otherwise minor conditions during the
weeks before the unexpected deterioration.

AIM
To provide diagnostic clues to make an early recognition of pediatric myocarditis.
To investigate early predictors for poor outcomes.

METHODS
We conducted a retrospective cross-sectional single-center study from January
2008 to November 2017 at the Pediatric Department of our institution, including
children < 18-years-old diagnosed with myocarditis. Poor outcome was defined
as the occurrence of any of the following facts: death, heart transplant, persistent
left ventricular systolic dysfunction or dilation at hospital discharge (early poor
outcome), or after 1 year of follow-up (late poor outcome). We analyzed different
clinical features and diagnostic test findings in order to provide diagnostic clues
for myocarditis in children. Multivariable stepwise logistic regression analysis
was performed using all variables that had been selected by univariate analysis to

WJCC https://www.wjgnet.com March 6, 2019 Volume 7 Issue 5548

https://www.wjgnet.com
https://dx.doi.org/10.12998/wjcc.v7.i5.548
http://orcid.org/0000-0002-5587-435X
http://orcid.org/0000-0003-0132-3015
http://orcid.org/0000-0002-3970-3833
http://orcid.org/0000-0001-7563-1235
mailto:doctormoisesrodriguez@gmail.com


retrospective studies.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: November 22, 2018
Peer-review started: November 23,
2018
First decision: December 15, 2018
Revised: December 29, 2018
Accepted: January 30, 2019
Article in press: January 30, 2019
Published online: March 6, 2019

determine independent factors that predicted a poor early or late outcome in our
study population.

RESULTS
A total of 42 patients [69% male; median age of 8 (1.5-12) years] met study
inclusion criteria. Chest pain (40%) was the most common specific cardiac
symptom. Respiratory tract symptoms (cough, apnea, rhinorrhea) (38%),
shortness of breath (35%), gastrointestinal tract symptoms (vomiting, abdominal
pain, diarrhea) (33%), and fever (31%) were the most common non-cardiac initial
complaints. Tachycardia (57%) and tachypnea (52%) were the most common
signs on the initial physical exam followed by nonspecific signs of respiratory
tract infection (44%) and respiratory distress (35%). Specific abnormal signs of
heart failure such as heart murmur (26%), systolic hypotension (24%), gallop
rhythm (20%), or hepatomegaly (20%) were less prevalent. Up to 43% of patients
presented an early poor outcome, and 16% presented a late poor outcome. In
multivariate analysis, an initial left ventricular ejection fraction (LVEF) < 30%
remained the only significant predictor for early [odds ratio (OR) (95%CI) = 21 (2-
456), P = 0.027) and late [OR (95%CI) = 8 (0.56-135), P = 0.047) poor outcome in
children with myocarditis. LVEF correlated well with age (r = 0.51, P = 0.005),
days from the initiation of symptoms (r = -0.31, P = 0.045), and N-terminal pro-
brain natriuretic peptide levels (r = 0.66, P < 0.001), but not with troponin T (r = -
0.05, P = 0.730) or C-reactive protein levels (r = -0.13, P = 0.391). N-terminal pro-
brain natriuretic peptide presented a high diagnostic accuracy for LVEF < 30% on
echocardiography with an area under curve of 0.931 (95%CI: 0.858-0.995, P <
0.001). The best cut-off point was 2000 pg/mL with a sensitivity of 90%,
specificity of 81%, positive predictive value of 60%, and negative predictive value
of 96%.

CONCLUSION
The diagnosis of myocarditis in children is challenging due to the heterogeneous
and unspecific clinical presentation. The presence of LVEF < 30% on
echocardiography on admission was the major predictor for poor outcomes.
Younger ages, a prolonged course of the disease, and N-terminal pro-brain
natriuretic peptide levels could help to identify these high-risk patients.

Key words: Myocarditis; Children; Echocardiography; N-terminal pro-brain natriuretic
peptide; Myocardial ischemia; Cardiac magnetic resonance imaging; Heart
transplantation; Dilated cardiomyopathy

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this retrospective study involving 42 children with myocarditis, we
delineated the heterogeneous and unspecific clinical presentation of this condition in
order to provide clinical clues to improve its early recognition. We found that the
presence of left ventricle ejection fraction < 30% on echocardiography on admission was
the major predictor for poor early outcomes. Because echocardiography is not widely
available at emergency departments, we found that younger ages (< 2-years-old), a
prolonged course of the disease (> 7 d), and increased N-terminal pro-brain natriuretic
peptide levels (> 5000 pg/mL) could help to identify these high-risk patients.

Citation: Rodriguez-Gonzalez M, Sanchez-Codez MI, Lubian-Gutierrez M, Castellano-
Martinez A. Clinical presentation and early predictors for poor outcomes in pediatric
myocarditis: A retrospective study. World J Clin Cases 2019; 7(5): 548-561
URL: https://www.wjgnet.com/2307-8960/full/v7/i5/548.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i5.548

INTRODUCTION
Myocarditis is an inflammatory condition characterized by leukocyte infiltration and
subsequent fibrosis and necrosis of the myocardium. Multiple causes can produce it,
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but  most  cases  are  thought  to  be  associated  with  viral  infections[1,2].  The  real
prevalence of pediatric myocarditis is still unknown, but it is considered a rare disease
that accounts for 0.05% of pediatric hospital discharges[3-5].

Despite its rarity, myocarditis is an important cause of morbidity and mortality in
children. A high percentage of patients presents with congestive heart failure (CHF)
and require hospitalization, intensive care admission, mechanical ventilation, cardiac
medication, and inotropic or mechanical circulatory support[3-6].  Remarkably,  the
overall mortality rate in the acute phase is reported to be 7%-15%[3,5] with an increased
likelihood of death early in the illness trajectory, and it has been found as the cause of
up to 17% of cases of sudden cardiac death in children younger than 16-years-old[4].
Also, most patients with myocarditis develop a left ventricular (LV) dysfunction or
dilation in the acute phase that does not recover completely leading to long-term
sequelae including chronic CHF, dilated cardiomyopathy (DCM), and death[7,8]. Thus,
myocarditis is one of the leading causes for DCM (27%) and for heart transplantation
(80%) in children without congenital heart diseases[4,9].

The definitive diagnostic is made by established histological, immunological, and
immunohistochemical  findings  in  myocardial  tissue  samples  obtained  through
endomyocardial biopsy (EMB)[10,11]. However, EMB has many inherent risks, is not
widely available in most centers that initially treat patients with myocarditis, and is
not routinely performed. Therefore, the initial diagnosis of myocarditis is usually
based on clinical  presentation,  but it  widely ranges from severe sudden onset of
cardiogenic shock to asymptomatic patients[12-15]. Of note, many cases of fulminant
myocarditis (FM) are usually misdiagnosed as otherwise minor conditions during the
weeks prior to the unexpected and severe deterioration[13].

In this context, we sought to describe the clinical presentation and diagnostic tests´
findings of our cases of pediatric myocarditis in order to provide diagnostic clues that
would help clinicians recognize these patients early. Also, we aimed to investigate the
existence of early predictors for poor outcomes.

MATERIALS AND METHODS

Design, setting and study population
We conducted a retrospective cross-sectional single-center study from January 2008 to
November 2017 at the Pediatric Department of our institution, a tertiary university-
affiliated hospital with 25000 visits per year to our pediatric emergency department
and 1200 admissions excluding the neonatal unit. The study was performed according
to the requirements of our Institutional Review Board.

Patients were included if they were children up to 18-years-old, and they were
diagnosed with myocarditis based on the International Classification of Diseases,
Tenth Revision. In all  cases,  the final diagnosis was made by an expert pediatric
cardiologist based on the context of possible myocardial injury with (probable acute
myocarditis) or without (possible subclinical myocarditis) cardiovascular symptoms,
and at least one of the following criteria[7]:  (1) raised biomarkers of cardiac injury
(troponin T); (2) ECG findings suggestive of cardiac injury[13,16-21]; (3) abnormal LV
function or LV dilation on echocardiogram[22,23] or cardiac magnetic resonance imaging
(cMRI); and (4) evidence of inflammation on cMRI (late gadolinium enhancement
sequence)[24].  Because EMB was not  available at  our institution during the study
period, no cases of definitive or confirmed myocarditis are presented. Patients were
excluded if any etiology of DCM or CHF different from myocarditis (congenital heart
diseases, Kawasaki disease, sepsis, cardiotoxic drugs, an inborn error of metabolism,
neuromuscular  disorders,  malformation syndromes,  or  familial  syndromes)  was
identified, and if there were incomplete medical records.

Data collection
A standardized data collection form was used to collect  data from inpatient and
outpatient medical records. Inpatient medical records were reviewed to obtain initial
data at the time of evaluation at the emergency department when the patient was
admitted with the clinical suspicion of myocarditis. Outpatient medical records were
reviewed to obtain a follow-up data up to 1 yr following initial hospitalization. Data
obtained from each patient included demographics, presenting symptoms, physical
examination findings, diagnostic test results, treatment received, and outcomes.

Definitions
LV systolic dysfunction was defined as left ventricle ejection fraction (LVEF) < 50%
and severe LV systolic dysfunction as LVEF < 30%. LV dilation was defined as left
ventricle diastolic diameter > 2 Z score for body surface area[25]. Based on their clinical
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presentation, patients were retrospectively classified under four different cardiac
syndromes:  (1)  FM (abrupt cardiogenic shock or sudden cardiac death);  (2)  CHF
without hemodynamic instability; (3) Dysrhythmia (palpitations associated to any
abnormal rhythm documented on ECG)[18,19]; and (4) Acute coronary syndrome-like
(ACS-like) (chest pain, ECG findings suggestive of myocardial ischemia, and raised
troponin T)[17,26-29]. Increased CPR, troponin T, and N-terminal pro-brain natriuretic
peptide  (NT-proBNP)  levels  were  defined  as  >  60  mg/L,  >  10  ng/L,  and >  600
pg/mL, respectively.  Poor outcome was defined as  the occurrence of  any of  the
following facts:  death,  heart  transplant,  or  persistent  LV systolic  dysfunction or
dilation at hospital discharge (early poor outcome) or after 1 year of follow-up (late
poor outcome).

Study strategy
We analyzed different variables in order to characterize the clinical presentation and
to find diagnostic clues for myocarditis in children. Also, patients were divided into
two groups based on the presence of poor early (at hospital discharge) and late (1 yr
after admission) outcomes. Then, we looked for risk factors for poor outcomes at the
presentation in our pediatric myocarditis cohort.

Statistical analysis
Data are presented descriptively using frequency and percentage for  qualitative
variables. Quantitative variables were expressed using the mean (± SD) or the median
and interquartile range according to the variable’s distribution (tested with Shapiro-
Wilk normality test). For bivariate analysis, unpaired two-tailed Student’s t-test or
Mann-Whitney  U-test  was  used  depending  on  the  distribution  of  the  studied
variables. Chi-squared test was used to compare categorical variables (Fisher’s exact
test was used when the expected frequency was less than 5).  The relation among
quantitative variables was explored through estimation of  Pearson or Spearman
correlation  coefficients.  Multivariable  stepwise  logistic  regression  analysis  was
performed  using  all  variables  that  had  been  selected  by  univariate  analysis  to
determine independent factors that predicted a poor early or late outcome in our
population study, and the results were expressed as an odds ratio (OR) with a 95%CI.
Significance level was considered as P < 0.05. A 95%CI that did not include 1.0 was
interpreted to indicate statistical significance. Analyses were performed using the
Stata 13.0. (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX,
United States: StataCorp LP).

RESULTS
A total of 42 patients (69% male) met study inclusion criteria. The median age was 8
(1.5-12) years with a bimodal age presentation: most cases were children < 2-years-old
and > 12-year-old (35% for each group; Figure 1). Table 1 provides the baseline data of
the patients enrolled.

Clinical presentation at the Emergency Department (ED)
The diagnosis of myocarditis was made after a median of 5 (2-10) d from the initial
symptoms, and the patients consulted to the ED a median of 2 (1-2) times prior to
their admission. The definitive diagnosis of myocarditis was made during the first
visit at our ED in 41% of patients, 34% of cases were children > 10-years-old with the
ACS-like presentation, and 7% were infants with FM. Most patients (59%) required
two or more visits to the ED before the diagnosis of myocarditis. A previous diagnosis
different  from myocarditis  was  made in  52% of  cases;  31% were  categorized as
respiratory infection (bronchiolitis, pneumonia, and upper respiratory tract infection),
17% as gastrointestinal infection, 2% as urinary tract infection, and 2% as infantile
colic. The majority of patients (69%) presented a viral infection prior to the diagnosis,
and a positive microbiologic study by serology or blood-PCR was observed in 47% of
patients,  with  Coxsackie  (30%) and Parvovirus  B19 (20%) as  the  most  prevalent
agents.

Most patients had overlapping signs and symptoms at presentation. Chest pain
(40%)  was  the  most  common  specific  cardiac  symptom.  Other  specific  cardiac
symptoms such as palpitations (16%) or syncope (4%) were less prevalent. Respiratory
tract  symptoms  (cough,  apnea,  rhinorrhea)  (38%),  shortness  of  breath  (35%),
gastrointestinal tract symptoms (vomiting, abdominal pain, diarrhea) (33%), and fever
(31%) were the most common non-cardiac initial complaints. Tachycardia (57%) and
tachypnea (52%) was the most common sign on the initial physical exam, followed by
nonspecific signs of respiratory tract infection (44%) and respiratory distress (35%).
Specific  abnormal  signs  of  heart  failure  such  as  heart  murmur  (26%),  systolic
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Table 1  Baseline characteristics at the time of hospital admission

Clinical and demographic data n = 42

Age Median (IQR) yr: 8 (1.5-12)

Male:Female gender 2.23

Evolution Median (IQR) days from initial symptoms: 5 (2-10)

Visits to ED previously before diagnosis of myocarditis Median (IQR) visits prior to admission: 2 (1-2); 1 visit (41), 2 visits (36), 3
visits (9), more than 3 visits (14)

Presenting symptoms (%) Previous viral infection (69); Chest pain (40); Respiratory tract symptoms
(cough, apnea, rhinorrhea) (38); Shortness of breath (35); Gastrointestinal

tract symptoms (vomiting, abdominal pain, diarrhea) (33); Fever (31);
Weakness, exercise or feeding intolerance (21); Palpitations (16); Lethargy

(12); Syncope (4)

Physical exam (%) Tachycardia (57); Tachypnea (52); Evidence of respiratory tract infection (44);
Respiratory distress (35); Abnormal lung auscultation (31); Murmur (26);

Systolic hypotension (24); Poor perfusion or diminished pulses (21); Gallop
rhythm (20); Hepatomegaly (20); Edema (7); Cyanosis (2)

Cardiac syndrome (%) ACS-like (34); Fulminant myocarditis (29); Congestive heart failure (23);
Dysrhythmia (14)

Complementary exams

Laboratory (%) CRP > 60 mg/L (16); Troponin T > 10 ng/L (62); NT-proBNP > 600 pg/mL
(40)

Chest X-Ray (%) Cardiomegaly (35); Pulmonary edema (28); Pulmonary infiltrate (4%);
Pleural effusion (2.5%)

ECG (%) Abnormal ECG (93); Sinus tachycardia (61); Ischemic changes (57); Low
voltage (50); SVT (2.5); VT (7); AVB (2.5); prolonged QT interval (2.5%)

Echocardiography (%) Abnormal echocardiography (88): LV systolic dysfunction (50): severe (14),
moderate (16), mild (20); Biventricular systolic dysfunction (10); Segmental
wall motion abnormalities (38); LV dilation (43); Mitral regurgitation (69);

Pericardial effusion (59)

Cardiac MRI (%) MRI performed (50); Median days to realization from admission, 5 (3-9);
Lake Louis criteria positive (86), equivocal (10), negative (4)

Microbiology (%) Positive microbiology (47): Coxsakie (30); Parvovirus B19 (20); Adenovirus
(15); EBV (15); CMV (10); Mycoplasma (10)

Treatment (%) Any treatment (71): Diuretics (69); ACEI (69); Beta-blockers (64); Digoxin (14)
Spironolactone (14); Antiarrhythmic (5); Inotropic support (35); Mechanical

Ventilation (26); ECMO/VAD (2.5); Pacemaker (2.5)

Outcomes (%) Hospitalization length of stay (d): Median 6 (IQR 3-13); Death (5), transplant
(0)

Poor early outcomes: Death, transplant, or LV systolic dysfunction/dilation
at discharge (43)

Poor late outcomes: Death, transplant or LV systolic dysfunction/dilation
after 1 yr of follow-up (16); Spontaneous LV function recovery during first

year after diagnosis (69)

IQR: Interquartile range; GI: Gastrointestinal; SCD: Sudden cardiac death; ACS: Acute coronary syndrome; CRP: C-reactive protein; NT-proBNP: N-
terminal pro-brain natriuretic peptide; ECG: Electrocardiogram; SVT: Supraventricular tachycardia; VT: Ventricular tachycardia; AVB: Atrioventricular
block; LV: Left ventricle; MRI: Magnetic resonance imaging; EBV: Epstein-Barr virus; CMV: cytomegalovirus; ACEI: Angiotensin-converting-enzyme
inhibitors; ECMO: Extracorporeal membrane oxygenation; VAD: Ventricular assist device.

hypotension (24%), gallop rhythm (20%), or hepatomegaly (20%) were less prevalent.
ACS-like was the most common cardiac syndrome (34%), followed by FM (29%), CHF
(23%), and dysrhythmia (14%). Patients with ACS-like were older (median age 12.5
(11-13) years vs 2 (1.5-8) years; P < 0.001), presented earlier [median 2 (1-3) d vs 8.5 (4-
12) d, P = 0.005], and with normal LV systolic function [median LVEF of 65% (62-77)
vs  41% (30-53),  P  <  0.001]  than  patients  with  the  rest  of  the  cardiac  syndromes.
Conversely, patients with FM were younger [median age of 1.15 years [0.95-1.85 vs 11
years (6-13), P < 0.001], and presented later [median 9 (4.5-11) d vs 4 (2-10) d, P =
0.017] and with depressed LV systolic function [median LVEF of 32% (27-36) vs 62%
(45-66), P < 0.001] compared to patients with other cardiac syndromes (Table 2).

Diagnostic tests
Troponin T plasma levels were assessed as a biomarker for myocardial damage in
90% of patients with median levels of 91 (5-550) pg/mL and were increased in 62% of
cases. NT-proBNP as a biomarker for CHF was determined in 81% of patients with
median levels  of  482  (151-2500)  pg/mL and was  increased in  40% of  cases.  The
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Figure 1

Figure 1  Histogram showing the age distribution of myocarditis pediatric population. Most patients (70%)
were children younger than 2-years-old (35%), and older than 12-years-old (35%).

systemic inflammatory response was assessed by C-reactive protein (CPR) in all
patients with median levels of 4 (2-144) mg/dL and was increased in 16% of cases. An
abnormal ECG was observed in most patients (93%) with sinus tachycardia (61%) and
signs suggestive of ischemia (57%) as the most common features. Life-threatening
arrhythmias (ventricular tachycardia or acute complete atrioventricular block with
cardiac arrest) were observed in 9.5% of patients. Chest X-ray revealed cardiomegaly
in 35% and pulmonary edema in 28% of patients. Echocardiography was abnormal in
88% of patients. LV systolic dysfunction was observed in up to 50% of the entire
cohort,  14% with severe LV dysfunction and 10% with biventricular dysfunction.
Segmental wall motion abnormalities were observed in 38% of cases, most of them
(76%) children with ACS-like and normal LVEF. cMRI was performed in 50% of the
population study after a median of 4 (3-6) d of hospitalization, most of them (95%)
children  >  10-year-old  without  FM  presentation  confirming  the  presence  of
myocardial inflammation in 86% of cases.

Therapeutics and outcomes
Most  patients  (73%) received cardiac  medications  during the  admission,  mostly
diuretics (69%), angiotensin-converting-enzyme inhibitors (69%), and beta-blockers
(64%). No treatment with gammaglobulin or steroids was administered. Up to 35% of
cases  required  inotropic  support,  whereas  advanced  circulatory  support  with
extracorporeal membrane oxygenation or pacemaker implantation was required in
2.5% of cases. Up to 43% of patients were classified as having an early poor outcome
and 16% as having a late poor outcome. The mortality rate secondary to cardiac
causes  was  5%,  all  cases  during  the  first  hospitalization  with  no  cases  of  heart
transplantation. The median length of hospitalization was 6 (3-13) d. LV dysfunction
or dilation persisted in up to 38% and 12% of patients, respectively after the hospital
discharge and after 1 year of follow-up. The spontaneous recovery rate of LV function
was 69% during the first year of follow-up. Only one patient presented a permanent
and significant non-cardiac complication, which was cerebral palsy due to prolonged
cardiac arrest after acute atrioventricular block.

Risk factors for poor outcome at presentation
Upon univariate analysis (Table 2 and Table 3), age < 2 years, diagnosis > 7 d from
initial  symptoms, NT-proBNP admission levels > 5000 pg/mL, and LVEF < 30%
predicted both early and late poor outcome. In multivariate analysis (Table 4 and
Table 5), an initial LVEF < 30% remained the only significant predictor for early and
late poor outcome in children with myocarditis.

Clinical  and biochemical  markers  associated with  LV systolic  dysfunction on
echocardiography at presentation
LVEF correlated well with age (r = 0.51, P = 0.005), days from initial symptoms (r = -
0.31; P = 0.045), and NT-proBNP levels (r = 0.66, P = 0.001), but not with troponin T (r
= -0.05, P = 0.730) or CRP levels (r = -0.13, P = 0.391) (Figure 2). NT-proBNP presented
a high diagnostic accuracy for severe LV systolic dysfunction on echocardiography,
with an area under the curve of 0.931 (95%CI: 0.858-0.995, P = 0.001) (Figure 3). The
best  cut-off  point  was 2000 pg/mL with a  sensitivity  of  90%,  specificity  of  81%,
positive predictive value of 60%, and negative predictive value of 96%.
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Table 2  Comparison between patients with acute coronary syndrome-like and fulminant myocarditis

Variable ACS-like (n = 14;
33%)

No ACS-like (n = 28;
66%) P value FM (n = 12;

28%)
No FM (n = 30;

78%) P value

Age (yr), median (IQR) 11 (5-12.5) 1.6 (1-8) < 0.001 10 (2-13) 1.7 (0.9-3) < 0.001

Male sex, n (%) 19 (71) 19 (67) 0.813 9 (75) 20 (66) 0.598

Days from initial symptoms, median
(IQR)

2 (1-3) 8.5 (4-12) 0.005 9 (4.5-11) 4 (2-10) 0.017

Visits prior to admission, median
(IQR)

1 (1-1) 2 (2-3) < 0.001 2.5 (2-3) 1 (1-1) < 0.001

Viral prodromal, n (%) 9 (31) 5 (38) 0.637 9 (31) 3 (23) 0.598

Altered ECG, n (%) 14 (100) 25 (89) 0.204 12 (100) 27 (90) 0.256

CPR (mg/dl), median (IQR) 5 (2.5-188) 3 (2-144) 0.179 29 (3-203) 3 (2-144) 0.095

Troponin T (ng/mL), median (IQR) 466 (89-800) 51 (4-353) 0.041 134 (71-431) 70 (4-160) 0.308

NT-proBNP (pg/mL), median (IQR) 137 (78-234) 1960 (272-3175) < 0.001 2900 (2207-6125) 225 (105-561) < 0.001

LVEF (%), median (IQR) 65 (62-67) 41 (30-53) < 0.001 32 (27-36) 62 (45-66) < 0.001

LGE in cMRI (n = 21), n (%) 10/14 (71) 5/7 (71) 1.000 0/1 (0) 15/20 (75) 0.105

Positive Microbiology, n (%) 9 (64) 18 (64) 1.000 8 (66) 19 (63) 0.839

Poor outcomes, n (%) 0 (0) 7 (25) 0.041 5 (41) 2 (7) 0.006

ACS-like: Acute coronary syndrome; FM: Fulminant myocarditis; IQR: Interquartile range; ECG: Electrocardiogram; CRP: C-reactive protein; NT-proBNP:
N-terminal pro-brain natriuretic peptide; LVEF: Left ventricle ejection fraction; LGE: Late gadolinium enhancement; cMRI: Cardiac magnetic resonance
imaging.

DISCUSSION
In this retrospective study, we described the clinical presentation and diagnostic
method findings of 42 children with a clinical diagnosis of myocarditis. Also, we
provided clues to improve the early recognition of myocarditis and define possible
early predictors for poor outcome in these patients.

The challenges of diagnosing pediatric myocarditis
The identification of pediatric patients with myocarditis in the early phases of the
disease is essential in order to start monitoring and supportive treatment in a timely
manner. However, the diagnosis may be challenging at initial stages in milder cases
before  the  development  of  severe  adverse  events.  Our  results  showed  a
heterogeneous and unspecific clinical presentation of myocarditis in children. Most
patients  presented  with  a  preceding  viral  illness  involving  the  respiratory  or
gastrointestinal tracts that was not associated with myocarditis initially. Of note, the
most  common specific  cardiac  symptom (chest  pain)  was  observed  in  a  similar
proportion with shortness of breath and nonspecific respiratory or gastrointestinal
symptoms that could mimic the clinical presentation of benign viral infections[2,13-15].
Besides, the physical examination revealed specific cardiac signs only in a minority of
cases, and the most common alterations found on physical examination (tachycardia,
tachypnea, respiratory distress, and abnormal lung auscultation) were non-specific
cardiac signs. Therefore, the early identification of pediatric myocarditis based on
clinical presentation and physical examination is challenging. We characterized four
specific cardiac presentations in our pediatric myocarditis cohort that included FM,
ACS-like,  dysrhythmia,  and  CHF.  Remarkably,  we  observed  that  the  clinical
presentation was associated with the age and the time of evolution of symptoms.
Thus, older children (> 10-years-old) with ACS-like were diagnosed early after the
initial symptoms usually at the time of the first consultation. Conversely, infants (< 2-
years-old) were diagnosed late usually after two or more consultations with FM or
CHF. This may be explained by the capacity of the older children to describe their
symptoms  in  detail  leading  to  prompt  medical  consultation  and  diagnosis.
Conversely, younger infants are not able to express their symptoms, and clinicians are
more reliant on parents’ observations. Therefore, they only seek medical attention
when they observe late symptoms related to heart failure[6,24-26]. Also, the influence of
the age on the immunologic response to viral infection of the myocardium might lead
to different clinical courses and outcomes[7,29]. Our finding that most patients were
consulted to the ED two or more times prior to the final diagnosis and that many
patients had a previous diagnosis different from myocarditis, reinforces that a high
index of suspicion is needed for infants with prolonged viral infections (overall with
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Table 3  Comparison between patients with good and poor outcomes

Variable
Early outcome (hospital discharge) Late outcome (1 yr after admission)

Good outcome(n
= 24; 57%)

Poor outcome(n =
18; 43%) P value Good outcome (n

= 35; 84%)
Poor outcome (n =

7; 16%) P value

Age (years),
median (IQR)

11 (5-12.5) 1.6 (1-8) 0.026 10 (2-13) 1.7 (0.9-3) 0.014

Male sex, n (%) 14 (78) 15 (62) 0.289 24 (68) 5 (71) 0.881

Evolution (days
from initial
symptoms),
median (IQR)

2.5 (2-10) 7 (4-12) 0.036 4 (2-10) 7 (7-15) 0.043

Cardiac syndrome,
n (%)

FM 2 (8) 10 (55) < 0.001 7 (20) 5 (71) < 0.001

CHF 6 (25) 4 (22) 0.834 8 (23) 2 (28) 0.746

Dysrhythmia 3 (12) 3 (16) 0.793 6 (17) 0 (0) 0.237

ACS-like 13 (54) 1 (5) 0.001 14 (40) 0 (0) 0.041

Viral prodromal, n
(%)

15 (62) 14 (68) 0.289 23 (65) 6 (85) 0.296

Altered ECG, n (%) 22 (91) 17 (94) 0.729 32 (91) 7 (100) 0.421

CPR (mg/dL),
median (IQR)

4 (2-147) 4 (3-125) 0.443 4 (2-144) 33 (3-156) 0.415

Troponin T
(ng/mL), median
(IQR)

118 (5-580) 91 (32-196) 0.789 103 (5-610) 52 (32-177) 0.447

NT-proBNP
(pg/mL), median
(IQR)

291 (92-300) 2700 (1955-4320) < 0.001 300 (123-1955) 5700 (2500-10321) 0.002

LVEF (%), median
(IQR)

65 (58-66) 34 (28-41) < 0.001 59 (41-66) 29 (27-31) < 0.001

LVDD Z score > 2,
n (%)

9 (37) 17 (94) < 0.001 19 (54) 7 (100) 0.023

Dyskinesia, n (%) 11 (46) 5 (27) 0.233 15 (43) 1 (14) 0.155

LGE in cMRI (n
=21), n (%)

12 (75) 3 (60) 0.517 14 (70) 1 (100) 0.517

Positive
Microbiology, n (%)

12 (50) 8 (44) 0.307 16 (45) 4 (57) 0.666

IQR: Interquartile range; CHF: Congestive heart failure; SCD: Sudden cardiac death; ACS: Acute coronary syndrome; FM: Fulminant myocarditis; CRP: C-
reactive protein; LVEF: Left ventricle ejection fraction; LVDD: Left ventricle diastolic dysfunction; LGE: Late gadolinium enhancement; cMRI: Cardiac
magnetic resonance imaging.

respiratory signs or symptoms) that do not improve and lead to multiple medical
consultations.

Another reason that diagnosing myocarditis is difficult is the limited diagnostic
accuracy of most available noninvasive diagnostic tests. There are no accurate serum
biomarkers for the diagnosis of myocarditis[1]. CPR can be elevated in the acute phase,
but it is neither sensitive nor specific to determine the presence or absence of active
myocardial  inflammation.  We observed elevated CRP levels  only  in  16% of  our
population, so normal values do not exclude a myocardial inflammatory process.
Myocytes  destruction also occurs  in  the acute  phase of  myocarditis;  thus serum
biomarkers  of  myocardial  damage can be  elevated in  some cases.  However,  the
sensitivity and negative predictive of elevated troponin I level in patients with biopsy-
proven myocarditis were reported to be low[30-32]. We observed elevated troponin T
levels in up to 65% of our population. Therefore, increased troponin T levels can
reinforce the clinical suspicion of myocarditis in children, but a normal result does not
exclude the diagnosis[1]. Natriuretic peptides are secreted by ventricular myocytes in
response  to  volume  or  pressure  overload  to  counteract  the  renin-angiotensin-
aldosterone and sympathetic nervous system actions in the context of heart failure.
Thus, natriuretic peptides can be elevated in myocarditis with LV dysfunction and
heart failure[33]. We observed increased NT-proBNP levels only in 40% of patients, and
therefore a normal value does not discard the diagnosis of  myocarditis.  Of note,
increased NT-proBNP levels may aid in distinguishing a cardiac from a non-cardiac
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Table 4  Predictors for poor outcome at hospital discharge

Variable
Univariate analysis Multivariate logistic

regression1

OR (95%CI) P value OR (95%CI) P value

Age < 2 yr 8 (2-32) 0.005

Evolution > 7 d 3 (0.9-11) 0.038

NT-proBNP > 5000 pg/mL 15 (1.5-303) 0.037

LVEF < 30% 60 (3-347) 0.006 21 (2-456) 0.027

1Multivariate logistic regression was performed only on risk factors in univariate analyses for early and late
poor outcome (age < 2 yr, evolution > 7 d, N-terminal pro-brain natriuretic peptide > 5000, left ventricular
ejection fraction < 30%). Odds ratios refer to the change in odds of poor early and late outcome when the
predictor variables are presents. LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain
natriuretic peptide; OR: Odds ratio; CI: Confidence interval.

reason for respiratory symptoms in children[34,35]. This feature seems to be very useful
to identify patients with a cardiac process in the context of nonspecific respiratory
symptoms, as we observed in our young patients with myocarditis.

ECG and chest  X-ray also have limited value for the diagnosis of  myocarditis.
Although ECG is  virtually always abnormal in children with myocarditis[13],  the
abnormalities  observed  were  widely  variable,  and  there  was  not  one  specific
abnormality that occurs with enough frequency to be a specific marker[16-19].  Also,
chest  X-ray  revealed  more  specific  cardiac  findings  such  as  cardiomegaly  and
pulmonary in a minority of patients.

Echocardiography remains the more useful diagnostic test in cases with clinical
suspicion of  myocarditis[22].  Most  children had echocardiographic  alterations  on
admission. The most typical findings associated with myocarditis were LV dilatation
and reduced global LVEF. Another echocardiographic sign that can help make the
diagnosis is the presence of segmental wall motion abnormalities mimicking ischemic
cardiomyopathy[23], which were observed mostly in older children with ACS-like. This
feature can be explained by the focal distribution of areas of inflammation frequently
seen  in  myocarditis.  Mitral  regurgitation  and  pericardial  effusion  may  also  be
observed  and  help  make  a  diagnosis.  Similar  to  the  clinical  presentation,
echocardiographic findings depend on both the manner and timing of a patient’s
presentation. Thus, young patients with FM and more days of evolution presented the
most depressed LVEF whereas older patients that were consulted early in the course
of the disease with ACS-like usually presented a normal LVEF and segmental wall
motion alterations.

cMRI is a promising diagnostic method for myocarditis.  The major strength of
cMRI is  its  capacity to detect  inflammation,  edema, necrosis,  and fibrosis within
myocardial  tissue through several  imaging sequences.  The use of  a  mixed cMRI
method (Lake Louis criteria) is preferred compared to EMB in clinically stable patients
suspected of  having myocarditis.  Nevertheless,  the presence of  two of  the three
characteristics listed in the Lake Louise criteria leads to a low-moderate sensitivity
(67%-78%)  and negative  predictive  value  (69%),  and  high  specificity  (91%)  and
positive predictive value (91%)[24].  Therefore, a negative test does not discard the
clinical  suspicion  of  myocarditis.  The  sensitivity  of  cMRI  for  the  diagnosis  of
myocarditis is likely to be limited in patients with less inflammation and a prolonged
duration of symptoms; thus cMRI may be more helpful in the diagnosis of acute
myocarditis if performed within 14 d of the onset of symptoms[30]. Also, cMRI is not
widely available in all centers, and it is difficult to carry out in non-stable patients and
infants, which represent the most common clinical picture of myocarditis. Consistent
with this, we performed cMRI early in the course of the disease (median of 4 d after
admission)  in  50% of  our  population,  most  of  them teenagers  with  an ACS-like
presentation, confirming the diagnosis of suspected myocarditis in 86%. The only
cMRI in an infant with FM was performed after 14 d of diagnosis when the patient
was stable and was negative. Although cMRI is a promising technology, its sensitivity
for the diagnosis of myocarditis must be improved and used timely in the appropriate
candidates.

Predictors for poor outcomes
Myocarditis is a significant etiology of CHF, often leading to DCM, need for heart
transplantation, and death. Poor outcomes were observed in up to 43% of patients at
the time of hospital discharge and 16% after 1 year of follow-up. The mortality rate
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Table 5  Predictors for poor outcome at 1 yr from admission

Variable
Univariate analysis Multivariate analysis1

OR (95%CI) P value OR (95%CI) P value

Age < 2 yr 6 (1.1-37) 0.046

Evolution > 7 d 10 (1.1-93) 0.041

NT-proBNP > 5000 pg/mL 13 (1.4-122) 0.024

LVEF < 30% 46 (4.4-392) 0.001 8 (0.56-135) 0.041

1Multivariate logistic regression was performed only on risk factors in univariate analyses for early and late
poor outcome (age < 2 yr, evolution > 7 d, N-terminal pro-brain natriuretic peptide > 5000, left ventricular
ejection fraction < 30%). ORs refer to the change in odds of poor early and late outcome when the predictor
variables are presents. LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic
peptide; OR: Odds ratio; CI: Confidence interval.

was  5%,  and  all  cases  of  death  occurred  during  the  initial  hospitalization.  We
observed LV dilation in 43% and LV dysfunction in 50% (14% severe) of cases on
admission, reflecting the potential of myocarditis to produce important alterations in
the early phases of the disease. Acute myocarditis in patients who present with LV
systolic dysfunction can recover in weeks to months. Of note, we found a spontaneous
complete recovery rate of initial LV dysfunction or dilation of 69% during the first
year of follow-up. These outcomes are similar to those observed in two recent large
prospective multicentric studies involving pediatric myocarditis[6,9] and highlight a
contemporary good prognosis of acute myocarditis in children that could reflect the
advances in the recognition and management of these patients. Also, this reinforces
the need for aggressive initial management in the acute phase of the disease waiting
for a possible recovery in most patients. Nevertheless, we found that myocarditis in
children is still associated with a high rate of CHF, hospitalization, intensive care unit
stay, use of cardiac medications, and inotropic support or mechanical circulatory
support at the time of diagnosis. Also, 12% still  suffered from LV dysfunction or
dilation after 1 year. Hence, it would be useful to identify these high-risk patients in
the early phase of  the disease.  The main finding of  this  study was that  a  severe
depressed LV systolic function (LVEF < 30%) on admission was the only independent
predictor for poor outcomes in pediatric myocarditis. However, in the univariate
analysis we identified some features that could help clinicians detect these patients on
admission. These factors were age < 2-years-old, > 7 d from the initial symptoms, and
NT-proBNP > 5000 pg/mL. Of note, LVEF was associated with all these factors. As
echocardiography is not widely available at emergency departments and requires
some  training  and  expertise,  we  think  that  the  above  mentioned  clinical  and
biochemical factors could be useful to identify high-risk patients. Specifically, NT-
proBNP levels  seem to be very useful  for  the screening of  LV dysfunction upon
admission in children with myocarditis. We found that the diagnostic accuracy of NT-
proBNP levels on admission for severe LV dysfunction on echocardiography was
high and that those patients with concentrations less than 2000 pg/mL at admission
probably will not have a severe LV dysfunction on echocardiography, and therefore
they will have a good outcome.

Limitations
This study had several limitations. The retrospective nature without the establishment
of  inclusion criteria  prior  to the beginning of  the study and the use of  clinically
diagnosed myocarditis  could lead to the inclusion of  patients  who did not  have
myocarditis. The absence of cases of heart transplantation could be because our center
does not have a heart transplant program. Therefore, it is possible that more severe
cases  of  myocarditis  were  referred  directly  to  hospitals  with  a  heart  transplant
program.  Although  our  mortality  rate  was  low  and  consistent  with  the  recent
literature, it could also be influenced by this fact, and this could limit the risk factors
provided. Also, the time of follow-up was short, and this could prevent the analysis of
risk  factors  for  long-term  outcomes.  Finally,  none  of  our  patients  received
immunomodulatory  therapy,  a  promising  therapeutic  strategy  as  suggested  by
several randomized trials. This could impact the outcomes observed in our study, but
this kind of therapy remains investigational mainly at this time and requires further
elucidation. Of note, despite not using these treatments, our outcomes were similar to
those studies that used them.

Conclusions
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Figure 2

Figure 2  Correlations between left ventricular ejection fraction at admission and (A) N-terminal pro-brain natriuretic peptide levels, (B) age, and (C) days of
evolution of the disease. NT-proBNP: N-terminal pro-brain natriuretic peptide.

The  timely  diagnosis  of  myocarditis  in  children  is  challenging  due  to  the
heterogeneous and unspecific clinical presentation and the low diagnostic accuracy of
most non-invasive laboratory tests.  Myocarditis should be considered among the
differential  diagnosis  in  infants  with  prolonged  viral  infections  (overall  with
respiratory signs or symptoms) that does not improve and leads to multiple medical
consultations.  Echocardiography  remains  the  most  useful  diagnostic  tool  for
myocarditis, and the presence of severe LV dysfunction at admission was the primary
predictor for poor outcomes. Younger ages, a prolonged course of the disease, and
NT-proBNP levels are some factors that could help to identify these high-risk patients
in ED.
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Figure 3

Figure 3  Area under receiver operating characteristic curve of N-terminal pro-brain natriuretic peptide for determining left ventricular ejection fraction <
30%. N-terminal pro-brain natriuretic peptide presented a high diagnostic accuracy for severe left ventricular systolic dysfunction on echocardiography with an area
under curve of 0.931 (95%CI: 0.858-0.995, P < 0.001). The best cut-off point was 2000 pg/mL, with a sensitivity of 90%, specificity of 81%, positive predictive value of
60%, and negative predictive value of 96%.

ARTICLE HIGHLIGHTS
Research background
Pediatric myocarditis constitutes an important cause of morbidity and mortality in the form of
death, heart transplant, and dilated cardiomyopathy. Pediatric myocarditis diagnosis is usually
challenging. It is mainly due to its heterogeneous and unspecific clinical presentation, and the
low accuracy of the currently available non-invasive diagnostic tests. Also, the gold standard for
diagnosis, the endomyocardial biopsy has inherent risks and is not widely available. Of note, a
diagnostic delay can lead to a subsequent elevated morbimortality.

Research motivation
We aimed to investigate the clinical presentation and the results of the non-invasive tests utilized
in the diagnostic work-up of pediatric myocarditis at presentation.

Research objectives
Our main purpose was to provide clinical, biochemical, or echocardiographic clues in order to
improve  the  early  recognition  of  pediatric  myocarditis  at  presentation  in  the  emergency
department. Also, we sought to identify predictors for poor outcome in pediatric myocarditis in
order to identify high-risk patients that will need a more intensive therapy and close follow-up.

Research methods
We carried out a retrospective cross-sectional single-center study. A total of 42 patients between
2008 and 2017 were enrolled. Patients were divided into two groups: poor outcome and no poor
outcome. We delineated the clinical presentation of our patients with myocarditis. Also, different
clinical and diagnostic test variables were analyzed in order to find possible poor outcome
predictors.

Research results
The  clinical  presentation  of  pediatric  myocarditis  was  heterogeneous,  ranging  from
asymptomatic to cardiogenic shock cases. Of note, pediatric myocarditis clinical presentation can
mimic benign viral infections in children, usually in those younger patients that are not able to
verbalize symptoms and debut as fulminant myocarditis. Conversely older patients presented
with acute coronary syndrome-like myocarditis. There was no single non-invasive diagnostic test
that led to rule out or rule in the diagnosis of pediatric myocarditis. Cardiac magnetic resonance
imaging presented a high diagnostic accuracy, but was mostly useful only for older children
with acute coronary syndrome-like presentation. Severe depressed left ventricle systolic function
on echocardiography was the only independent predictor for poor outcome (death, transplant,
or dilated cardiomyopathy). The presence of age < 2-years-old, a clinical course of more than 7 d
from initial symptoms, or N-terminal pro-brain natriuretic peptide levels > 5000 pg/mL was
associated with a severe depressed LV systolic function.

Research conclusions
A high grade of clinical suspicion is needed to make an early diagnosis of pediatric myocarditis,
especially in infants who cannot verbalize their symptoms. This clinical suspicion must be used
in combination with several  findings of  different  non-invasive diagnostic  tests  in order to
improve the prompt recognition of pediatric myocarditis. This study provided some clinical
pictures that can help clinicians in this context. Echocardiography is a reliable diagnostic tool for
pediatric myocarditis. Patients that present with a severe depressed LV systolic function have a
poor outcome. Age younger than 2 years, prolonged course of disease, and higher N-terminal
pro-brain natriuretic peptide levels are predictors of poor outcome that could be useful even in
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centers where echocardiography is not available. The combined use of these predictors can lead
to an early detection of high-risk patients in order to initiate adequate treatment and monitoring.

Research perspectives
This article reflects  the challenge to diagnose pediatric  myocarditis.  Future studies should
prospectively collect multicenter data on epidemiology, clinical presentation, and diagnostic
value of currently available diagnostic tools in children with myocarditis to establish clinically
meaningful criteria for the diagnosis of myocarditis. This will enhance the early recognition and
subsequently the prognosis of these patients.
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Abstract
BACKGROUND
The off-label use of various devices has been reported for the transcatheter
closure of perimembranous ventricular septal defects (PmVSD) because of
serious complications, such as heart block and tricuspid regurgitation (TR),
associated with conventional ventricular septal defect devices. However, whether
certain defects such as PmVSD with abnormally attached tricuspid are fit for
interventional treatment is still disputable.

AIM
To explore the feasibility and safety of transcatheter closure of PmVSD with
abnormally attached tricuspid chordae tendineae using an improved patent
ductus arteriosus (PDA) occluder.

METHODS
We retrospectively analyzed 20 patients diagnosed with PmVSD with abnormally
attached tricuspid chordae tendineae who underwent interventional treatment
using an improved PDA occluder at our center from January 2012 to January
2016. Baseline characteristics and procedural and follow-up data were analyzed.

RESULTS
All 20 patients achieved procedure success. No heart block occurred during the
operation. One patient had a transient complete right bundle branch block within
48 h post-procedure and reverted to normal rhythm after intravenous injections
of dexamethasone for 3 d. For all 20 patients, no residual shunt was observed by
transthoracic echocardiography post-procedure. During the average follow-up
period of 2.4 years, no severe TR was observed.
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CONCLUSION
Using of the improved PDA occluder for the transcatheter closure of PmVSD
with abnormally attached tricuspid chordae tendineae is a safe and promising
treatment option. However, long-term follow-up in a large group of patients is
still warranted.

Key words: Ventricular septal defect; Transcatheter; Patent ductus arteriosus occlude;
Tricuspid regurgitation; Chordae tendineae
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Core tip: The aim of this study was to explore the feasibility and safety of transcatheter
closure of perimembranous ventricular septal defects (PmVSD) with abnormally
attached tricuspid chordae tendineae using an improved PDA occluder. A total of 20
patients diagnosed with PmVSD with abnormally attached tricuspid chordae tendineae
who underwent interventional treatment using the improved patent ductus arteriosus
(PDA) occluder were observed. All 20 patients achieved procedure success, and no
residual shunt or severe tricuspid regurgitation was observed. Our study suggested that
using of the improved PDA occluder for the transcatheter closure of PmVSD with
abnormally attached tricuspid chordae tendineae is a safe and promising treatment
option.

Citation: He L, Du YJ, Cheng GS, Zhang YS. Safety of an improved patent ductus arteriosus
occluder for transcatheter closure of perimembranous ventricular septal defects with
abnormally attached tricuspid chordae tendineae. World J Clin Cases 2019; 7(5): 562-571
URL: https://www.wjgnet.com/2307-8960/full/v7/i5/562.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i5.562

INTRODUCTION
Transcatheter interventional therapy for certain types of perimembranous ventricular
septal  defects  (PmVSD)  is  a  substitute  for  surgical  treatment.  However,  post-
procedure  complications  of  interventional  therapy  such  as  heart  block[1-4]  and
tricuspid regurgitation (TR)[5,6] are often reported and appear serious, thus limiting the
clinical  application of  this  procedure.  Furthermore,  PmVSD are not infrequently
complicated by the presence of aneurysmal fibrous tissue from the septal leaflet of the
tricuspid valve, making the use of the device technically challenging and increasing
the potential risk of inducing increased tricuspid insufficiency[7].

In some countries, such as China and India, tens of thousands of patients diagnosed
with  PmVSD are  treated by  transcatheter  closure  each year.  However,  with  the
increase in the number of interventional treatments, tricuspid insufficiency has been
observed  during  follow-up.  Although  epidemiological  data  are  lacking,  these
problems are not less serious than heart block. Some cases even require surgery to
repair the tricuspid valve. Because the bilateral disc of the traditional symmetrical
ventricular  septal  defect  occluder  is  2  mm longer  than the  waist,  it  is  generally
believed that interventional therapy is feasible when the attachment point of the
tricuspid chordae tendineae to the defect on the right ventricular (RV) side is greater
than 2 mm. However, during follow-up, after using of the traditional symmetrical
occluder,  tricuspid chordae tendineae rupture[6,8,9]  or tricuspid valve stenosis[10,11]

caused by the compression of the RV disc may occur even if the attachment point of
the tricuspid chordae tendineae to the defect on the RV side is greater than 2 mm.

Using of the Amplatzer ductus occluder (ADO) in transcatheter closure of PmVSD
has also been reported[12-14]. Because the ADO has no RV disc, theoretically, there is no
special requirement for the distance between the attachment point of the tricuspid
chordae tendineae and the RV side of the defect. Thus, the ADO can maximally avoid
abrasion of the tricuspid chordae tendineae by the RV disc. However, the ADO has a
longer waist (5-8 mm) than the traditional symmetrical VSD occluder. After occluder
implantation, the waist will become longer because of the squeezing effect of the
surrounding tissue. This longer waist may compress the tricuspid chordae tendineae,
resulting in a moderate to large amount of TR. For patients diagnosed with PmVSD
with  abnormally  attached  tricuspid  chordae  tendineae,  the  indications  for

WJCC https://www.wjgnet.com March 6, 2019 Volume 7 Issue 5

He L et al. New occluder in closure of PmVSD

563

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


interventional  treatment  and  the  most  appropriate  type  of  occluder  remain
controversial. Therefore, in the present study, we used an improved patent ductus
arteriosus (PDA) occluder, which has no RV disc and a shorter waist, to explore the
feasibility and safety of transcatheter closure of PmVSD with abnormally attached
tricuspid chordae tendineae.

MATERIALS AND METHODS

Study population
Between January 2012 and January 2016, 360 cases of PmVSD received interventional
therapy at the First Affiliated Hospital of Xi’an Jiaotong University. Among these
cases, 20 with abnormally attached tricuspid chordae tendineae were selected for
inclusion in a retrospective analysis based on transthoracic echocardiography (TTE).
According to TTE findings, abnormally attached tricuspid chordae tendineae was
defined by a distance of the attachment point of the tricuspid chordae tendineae to the
defect on the RV side of 1-2 mm. This study was approved by the Regional Ethics
Committee of our hospital, all patients or their parents signed informed consent, and
patient anonymity was preserved.

Echocardiography
A GE-ViVid-E9 color  Doppler  ultrasound system (General  Electric  Corporation,
Norfolk, Virginia) equipped with a 2-4 MHz transducer was used to perform TTE. All
patients underwent TTE before the procedure. TTE was performed in the apical 5-
chamber, long-axis, and short-axis parasternal view. The VSD sizes measured by TTE
were 5.0-10.0 mm on the left ventricular (LV) side and 2.5-5.5 mm on the RV side. The
ventricular septal rim below the aortic valve was 3.0-5.0 mm, and the distance of the
attachment point of the tricuspid chordae tendineae to the defect on the RV side was
1.0-2.0 mm (Figures 1 and 2). Among the 20 patients, the attachment point of the
tricuspid chordae tendineae was close to the inferior edge of the defect in 13 (65.0%)
patients and close to the superior edge of the defect in 7 (35.0%).

The  grading  of  TR  has  been  well  described  previously[15].  The  majority  of
parameters are qualitative or semiquantitative. Minor TR is defined as a small, central
jet  (usually  < 4  cm2  or  < 20% of  the right  atrial  area),  moderate  TR defined as  a
moderate central jet (usually 4-10 cm2 or 20%-40% of the right atrial area), and severe
TR as a large central jet (usually > 10 cm2 or > 40% of the right atrial area).

Description of the improved PDA occluder
This  study used an improved PDA occluder (Starway Medical  Technology,  Inc.,
Beijing, China), which is based on the ADO. The improved PDA occluder has no RV
disc; the edge of the LV disc is 2 mm, and the waist is 5 mm. The shape of the occluder
is similar to that of the ADO, but the waist is shorter, consistent with the designation
of this device as the “improved PDA occlude”. The size of the device is ranging from
6 to 12 mm. Figure 3 shows a schematic diagram of the improved PDA occluder and
its advantages for the interventional therapy of PmVSD with abnormally attached
tricuspid chordae tendineae.

Catheterization and device implantation technique
All  patients  received  antibiotics  1  h  before  the  procedure.  The  procedure  was
performed under  2% lidocaine  local  anesthesia  for  patients  over  7  years  of  age,
whereas general anesthesia with ketamine was used for patients under 7 years of age.
Fluoroscopy was used to guide the device implantation only. The right femoral vein
and artery were accessed, and heparin was administered according to the patient’s
body weight (80-100 IU/kg). Right and left cardiac catheterization was performed to
evaluate the pulmonary vascular resistance. Hemodynamic parameters, including
pulmonary arterial, aortic, atrial, and ventricular pressures, were recorded. Oximetric
values were measured in the cardiac chambers and vessels and used to calculate
Qp/Qs. Angiography in a single plane (45°-60° left anterior oblique/10°-25° cranial
view) was performed to define the location and size of the VSD. Figure 4 shows left
ventricle angiography performed before and after the procedure. Angiography of the
ascending aorta was also performed in a 50° left atrial oblique view to check for aortic
regurgitation (AR).

The  technique  of  PmVSD  closure  was  described  in  detail  elsewhere[9].  An
appropriately sized device (> 1-3 mm based on the defect size determined by TTE or
angiography) was selected. The device was released when its proper position was
obtained (left ventriculography was performed to confirm the proper position of the
occluder) and interference with the aortic and tricuspid valve had been excluded (TTE
confirmed the absence of AR and TR).
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Figure 1

Figure 1  Non-standard aortic short-axis view. The red arrow shows the distance (1.3 mm) from the attachment
point of the tricuspid anterior leaflet chordae tendineae to the inferior edge of the right ventricular side. TAL-CT:
Tricuspid anterior leaflet chordae tendineae; VSD: Ventricular septal defects.

Follow-up protocol
After the procedure, one dose of antibiotic therapy was administered intravenously to
prevent  infective  endocarditis.  Holter  monitoring  was  performed  for  one  day,
followed by electrocardiography performed daily before discharge. Patients were
typically  discharged  5  d  after  the  procedure.  Aspirin  (3-5  mg/kg  daily)  was
administered to all patients for 6 mo after the procedure. Clinical examination, TTE,
and chest X-ray were performed before discharge, 1, 3, 6, and 12 mo post-procedure,
and yearly thereafter.

Data analysis
The data analyses were performed using SPSS version 19.0. Summary statistics for
normally distributed quantitative variables are expressed as the mean ± SD. For non-
normally  distributed  variables,  we  use  median  and  interquartile  range  (IQR).
Categorical data are summarized as count and percentages.  The objective of this
article was to present the early experience with the improved PDA occluder for the
interventional  treatment of  PmVSD with abnormally attached tricuspid chordae
tendineae in a  single-arm, single-center  study;  therefore,  statistical  comparisons
between groups were not performed.

RESULTS

Patient characteristics
From January 2012 to January 2016, 360 patients diagnosed with PmVSD received
interventional therapy at our center. We performed a retrospective analysis of 20
patients with abnormally attached tricuspid chordae tendineae selected by TTE.

The 20 patients included 12 males and 8 females with an age range of 4 to 52 (20.7 ±
12.3) years and a weight range of 15.5 to 83 (50.1 ± 17.5) kg. Among the 20 patients, 5
(25.0%) had a membranous VSD. The VSD size measured by TTE was 5.0-10.0 (7.3 ±
1.5)  mm on the LV side and 2.5-5.5 (3.9 ± 0.8)  mm on the RV side.  The VSD size
measured by angiography was 4.0-10.0 (6.7 ± 1.5) mm on the LV side and 2.5-4.5 (3.5 ±
0.6) mm on the RV side. The ventricular septal rim below the aortic valve was 3.0-5.0
(median 4.0) mm, and the attachment point of the tricuspid chordae tendineae to the
defect  on the RV side was 1.0-2.0 (median 1.8)  mm. The attachment point  of  the
tricuspid chordae tendineae was close to the inferior edge of the defect in 13 (65.0%)
patients but was close to the superior edge of the defect in 7 (35.0%). One (5.0%)
patient had minor AR, and one (5.0%) had minor TR. The average follow-up was 2.4
years. The baseline parameters and TTE data evaluated are listed in Table 1.

Procedural and follow-up data
Procedure success, defined as the ability to release the device without embolization or
heart block during the procedure, was achieved in all 20 patients (100.0%). The 6 mm
improved PDA occluder was implanted in 3 (15.0%) patients, 7 mm in 3 (15.0%), 8
mm in 5 (25.0%), 9 mm in 5 (25.0%), 10 mm in 3 (15.0%) and, 12 mm in 1 (5.0%). The
average operation time was 49.3 ± 6.0 min, and the average fluoroscopy time was 24.3
± 2.8 min.

No serious arrhythmia occurred during the procedure. One (5.0%) case of complete
right bundle branch block occurred within 48 h after the procedure and reverted to
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Figure 2

Figure 2  Non-standard aortic short-axis view. The red arrow shows the distance (1.9 mm) from the attachment
point of the tricuspid septal leaflet chordae tendineae to the superior edge of the right ventricular side. TSL-CT:
Tricuspid septal leaflet chordae tendineae; VSD: Ventricular septal defects.

normal rhythm after intravenous injections of dexamethasone for 3 d. At follow-ups 1,
3, 6, and 12 mo after the procedure and yearly thereafter, no serious new arrhythmia
was found in any of the patients.

TTE was performed 48 h after occluder implantation. For all 20 patients, no residual
shunt  was  observed  by  TTE  post-procedure.  Following  the  procedure,  TR  was
increased in one (5.0%) patient (minor regurgitation). At follow-ups 1, 3, 6, and 12 mo
after the procedure and yearly thereafter, one patient with aggravated TR exhibited
no obvious change. No deaths occurred after the procedure. No AR was observed.
The procedural and follow-up data are listed in Table 2.

DISCUSSION
Although the off-label use of a number of different devices, such as ADO, ADO II,
and Amplatzer Vascular Plug I[10,14,16], has been described for interventional therapy of
PmVSD,  there  is  still  controversy  regarding  whether  PmVSD  with  abnormally
attached tricuspid chordae tendineae is suitable for interventional therapy.

The most remarkable discovery from our study includes the high success rate of the
procedure (100%), the ability to close moderately large defects up to 10 mm, and the
absence of  severe  TR during or  after  the procedure.  There  was only one case  of
complete right bundle branch block within 48 h after the procedure, which reverted to
normal rhythm after intravenous injections of dexamethasone for 3 d. Late-onset
complete heart block was not observed for any of the 20 patients on routine follow-up
through 2 years after the procedure.

Combined with initial 2 years of our experience with the closure of certain PmVSD,
we tended to use ADO. Based on several heartening reports from other centers and
our own experience, we put this change into practice[12,14,17,18]. However, during follow-
up,  moderate-to-severe  TR occurred in  some patients  in  the  immediate  or  early
postoperative period. We propose that when the attachment point of the tricuspid
chordae tendineae is close to the defect on the RV side or when the occluder rim is
adjacent to the chordae tendineae, the sharp rim of the RV disc can wear the chordae
tendineae  and increase  the  likelihood of  iatrogenic  TR.  Additionally,  the  strain
produced by the septum to the waist of the occluder may have an impact on the
tricuspid valve and potentially cause TR or tricuspid valve rupture.

The bilateral disc rim of the symmetric PmVSD occluder is 2 mm longer than the
waist;  when  an  appropriately  sized  device  (>  1-3  mm,  based  on  the  defect  size
measured by TTE or angiography) is selected, the actual condition of the occluder is
in compression by the surrounding tissue of the defect. Therefore, the rims of the RV
and LV discs are larger than 2 mm. Thus, the RV disc is longer, and the sharp rim of
the RV disc can wear the chordae tendineae and increase the likelihood of iatrogenic
TR. To prevent such damage, Lee et al[12] used ADO to treat 20 cases of PmVSD in
South  Korea.  The  ADO  was  successfully  implanted  in  all  patients  without  any
significant complications[12]. Because the ADO has no RV disc, extrusion or abrasion of
the tricuspid chordae tendineae is less likely to happen. However, the waist of the
ADO is 6-8 mm, which will increase after occluder implantation due to extrusion of
the surrounding tissue. The increased length of the waist may have an impact on the
tricuspid valve and potentially cause severe TR or tricuspid valve rupture.

The risk of waist compression or erosion of the tricuspid valve is even greater for
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Figure 3

Figure 3  The improved patent ductus arteriosus occluder (6 mm) and its advantages for the closure of
perimembranous ventricular septal defects with abnormally attached tricuspid chordae tendineae. RV: Right
ventricular; TR: Tricuspid regurgitation; AR: Aortic regurgitation.

PmVSD with abnormally attached tricuspid chordae tendineae. Based on previous
research results, the special improved PDA occluder, which has no RV disc and a
shorter waist, was used in the present study (its advantages for the closure of PmVSD
with abnormally attached tricuspid chordae tendineae are shown in Figure 1). After
occluder implantation, the tissue surrounding the defect compresses the occluder. The
RV disc of the occluder can then form a smooth edge, and the stretched length of the
waist is far shorter than the waist of the ADO. Therefore, abrasion of the RV disc and
an excessively long waist on the chordae tendineae are avoided.

In this study, procedure success was achieved in all 20 patients diagnosed with
PmVSD with  abnormally  attached tricuspid  chordae  tendineae  who underwent
interventional treatment using the improved PDA occluder. No residual shunt was
found  by  left  ventriculography,  and  no  AR  was  found  by  ascending  aortic
angiography immediately after the procedure. These outcomes may be attributable to
the use of the improved PDA occluder, which has a short rim (2 mm) in the distal
part. This rim is intended to be implanted in the space between the right coronary
cusp and non-coronary cusp of the aortic valve and thus is unlikely to touch the aortic
valve, protecting it from AR. No severe arrhythmia occurred in any patient during or
after the procedure. Complete right bundle branch block occurred in one patient and
reverted to normal rhythm. Complete right bundle branch block may have occurred
because there was less contact with the left bundle branch than with the VSD occluder
due to the shorter rim. The other crucial advantage of the improved PDA occluder is
that it does not have a proximal disc and thus does not squeeze the His bundle.

Following the procedure, TR was increased in one patient (minor regurgitation)
after the procedure. At the follow-up visits 1, 3, 6, and 12 mo after device implantation
and yearly thereafter, one patient with aggravated TR exhibited no obvious change.
This patient was 4 years old, and the defect was relatively large. Angiography showed
a defect size of 9 mm on the LV side and 3.5 mm on the RV side, and an improved 10
mm PDA occluder was placed. The postoperative TTE examination revealed that the
occluder had no cutting action on the tricuspid chordae tendineae because it had no
RV disc. However, the occluder was relatively large and had a longer waist, so the RV
disc compressed the chordae tendineae, thus causing TR. This result suggests that for
large defects, especially for the relatively weak endocardial tissue and abnormally
attached tricuspid chordae tendineae of pediatric patients, interventional treatment
should be performed with caution.  In these cases,  the use of  the improved PDA
occluder with the shorter waist should be considered, which highlights the fact that
the interventional therapy of PmVSD should follow the principle of individualization.
The choice of occluder should depend on the defect size, morphology, and clinical
features.

The results after an average follow-up of 2.4 years showed that the improved PDA
device can be used in the interventional therapy of PmVSD with abnormally attached
tricuspid  chordae  tendineae.  The  immediate  and short-term curative  effect  was
reliable, and no serious TR or other complications were observed.

In conclusion, although there is a concern that the improved PDA occluder is not
designed for the interventional therapy of PmVSD, the improved PDA occluder might
provide a valid and secure option in selected patients with abnormally attached

WJCC https://www.wjgnet.com March 6, 2019 Volume 7 Issue 5

He L et al. New occluder in closure of PmVSD

567



Figure 4

Figure 4  Left ventricle angiography performed before and after the procedure. A: Left ventricle angiography before the procedure showed perimembranous
ventricular septal defects, the diameter of left ventricular side was about 8 mm, and right ventricular side was multiple-outlet with a diameter of about 1.5-2.5 mm; B:
Left ventricle angiography after the procedure; C: Angiography of the ascending aorta after the procedure showed that there was no aortic insufficiency.

tricuspid chordae tendineae. The availability of the improved PDA occluder might
allow a wider range of interventional therapy of PmVSD. However, longer follow-up
in a large number of population is still warranted.
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Table 1  Baseline characteristics and transthoracic echocardiography data of patients

Patients, n 20

Sex (M/F), n (%) 11 (55)/9 (45)

Age, yr, mean ± SD 20.7 ± 12.3

Weight, kg, mean ± SD 50.1 ± 17.5

Chest radiography

Cardiomegaly, n (%) 8 (40.0)

Increased vascularity, n (%) 16 (80.0)

Echocardiography

Defect size on LV side, mm, mean ± SD 7.3 ± 1.5

Defect size on RV side, mm, mean ± SD 3.9 ± 0.8

MVSA, n (%) 5 (25.0)

Ventricular septal rim below the aortic valve, mm, median (IQR) 4.0 (1.4)

Attachment point of the tricuspid chordae tendineae to the defect on RV side, mm, median (IQR) 1.8 (0.5)

Minor AR, n (%) 1 (5.0)

Minor TR, n (%) 1 (5.0)

Follow-up, yr, mean ± SD 2.4 ± 1.0

M: Male;  F:  Female;  SD:  Standard deviation;  LV:  Left  ventricular;  RV:  Right  ventricular;  MVSA: Membranous ventricular  septal  aneurysm; IQR:
Interquartile range; AR: Aortic regurgitation; TR: Tricuspid regurgitation.

Table 2  Procedural characteristics and post-procedural findings

Angiography

Defect size on LV side, mm, mean ± SD 6.7 ± 1.5

Defect size on RV side, mm, mean ± SD 3.5 ± 0.6

Routine right and left heart catheterization

sPAP, mmHg, mean ± SD 31.4 ± 4.4

mPAP, mmHg, mean ± SD 19.6 ± 3.6

Qp/Qs, mean ± SD 2.3 ± 0.4

Occluder size, n (%)

6 mm 3 (15.0)

7 mm 3 (15.0)

8 mm 5 (25.0)

9 mm 5 (25.0)

10 mm 3 (15.0)

12 mm 1 (5.0)

Average operative time, min, mean ± SD 49.3 ± 6.0

Average fluoroscopy time, min, mean ± SD 24.3 ± 2.8

Post-procedural complications, n (%)

CRBBB (transient) 1 (5.0)

Increased TR, n (%) 1 (5.0)

Sheath, Fr, median (IQR) 8.0 (2.0)

LV: Left ventricular; RV: Right ventricular; SD: Standard deviation; sPAP: Systolic pulmonary artery pressure; mPAP: Mean pulmonary artery pressure;
Qp/Qs: Pulmonary-to-systemic flow ratio; CRBBB: Complete right bundle branch block; TR: Tricuspid regurgitation; IQR: Interquartile range.

ARTICLE HIGHLIGHTS
Research background
Whether certain defects  such as perimembranous ventricular septal  defects  (PmVSD) with
abnormally attached tricuspid chordae tendineae are fit  for interventional treatment is still
disputable.  We explored the feasibility and safety of  transcatheter closure of  PmVSD with
abnormally attached tricuspid chordae tendineae using an improved patent ductus arteriosus
(PDA) occluder through an observational, single-center study.
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Research motivation
The off-label use of various devices has been reported for the transcatheter closure of PmVSD
because of serious complications, such as heart block and tricuspid regurgitation, associated with
conventional ventricular septal defect devices. However, whether PmVSD with abnormally
attached tricuspid chordae tendineae are suitable for interventional treatment has rarely been
reported. Therefore, this study hopes to provide guidance for the choice of occluder which can
be used in such defects. That might allow a wider range of interventional therapy of PmVSD.

Research objectives
The research objective of this study was to explore the feasibility and safety of transcatheter
closure of PmVSD with abnormally attached tricuspid chordae tendineae using an improved
PDA occluder.

Research methods
We retrospectively analyzed 20 patients diagnosed with PmVSD with abnormally attached
tricuspid chordae tendineae who underwent interventional treatment using an improved PDA
occluder at our center from January 2012 to January 2016. Baseline characteristics and procedural
and follow-up data were analyzed. This study is a single-center, non-randomized, observational
study.

Research results
Our research found that the improved PDA occluder might provide an valid and secure option
in  selected  patients  diagnosed  with  PmVSD  with  abnormally  attached  tricuspid  chordae
tendineae. Given its nature,  the present study shares all  of the limitations of observational
studies.  In  our  study,  the  mean  follow-up  time  was  only  2.4  years.  Although  the  major
complications of PmVSD closure usually appears within this time frame, the results may have
been affected. The small sample size is another limitation of this study.

Research conclusions
In this single-center, non-randomized, observational study cohort, despite its small sample size,
our study suggests that using of the improved PDA occluder for the transcatheter closure of
PmVSD with abnormally attached tricuspid chordae tendineae is a safe and promising treatment
option.  The  availability  of  the  improved  PDA  occluder  might  allow  a  wider  range  of
interventional therapy of PmVSD.

Research perspectives
We used the improved PDA occluder for transcatheter closure of PmVSD with abnormally
attached tricuspid chordae tendineae as a breakthrough point, and concluded that using of the
improved PDA occluder for the transcatheter closure of PmVSD with abnormally attached
tricuspid chordae tendineae is a safe and promising treatment option. However, the number of
patients is too small, and the single-center observational study still has its own shortcomings. So
we still believe that the highest level of evidence in clinical studies is a multi-center, prospective,
randomized controlled study.
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Abstract
BACKGROUND
Adiponectin (ADIPOQ) is an important factor involved in the regulation of both
carbohydrate and lipid metabolism. Polymorphisms in the ADIPOQ gene are
known to influence an individual’s predisposition to metabolic syndrome and
type 2 diabetes. Moreover, women with gestational diabetes mellitus (GDM) are
at an increased risk of developing type 2 diabetes. Several studies have been
conducted previously to assess the association between ADIPOQ polymorphisms
and GDM; however, the results of the association are inconclusive.

AIM
To quantitatively evaluate the association between ADIPOQ +45T/G, +276G/T,
and -11377C/G polymorphisms and the risk of GDM.

METHODS
A systematic search of EMBASE, PubMed, CNKI, Web of Science, and
WANFANG DATA was conducted up to October 20, 2018. We calculated merged
odds ratios (ORs) with 95% confidence intervals (CIs) using a fixed-effects or
random-effects model depending on the between-study heterogeneity to evaluate
the association between AIDPOQ +45T/G, +276G/T, and -11377C/G
polymorphisms and the risk of GDM. Subgroup analysis was performed by
ethnicity. Publication and sensitivity bias analyses were performed to test the
robustness of the association. All statistical analyses were conducted using
Stata12.0.

RESULTS
Nine studies of +45T/G included 1024 GDM cases and 1059 controls, five studies
of +276G/T included 590 GDM cases and 595 controls, and five studies of -
11377C/G included 722 GDM cases and 791 controls. Pooled ORs indicated that
+45T/G increased GDM risk in Asians (allelic model: OR = 1.47, 95%CI: 1.27-1.70,
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P = 0.000; dominant model: OR = 1.54, 95%CI: 1.27-1.85, P = 0.000; recessive
model: OR=2.00, 95%CI: 1.43-2.85, P = 0.000), not in South Americans (allelic
model: OR = 1.21, 95%CI: 0.68-2.41, P = 0.510; dominant model: OR = 1.13, 95%CI:
0.59-2.15, P = 0.710; recessive model: OR = 2.18, 95%CI: 0.43-11.07, P = 0.350).
There were no significant associations between +276G/T (allelic model: OR = 0.88,
95%CI: 0.74-1.05, P = 0.158; dominant model: OR = 0.91, 95%CI: 0.65-1.26, P =
0.561; recessive model: OR = 0.82, 95%CI: 0.64-1.05, P = 0.118) or -11377C/G
(allelic model: OR = 0.96, 95%CI: 0.72-1.26, P = 0.750; dominant model: OR = 1.00,
95%CI: 0.73-1.37, P = 0.980; recessive model: OR = 0.90, 95%CI: 0.61-1.32, P =
0.570) and the risk of GDM.

CONCLUSION
Our meta-analysis shows the critical role of the ADIPOQ +45T/G polymorphism
in GDM, especially in Asians. Studies focused on delineating ethnicity-specific
factors with larger sample sizes are needed.

Key words: Gestational diabetes mellitus; Single nucleotide; Polymorphism; Adiponectin;
Gene; Meta-analysis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: No consensus is available in the literature about the association of adiponectin
gene polymorphisms and the risk of gestational diabetes mellitus (GDM). As far as we
know, only +45T/G was involved in a previous meta-analysis with a small sample size
and obvious heterogeneity. We evaluated the association between ADIPOQ +45T/G,
+276G/T, and -11377C/G polymorphisms and GDM with a bigger sample size, less
heterogeneity. Moreover, subgroup analysis was performed by ethnicity.
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INTRUDUCTION
Gestational diabetes mellitus (GDM) is a condition of impaired glucose tolerance
during pregnancy in women without a previous diagnosis of diabetes. It is associated
with  serious  complications  for  both  mother  and child  in  the  pre-  and postnatal
periods[1]. Many kinds of risk factors contribute to GDM, such as ethnicity, genetics,
family history, dietary habits, and physical activity[1]. Obesity is a usual risk factor for
GDM and can cause insulin resistance. Many biochemical mediators compounded in
the adipose tissue and secreted in the circulatory system, such as resistin, adiponectin
(ADIPOQ), and leptin, are suggested to correlate with obesity and insulin resistance[2].

ADIPOQ is  produced in  the  adipose  tissue  and modulates  various  metabolic
processes, including lipid metabolism, glucose and fatty acid oxidation. This hormone
decreases insulin resistance, improves lipid metabolism, and exerts anti-inflammatory
properties. Decreased plasma ADIPOQ levels were observed in patients with type 2
diabetes  (T2D),  metabolic  syndrome,  and  obesity[3].  During  normal  pregnancy,
ADIPOQ levels progressively decline, with its plasma concentration reaching even
lower  in  GDM  women[1].  Previous  studies  suggested  that  ADIPOQ  gene  single
nucleotide  polymorphisms  (SNPs)  could  influence  the  concentration  of  plasma
ADIPOQ and subsequently insulin sensitivity[4-6].

Studies have paid attention to the SNPs +45T/G in exon 2 and +276G/C in intron 2, -
11391G/A,  and  -11377C/G  in  the  promoter  region.  The  two  ADIPOQ  linkage
disequilibrium blocks are where these four variants located within. Block 1 comprises
the promoter sequence spanning the region -14811 to -4120, and block 2 encompasses
the exons in the region -450 to +4545[2]. The conclusions of these studies have been
disputed regarding whether the metabolic phenotypes of GDM are influenced by the
variability  at  this  locus  and which  polymorphisms contribute  to  this  effect.  For
example, Low et al[7] reported that a significant association was found between SNP
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45T/G and GDM, and normal patients with the TT genotype had significantly higher
plasma ADIPOQ levels compared to those with the TG or GG genotype. Beltcheva et
al[1] reported that -11377C/G is associated with GDM. According to Daher et al[8], GDM
is  not  associated  with  +45T/G  and  -11377C/G  polymorphisms.  Reasons  for  the
conflicting  results  are  small  sample  sizes  in  a  single  study  and  the  hereditary
difference of ethnicity.

As  the  results  are  discrepant  and +45T/G  was  the  only  polymorphism which
participated in the meta-analysis, our study was meant to evaluate whether and to
what extent ADIPOQ gene polymorphisms contribute to GDM.

MATERIALS AND METHODS

Literature search strategy
Electronic databases PubMed, EMBASE, Web of Science, WANFANG DATA, and
CNKI were used to search possibly association articles on human genetic studies of
ADIPOQ and GDM that had been published up to 20 October 2018. The search terms
used  were:  “Gestational  diabetes  mellitus”  or  “GDM”  and  “adiponectin”  or
“ADIPOQ” and “single nucleotide polymorphism” or “polymorphism”.

Selection criteria and data extraction
We searched the database and identified 87 articles.  The selection criteria of  the
publications  were  as  follow:  (1)  well-designed  case  control  studies  on  genetic
association of ADIPOQ and the risk of GDM; (2) clear diagnostic criteria for GDM; (3)
independent and sufficient genotype data must be contained in the original papers
and the data can calculate odds ratios (ORs) and 95% confidence intervals (CIs); and
(4) there should be at least two articles that have studied each polymorphism that we
used in our meta-analysis. During the selection, we removed 25 articles for duplicate
publication and excluded 49 articles for review, animal studies, case reports with
unrelated outcomes or other diseases, and articles with no ADIPOQ +45T/G, +276G/T,
or -11377C/G reported.

Finally, 13 articles were adopted in this meta-analysis. Among them, nine studies
investigated +45T/G, five studies investigated +276G/T, and five studies investigated -
11377C/G. A flow diagram of study selection is presented in Figure 1.

Data were extracted by two researchers independently.  We have extracted the
following information from every included study: first author, year of publication,
country,  ethnicity,  matching criteria,  genotyping method,  numbers  of  cases  and
controls, minor allele frequency in controls, and Hardy-Weinberg equilibrium (HWE)
status.  We  obtained  the  HWE  status  of  controls  by  calculating  from  genotype
distributions  using STATA12.0.  The Newcastle-Ottawa quality  assessment  scale
(NOS) was used for  quality  assessment of  primary studies.  The study would be
regarded as a high-quality study when it had an NOS scores ≥ 6 (Table 1)[9].

Statistical analysis
We used Stata12.0 software for statistical analyses. A fixed-effects or random-effects
model was used to merge OR and 95%CI based on allelic models, recessive models,
and dominant models to evaluate the association between each genetic variant and
the risk of GDM. The Z-test was used for determining the significance of the merged
OR. P < 0.05 was considered statistically significant.

We used the Cochran Q  test to assess the heterogeneity among the studies and
Higgins I²  statistic for quantifying the heterogeneity. We used the random-effects
model as the merging method when the variant association presented significant
interstudy heterogeneity (Q test, P-value < 0.05, or I² > 50%), otherwise, we used the
fixed-effects model. Subgroup analysis was performed based on the ethnicity of the
study population to evaluate ethnic-specific effects. Publication bias was tested by
Begg’s funnel plot.

The  statistical  methods  of  this  study  were  reviewed  by  Shi-Min  Hu  from
Department of Epidemiology and Health Statistics, Xiangya School of Public Health,
Central South University.

RESULTS

Main characteristics of all the included studies
Thirteen studies were adopted in this meta-analysis; among them, nine studies were
about  the  association  of  +45T/G  and  GDM[2,4,7,8,10-14],  five  studies  were  about  the
association of +276G/T and GDM[4,10,12-14], and five studies were about the association of
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Figure 1

Figure 1  Flow diagram of study selection.

-11377C/G  and  GDM[1,3,8,15,16].  In  total,  1667  GDM  cases  and  1682  controls  were
included; ten studies were from Asian descendants[2,4,7,10-15], two studies were from
European descendants[1,3], and one study was from a South American descendant[8].
Detailed characteristics of all studies included are shown in Table 2.

Association between +45T/G and GDM
Nine articles  evaluated the association of  +45T/G  and GDM; eight  of  them were
conducted in Asia and 1 in South America, with a total of 1024 GDM cases and 1059
controls. Heterogeneity test revealed P > 0.05 and I² < 50%; the fixed-effects model
was used.

The pooled results suggested a significant association between +45T/G and GDM
(allelic model: OR = 1.45, 95%CI: 1.26-1.67; dominant model: OR = 1.50, 95%CI: 1.25-
1.79; recessive model: OR = 2.00, 95%CI: 1.42-2.84). Ethnicity-based subgroup analysis
showed that +45T/G was associated with GDM in Asians (allelic model: OR = 1.47,
95%CI: 1.27-1.70; dominant model: OR = 1.54, 95%CI: 1.27-1.85; recessive model: OR =
2.00, 95%CI: 1.43-2.85). However, there was no association of +45T/G with the risk of
GDM in South Americans (allelic  model:  OR = 1.21,  95%CI:  0.68-2.41;  dominant
model: OR = 1.13, 95%CI: 0.59-2.15; recessive model: OR=2.18, 95%CI: 0.43-11.07)
(Figure 2 and Table 3).

Association between +276G/T and GDM
The association between +276G/T  and the risk of  GDM was investigated by five
studies, including 590 GDM cases and 595 controls. Heterogeneity test revealed P >
0.05 and I² < 50%, and the fixed-effects model was used.

The results showed that +276G/T was not associated with the risk of GDM (allelic
model: OR = 0.88, 95%CI: 0.74-1.05; dominant model: OR = 0.91, 95%CI: 0.65-1.26;
recessive model: OR = 0.82, 95%CI: 0.64-1.05) (Figure 3 and Table 3).

Association between -11377C/G and GDM
The association between -11377C/G  and the risk of GDM was investigated by five
studies, of which two were conducted in Asia, two conducted in Europe, and one in
South America, with a total of 722 GDM cases and 791 controls. Heterogeneity test
revealed P < 0.05 and I² > 50%; the random-effects model was used.

The results showed that -11377C/G was not associated with the risk of GDM (allelic
model: OR = 0.96, 95%CI: 0.72-1.26; dominant model: OR = 1.00, 95%CI: 0.73-1.37;
recessive model: OR = 0.90, 95%CI: 0.61-1.32). Ethnicity-based subgroup analysis also
showed that -11377C/G was not associated with GDM in Asian (allelic model: OR =
1.04, 95%CI: 0.77-1.41; dominant model: OR = 1.09, 95%CI: 0.79-1.50; recessive model:
OR = 0.97, 95%CI: 0.51-1.86), European (allelic model: OR = 0.94, 95%CI: 0.45-1.96;
dominant model: OR = 1.00, 95%CI: 0.42-2.33; recessive model: OR = 0.87, 95%CI:
0.51-1.49) and South American populations (allelic model: OR = 0.80, 95%CI: 0.50-1.29;
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Table 1  Quality assessment of included case control studies using the Newcastle-Ottawa scale

Author Yr

Selection Comparability Exposure

ScoreCase
definition

Case
represent
ativeness

Control
selection

Control
definition

Important
confound

ers

Every
confound

ers

Ascertain
ment

Consisten
cy

Non-
response

rate

Low et
al[7]

2011 1 1 0 1 1 0 1 1 1 7

Takhshid
et al[2]

2015 1 1 1 1 0 0 1 1 1 7

Daher et
al[8]

2011 1 1 1 1 1 0 1 1 1 8

Han et
al[4]

2012 1 1 0 1 1 0 1 1 1 7

Gao et
al[10]

2016 1 1 1 1 1 0 1 1 1 8

Luan et
al[13]

2015 1 1 1 1 1 0 1 1 1 8

Li et al[12] 2017 1 1 1 1 1 0 1 1 1 8

Li et al[11] 2013 1 1 1 1 0 0 1 1 1 7

Zhang et
al[14]

2014 1 1 1 1 1 0 1 1 1 8

Beltcheva
et al[1]

2014 1 1 0 1 1 0 1 1 1 7

Pawlik et
al[3]

2017 1 1 1 1 0 0 1 1 1 7

Chen et
al[15]

2011 1 1 1 1 0 0 1 1 1 7

Wang et
al[16]

2016 1 1 1 1 0 0 1 1 1 7

The quality evaluation content mainly includes three aspects: case selection, baseline comparability, and exposure factors with nine evaluation items. If the
evaluation item is met, 1 point is obtained, otherwise 0, and the score ranges from 0 to 9.

dominant model: OR = 0.77, 95%CI: 0.44-1.36; recessive model: OR = 0.81, 95%CI:
0.51-1.86) (Figure 4 and Table 3).

Publication bias
We used the Egger regression asymmetry test and Begg’s funnel plot to assess the
public bias of the studies. The evidence of publication bias cannot be found in the
meta-analysis of +45T/G (allelic model: continuity corrected P-value = 1.000, Egger
regression asymmetry test t = -0.62, P = 0.554; recessive model: continuity corrected P-
value = 0.466, Egger regression asymmetry test t = -0.15, P = 0.883), +276G/T (allelic
model: continuity corrected P-value = 0.26, Egger regression asymmetry test t = -1.24,
P = 0.282) and -11377C/G (allelic model: continuity corrected P-value = 0.221, Egger
regression asymmetry test t = -2.48, P = 0.089)(Figure 5).

Sensitivity analysis
To  assess  the  stability  of  the  results,  we  performed  the  sensitivity  analysis  by
sequentially excluding individual studies for each meta-analysis. For the association
between +45T/G, +276G/T, or -11377C/G and GDM, there was no significant change of
corresponding merged ORs when one study was sequentially excluded from every
meta-analysis.  Therefore,  the results  of  our meta-analysis  are stable and reliable
(Figure 6).

DISCUSSION
ADIPOQ has been considered an important factor in regulating glucose and lipid
metabolism. It is secreted by adipose tissue, which has a negative correlation with
insulin  resistance,  T2D,  and metabolic  syndrome.  ADIPOQ can increase  insulin
sensitivity, anti-inflammation, and anti-atherosclerosis, promote glucose uptake in
muscle tissue, and inhibit intrahepatic synthetic glucose[17].

In  the  chromosomal  region  where  the  ADIPOQ  gene  is  located,  there  are
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Table 2  Detailed characteristics of all eligible studies for the association between ADIPOQ single nucleotide polymorphism and
gestational diabetes mellitus

SNP Author Yr Country Ethnicity Matching criteria Method
Sample size Genotype1

HWE
Case Control Case Control

+45T/G Low et al[7] 2011 Malaysia Asian NR Taq PCR 26 53 11/13/2 35/17/1 0.51

Takhshid et al[2] 2015 Iran Asian Age PCR-RELF 65 70 37/28/0 54/16/0 0.28

Daher et al[8] 2011 Brazil SA Race PCR-RELF 79 169 61/15/3 134/32/3 0.51

Han et al[4] 2012 China Asian NR PCR-RELF 152 120 63/71/18 64/50/6 0.34

Gao et al[10] 2016 China Asian Age, GW PCR-RELF 150 150 59/66/25 81/57/12 0.66

Luan et al[13] 2015 China Asian Age, GW NR 60 60 33/21/6 29/26/5 0.81

Li et al[12] 2017 China Asian Age, GW PCR-RELF 130 130 53/63/14 63/60/7 0.13

Li et al[11] 2013 China Asian NR Sequencing 264 172 134/113/17 97/66/9 0.6

Zhang et al[14] 2014 China Asian Age, BMI, GW PCR-RELF 98 135 38/43/17 73/51/11 0.62

+276G/T Han et al[4] 2012 China Asian NR PCR-RELF 152 120 12/66/74 11/53/56 0.34

Gao et al[10] 2016 China Asian Age, GW PCR-RELF 150 150 15/69/66 15/60/75 0.66

Luan et al[13] 2015 China Asian Age, GW NR 60 60 7/26/27 3/25/32 0.81

Li et al[12] 2017 China Asian Age, GW PCR-RELF 130 130 64/58/8 60/56/14 0.13

Zhang et al[14] 2014 China Asian Age, BMI, GW PCR-RELF 98 135 10/45/43 13/54/68 0.62

-11377C/G Beltcheva et al[1] 2014 Bulgaria European Age, BMI TaqMan 130 130 80/44/6 66/50/14 0.34

Pawlik et al[3] 2017 Poland European NR TaqMan 204 207 92/91/21 115/75/17 0.34

Daher et al[8] 2011 Brazil SA race PCR-RELF 79 169 54/20/5 105/50/13 0.05

Chen et al[15] 2011 China Asian NR PCR-RELF 103 97 55/43/5 50/38/9 0.65

Wang et al[16] 2016 China Asian NR PCR-RELF 206 189 107/84/15 106/73/10 0.57

1Genotype is presented as wild type/heterozygous/homozygous. ADIPOQ: Adiponectin; GDM: Gestational diabetes mellitus; SNP: Single nucleotide
polymorphism; SA: South American; GW: Gestational week; PCR-RELF: Polymerase chain reaction-restriction fragment length polymorphism; BMI: Body
mass index; HWE: Hardy-Weinberg equilibrium; NR: Not reported.

susceptible sites of T2D and metabolic syndrome, and its SNPs can affect the level of
ADIPOQ in blood, leading to obesity, insulin resistance, and the occurrence of T2D[15].

Plasma  ADIPOQ  levels  gradually  decreased  with  gestational  week  during
pregnancy, consistent with the gradual decrease of insulin sensitivity[3], and plasma
adiponectin levels decreased more significantly in GDM women. This phenomenon is
closely related to the decreased transcriptional activity of ADIPOQ during pregnancy.
Previous studies revealed the association of ADIPOQ SNPs, such as +45T/G[1,2,4,7,8,10-14],
+276G/T[1,4,10,12,13,18], -11377C/G[1,3,8,15,16], -3971A/G[13,19], and -11426A/G[15,19], and the risk of
GDM. A total of 66.7% (6 of 9) of the studies adopted in this meta-analysis reported
that the +45T/G polymorphism increased the risk of GDM, and 40% (2 of 5) reported
that the -11377C/G polymorphism was associated with GDM. A higher prevalence of
the G allele was observed among women with GDM. All studies regarding +276G/T
reported that this polymorphism had no association with the risk of GDM.

Thirteen studies were included in our study; nine studies were about +45T/G, with
1024 cases and 1059 controls, five studies were about +276G/T, with 590 cases and 595
controls, and five studies were about -11377C/G, with 722 cases and 791 controls. We
not only had a larger sample size than previous studies but also performed subgroup
analysis based on the ethnicity of the study population to evaluate ethnic-specific
effects. +45T/G was proved by our meta-analysis to be a risk factor for GDM (allelic
model: OR = 1.45, 95%CI: 1.26-1.67, P = 0.000), and 66.7% (6 of 9) of studies reported a
positive result[2,4,7,10,12,14]. Subgroup analysis showed that +45T/G was associated with
GDM in Asians (allelic model: OR = 1.47, 95%CI: 1.27-1.70, P = 0.000) but not in South
Americans. In addition, no association of +276G/T or -11377C/G and the risk of GDM
was observed.

Obvious heterogeneity was detected among the -11377C/G studies (allelic model: I²
= 64.0%, P = 0.03, dominant model: I² = 55.0%, P = 0.06, recessive model: I² = 32.0%, P
= 0.21). We used subgroup analysis based on ethnicity, and the heterogeneity could
not be reduced,  indicating that  a  small  sample size and other reasons may have
influenced the heterogeneity. The association of -11377C/G  with the risk of GDM
remains to be verified by further studies. No heterogeneity was found in the studies
of +45T/G (allelic model: I² = 14.3%, P = 0.32, dominant model: I² = 18.1%, P = 0.28,
recessive model: I² = 0.0%, P = 0.90) and +276G/T (allelic model: I² = 0.0%, P = 0.74,
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Figure 2

Figure 2  Forest plot for the association of ADIPOQ +45T/G polymorphism and gestational diabetes mellitus
under the allelic model.

dominant model:  I²  = 0.0%, P  = 0.78,  recessive model:  I²  = 0.0%, P  = 0.83),  so the
conclusion that +45T/G has, but +276G/T has no, association with the risk of GDM is
relatively reliable.  Begg’s  funnel  plot  was used to test  publication bias.  The test
showed that there was no publication bias among the studies. Sensitivity analysis
indicated that the results are stable and reliable.

The SNP +45T/G is a synonymous mutation (GGTGGG, Gly15Gly) at exon 2. The
results  of  Yang  et  al[20]  indicated  that  +45T/G  polymorphism  may  influence  the
expression of  ADIPOQ  by influencing RNA splicing and stability.  Some studies
reported that the G allele of +45T/G polymorphism in the ADIPOQ gene is associated
with obesity, insulin resistance, and T2D in several populations. Very few studies
have investigated the association of ADIPOQ +45T/G polymorphism with GDM and
the results of these studies were controversial.

As far as we know, only +45T/G  was involved in a previous meta-analysis that
reported no association of ADIPOQ +45T/G  polymorphism with the risk of GDM
(allelic model: OR = 1.17, 95%CI: 0.79-1.76; dominant model: OR = 0.86, 95%CI: 0.50-
1.48; recessive model: OR = 1.21, 95%CI: 0.62-2.33)[21]. The reason for this controversy
is most likely the following: (1) the small sample size (case number = 875, control
number = 884); (2) obvious heterogeneity (all P-values for heterogeneity less than
0.01); and (3) false HWE status of 25% studies (2 of 8) involved in that meta-analysis
will cause insufficient power which may lead to the false-negative results.

The  role  of  +276G/T  in  the  pathogenesis  of  metabolic  syndrome and diabetes
mellitus has also been reported to be contradictory. Commonly, the T allele has an
association with a higher adiponectin level and protection against T2D[22,23], but some
studies showed that T carriers have a higher risk of  obesity and diabetes[24,25],  or
+276G/T polymorphism is not associated with T2D or GDM[26].

All the studies on +276G/T polymorphism included in our study came from the
Chinese population. This result suggests that +276G/T in the Chinese population may
associate with the risk of GDM. The studies about the association between +276G/T
and GDM from other countries could not be found. Geographical, environmental, and
genetic factors of different ethnic groups lead to different susceptibility to diabetes;
therefore, we need more studies about the association between +276G/T and GDM of
other ethnic groups to reach reliable conclusions.

Zhang et al[27]  found that ADIPOQ  gene promoter region has four transcription
stimulatory  protein  (SP1)  binding sites,  while  the  G allele  of  -  11377  C/G  in  the
promoter  region can change the  DNA sequence  of  one  of  the  SP1 binding sites,
leading  to  the  loss  of  binding  force  to  SP1.  This  may  reduce  the  ADIPOQ  gene
transcription activity,  inhibit  the  expression of  genes,  and lead to  lower plasma
ADIPOQ, which could associate with glucolipid metabolic abnormalities and insulin
resistance. Consistent with the results of Vasseur et al[28], Petrone et al[29] reported that -
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Table 3  Main results of the pooled odds ratios in meta-analysis for the association between ADIPOQ polymorphisms and gestational
diabetes mellitus

SNP N Sample size Allelic model Dominant model Recessive model

Case Control OR (95%CI) P OR (95%CI) P OR (95%CI) P

+45T/G

Total 10 1024 1059 1.45 (1.26-1.67) 0.000a 1.50 (1.25-1.79) 0.000a 2.00 (1.42-2.84) 0.000a

Subgroup

Ethnicity

Asian 8 945 890 1.47 (1.27-1.70) 0.000a 1.54 (1.27-1.85) 0.000a 2.00 (1.43-2.85) 0.000a

SA 1 79 169 1.21 (0.68-2.41) 0.510 1.13 (0.59-2.15) 0.710 2.18 (0.43-11.07) 0.350

+276G/T

Total 5 590 595 0.88 (0.74-1.05) 0.158 0.91 (0.65-1.26) 0.561 0.82 (0.64-1.05) 0.118

-11377C/G

Total 5 722 791 0.96 (0.72-1.26) 0.750 1.00 (0.73-1.37) 0.980 0.90 (0.61-1.32) 0.570

Subgroup

Ethnicity

Asian 2 309 286 1.04 (0.77-1.41) 0.800 1.09 (0.79-1.50) 0.600 0.97 (0.51-1.86) 0.930

SA 1 79 168 0.80 (0.50-1.29) 0.360 0.77 (0.44-1.36) 0.370 0.81 (0.28-2.34) 0.690

European 2 334 337 0.94 (0.45-1.96) 0.870 1.00 (0.42-2.33) 0.990 0.87 (0.51-1.49) 0.610

aP < 0.01. ADIPOQ: Adiponectin; SA: South American; GDM: Gestational diabetes mellitus; SNP: Single nucleotide polymorphism; N: Number of studies;
OR: Odds ratio; CI: Confidence interval; NA: Not assessable.

11377G haplotype is associated with low plasma ADIPOQ levels and T2D. However,
due to ethnic and geographical differences, the results of studies on the association
between  ADIPOQ  gene  -11377C/G  polymorphism and diabetes  mellitus  are  not
completely consistent[30].

According to the literatures on -11377C/G polymorphism included in our studies,
Asians accounted for 40%, Europeans for 40%, and South Americans for 20%. Due to
the small sample size and large heterogeneity of each ethnic subgroup, our results,
which are inconsistent with the previous studies, are unreliable.

The limitations of this study should be considered. First, the number of cases and
controls involved in the meta-analysis for exploring the association of ADIPOQ and
GDM in different ethnicities may have little power, and studies with larger sample
sizes and multiple ethnicities are needed. Second, GDM has complicated cases, with
genetic susceptibility, environmental triggers, and acquired dispositions, such as age,
gestational weeks, condition of nutrition, and physique. In this meta-analysis, we
failed  to  conduct  a  multivariate  analysis  of  confounders.  Therefore,  further
comprehensive studies with strict matching criteria for cases and controls are needed.
Third, few studies have reported the association between polymorphisms and serum
ADIPOQ levels, so genotype-phenotype analysis was prevented[21].

In conclusion, our meta-analysis reveals the association of the ADIPOQ +45T/G
polymorphism and the risk of GDM; this polymorphism increases GDM risk in Asian
populations. Another two polymorphisms, +276G/T and -11377C/G, seem to have no
association with the risk of GDM. Prospective studies of high quality with larger
sample sizes are required to reveal the association of ADIPOQ polymorphisms with
GDM,  the  existence  of  ethnicity-specific  factors,  and  the  role  that  ADIPOQ
polymorphisms play in pathology.
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Figure 3

Figure 3  Forest plot for the association of ADIPOQ +276G/T polymorphism and gestational diabetes mellitus under the allelic model.

Figure 4

Figure 4  Forest plot for the association of ADIPOQ -11377C/G polymorphism and gestational diabetes mellitus under the allelic model.
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Figure 5

Figure 5  Begg’s funnel plots for testing publication bias. A: +45T/G under allelic model; B: +45T/G under recessive model; C: +276G/T under allelic model; D: -
11377C/G under allelic model. OR: Odds ratio.
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Figure 6

Figure 6  Sensitivity analysis between ADPIOQ polymorphisms and gestational diabetes mellitus in all studies. A: +45T/G under allelic model; B: +45T/G
under recessive model; C: +276G/T under allelic model; D: -11377C/G under allelic model. CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Many biochemical mediators that are synthesized in the adipose tissue and secreted in the
circulation, such as leptin, adiponectin (ADIPOQ), and resistin, are thought to be involved in
obesity and insulin resistance. ADIPOQ is produced in the adipose tissue and regulates a variety
of metabolic processes such as lipid metabolism, glucose and fatty acid oxidation. This hormone
can reduce insulin resistance, improve lipid metabolism, and exert anti-inflammatory effects.
Plasma ADIPOQ levels are decreased in patients with type 2 diabetes, metabolic syndrome, and
obesity. Previous studies have shown that ADIPOQ single nucleotide polymorphisms can affect
plasma ADIPOQ concentrations, which in turn affect insulin sensitivity.

Research motivation
Previous  studies  have  evaluated  the  relationship  between  ADIPOQ  polymorphisms  and
gestational  diabetes  mellitus  (GDM),  but  the  results  of  the  association between ADIPOQ
polymorphisms and GDM is uncertain.

Research objectives
We  evaluated  the  association  between  ADIPOQ  +45T/G,  +276G/T,  and  -11377C/G
polymorphisms and GDM with a bigger sample size and less heterogeneity. Moreover, subgroup
analysis was performed by ethnicity.

Research methods
Potentially related articles on human fat metabolism and GDM gene research published before
October 20, 2018 were retrieved through the electronic databases EMBASE, Web of Science,
PubMed, WANFANG DATA, and China National Knowledge Infrastructure. A fixed-effects or
random-effects model was used to calculate pooled odds ratios (ORs) with 95% confidence
intervals (CIs), based on the between-study heterogeneity to evaluate the association between
AIDPOQ +45T/G, +276G/T, and -11377C/G polymorphisms and the risk of GDM.

Research results
Nine  +45T/G  studies  included 1024  GDM cases  and 1059  controls,  five  +276G/T  studies
included 590 GDM cases and 595 controls, and five -11377C/G studies included 722 GDM cases
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and 791 controls. Pooled ORs showed that +45T/G increased Asian GDM risk (allele model OR
= 1.47, 95%CI: 1.27-1.70, P  = 0.000; dominant model OR = 1.54, 95%CI: 1.27-1.85, P  = 0.000;
recessive mode: OR = 2.00, 95%CI: 1.43-2.85, P  = 0.000), but not in South Americans (equal
pattern: OR = 1.21, 95%CI: 0.68-2.41, P = 0.510; dominant model OR = 1.13, 95%CI: 0.59-2.15, P =
0.710;  recessive  mode  OR  =  2.18,  95%CI:  0.43-11.07,  P  =  0.350).  There  was  no  significant
correlation between +276G/T (allele model OR = 0.88, 95%CI: 0.74-1.05, P = 0.158; dominant
model OR = 0.91, 95%CI: 0.65-1.26, P = 0.561; recessive mode: OR = 0.82, 95%CI: 0.64-1.05, P =
0.118) or -11377C/G (equal pattern: OR = 0.96, 95%CI: 0.72-1.26, P = 0.750; dominant model OR
= 1.00, 95%CI: 0.73-1.37, P = 0.980; recessive model: OR = 0.90, 95%CI: 0.61-1.32, P = 0.570) and
GDM risk.

Research conclusions
Our meta-analysis reveals the association of the ADIPOQ +45T/G polymorphism and the risk
of GDM; this polymorphism increases GDM risk in Asian populations.

Research perspectives
In order to reveal the association of ADIPOQ  polymorphisms with GDM, the existence of
ethnicity-specific factors, and the role that ADIPOQ polymorphisms play in pathology, studies
focused on delineating ethnicity-specific factors with larger sample sizes are needed.
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Abstract
BACKGROUND
Resistin is most likely involved in the pathogenesis of gestational diabetes
mellitus (GDM), but the existing findings are inconsistent.

AIM
To review the literature investigating the associations of the risk of GDM with
serum level of resistin.

METHODS
A systematic literature search was performed using MEDLINE, EMBASE, and
Web of Science (all databases). This meta-analysis included eligible studies that:
(1) investigated the relationship between the risk of GDM and serum resistin; (2)
included GDM cases and controls without GDM; (3) diagnosed GDM according
to the oral glucose-tolerance test; (4) were performed in humans; (5) were
published as full text articles in English; and (6) provided data with median and
quartile range, median and minimum and maximum values, or mean and
standard deviation. The pooled standardized mean difference (SMD) and 95%
confidence interval (CI) were calculated to estimate the association between the
risk of GDM and serum resistin. To analyze the potential influences of need for
insulin in GDM patients and gestational age at blood sampling, we performed a
subgroup analysis. Meta-regression with restricted maximum likelihood
estimation was performed to assess the potentially important covariate exerting
substantial impact on between-study heterogeneity.

RESULTS
The meta-analysis for the association between serum resistin level and GDM risk
included 18 studies (22 comparisons) with 1041 cases and 1292 controls. The total
results showed that the risk of GDM was associated with higher serum resistin
level (SMD = 0.250, 95%CI: 0.116, 0.384). The “after 28 wk” subgroup, “no need
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for insulin” subgroup, and “need for insulin” subgroup indicated that higher
serum resistin level was related to GDM risk (“after 28 wk” subgroup: SMD =
0.394, 95%CI: 0.108, 0.680; “no need for insulin” subgroup: SMD = 0.177, 95%CI:
0.018, 0.336; “need for insulin” subgroup: SMD = 0.403, 95%CI: 0.119, 0.687). The
“before 14 wk” subgroup, “14-28 wk” subgroup, and “no information of need for
insulin” subgroup showed a nonsignificant association between serum resistin
level and GDM risk (“before 14 wk” subgroup: SMD = 0.087, 95%CI: -0.055, 0.230;
“14-28 wk” subgroup: SMD = 0.217, 95%CI: -0.003, 0.436; “no information of need
for insulin” subgroup: SMD = 0.356, 95%CI: -0.143, 0.855). The postpartum
subgroup included only one study and showed that higher serum resistin level
was related to GDM risk (SMD = 0.571, 95%CI: 0.054, 1.087) The meta-regression
revealed that no need for insulin in GDM patients, age distribution similar
between cases and controls, and ELISA all had a significant impact on between-
study heterogeneity.

CONCLUSION
This meta-analysis supports that the maternal serum resistin level is associated
with GDM risk.

Key words: Resistin; Gestational diabetes mellitus; Meta-analysis; Gestational age
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Core tip: We conducted a meta-analysis of relevant high-quality studies, which revealed
that the maternal serum resistin level is associated with gestational diabetes mellitus risk.
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INTRODUCTION
Gestational  diabetes  mellitus  (GDM)  is  defined  by  varying  degrees  of  glucose
intolerance that is first detected during pregnancy[1]. In recent decades, the prevalence
of GDM has been increasing and fluctuates from 1.7% to 11.6%[2]. Poorly controlled
GDM is associated with an increase in the incidence of gestational hypertension,
preeclampsia, polyhydramnios, fetal macrosomia, birth trauma, operative delivery,
and neonatal hypoglycemia[3-5].  During pregnancy, insulin resistance is enhanced
physiologically, which parallels the growth of the fetoplacental unit and facilitates the
diversion of glucose to the fetus. When the compensatory increase in insulin is not
sufficient to maintain glycemic homeostasis, pregnant women develop GDM.

Resistin, which was named after its insulin resistance ability by Steppan et al[6] in
2001, is a hormone with a molecular weight of 12.5 kDa that consists of 108 amino
acids.  Steppan et  al[6]  found anti-diabetic  drugs called thiazolidinediones,  which
markedly  lowered  serum  resistin  levels  in  mice  during  treatment.  The
immunoneutralization of endogenous resistin improved blood glucose and insulin
action  in  this  model  of  type  2  diabetes.  The  treatment  of  normal  mice  with
recombinant resistin impaired glucose tolerance and insulin action. Insulin-stimulated
glucose uptake by adipocytes was enhanced by neutralization of resistin and reduced
by resistin treatment[6].  The association between elevated circulating resistin and
insulin resistance in patients with type 2 diabetes has also been revealed[7-11].

The results  of  studies  on the association between resistin  and GDM risk vary
greatly. Some studies have suggested that elevated circulating resistin is a risk factor
for  GDM[12-26],  while  some have  suggested  that  elevated  circulating  resistin  is  a
protective factor[27-30], and others have suggested that resistin circulating level is not
associated with GDM risk[31-52]. Variations in gestational age at sample collection, assay
methods, fasting state, sample size, ethnicity, diagnosis criteria, severity of GDM, and
definitions of controls could account for the considerable differences of the results of
these  studies.  In  a  study  performed by  Steppan  et  al[6],  they  found that  resistin
expression was adipocyte-specific. However, recent reports suggest that resistin is
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also expressed in multiple other tissues, such as pancreatic islets, skeletal muscles,
mononuclear cells, placenta, and liver cells[51,53,54].  During pregnancy, the placenta
synthesizes and secretes resistin into the maternal circulation[55,56]. One study found
that resistin protein expression in placental  tissue was much higher than that in
subcutaneous adipose tissue in pregnant women’s abdomens, suggesting that the
placenta is a major contributor of resistin in pregnancy[57]. Several studies have shown
that the maternal circulating level of resistin gradually increases with gestational age
and decreases  significantly  after  delivery[17-19,23,37,40,42,44].  This  process  of  change is
consistent with the growth and delivery of the placenta.

Notably,  a  previous  meta-analysis  published in  2013  that  included 10  papers
showed no association between circulating resistin levels and GDM[58]. However, the
authors suggested that these results should be interpreted with caution owing to the
large heterogeneity among the studies. Since 2013, there have been many high-quality
articles on serum resistin levels and GDM. Therefore,  we think it  is  necessary to
conduct another meta-analysis, and since there is a sufficient number of articles, we
can perform a meta-regression analysis and subgroup analysis to explore possible
influencing factors. The purpose of this study was to review the literature on the
association of resistin and GDM risk, and attempt to find potential influence factors to
interpret the considerable differences of the results of these studies.

MATERIALS AND METHODS

Literature search
The databases MEDLINE, EMBASE, and Web of Science (all databases, including Web
of Science Core Collection, BIOSIS Citation Index, etc.) were searched up to October
11, 2018 to find articles focused on the relationship between the risk of GDM and
serum resistin level.  The following keywords were used in PubMed and Web of
Science: (“Diabetes, Gestational” [Mesh] OR “GDM” OR “gestational diabetes” OR
“gestational diabetic” OR “diabetic pregnancy”) AND (“resistin” [MeSH] OR resistin
OR RETN OR ADSF OR RSTN OR XCP1 OR FIZZ3 OR RETN1).  The  following
keywords  were  used  in  EMBASE:  (“pregnancy  diabetes  mellitus”/exp  OR
“gestational diabetes” OR “gestational diabeti” OR “diabetic pregnancy” OR “gdm”)
AND (“resistin”/exp OR “resistin” OR “RETN” OR “ADSF” OR ”RSTN” OR ”XCP1”
OR ”FIZZ3”  OR ”RETN1”).  We manually  searched  all  the  reference  lists  of  the
included studies and relevant reviews to find additional eligible studies.

Eligible studies, data extraction, and quality evaluation
This meta-analysis included eligible studies that: (1) investigated the relationship
between the risk of GDM and serum resistin; (2) included GDM cases and controls
without GDM; (3) diagnosed GDM according to the oral glucose-tolerance test; (4)
were performed in humans; (5) were published as full text articles in English; and (6)
provided data with median and quartile range, median and minimum and maximum
values,  or  mean  and  standard  deviation  (SD).  We  excluded  the  studies  with
overlapping data. Information of the first author, study location (country), study
design,  year  of  publication,  diagnostic  criteria,  number of  patients  and controls,
gestational age at the time of blood sampling, assay methods, need for insulin in
GDM patients,  and the mean and SD of serum resistin levels was extracted.  The
quality of each included study was evaluated based on the Newcastle-Ottawa Scale
(NOS) recommended by the Agency for Healthcare Research and Quality of the US[59].
Comparability  of  cases  and  controls  on  the  basis  of  the  design  or  analysis  was
evaluated based on whether the gestational age and body mass index (BMI) at blood
sampling matched. The NOS total score of the literature included had to be greater
than or equal to 5 points. Disputes were resolved by discussion with a third author
during data extraction and quality evaluation. The equation “SD = SEM × √(n)” was
used to calculate SD from the standard error of the mean (SEM). If we need to merge
the data  of  subgroups,  we used the following equations:  n  =  n1  +  n2,  x  = (n1x1  +
n2x2)/(n1 + n2) and SD = √{[(n1-1)SD1

2 + (n2-1)SD2
2 + n1n2/(n1 + n2)( x1

2 +x2
2 - 2x1x2)]/(n1 +

n2 - 1)} [60]. The equation “SD = interquartile range/1.35” was used to calculate SD
from interquartile ranges. And we treated the medians as means[61]. However, if we
were provided with the minimum and maximum values, we calculated means and
SDs according to the equations in the study of Hozo et al[62].  When serum resistin
levels  were measured in both nonfasting and fasting blood samples at  the same
gestational age, we chose the fasting result here.

Statistical analysis
The pooled standardized mean difference (SMD) and 95% confidence interval (CI)
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were used to estimate the relationship between the risk of GDM and serum resistin.
Subgroup  analyses  were  performed  to  detect  whether  “need  for  insulin”  or
“gestational age at blood sampling” influenced the relationship between the risk of
GDM and serum resistin. We divided the subjects into four subgroups according to
the gestational age at blood sampling (“before 14 wk”, “14-28 wk”, “after 28 wk”, and
“postpartum”). If the gestational age of the included study did not completely overlap
with  the  gestational  age  of  the  subgroup,  we  would  assign  the  study  into  the
subgroup with the most overlap with the gestational age of the study. The study of
Kuzmicki et al[14] was assigned to the “14-28 wk” subgroup. The studies of Kralisch et
al[39], Siddiqui et al[25], and Palik et al[17] were assigned to the subgroup of “after 28 wk”.
Additionally, based on the “need for insulin in GDM patients”, the subjects were
divided into three subgroups: (1) need for insulin; (2) no need for insulin; and (3) no
information. The Z test was used to determine the significance of the pooled SMD,
with α set at 0.05.

The  Q  test  and the  I2  statistic  were  used to  estimate  the  heterogeneity  across
studies[63,64]. If P < 0.1 in the Q test, and I2 > 50%, we used the random effects model to
pool the data; and meta-regression with restricted maximum likelihood estimation
(REML)  was  performed  to  assess  the  potentially  important  covariate  exerting
substantial impact on between-study heterogeneity. The following covariates were
included in the meta-regression analysis: need for insulin (no need for insulin, need
for insulin, OR no information; dummy variable), assay method (ELISA OR others),
and maternal  age  distribution (similar  between cases  and controls  OR different
between cases and controls) in each study. Begg’s funnel plot and Egger’s test and
sensitivity analysis were used to assess the publication bias and the stability of the
results. STATA 12.0 software (Stata Corporation, College Station, TX) was the only
analysis software in this meta-analysis. The statistical methods of this study were
reviewed by Jun-Xia Yan from Department of Epidemiology and Health Statistics,
Central South University, China.

RESULTS

Study selection
The process of study selection is shown in Figure 1. Three hundred and one records of
potentially relevant studies were identified. Of these, 199 records were excluded
based on their title and/or abstract (“repetitive publications”: n = 132; “conference
abstracts”:  n  =  18;  “reports  of  animal  studies”:  n  =  6;  “reports  of  studies  that
investigated outcomes irrelevant to this meta-analysis”: n = 31; “adipokines other than
resistin”: n = 1; “studies of which the biological material was not maternal blood”: n =
11).  A further 77 full-text  articles  were excluded because these were:  (1)  review,
editorial, and opinion articles (n = 49); (2) studies in which interviewees were not
grouped according to whether  they had GDM (n  =  11);  (3)  a  study in which the
controls were not pregnant women and had never been pregnant (n = 1); (4) papers
with plasma resistin concentrations reported (n  = 13);  (5) non-full-text articles in
English (n = 2); and (6) RETN gene study (n = 1). After in-depth analysis, seven more
studies  were  excluded.  The  specific  reasons  for  the  exclusion  and  the  detailed
information of  these  seven papers  are  shown in  Supplementary Table  1.  The 18
studies (22 comparisons) that were ultimately selected for our meta-analysis included
1041 cases and 1292 controls (Tables 1 and 2).

Association between the risk of GDM and serum resistin level
The meta-analysis included 18 studies (22 comparisons) with 1041 cases and 1292
controls. The total results showed that higher serum resistin was associated with the
risk of GDM (SMD = 0.250, 95%CI: 0.116, 0.384) (Table 3 and Figure 2). The “after 28
wk”, “no need for insulin”, and “need for insulin” subgroups indicated that higher
serum resistin was related to the risk of GDM (“after 28 wk” subgroup: SMD = 0.394,
95%CI: 0.108, 0.680; “no need for insulin” subgroup: SMD = 0.177, 95%CI: 0.018, 0.336;
“need for insulin” subgroup: SMD = 0.403, 95%CI: 0.119, 0.687). The “before 14 wk”
subgroup, “14-28 wk” subgroup, and “no information of need for insulin” subgroup
showed a nonsignificant association between serum resistin level  and GDM risk
(“before 14 wk” subgroup: SMD = 0.087, 95%CI: -0.055, 0.230; “14-28 wk” subgroup:
SMD = 0.217, 95%CI: -0.003, 0.436; “no information of need for insulin” subgroup:
SMD = 0.356, 95%CI: -0.143, 0.855).  The postpartum subgroup included only one
study and showed that higher serum resistin level was related to GDM risk (SMD =
0.571, 95%CI: 0.054, 1.087) (Table 3, Figures 3 and 4).

Table  4  summarizes  results  of  meta-regression;  “no  need for  insulin  in  GDM
patients”, “age distribution similar between cases and controls”, and ELISA all had a
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Table 1  Detailed characteristics of all eligible studies for the association between serum resistin levels and gestational diabetes mellitus

Ref. Location Study
design

Number
GDM/C

GDM
diagnosis

Time for
sampling

Assay
method

Need for
insulin n

(%)

Resistin level, ng/mL mean ± SD

GDM Control P

Tsiotra et
al[49], 2018

Greece CC 15/23 75 g ADA 39 wk LUMINEX
xMAP

4 (26.7) 26.147 ±
7.337

23.440 ±
1.567

NS

Lobo et
al[42], 2018

Brazil CC 15/30 75 g
IADPSG

< 14 wk ELISA 0 14.047 ±
5.334

12.357 ±
4.747

NS

18/28 14-20 wk 0 14.420 ±
6.157

14.219 ±
5.721

NS

Siddiqui et
al[25], 2018

Saudi
Arabia

CC 14/21 100 g ADA 24-32 wk Randox
evidence
biochip
analyzer

NI 9.1 ± 4.2 6.1 ± 1.6 0.02

Bagci et
al[21], 2018

Turkey CC 40/40 100 g NDDG 24-28 wk ELISA NI 16.78 ± 6.83 12.79 ± 5.02 0.004

Khanam et
al[37], 2017

Australia Cohort 52/71 75 g ADIPS 14 wk Multiplex
assay kits

0 0.667 ± 0.515 0.697 ± 0.249 NS

52/71 18 wk 0 0.896 ± 0.547 0.806 ± 0.416 NS

Ravnsborg
et al[45],
2016

Denmark CC 199/208 75 g 2 h ≥ 9.0
mmol/L

8+1-13+6 wk ELISA 78 (39.2) 14.06 ± 6.43 13.22 ± 4.87 NS

Huang et
al[13], 2016

China CC 43/24 75 g
IADPSG

37-40 wk ELISA 17 (39.5) 19240 ± 5860 14570 ± 4890 < 0.05

Takhshid
and
Zare[48],
2015

Iran CC 75/70 100 g
Carpenter

and Coustan

30 wk ELISA NI 13.0 ± 6.6 11.4 ± 6.9 NS

Boyadzhie
va et al[32],
2013

Bulgaria CC 127/109 75 g
IADPSG

24-28 wk BioVendor®
kits

0 10.11 ± 2.2 9.09 ± 3.2 NS

Nanda et
al[43], 2012

UK CC 60/240 75 g fasting
≥ 6.0

mmol/L or
2 h ≥ 7.8
mmol/L

11-13 wk ELISA 0 8.32 ± 4.58 8.28 ± 3.38 NS

Skvarca et
al[47], 2012

Slovenia CS 30/25 100 g
Carpenter

and Coustan

Approximat
ely 27 wk

ELISA 0 2.00 ± 0.68 2.40 ± 1.26 NS

Akdeniz et
al[31], 2011

Turkey CC 20/22 ADA Before
delivery

ELISA 20 (100) 8.7 ± 2.1 8.1 ± 2.5 NS

Vitoratos et
al[18], 2011

Greece Cohort 30/30 100 g
Carpenter

and Coustan

26-28 wk Sandwich
immunoassa

y kit

0 0.21 ± 0.08 0.19 ± 0.12 NS

30/30 38 wk 0 0.28 ± 0.2 0.21 ± 0.13 0.02

30/30 The third
postpartum

day

0 0.25 ± 0.11 0.19 ± 0.10 0.03

Kleiblova
et al[38],
2010

Czech
Republic

CC 10/13 75 g Czech
Diabetes

Association

At delivery ELISA 10 (100) 12.6 ± 4.2 10.9 ± 2.1 NS

Vitoratos et
al[50], 2010

Greece CC 30/30 100 g
Carpenter

and Coustan

24-26 wk Sandwich
immunoassa

y kit

0 0.1913 ±
0.1096

0.21 ± 0.0822 NS

Kralisch et
al[39], 2009

Germany CC 40/80 75 g ADA G: 29 ± 3 wk;
C: 28 ± 4 wk

ELISA NI 6.5 ± 2.7 7.4 ± 3.3 NS

Kuzmicki
et al[14],
2009

Poland CC 81/82 75 g WHO 24-31 wk Quantikine
immunoassa

y kit

0 21.9 ± 5.9 19.0 ± 5.9 < 0.001

Palik et
al[17], 2007

Hungary CS 30/15 75 g WHO 26-30 wk ELISA 30 (100) 15.76 ± 3.52 13.0 ± 3.60 < 0.001

CC: Case-control study; CS: Cross-sectional study; ADA: American Diabetes Association; IADPSG: International Association of Diabetic Pregnancy Study
Group; WHO: World Health Organization; NDDG: National Diabetes Data Group; ADIPS: Australasian Diabetes in Pregnancy Society; RIA: Radio
Immunoassay; NI: No information; NS: Non-significant.
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Table 2  Quality assessment of the included studies based on scores of Newcastle-Ottawa Scale (case-control study version and cohort
version)

Ref.
Case

definition
adequacy

Representat
iveness of

cases

Selection of
controls

Definition of
controls

Comparabili
ty of cases

and controls

Ascertainme
nt of

exposure

Same
method of

ascertainme
nt for cases
and controls

Non-
response

rate

Total quality
score

Tsiotra et
al[49], 2018

1 0 0 1 1 1 1 NI 5

Lobo et al[42],
2018

1 1 1 1 2 1 1 1 9

Siddiqui et
al[25], 2018

1 0 0 1 1 1 1 NI 5

Bagci et al[21],
2018

1 0 0 1 1 1 1 NI 5

Ravnsborg et
al[45], 2016

1 1 1 1 2 1 1 1 9

Huang et
al[13], 2016

1 0 0 1 2 1 1 NI 6

Takhshid
and Zare[48],
2015

1 0 0 1 2 1 1 NI 6

Boyadzhieva
et al[32], 2013

1 1 1 1 1 1 1 NI 7

Nanda et
al[43], 2012

1 1 0 1 1 1 1 NI 6

Skvarca et
al[47], 2012

1 0 0 1 2 1 1 NI 6

Akdeniz et
al[31], 2011

1 0 0 1 1 1 1 NI 5

Kleiblova et
al[38], 2010

1 0 0 1 1 1 1 NI 5

Vitoratos et
al[50], 2010

1 0 0 1 2 1 1 NI 6

Kralisch et
al[39], 2009

1 0 0 1 2 1 1 NI 6

Kuzmicki et
al[14], 2009

1 0 0 1 2 1 1 NI 6

Palik et al[17],
2007

1 0 0 1 1 1 1 NI 5

Ref. Representativ
eness of the

exposed
cohort

Selection of
the non-
exposed
cohort

Ascertainmen
t of exposure

Demonstratio
n that

outcome of
interest was

not present at
start of study

Comparabilit
y of cohorts

Assessment
of outcome

Follow-up
long enough
for outcomes

to occur

Adequacy of
follow -up of

cohorts

Total quality
score

Khanam et
al[37], 2017

0 1 1 1 2 1 1 0 7

Vitoratos et
al[18], 2011

0 1 1 1 2 1 1 1 8

NI: No information.

significant impact on between-study heterogeneity. REML estimate of between-study
variance tau2 decreased from 0.0482 to 0.02687, indicating that these variables can
account for 44.3% of heterogeneity sources. No association was statistically significant
when meta-regression was performed on the three strategies considered one by one.
In the sensitivity analysis, no changes were observed in the significance of the results
or in the corresponding pooled SMD (Figure 5). In the publication bias analysis, the
results of Begg’s funnel plot and the modified Egger linear regression test (Figure 6)
showed no publication bias (Z = 1.30, P = 0.195; t = 1.10, P = 0.284).
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Figure 1

Figure 1  PRISMA flow diagram of the study selection process. GDM: Gestational diabetes mellitus.

DISCUSSION
The results of the studies focused on the association of maternal serum resistin level
and GDM risk  varied widely  due to  differences  in  study design type,  ethnicity,
diagnostic criteria for GDM, insulin use in GDM patients, inclusion criteria of the
control group, the distribution equilibrium of maternal age, BMI, gestational age at
sampling, sample size, serum/plasma selection, sample storage methods, and assay
methods. To obtain a more reliable meta-analysis result, we set a threshold for the
diagnostic criteria of GDM. To explore the possible influencing factors of the results,
we performed subgroup analyses according to the gestational age at sampling and
need for insulin in GDM patients. The total results showed that serum resistin level
was associated with GDM. The results of the third trimester, “no need for insulin”,
and “need for insulin” subgroups were consistent with the total result.

The effect of resistin on blood glucose was confirmed in animal studies by highly
evidence-based studies[6,65]. In a mouse model, Steppan et al[6] found that resistin levels
were increased in diet-induced obesity, as well as in genetic models of obesity and
insulin resistance. Neutralization of resistin reversibly reduced hyperglycemia in this
model  of  diet-induced  insulin  resistance.  The  ability  of  recombinant  resistin  to
produce glucose intolerance and insulin resistance is consistent with the opposite
effects of immunoneutralization of endogenous resistin. Similar effects of resistin, i.e.,
decreasing insulin-stimulated glucose uptake, were confirmed in vitro by using 3T3-
L1 adipocytes[6]. Banerjee et al[65] studied the mechanism by which resistin regulates
blood glucose, and they found that mice lacking resistin exhibited low blood glucose
levels after fasting due to the impairment of hepatic glucose output. Resistin normally
acts  on the liver to inhibit  the activation of  adenosine monophosphate-activated
protein kinase (AMPK).  The key gluconeogenic  enzymes glucose 6-phosphatase
(G6Pase)  and  phosphoenolpyruvate  carboxykinase  (PEPCK)  genes  are  both
downregulated by activation of AMPK. Gene expression of G6Pase and PEPCK was
markedly decreased in the liver of the resistin-null mice[65]. There have been no animal
studies related to circulating resistin level and GDM risk.

The association between elevated serum resistin level and GDM was only found in
the  third-trimester  subgroup when we divided the  studies  into  four  subgroups
according to the gestational age.  This may be because the serum level of resistin
increases with gestational age[17-19,23,37,40,42,44], and the gap in resistin levels between GDM
and the controls may also increase with increasing gestational age. Figure 3 shows this
trend. Therefore, a study focusing on the association between the serum resistin level
and GDM risk in the first and second trimesters would require a larger sample size
than one focusing only on the third trimester. Choi et al[12] found higher circulating
resistin levels in women with pGDM than in women with normal glucose tolerance
during pregnancy and one year after delivery, suggesting that in addition to the
placenta, other secretory organs such as adipose tissue may also contribute to the
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Table 3  Summary of different comparative results of serum resistin level with gestational diabetes mellitus risk

Category No. of
comparisons No. of cases No. of

controls SMD (95%CI) Z P I2% Phet

Overall 22 1041 1292 0.250 (0.116, 0.384) 3.65 0.000 53.1 0.002

Gestational age at blood
sampling

Before 14 wk 4 326 549 0.087 (-0.055,
0.230)

1.20 0.229 0.0 0.550

14-28 wk 8 408 415 0.217 (-0.003,
0.436)

1.93 0.053 55.5 0.028

After 28 wk 9 277 298 0.394 (0.108, 0.680) 2.70 0.007 60.5 0.009

Postpartum 1 30 30 0.571 (0.054, 1.087) - - - -

Need for insulin No need for
insulin

12 555 776 0.177 (0.018, 0.336) 2.18 0.029 43.7 0.052

Need for insulin 6 317 305 0.403 (0.119, 0.687) 2.78 0.005 44.9 0.106

No information 4 169 211 0.356 (-0.143,
0.855)

1.40 0.162 80.6 0.001

Phet: P value for heterogeneity; OR: Odds ratio; CI: Confidence interval; SMD: Standardized mean difference.

occurrence of GDM. A study on circulating resistin and fat mass compartments in
pregnancy revealed that resistin levels are not related to BMI, total body fat mass, or
abdominal subcutaneous fat mass but are related to abdominal visceral fat mass[66]. In
this  meta-analysis,  the  postpartum  subgroup  included  only  one  study.  Further
research may be needed to focused on the postpartum. The results of the subgroup
analysis, according to the need for insulin, showed that the pooled SMD of “need for
insulin in GDM patients” was higher than the pooled SMD of “no need for insulin in
GDM patients”,  suggesting that the serum level of resistin may be related to the
severity of GDM. The research of Huang et al[13] showed that among pregnant women
with GDM, the serum resistin levels of women with satisfactory glycemic control
were lower than those in women with unsatisfactory glycemic control[13].

Studies on RETN (gene encoded resistin) mRNA and SNPs have also suggested
that  resistin  is  associated  with  GDM  risk.  The  mRNA  expression  of  RETN  was
increased in adipose tissue from GDM when compared to a non-GDM group, was
related to insulin resistance level, and could be regulated by adrenomedullin and an
adrenomedullin antagonist[13,67,68]. RETN rs1423096 and -420 C/G were found to be
associated with GDM risk[48,69], and it has been reported that the G allele of -420 C/G
in the RETN gene promoter was associated with an increase in circulating resistin[70,71].

In summary, our meta-analysis showed that higher maternal serum resistin level is
related to GDM risk and suggested that the serum level of resistin may be related to
the severity of GDM. Studies focusing on the association between the serum resistin
level and GDM risk in the first and second trimesters would require a larger sample
size than ones focusing only on the third trimester.
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Table 4  Meta-regression analysis results

Covariate Coefficient Std. error t P 95%CI lower 95%CI upper

No need for insulin -0.482 0.183 -2.64 0.017 -0.868 -0.097

Need for insulin -0.169 0.190 -0.89 0.388 -0.570 0.233

Age distribution similar 0.298 0.126 2.37 0.030 0.033 0.563

ELISA -0.399 0.160 -2.50 0.023 -0.737 -0.062

Figure 2

Figure 2  Meta-analysis for the association of serum resistin level with gestational diabetes mellitus risk using a random effects model.
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Figure 3

Figure 3  Gestational age at blood sampling subgroup analysis using a random effects model.
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Figure 4

Figure 4  Need for insulin subgroup analysis using a random effects model.

Figure 5

Figure 5  Results of sensitivity analysis of serum resistin level with gestational diabetes mellitus risk.
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Figure 6

Figure 6  Begg’s funnel plot for publication bias test of serum resistin level with gestational diabetes mellitus risk. SMD: Standardized mean difference.

ARTICLE HIGHLIGHTS
Research background
Resistin is most likely involved in the pathogenesis of gestational diabetes mellitus (GDM), but
the existing findings are inconsistent.

Research motivation
To explore  the  sources  of  heterogeneity  in  the  existing  literature,  we  made  the  literature
heterogeneity within an acceptable range by setting reasonable inclusion criteria. Based on this,
we aimed to explore the relationship between serum level of resistin and GDM risk.

Research objectives
This article aims to review the studies investigating the association of GDM risk with serum
resistin level.

Research methods
A systematic literature search was performed using MEDLINE, EMBASE, and Web of Science
(all databases). We did subgroup analysis according to the need for insulin in GDM patients and
gestational  age  at  blood  sampling.  Meta-regression  with  restricted  maximum  likelihood
estimation was performed to assess the potentially important covariate exerting substantial
impact on between-study heterogeneity.

Research results
The meta-analysis included 18 studies (22 comparisons) with 1041 cases and 1292 controls. The
total results showed that the risk of GDM was associated with serum resistin level. The results of
subgroup are consistent with the total results. The meta-regression revealed that no need for
insulin in GDM patients, age distribution similar between cases and controls, and ELISA all had
a significant impact on between-study heterogeneity.

Research conclusions
This meta-analysis supports that the maternal serum resistin level is associated with GDM risk.

Research perspectives
In summary, our meta-analysis showed that higher maternal serum resistin level is related to
GDM risk and suggested that the serum level of resistin may be related to the severity of GDM.
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Abstract
BACKGROUND
As the first-line regimens for the treatment of advanced gastric cancer, both
docetaxel, cisplatin, and 5-fluorouracil (DCF) and epirubicin, cisplatin, and 5-
fluorouracil (ECF) regimens are commonly used in clinical practice, but there is
still controversy about which is better.

AIM
To compare the efficacy and safety of DCF and ECF regimens by conducting this
meta-analysis.

METHODS
Computer searches in PubMed, EMBASE, Ovid MEDLINE, Science Direct, Web
of Science, The Cochrane Library and Scopus were performed to find the clinical
studies of all comparisons between DCF and ECF regimens. We used
progression-free survival (PFS), overall survival (OS), objective response rate
(ORR), disease control rate (DCR), and adverse effects (AEs) as endpoints for
analysis.

RESULTS
Our meta-analysis included seven qualified studies involving a total of 598
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patients. The pooled hazard ratios between the DCF and ECF groups were
comparable in PFS (95%CI: 0.58-1.46, P = 0.73), OS (95%CI: 0.65-1.10, P = 0.21),
and total AEs (95%CI: 0.93-1.29, P = 0.30). The DCF group was significantly better
than the ECF group in terms of ORR (95%CI: 1.13-1.75, P = 0.002) and DCR
(95%CI: 1.03-1.41, P = 0.02). However, the incidence rate of grade 3-4 AEs was
also greater in the DCF group than in the ECF group (95%CI: 1.16-1.88, P = 0.002),
especially for neutropenia and febrile neutropenia.

CONCLUSION
With better ORR and DCR values, the DCF regimen seems to be more suitable for
advanced gastric cancer than the ECF regimen. However, the higher rate of AEs
in the DCF group still needs to be noticed.

Key words: Gastric cancer; Chemotherapy; Docetaxel; Epirubicin; Cisplatin; 5-
fluorouracil

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study is the first meta-analysis to compare docetaxel, cisplatin, and 5-
fluorouracil (DCF) and epirubicin, cisplatin, and 5-fluorouracil (ECF) regimens for
advanced gastric cancer. The results showed that progression-free survival (PFS), overall
survival (OS), and total adverse effects (AEs) between the DCF and ECF groups were
comparable. The DCF group was significantly better in terms of ORR and DCR than the
ECF group. However, the incidence rate of grade 3-4 AEs was also greater in the DCF
group than in the ECF group, especially for neutropenia and febrile neutropenia.
Therefore, DCF regimen seems to be more suitable for advanced gastric cancer than the
ECF regimen.
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INTRODUCTION
Gastric cancer has become the fifth most frequently diagnosed malignancy and the
third leading cause of cancer-related deaths worldwide[1-3]. Most patients are unable to
get timely diagnosis and effective treatment due to the lack of obvious symptoms in
the early stage.  Moreover,  many patients are likely to relapse even after  regular
radiotherapy and chemotherapy[4]. Gastric cancer is sensitive to chemotherapy, and it
is more clinically treated with combined chemotherapy for the purpose of palliative
treatment[5,6].

Many regimens have been used for the treatment of patients with advanced gastric
cancer,  but  none are  considered standard.  Recommended by clinical  guidelines,
docetaxel,  cisplatin,  and  5-fluorouracil  (DCF)  and  epirubicin,  cisplatin,  and  5-
fluorouracil (ECF) regimens are commonly used as first-line treatments for gastric
cancer[7]. The results in some studies showed that the DCF group was better than the
ECF group in terms of objective response rate (ORR), progression-free survival (PFS),
and  overall  survival  (OS)[8-9].  However,  in  other  studies,  opposite  results  were
obtained, and the ECF regimen had better antitumor efficacy and better quality of life
for advanced gastric cancer[10,11]. In a retrospective analysis from Turkey, Teker et al
reported that DCF and ECF had similar efficacy and tolerability in treating advanced
gastric cancer[12].

To solve the controversy, we conducted this meta-analysis of relevant studies to
compare the survival outcomes [PFS, OS, ORR, and disease control rate (DCR)] and
adverse effects (AEs) between DCF and ECF regimens.
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MATERIALS AND METHODS
This meta-analysis was conducted according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis guidelines[13].

Search strategy
A systematic literature search of PubMed, EMBASE, Ovid Medline, ScienceDirect,
Web of Science, The Cochrane Library and Scopus was performed up to August 31,
2018, combining the following mesh terms: “gastric cancer", “epirubicin", "docetaxel”,
and "chemotherapy”. Our complete search for PubMed was: [docetaxel (Mesh Terms)
OR  docetaxel  hydrate  OR  docetaxel  trihydrate  OR  docetaxel  anhydrous]  AND
[epirubicin (Mesh Terms) OR 4'-epidoxorubicin OR EPI-cell OR IMI28 OR NSC 256942
OR NSC256942 OR Ellence] AND [stomach neoplasm (Mesh Terms) OR gastric cancer
OR  stomach  cancer  OR  stomach  neoplasm  OR  gastric  neoplasm  OR  cancers  of
stomach]. Search results were limited to original human studies, and search criteria
were restricted to randomized controlled trials (RCTs) or cohort studies without
language  restriction.  The  search  is  supplemented  by  manually  searching  for
references listed in all included studies.

Selection criteria and data extraction
We used the following criteria for selecting studies: (1) Population: Patients diagnosed
with metastatic or advanced gastric cancer; (2) Intervention and comparison: DCF vs
ECF; (3) Outcomes: PFS, OS, ORR, DCR, and AEs; and (4) Study design: High-quality
RCTs and cohort studies. Studies without primary data, abstracts only, conference
summary, meta-analysis, animal experiments, and duplicate data were excluded.

Data were independently extracted by two reviewers, including the following: (1)
first author, year, dosage regimen, dosage and cycle, patient characteristics, and study
design;  (2)  PFS,  OS,  ORR,  and DCR;  and (3)  AEs  (all-grade/grade  3-4).  A third
investigator resolved any disagreements about terms.

Quality assessment
The Jadad scale (5-point)[14] and the Newcastle-Ottawa Scale (NOS, 9-point)[15] were
used to assess the methodological quality of RCTs and cohort studies, receptively.
Three main items were included in the Jadad scale: Randomization, masking, and
accountability  of  all  patients.  The  NOS also  included  three  main  items:  Patient
selection, comparability, and exposure. The scores were allocated as stars to each
study. RCTs achieving three or more stars were considered to be of high quality.
Cohort studies achieving eight to nine stars were considered to be of high quality; six
to seven stars were considered to be of medium quality.

Statistical analysis
Meta-analysis was performed with RevMan (Version 5.3) and STATA (Version 12.0).
PFS and OS were analyzed by the pooled hazard ratio (HR); if the HR was less than 1,
the result favored the DCF group; otherwise, it favored the ECF group. ORR, DCR,
and AEs were analyzed by the pooled risk ratio. We extracted the HR of PFS and OS
directly from studies or from Kaplan–Meier curves according to Tierney et al[16]. The
heterogeneity test was evaluated by using the Q test and I2 statistic. If P > 0.1 and I2 <
50%, the fixed effects model was used. Otherwise, the random effects model was
used[17]. Begg’s and Egger’s tests were performed to assess possible publication bias.
The result was considered statistically significant if the P-value was less than 0.05.

RESULTS

Study quality
We initially identified 965 potentially eligible studies. We further deleted the poor
quality and repeated studies and ultimately included seven qualified studies (four
RCTs and three cohort studies). A total of 598 cases of metastatic or advanced gastric
cancer were included (257 patients in the DCF group and 341 patients in the ECF
group). According to the Jadad scale and NOS, five studies were of high quality (four
RCTs and one cohort study), and two cohort studies were of medium quality (Table
1).  The  selection  procedure  is  shown in  Figure  1,  and  the  characteristics  of  the
included studies are shown in Table 2.

Survival outcomes
Four  studies  including  288  patients  reported  PFS.  No  statistically  significant
difference was found between the two groups (95%CI:  0.58-1.46,  P  =  0.73),  with
significant heterogeneity (P = 0.01; I2 = 72%, Figure 2).
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Table 1  Quality assessment of all included studies

Study Selection Comparability Exposure Randomization Masking Accountability of all patients Quality (score)

Randomized controlled trial

Sadighi et al[18], 2006 ** ** * 5

Roth et al[10], 2007 ** * * 4

Gao et al[11], 2010 ** ** * 5

Babu et al[9], 2017 * * * 3

Retrospective study

Abbasi et al[19], 2010 *** ** * 6

Kilickap et al[8], 2011 *** ** ** 7

Teker et al[12], 2014 **** ** *** 9

Five  studies  including  431  patients  reported  OS.  No  statistically  significant
difference was found between the two groups (95%CI:  0.65-1.10,  P  =  0.21),  with
acceptable heterogeneity (P = 0.33; I2 = 13%, Figure 3).

Seven studies including 598 patients reported ORR. ORR was significantly greater
in  the  DCF group than  in  the  ECF group (95%CI:  1.13-1.75,  P  =  0.002),  with  no
heterogeneity (P = 0.52; I2 = 0%, Figure 4A).

Four studies including 351 patients reported DCR. DCR was significantly greater in
the  DCF  group  than  in  the  ECF  group  (95%CI:  1.03-1.41,  P  =  0.02),  with  no
heterogeneity (P = 0.97; I2= 0%, Figure 4B).

Toxicities
We evaluated toxicities between the DCF and ECF groups based on total AEs (all-
grade/grade 3-4). In subgroup analysis, we also evaluated the top ten reported AEs
(all-grade/grade 3-4).

Four studies including 288 patients reported total all-grade AEs. No statistically
significant difference was found between the two groups (95%CI: 0.93-1.29, P = 0.30),
with significant heterogeneity (P = 0.03; I2 = 66%, Figure 5). In the subgroup analysis,
DCF induced a significantly greater rate of febrile neutropenia than ECF (95%CI: 1.05-
4.00, P = 0.04). Similar incidence rates of leucopenia, neutropenia, thrombocytopenia,
anemia, anorexia, nausea/vomiting, fatigue, diarrhea, and stomatitis were found
between the two groups.

Four studies including 288 patients reported total grade 3-4 AEs. The incidence rate
of grade 3-4 AEs was significantly greater in the DCF group than in the ECF group
(95%CI: 1.16-1.88, P = 0.002), with significant heterogeneity (P = 0.07; I2 = 57%, Figure
6). In the subgroup analysis, compared to ECF, DCF induced a significantly greater
rate of neutropenia (95%CI: 1.25-2.16, P  = 0.0003) and febrile neutropenia (95%CI:
1.17-4.12,  P  =  0.01).  Similar  incidence  rates  of  leucopenia,  anemia,  anorexia,
nausea/vomiting, fatigue, diarrhea, stomatitis, and paraesthesia were found between
the two groups.

Sensitivity analysis and publication bias
In  the  analysis  of  PFS  and  total  AEs  (all-grade/grade  3-4),  our  results  showed
significant heterogeneity. We excluded a single study to evaluate the impact of the
study on the pooled results. The results suggested that the outcomes of PFS, all-grade
AEs, and grade 3-4 AEs were stable and reliable (Figure 7). The results of Begg’s test
and Egger’s tests were as follows: ORR (P = 0.548; P = 0.491, Figure 8A), PFS (P =
0.089; P = 0.155, Figure 8B), and OS (P = 0.806; P = 0.481, Figure 8C). There was no
evidence to identify significant publication bias.

DISCUSSION
Gastric cancer is still a worldwide malignant tumor with a high mortality rate[20]. At
present, since screening gastric cancer is difficult to popularize, most patients are in
an advanced stage and have lost the chance of radical operation when diagnosed[21].
Even if the tumors can be excised, there is a great chance of local recurrence after the
operation[22]. Cisplatin-based combinations [particularly cisplatin and 5-fluorouracil
(CF)] have been recognized as one of the preferred regimens for advanced gastric
cancer. As improved regimens, both DCF and ECF regimens are superior to CF[23,24].
This study is the first meta-analysis to compare DCF and ECF regimens for advanced
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Figure 1

Figure 1  Flow chart of the study selection. ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin, and 5-fluorouracil.

gastric cancer. The results showed that PFS, OS, and total AEs between the DCF and
ECF groups were comparable. The DCF group was significantly better in terms of
ORR and DCR than the ECF group. However, the incidence rate of grade 3-4 AEs was
also greater in the DCF group than in the ECF group, especially for neutropenia and
febrile neutropenia.

From our results, four studies[9,10,12,19] showed that DCF significantly prolonged the
OS  of  patients  compared  with  ECF,  and  three  studies[8,9,19]  showed  that  DCF
significantly prolonged the PFS of patients compared with ECF. The results were
beneficial  to  the translation of  OS and PFS from the DCF regimen to the pooled
median survival time of approximately 1 mo. However, no significant difference was
found in OS or PFS between the two groups. Compared to non-docetaxel-containing
regimens, Wagner et al[25] found that the results in OS and PFS might be extended
slightly  or  without  any  difference[25].  Furthermore,  the  advantages  of  trivalent
regimens containing docetaxel (DCF and FLO-T) might be offset by increased toxicity.
Although our results did not show significant differences, it was possible that both
regimens were effective in the treatment of advanced gastric cancer, probably because
of the small number of cases. We looked forward to a larger scale of related research.

Our results showed an advantage in the improvement of ORR and DCR in the DCF
group. Only one study[12] showed that the ORR of the DCF group was lower than that
of  the ECF group (26.2% vs  29.5%, respectively).  These results  might be because
docetaxel had better efficacy, and the patient's response to this drug was relatively
high. Its curative effect is largely related to its mechanism of action. Docetaxel is a
taxane compound discovered in the 1990s. It mainly enhances tubulin aggregation
and inhibits microtubule depolymerization, leading to the formation of stable non-
functional microtubule bundles, thus destroying the mitosis of cancer cells to achieve
anti-tumor effects. Compared with paclitaxel, it has stronger activity and broader anti-
tumor spectrum. Epirubicin is an antibiotic anti-tumor drug, which belongs to a non-
specific cell cycle anti-cancer drug. Its mechanism is to directly insert DNA nucleotide
pairs to interfere with the transcription process and prevent the synthesis of RNA and
DNA. Similar to our results, Petrioli et al[26] reported that docetaxel-based regimens
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Table 2  Characteristics of the included studies

Ref. Yr Intervention and control Samples ORR (%) OS PFS Design Quality
(score)

Sadighi et
al[18]

2006 DCF: D 60 mg/m2, d1, C 60 mg/m2, d1, F 750 mg/m2/d, d1-5 (21) 44 42.0 - - RCT 5/5

ECF: E 60mg/m2, d1, C 60 mg/m2, d1, F 750 mg/m2/d, d1-5 (21) 42 37.0 - -

Roth et al[10] 2007 DCF: D 85mg/m2, d1, C 75 mg/m2, d1, F 300 mg/m2/d, d1-14 (21) 41 36.6 10.4 4.6 RCT 4/5

ECF: E 50 mg/m2, d1, C 60 mg/m2, d1, F 200 mg/m2/d, d1-21 (21) 40 25.0 8.3 4.9

Abbasi et al[19] 2010 DCF: D 75mg/m2, d1, C 75 mg/m2, d1, F 750 mg/m2/d, d1-5 (21) 30 56.3 10.81 6.81 RS 6/9

ECF: E 50 mg/m2, d1, C 60 mg/m2, d1, F 200 mg/m2/d, d1-21 (21) 113 31.3 8.06 5.13

Gao et al[11] 2010 DCF: D 60 mg/m2, d1, C 25 mg/m2, d1-3, F 1000 mg/m2, 46 h,
pumping (21)

32 59.3 - - RCT 5/5

ECF: E 50 mg/m2, d1, C 25 mg/m2, d1-3, F 1000 mg/m2, 46 h,
pumping (21)

32 32.6 - -

Kilickap et
al[8]

2011 DCF: D 75 mg/m2, d1, C 75 mg/m2, d1, F 750 mg/m2/d, d1-5 (21) 40 40.0 9.6 5.8 RS 7/9

ECF: E 50 mg/m2, d1, C 60 mg/m2, d1, F 250 mg/m2/d, d1-21 (21) 40 30.0 10.1 4.4

Teker et al[12] 2014 DCF: D 50-75 mg/m2, d1, C 50-75 mg/m2, d1, F 500-750 mg/m2/d,
d1-5 (21)

42 26.2 11 6.0 RS 9/9

ECF: E 50 mg/m2, d1, C 60 mg/m2, d1, F 200 mg/m2/d, d1-21 (21) 44 29.5 10 6.0

Babu et al[9] 2017 DCF: D 75 mg/m2, d1, C 60 mg/m2, d1, F 750 mg/m2/d, d1-5 (21) 28 46.4 12.5 7.5 RCT 3/5

ECF: E 50 mg/m2, d1, C 60 mg/m2, d1, F 750 mg/m2/d, d1-5 (21) 30 26.7 9.4 5.8

ORR: Objective response rate; OS: Overall survival; PFS: Progression-free survival; ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin,
and 5-fluorouracil; RCT: Randomized controlled trial.

showed an increase in ORR compared with epirubicin-based regimens; however, no
significant difference was found between the two groups[26]. A meta-analysis of DCF
compared with non-docetaxel-containing regimens analyzed 12 RCTs for a total of
1089 cases with advanced gastric cancer. The results did not show any significant
difference in CR or SD rates, but the DCF regimen can significantly increase the PR
rate (38.8% vs 27.9%, respectively; 95%CI 1.16-1.65, P = 0.0003) compared with other
regimens[27].  In  four  studies  comparing  docetaxel  and  non-docetaxel-containing
regimens involving 1235 participants[24,28-30],  the pooled ORRs were 43% and 30%,
respectively (95%CI: 1.45-2.32, P = 0.002). In addition, due to higher response rates,
individuals with good performance might have greater advantages from the three
drug regimens, especially those containing docetaxel[25].

With respect  to  toxicity,  hematological  toxicity  was confirmed to  be  the  most
common adverse event associated with the DCF regimen. In our analysis, we found
high incidences of neutropenia and febrile neutropenia in the DCF group. Although it
did not affect the efficacy of drugs, it might cause damage to other organs[31]. In recent
years, many institutions have designed a number of improvements to regimens, such
as DC or DF, capecitabine and oxaliplatin instead of 5-fluorouracil and cisplatin, or
have changed the method of administration to weekly administration. Preliminary
results showed that the AEs of the improved regimens were significantly lower than
those of the DCF regimen, and the survival time seemed to be prolonged, but no
significant difference was found in efficacy[32-33]. Based on the national comprehensive
cancer network guidelines, DCF and ECF are considered high-risk and intermediate-
risk regimens, respectively, for febrile neutropenia[7].  Phase I and phase II clinical
studies have shown that docetaxel-induced toxicity is better tolerated when used
weekly. The frequency of myelosuppression associated with neutropenia can also be
reduced with weekly administration[34-37]. The AEs of DCF are acceptable only with
appropriately selected patients and comprehensive toxicity management strategies. It
is interesting to note that after appropriate dose reduction, the rates of neutropenia
and febrile neutropenia were reduced with DCF. European and North American
guidelines recommend the routine use of granulocyte colony-stimulating factor (G-
CSF)  prophylaxis  when using chemotherapy regimens  associated with  a  risk  of
neutropenia and febrile neutropenia[36,37]. Many studies have shown that G-CSF can
control these two toxicities[38,39]. In this meta-analysis, we can see that the toxicity and
side effects of the DCF regimen were relatively large, but with the improvement of
medical level, the adverse reactions can be controlled and prevented. However, the
combination of the three drugs should be carefully considered for the elderly and
poor physique patients. Therefore, appropriate preventive measures should be taken
in advance for patients who cannot tolerate the related toxicity.
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Figure 2

Figure 2  Forest plot of hazard ratio of progression-free survival associated with docetaxel, cisplatin, and 5-fluorouracil vs epirubicin, cisplatin, and 5-
fluorouracil. ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin, and 5-fluorouracil.

In  addition,  we should note  that  there  are  still  some limitations  in  this  meta-
analysis: (1) not all of the studies are RCTs; (2) the total number of analyzed patients is
small,  which may not  reflect  the whole population;  (3)  significant  heterogeneity
existed in some comparisons; (4) some studies did not provide the data we have
analyzed; (5) the number of AEs may not completely reflect the quality of life; and (6)
the doses of anticancer agents were different in each study, which might increase
heterogeneity between the included studies.

In conclusion,  Both DCF and ECF are effective regimens for  advanced gastric
cancer,  with  comparable  PFS,  OS,  and  total  AEs.  The  DCF regimen has  greater
advantages over the ECF regimen in terms of ORR and DCR. However, the incidence
rate of grade 3-4 AEs is also higher in the DCF group. Due to the inherent limitations
of the study, more large-scale and high-quality RCTs are needed to support this
conclusion.
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Figure 3

Figure 3  Forest plot of hazard ratio of overall survival associated with docetaxel, cisplatin, and 5-fluorouracil vs epirubicin, cisplatin, and 5-fluorouracil.
ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin, and 5-fluorouracil.

Figure 4

Figure 4  Forest plots of risk ratios of objective response rate (A) and disease control rate (B) associated with docetaxel, cisplatin, and 5-fluorouracil vs
epirubicin, cisplatin, and 5-fluorouracil. ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin, and 5-fluorouracil.
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Figure 5
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Figure 5  Forest plots of risk ratios of all-grade adverse effects associated with docetaxel, cisplatin, and 5-fluorouracil vs epirubicin, cisplatin, and 5-
fluorouracil. ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin, and 5-fluorouracil.
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Figure 6
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Figure 6  Forest plots of risk ratios of grade 3-4 adverse effects associated with docetaxel, cisplatin, and 5-fluorouracil vs epirubicin, cisplatin, and 5-
fluorouracil. ECF: Epirubicin, cisplatin, and 5-fluorouracil; DCF: Docetaxel, cisplatin, and 5-fluorouracil.

Figure 7
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Figure 7  Meta-based influence analysis for comparisons of objective response rate (A), total adverse effects (B), and grade 3-4 adverse effects (C).

Figure 8

Figure 8  Begg’s and Egger’s tests for comparisons of objective response rate (A), progression-free survival (B), and overall survival (C).

ARTICLE HIGHLIGHTS
Research background
Gastric  cancer  has always been a  disease with high morbidity and mortality  in  the world.
Because of the lack of obvious symptoms and signs in the early stage, many patients are found to
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have been diagnosed in the advanced stage. At the same time, none of the first-line treatments
for advanced gastric cancer is standard. At present, docetaxel, cisplatin, and 5-fluorouracil (DCF)
and epirubicin,  cisplatin,  and 5-fluorouracil  (ECF) are both effective first-line regimens for
clinical use, but in many countries, different researchers have different opinions. There are still
many disputes about the advantages and disadvantages of these two regimens. The results in
some studies showed that the DCF group was better than the ECF group. However, in other
studies, opposite results were obtained. To solve the controversy, we conducted this meta-
analysis.

Research motivation
In many studies, both DCF and ECF regimens have shown good outcomes, but on the other
hand, they also show many disadvantages, especially in the adverse effects (AEs). Since there is
still much controversy in this field, and there is lack of evidence of evidence-based medicine in
relevant fields to prove that which regimen is more suitable for clinical use, it is necessary to
conduct relevant meta-analysis. This study therefore aimed to provide a more focused analysis
through the evaluation of the survival outcomes and AEs between DCF and ECF regimens.

Research objectives
Our primary objective was to analyze the efficacy of the two first-line regimens in the treatment
of  advanced gastric  cancer by obtaining the best  and latest  data from clinical  trials.  In the
discussion section, we cited many frontier studies in related fields, and focused on the analysis of
the reasons for the difference in therapeutic effect between DCF and ECF regimens. At the same
time, we also hope that our research can play a guiding and helpful role in clinical medication.

Research methods
We conducted this meta-analysis according to the Preferred Reporting Items for Systematic
Review and Meta-Analysis guidelines. Seven main databases were searched up to August 31,
2018. Search results were limited to original human studies, and search criteria were restricted to
randomized controlled trials or cohort studies without language restriction. We selected studies
according to the PICOS principle. The Jadad scale and the Newcastle-Ottawa Scale were used to
assess  quality  of  the  studies,  and  RevMan  and  STATA  were  used  to  analyze  the  data.
Progression-free survival (PFS) and overall survival (OS) were analyzed by the pooled hazard
ratio. Objective response rate (ORR), disease control rate (DCR), and AEs were analyzed by the
pooled risk ratio. The heterogeneity test was evaluated by using the Q test and I2 statistic. If P >
0.1 and I2 < 50%, the fixed effects model was used. Otherwise, the random effects model was
used.

Research results
Our meta-analysis included seven high quality articles and 598 patients with advanced gastric
cancer for the final analysis to compare the efficacy and safety of the DCF regimen and ECF
regimen.  The results  showed that  DCF and ECF were both effective with comparable  PFS
(95%CI:  0.58-1.46,  P  =  0.73)  and OS (95%CI:  0.65-1.10,  P  =  0.21).  The  DCF group showed
significantly better ORR (95%CI: 1.13-1.75, P = 0.002) and DCR (95%CI: 1.03-1.41, P = 0.02) than
the ECF group. We evaluated toxicities between the DCF and ECF groups based on total (all-
grade/grade 3-4) AEs. The AEs between the two groups were only significantly different in the
aspects of neutropenia (95%CI: 1.25-2.16, P = 0.0003) and febrile neutropenia (95%CI: 1.17-4.12, P
= 0.01), while other toxicities showed no statistically significant differences between the two
groups.

Research conclusions
This study is the latest meta-analysis to compare DCF and ECF regimens for advanced gastric
cancer. From this result, we conclude that DCF regimen seems to be more suitable for advanced
gastric cancer than the ECF regimen. This finding is extremely important for the research and
guidance of clinical medication in related fields. DCF regimen, like most drugs, is not perfect and
in some respects shows some unsatisfactory aspects. We cannot deny the effectiveness of DCF in
the treatment of advanced gastric cancer, but we cannot ignore its side effects.

Research perspectives
Our evidence of evidence-based medicine is mainly based on the original clinical research, but at
present it seems that the research in related fields is still very deficient, which directly leads to
the great limitation of our access to clinical evidence. Although there is still much controversy
about the first-line drug use in the treatment of advanced gastric cancer, because gastric cancer
cells are relatively sensitive to chemotherapeutic drugs, it is expected that larger clinical trials in
the future can be conducted for related research.
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Abstract
BACKGROUND
Squamous cell carcinoma of head and neck (SCCHN) is the fifth most common
cancer worldwide. Inhibition of epidermal growth factor receptor signaling has
been shown to be a critical component of therapeutic option. Herein, we report a
case of durable complete response to erlotinib.

CASE SUMMARY
An 81-year-old Caucasian male who presented with metastatic poorly
differentiated squamous cell carcinoma of right cervical lymph nodes (levels 2
and 3). Imaging studies including (18)F-fluorodeoxyglucose positron emission
tomography/computed tomography (CT) and contrast-enhanced CT scan of neck
and chest did not reveal any other disease elsewhere. Panendoscopic examination
with random biopsy did not reveal malignant lesion in nasopharynx,
oropharynx, and larynx. He underwent modified neck dissection and
postoperative radiation. Within 2 mo after completion of radiation, he developed
local recurrence at right neck, which was surgically removed. Two mo after the
salvage surgery, he developed a second recurrence at right neck. Due to
suboptimal performance status and his preference, he started erlotinib treatment.
He achieved partial response after first 2 mo of erlotinib treatment, then complete
response after total 6 mo of erlotinib treatment. He developed sever skin rash and
diarrhea including Clostridium difficile infection during the course of erlotinib
treatment requiring dose reduction and eventual discontinuation. He remained in
complete remission for more than two years after discontinuation of erlotinib.

CONCLUSION
We report a case of metastatic SCCHN achieving durable complete response from
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erlotinib. Patient experienced skin rash and diarrhea toxicities which were likely
predictors of his treatment response.
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Core tip: We present a patient with recurrent/metastatic squamous cell carcinoma of head
and neck who had durable complete response after completion of 6-mo erlotinib
treatment. Patient experienced severe skin rash and diarrhea toxicities from erlotinib.
The severity of these adverse effects has been shown to be predictors of treatment
response from inhibitors of epidermal growth factor receptor.
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INTRODUCTION
Squamous cell carcinoma of head and neck (SCCHN) is the fifth most common cancer
worldwide with a global yearly incidence of more than 600000 new cases and around
300000 annual deaths in 2012[1]. Early-stage disease is managed with either surgery or
radiation.  Two-third  of  patients  present  with  locally  advanced disease,  and are
generally  treated  with  multimodality  therapy,  which  commonly  includes
chemotherapy[2]. Tumor control and survival in SCCHN remain unsatisfactory. Even
for those who have achieved complete response after initial treatment, the incidence
of local recurrence is 50%-60% and the incidence of distant metastases is 20%-30%.
Systemic therapy is the mainstay for metastatic disease and unsalvageable recurrence
to improve survival and quality of life.

With recent advances in cancer biology, there appear to be common molecular
events in SCCHN that are biologically significant in cell survival and invasion, and
could be used for therapeutic development such as epidermal growth factor receptor
(EGFR). Overexpression of EGFR and its ligand have been reported in 80% to 90% of
SCCHN tumors compared with levels in normal mucosa of patients without cancer[3].
Increased EGFR expression has been reported to be a predictor of worse survival in
SCCHN patients receiving surgery and chemotherapy[4,5]. The two targeting strategies
for  inhibition of  EGFR are  small-molecule  tyrosine  kinase  inhibitors  (TKIs)  and
monoclonal  antibodies  directed  against  the  receptor.  Cetuximab  (a  monoclonal
antibody  against  EGFR)  has  been  approved  by  United  States  Food  and  Drug
Administration as initial treatment of locally advanced SCCHN in combination with
radiation  therapy,  as  first-line  treatment  of  recurrent  or  metastatic  SCCHN  in
combination with platinum-based therapy plus 5-fluorouracil, and as a single agent
for recurrent or metastatic SCCHN progressing from prior platinum-based therapy[2].
Adding cetuximab to platinum-based chemotherapy with 5-fluorouracil as first-line
treatment of  recurrent or metastatic  SCCHN significantly prolonged the median
overall  survival[6].  Herein,  we  report  a  case  of  sustained  complete  response  to
erlotinib, a TKI of EGFR, as first-line treatment for recurrent SCCHN.

CASE PRESENTATION

Chief complaints
An 81-year-old Caucasian male presented with right neck mass.

History of present illness
He had no history of cigarette smoking or alcohol use.

History of past illness
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He had an extensive history of multiple skin lesions removed from his scalp, arms,
chest and back over 10-15 years prior to presentation. Most of the skin lesions were
squamous cell carcinoma except one lesion was in-situ melanoma. Other significant
past medical history included diabetes mellitus type II, hypertension, hypothyroidism
and remote cerebrovascular accident with mild residual dysarthria and right central
vision loss.

Personal and family history
Family history was pertinent for mother died of liver cancer at age 86.

Physical examination upon admission
Physical examination was unremarkable except right neck lymphadenopathy.

Imaging examinations
Imaging  studies  including  (18)F-fluorodeoxyglucose  positron  emission  tomo-
graphy/computed tomography (CT) and contrast-enhanced CT (CECT) scan of neck
and chest revealed right cervical lymphadenopathy. The panendoscopic examination
of ENT field did not reveal any abnormality, and the random biopsy of nasopharynx,
oropharynx, and larynx showed no evidence of malignancy. Excisional biopsy of right
neck mass turned out to be metastatic poorly differentiated squamous cell carcinoma.
He underwent right modified neck dissection with seventeen lymph nodes removed
from levels 2, 3, 4 and 5. Two of the two lymph nodes from level 2 had evidence of
metastatic carcinoma with the largest focus being 2.5 cm and extracapsular extension
being present. Three of the five lymph nodes from level 3 were positive for metastatic
carcinoma with largest focus being 0.7 cm and extracapsular extension being present.
None  of  the  lymph nodes  from level  4  or  5  were  found  to  have  any  metastatic
carcinoma. Shortly after postoperative intensity-modulated radiotherapy to right neck
with total dose of 66 Gy, he developed local recurrence at right neck and underwent
salvage surgery.

FINAL DIAGNOSIS
Two mo after salvage surgery, he was found to have palpable skin nodules over the
right  neck.  CECT  scan  of  the  neck  showed  interval  increase  in  the  soft  tissue
thickening  and  diffuse  subcutaneous  thickening  of  the  right  neck.  Focal  skin
irregularity and interval development of submental, right submandibular adenopathy
as  well  as  adenopathy  at  the  right  inferior  parotid  compatible  with  recur-
rent/metastatic SCCHN were noted (Figure 1).

TREATMENT
Treatment  options  were  discussed  including  platinum based  chemotherapeutic
regimen and targeted therapy. Due to patient’s preference and literature support (see
discussion), erlotinib 150 mg orally per day was started. He tolerated the treatment
well initially, and achieved partial response after 2 mo of treatment. Subsequently, he
developed grade 3 toxicities including skin rash and diarrhea with Clostridium difficile
infection requiring dose reduction of erlotinib from 150 mg to 100 mg daily.

OUTCOME AND FOLLOW-UP
He  eventually  had  complete  response  after  total  6  mo  of  treatment  (Figure  2).
Erlotinib was discontinued due to intolerance. He remained free of recurrent disease
for more than two years. Subsequently he succumbed to death due to postoperative
complication with respiratory failure after resection of an ulcerating skin lesion at
right clavicular head.

DISCUSSION
Our patient presented with SCCHN of unknown primary with cervical lymph node
metastasis. His primary site of origin has never been identified over the course of the
subsequent  workup  and  follow-up.  Retrospective  analyses  indicate  SCCHN  of
unknown primary represents about 3% of newly diagnosed SCCHN[7]. Most SCCHN
of unknown primary may represent  clinically  occult  oropharyngeal  cancer.  The
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Figure 1

Figure 1  Contrast-enhanced computed tomography scan of neck prior to erlotinib treatment. Development of
right neck focal skin irregularity and right submandibular lymphadenopathy (white arrowhead) consistent with
metastases were noted.

management of SCCHN of unknown primary is aimed at curative for most patients;
cervical lymphadenopathy indicates locally advanced disease and is amenable for
multimodality treatment such as surgery and radiotherapy.

Our patient developed regional recurrence shortly after initial surgery with neck
dissection and post-operative radiotherapy. Despite of salvage surgery, he developed
recurrent disease at prior surgical site two mo later. Due to suboptimal performance
status and patient’s preference, he received systemic therapy with erlotinib, which is
an  EGFR  TKI.  EGFR  TKIs  inhibit  EGFR  and  downstream  signaling  leading  to
apoptosis. Advantages of TKIs include the ease of oral administration. As shown in
Table 1, erlotinib, lapatinib, gefitinib and afatinib have been studied in phase II/III
trials[8-11].  Most  of  them  showed  promising  activities  in  SCCHN,  but  failed  to
demonstrate improved survival compared to chemotherapy. A multicenter phase II
study evaluated erlotinib in the treatment of recurrent or metastatic SCCHN showed
the overall objective response rate of 4.3% in 115 patients. Forty-seven percent of
patients received erlotinib at 150 mg daily throughout the entire study, 6% had dose
escalations, and 46% required dose reductions and/or interruptions. Stable disease for
a median duration of 16.1 wk was noted in 38% of patient. The median progression-
free survival was 9.6 wk, and the median overall survival was 6 mo. Better overall
survival was observed in patients who developed grade 2 or higher rash. Rash was
the most common adverse event, observed in 79% of patients, followed by diarrhea,
which  was  seen  in  37%  of  patients.  Most  of  the  adverse  events  were  mild  to
moderate[8].

Retrospective analyses of clinical trials investigating EGFR TKIs in SCCHN have
shown skin rash and diarrhea are common toxicities and severity of these side effects
correlates with therapeutic responses[12]. Skin rash has been shown to a predictor of
response to EGFR TKI in patients with non-small cell lung cancer, likely due to skin
injury caused by inhibition of EGFR signaling in epidermal cells[13]. Many factors may
affect severity of skin rash including genetic variations in EGFR and metabolism of
EGFR TKI[14]. Higher drug levels may result from polymorphisms in metabolizing
enzymes such as cytochrome P450 family. The severe skin rash and diarrhea toxicities
seen in our case are likely predictors of good treatment response from erlotinib.

In non-small cell lung carcinoma, patients with activating mutations in the EGFR
tyrosine kinase domain are sensitive to EGFR TKIs. However, the incidence of this
type  of  EGFR mutations  is  low and fails  to  predict  sensitivity  to  EGFR TKIs  in
SCCHN[15].  Van  Allen  et  al[16]  reported  a  patient  with  locally  advanced  SCCHN
achieving a near-complete pathological response after 13 d of neoadjuvant erlotinib
treatment.  After surgical  resection,  histologic evaluation revealed 2 residual foci
(approximately 2 mm each) of invasive, moderately differentiated squamous cell
carcinoma  within  the  primary  site  but  there  was  no  evidence  of  lymph  node
metastasis.  The patient did not receive adjuvant therapy and had no evidence of
disease  recurrence  24  mo  postoperatively.  Whole  exome  sequencing  of  the
pretreatment tumor revealed a MAPK1 E322K somatic mutation, which was further
implicated in mediating erlotinib sensitivity. This response to erlotinib occurred in the
context of an activating somatic MAPK1 E322K mutation, which led to increased
EGFR ligand production and EGFR activation in preclinical studies[17].

Recent adoption of next-generation sequencing in genomic testing of tumor has
provided opportunity to advance precision medicine. Dumbrava et al[18] reported a
case of metastatic SCCHN who progressed on a phase II clinical trial with erlotinib,
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Figure 2

Figure 2  Contrast-enhanced computed tomography scan of neck. A: After completion of 6-mo erlotinib
treatment; B: Seven mo after discontinuation of erlotinib treatment. Both showed resolution of right neck focal skin
irregularity and right submandibular lymphadenopathy as shown in Figure 1.

docetaxel and cisplatin. Patient’s tumor was subsequently biopsied and found to have
amplification of fibroblast growth factor genes by next-generation sequencing. Patient
was treated with fibroblast  growth factor  receptor  inhibitor  on clinical  trial  and
achieved complete response for about 9 mo[18].

CONCLUSION
We  report  a  case  of  durable  complete  response  to  erlotinib  in  SCCHN.  Patient
experienced skin rash and diarrhea toxicities which were likely predictors of his
treatment response. The use of next-generation sequencing in genomic profiling of
tumor samples may select patients who will likely respond to targeted therapy.
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Table 1  Outcome of single-agent epidermal growth factor receptor tyrosine kinase inhibitor studies in recurrent/metastatic squamous
cell carcinoma of head and neck

Agent Phase/publication Control arm RR (%) OS (mo)

Erlotinib II/Soulieres[8] None 4.3 6

Lapatinib II/de Souza[11] None 0 9.6-5.2 (lower on prior EGFR inhibitor exposure)

Gefitinib III/Stewart[9] Methotrexate 2.7 (250 mg/d); 7.6 (500 mg/d) 5.6 (250 mg/d); 6 (500 mg/d)

Afatinib III/Machiels[10] Methotrexate 10 6.8

RR: Response rate; OS: Overall survival; EGFR: Epidermal growth factor receptor.
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Abstract
BACKGROUND
The practice of Indian Ayurvedic medicine is spreading in Western countries and
Shilajit is one of the most used drugs, for its antioxidant activities and
immunomodulatory effects. Albeit Shilajit has showed a high degree of safety, it
can act as cofactor of anaphylaxis, especially in condition at high risk, such as
mast cell activation syndrome (MCAS). We reported this case to sensitize
practitioners to investigate to the use of complementary and alternative medicine,
in case of exercise-induced anaphylaxis (EIAn).

CASE SUMMARY
A 43-year-old woman, working as a dance teacher, developed urticaria after
ingestion of rice, tuna and Shilajit, which did not respond to intramuscular
corticosteroids. Subsequently, she developed dyspnoea and hypotension with
loss of consciousness that arose 1 h after sexual activity. The patient did not refer
personal history of atopy. Specific IgE for main food allergens resulted negative,
with total IgE levels of 14 IU/L. Oral provocation test with Shilajit was not
perfomed because the patient refused, but we performed prick-by-prick and
patch test that resulted negative. Serum tryptase at the time of anaphylaxis was
20.6 μg/L that fell down to of 10.6 μg/L after therapy, but has remained at the
high value after two days and during the follow-up. We performed an analysis of
the c-KIT gene in peripheral blood, which was negative. We felt the diagnosis
consistent with EIAn in a patient with a possible MCAS.

CONCLUSION
In Western countries the use of drugs from Ayurvedic medicine is more common
than in the past. These substances can be cofactors of anaphylaxis in patients with
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Core tip: This case report describes, for the first time, the role of drugs belonging to
complementary and alternative medicine (CAM) in triggering anaphylaxis. Owing to the
increase in their consumption in Western countries, these drugs should be considered as
potential cofactor in conditions with a high risk of anaphylaxis, such as exercise-induced
anaphylaxis and mast cell activation syndrome. This experience may be useful to give
insight to practitioners about CAM and potential adverse drug reactions.

Citation: Losa F, Deidda M, Firinu D, Martino MLD, Barca MP, Giacco SD. Exercise-
induced anaphylaxis with an Ayurvedic drug as cofactor: A case report. World J Clin Cases
2019; 7(5): 623-627
URL: https://www.wjgnet.com/2307-8960/full/v7/i5/623.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i5.623

INTRODUCTION
Anaphylaxis  is  defined  as  a  “severe,  life-threatening  systemic  hypersensitivity
reaction”[1].  The most common triggers are medications,  insect  stings,  and foods.
Exercise-induced anaphylaxis (EIAn) is a rare, unpredictable, and potentially fatal
syndrome in which the occurrence of anaphylaxis coincides with exercise or physical
activity. EIAn may occur after the ingestion of food, either pre- or post-exercise (Food-
Dependent  Exercise-Induced Anaphylaxis  -  FDEIAn),  or  independently  of  food
ingestion (Non-Food Dependent Exercise-Induced Anaphylaxis[2]. When a Non-Food-
Dependent form is identified, patients should be evaluated for mast cell activation
syndrome  (MCAS),  which  encompasses  a  group  of  diseases  characterized  by
symptoms  due  to  release  of  mast-cell  mediators[3].  Shilajit  is  a  herbo-mineral
compound,  derived  from  mountain  regions  of  Asia,  and  consists  of  organic
substances,  divided into variable  humic and non-humic proportions.  The active
components of Shilajit are dibenzo-alpha-pyrones and related metabolites; organic
acids, such as fulvic acid; and inorganic constituents. It is one of most commonly used
drugs in Indian Ayurvedic medicine,  a complementary and alternative medicine
(CAM). No data are available regarding anaphylaxis or allergic reactions elicited by
Shilajit[4]. Here, we report a case of a woman who developed anaphylaxis after intense
physical activity and ingestion of Shilajit.

CASE PRESENTATION

Chief complaints and history of present illness
A 43-year-old woman, a dance teacher, started taking a drug containing Shilajit in
April 2017, at a dose of 400 mg/d. In July, she decided to increase the dose to 800
mg/d. The first day of the Shilajit dose increase, taken with a meal of rice and tuna,
she developed urticaria, after one hour from the meal, immediately subsequent to
intense physical activity. The hives appeared on thorax, neck, and arms and decreased
after intramuscular corticosteroids, but did not disappear completely. The patient
decided to stop taking Shilajit. Despite the symptoms, the patient also went to the
beach that day and sunbathed for hours. The next day, one hour after sexual activity
and  a  meal  based  again  on  rice,  she  developed  angioedema,  dyspnea,  and
hypotension  with  syncope  that  resolved  after  the  administration  of  adrenaline,
intravenous  corticosteroids,  and  H1  and  H2  antihistamines  in  the  Emergency
Department. She denied the assumption of alcohol, menses and she did not present
sign or symptoms of infection.

Personal and family history
The patient’s personal history and laboratory results were not suggestive of allergy, as

WJCC https://www.wjgnet.com March 6, 2019 Volume 7 Issue 5

Losa F et al. Exercise-induced anaphylaxis with an Ayurvedic drug as cofactor

624

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


summarized in Table 1.

Laboratory examinations
Serum tryptase (ST) level at the time of anaphylaxis was 20.6 μg/L (normal level: 1–15
μg/L), and its progression is shown in Figure 1. Prick-by-prick and patch-testing with
Shilajit were negative in the patient and in the controls, which were tested to exclude
a false-positive result. Exercise test after a meal without Shilajit was negative, and an
oral  provocation test  was not  performed,  due to patient  refusal.  To evaluate the
hypothesis of an underlying MCAS, despite being the first anaphylaxis episode, we
performed an analysis of the c-KIT gene in peripheral blood, which was negative
(allele-specific  real  time  quantitative  PCR  assay,  ABI  PRISM  7500  FAST,
ThermoScientific, Uppsala, Sweden). We did not perform bone marrow biopsy, due to
a low probability of clonal mast-cell syndrome, according to the Spanish Network on
Mastocytosis  (REMA)  protocol[5].  During  hospitalization,  oral  prednisone  and
antihistamines were administered and rapidly tapered until discontinuation.

FINAL DIAGNOSIS
Urticarial.

TREATMENT
At discharge, we prescribed epinephrine auto-injector and she was advised to avoid
potential triggers, such as intense physical activity, for at least four hours after meals.

OUTCOME AND FOLLOW-UP
In the following months, the patient did not experience further episodes of urticaria or
other symptoms. She did not change her eating habits, including the intake of rice and
tuna, or physical activity. ST remained elevated during the follow-up.

DISCUSSION
The use of CAM drugs from Asia is rapidly increasing in Western countries. Shilajit is
one of the substances most used in Ayurvedic medicine for its therapeutic antioxidant
and  anti-inflammatory  properties,  as  well  as  its  alleged  antioxidant  and
immunomodulatory effects[4]. There has been only one in vitro study where fulvic acid
has shown an inhibitory effect on human leukemia basophil (KU812) cells[6].  The
active constituent of Shilajit are dibenzo-α-pyrones and related metabolites and fulvic
acid.  The  pure  extract  of  Shilajit  is  often  made  impure  by  contaminations  of
mycotoxins, heavy metal ions or reactive free radicals, so it is mandatory purify the
substance  before  the  use[7].  No studies  on  the  pharmacokinetics  and pharmaco-
dynamics  are  available  and  there  are  no  reports  of  adverse  or  hypersensitivity
reactions to Shilajit, its components, or other drugs belonging to CAM[8].

MCAS is  characterized by recurrent  symptoms due to the release of  mast-cell
mediators, which correspond to an increase of ST level. Moreover, a prompt response
to anti-mediator therapy and the exclusion of primary and secondary causes of mast
cell activation are required for diagnosis[9]. MCAS is one of the differential diagnoses
in cases of anaphylaxis. Although hymenoptera stings are the triggers responsible for
most of the life-threatening reactions, drugs and foods can also cause anaphylaxis, in
association with physical activity or exposure to heat. The case we here report was
challenging for the time interval between the ingestion of Shilajit at an increased dose
and the physical activity, in conjunction with a negative diagnostic work-up, which
made a diagnosis of FEIAn not likely. On the contrary, the time course of the reaction
and the presence of several triggers made more likely a diagnosis of EIAn. Moreover,
the lack of other episodes of anaphylaxis in the past twelve months and during the
follow-up  is  not  consistent  with  a  diagnosis  of  idiopathic  anaphylaxis[10].  The
persistent increase of ST level over time raises the suspicion of MCAS.

Both elevated basal ST level (> 20 μg/L) and an increase of 20% plus 2 μg/L over
the basal level are suggestive of mast cell activation and satisfy MCAS criteria. We
performed a c-KIT mutational analysis by rtPCR using peripheral blood, and the
results were negative. The sensitivity of this technique on peripheral blood is quite
low. Indeed, some MCAS patients may carry the D816V KIT mutation but there are
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Table 1  Patient characteristics and laboratory data

Patient characteristics Laboratory data

Age, yr 43

BMI, kg/m2 23

Family history of atopy Negative

ADR (antibiotics, NSAID, anesthetics, contrast agents) No

Bone mineral density T score - 0.7

FEV1 Normal

Chest radiograph Normal

Abdomen ultrasonography Normal

Skin Prick Test (foods and aeroallergens) Negative

Blood test results

Total IgE 14.8 KU/L

Specific IgE1

Wheat 0.00 KU/L

rTri a 19 0.00 KU/L

rTri a 14 LPT 0.00 KU/L

Alpha-amilase 0.00 KU/L

Rice 0.00 KU/L

Oats 0.00 KU/L

Barley 0.00 KU/L

Tuna 0.00 KU/L

Soy 0.00 KU/L

rPru p 3 0.00 KU/L

Nut 0.00 KU/L

Walnut 0.00 KU/L

Latex 0.04 KU/L

1ImmunoCAP, Phadia 250, ThermoScientific. Normal range 0-100 kUA Cut-off 0.10 kUA/L. BMI: Body mass
index; NSAID: Nonsteroidal antiinflammatory drug; FEV1: Forced expiratory volume in one second.

also  cases  of  mastocytosis  that  do  not[11].  In  the  presence  of  a  single  episode  of
anaphylaxis and with no c-KIT mutation detectable, we chose not to perform a bone
marrow  biopsy  and  to  monitor  our  patient  over  time  according  to  the  REMA
indications. The REMA group has proposed a scoring model to predict the presence of
clonal mast cells in patients with history of anaphylaxis without skin mastocytosis,
before  performing  a  bone  marrow  study.  Our  patient  had  a  score  of  1,  which
indicated a low probability of clonal mast-cell activation disorder[5].

Considering the whole clinical picture and the laboratory outcomes, the persistence
of elevated ST and the lack of anaphylaxis recurrences after suspending the culprit
drug we felt the diagnosis consistent with EIAn in a patient with a possible MCAS.

The main limitations in the diagnostic work-up were the lack of information about
the pharmacokinetics of Shilajit and the refuse of the patient to undergo to an oral
challenge with the drug. Nevertheless, the occurrence of urticaria immediately after
the increase in Shilajit dose and anaphylaxis in association with well-known triggers
brought  us  to  consider  Shilajit  as  a  key cofactor  for  anaphylaxis.  Data  from the
literature suggest that augmenting factors take place in more than 30% of occurrence
of anaphylaxis, so physicians have to investigate during anamnesis about cofactors[12].

This  case  is  the  first  example  reported  of  a  CAM  drug  potentially  eliciting
anaphylaxis. Thus, because the consumption of these drugs is increasing in Western
countries, Shilajit might be regarded as a potential cofactor, especially in people with
features of mast-cells related disorders.

CONCLUSION
CAM drugs can potentially elicit  anaphylaxis.  In case of EIAn it  is mandatory to
investigate the presence of mast cell  disorders. More studies are necessary about
pharmacokinetics and pharmacodynamics of CAM drugs
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Figure 1

Figure 1  Evolution of serum tryptase.
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Abstract
BACKGROUND
The association of two congenital coronary artery anomalies (CAAs) is extremely
rare but represents one of the main cause of sudden cardiac death in young
athletes. Although coronary angiography (CX-A) is still widely used in
childhood, cardiac magnetic resonance (C-MRI) and cardiac computed
tomography (C-CT) have recently taken on an increasing diagnostic role in early
detection of CAAs and concomitant congenital cardiac malformations.

CASE SUMMARY
A healthy 10-year-old male patient was referred to the Radiological Department
of our Institution due to no evidence of left coronary artery in echocardiographic
examination. With C-MRI was detected marked myocardial trabeculation and
was suspected anomalous origin and course of left circumflex (LCx) artery and of
left anterior descending (LAD) artery. With third generation Dual Source C-CT
192x2-sections (SOMATOM Force, Siemens, Germany) was confirmed anomalous
origin of LCx artery from right pulmonary artery associated with anomalous
origin of LAD artery from right coronary artery with course in front of right
ventricular outflow tract. The patient underwent surgical treatment with
reimplantation of the anomalous LCX and LAD arteries into the wall of
ascending aorta, with no postoperative complications. The patient remained
asymptomatic and follow-up C-MRI scan four months after operation showed
complete success of surgery treatment.

CONCLUSION
This case highlights the diagnostic potential of C-CT and C-MRI in evaluation of
CAAs and of cardiac morphology and functionality, with very low radiation dose
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Core tip: Congenital coronary artery anomalies (CAAs) represent one of the main causes
of sudden cardiac death in young athletes. For this reason, early detection of CAAs is
essential. We present an extremely rare case of association of two congenital coronary
anomalies, characterized by anomalous origin of left circumflex artery from right
pulmonary artery and anomalous origin of left anterior descending artery from right
coronary artery with course in front of right ventricular outflow tract. This case
highlights the diagnostic potential of cardiac computed tomography and cardiac
magnetic resonance in evaluation of CAAs and of cardiac morphology and functionality,
with very low radiation dose and without the risks related to invasive procedure.
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cardiac tomography and resonance of extremely rare coronary anomaly: A case report and
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INTRODUCTION
Congenital  coronary  artery  anomalies  (CAAs)  are  uncommon  and  frequently
associated with other cardiac malformations. Extremely rare is the contemporary
association of two CAAs[1,2].  With adequate coronary collateralisation, the clinical
course may be silent but,  sometimes,  patients may had severe clinical  outcomes,
including sudden cardiac death (SDC), and need surgical treatment in infancy. For
these reasons, early detection and exact delineation of coronary origin and course are
essential[3,4].  Most  of  CAAs are  diagnosed  by  invasive  procedure,  like  coronary
angiography (CX-A), or during surgical treatment.

Here  we describe  the  first  case  of  a  pediatric  male  patient  with  origin  of  left
circumflex (LCx) artery from right pulmonary artery (RPA) associated with origin of
left  anterior  descending  (LAD)  artery  from  right  coronary  artery  (RCA).  These
anomalies were suspected with cardiac magnetic resonance (C-MRI) and confirmed
with cardiac computed tomography (C-CT) with very low radiation dose and without
the risks related to invasive procedure, like CX-A.

CASE PRESENTATION

Chief complaints
A healthy 10-year-old male patient (weight 53.3 kg and height 158.4 cm) was referred
to the Radiological Department of our Institution.

History of present illness
He had not familiarity and risk factors for cardio-vascular diseases, congenital heart
disease, arrhythmias and SCD. Karate practitioner (3 times/wk) without problems.
Asymptomatic for chest pain, dyspnea, palpitation and syncope episodes.

History of past illness
The patient had a free previous medical history. In particular, born at term (38 wk),
childbirth without any complications and birth weight was 2.4 kg. Regular growth.

Physical examination
Physical examination revealed no sign of cardiopathy and without any

cardiac added noises at chest auscultation. The patient’s temperature was 36 °C,
heart rate was 72 bpm, respiratory rate was 13 breaths per minute, blood pressure was
110/70 mmHg and oxygen saturation in room air was 98%.
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Laboratory examinations
Blood  analysis  revealed  normal  haematocrit  and  platelet  count.  The  blood
biochemistries,  as  well  as  urine  analysis  were  normal.  Creatinine  value  was  0.9
mg/dL and creatinine clearance was 106 mL/min (estimated with Cockcroft-Gault
formula).

Imaging examinations
Electrocardiography showed sinus rhythm, correct atrial-ventricular conduction (QRS
0.09  ms)  and  non-specific  alterations  of  ventricular  recovery  (QTc  0.39  ms).
Echocardiographic findings included normal volumes of left ventricle and atrium.
Normal function of atrioventricular, aortic e pulmonary valves. No septal defects.
Normal diameter of ascending aorta. No pericardial effusion. RCA origin high and
ectatic. Left coronary artery origin and course not detect. For these reasons, patient
was undergoing to C-MRI.

Further diagnostic work-up
C-MRI (Achieva, Philips Medical Systems, The Netherlands) using a 1.5-T scanner
was performed. Was used a 32-channel MR cardiac array coil with patient in prone
position. C-MRI protocol consisted of balanced steady-state free precession (BSSFP)
cine-imaging,  T2-weighted  and  T1-weighted  inversion  recovery  images,  and
sequences for  late  enhancement evaluation.  Contrast  agent  dose was 0.2  mL/kg
(gadobutrol, 1.0 mmol/mL) with flow injection rate of 2.0 mL/s. BSSFP sequences
were acquired in the three cardiac axis, T2-weighted and T1-weighted in transversal
cardiac axis, and sequences after contrast agent in short cardiac axis covering the
entire  left  ventricle.  The  exam  showed  concordance  in  atrial-ventricular  and
ventricular-artery  communication,  regular  return  of  superior  vena  cava  and
pulmonary veins. Left ventricle normal for volume, thickening of posterior wall with
multiple mitral accessory ropes. Regular contractile functionality (ejection fraction of
71%). Accentuated endocardial trabeculation. Regular volume of left atrium. Regular
right cardiac sections.  Probable anomalies of  origin and course of  LCx and LAD
arteries. For this reason, the patient was scanned with third generation Dual Source C-
CT 192 × 2-sections (SOMATOM Force, Siemens, Germany). Patient remained in sinus
rhythm before examination without receiving βblocker. Patient received a non-ionic
low-osmolality contrast agent Visipaque 320 mgI/mL (iodixanol; GE Healthcare Life
Sciences, Chalfont, United Kingdom), with a volume of 30 mL and flow injection rate
of 5 mL/sec followed by saline injection at same volume and velocity. The scanning
area began from the upper limit of the sternum to 1 cm below the diaphragm with
superior to inferior direction. The parameters used for the exam were: 70 kV of tube
voltage; automatic tube current modulation technique (CAREdose); rotation time, 0.28
sec; detector array, 192 × 0.6 mm; slice thickness, 0.75 mm and convolution kernel of
B26. Was applied prospective ECG-triggered axial coronary protocol in a step-and-
shoot scan mode and the exposure time was adjusted between 40%-70% of the cardiac
cycle.  After  the  examination,  radiation CT dose  index,  dose  length product  and
effective  dose  were  recorded.  Then  the  raw  data  was  post-processed  and  was
included the capture of the optimal images,  multi-plane and maximum intensity
projection reconstructions and volume rendering representations. C-CT confirmed
anomalous origin of LCx artery from RPA associated with anomalous origin of LAD
artery from RCA with proximal-medium course in front of RVOT and presences of
coronary interconnections. Moreover, the examination showed the origin of a small
diagonal  branch  from the  left  coronary  sinus  for  the  vascularization  of  the  left
ventricle wall (Figures 1-5).

FINAL DIAGNOSIS
The final diagnosis of the presented case is anomalous origin of LCx artery from RPA
associated with anomalous origin of LAD artery from RCA with proximal-medium
course in front of RVOT and presences of coronary interconnections.

TREATMENT
The young patient underwent surgical treatment. The procedure began with standard
median sternotomy, chest opening, thymus removal and pericardium opening. Then
were cannulated the innominate artery and right atrium for cardiopulmonary bypass.
After pulmonary arteries were clamped, the child was cooled down to 16 °C core
temperature and circulatory arrest was commenced. Primarily, LCX was dissected
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Figure 1

Figure 1  Origin of left circumflex artery and small diagonal branch. A: Origin of left circumflex artery from right
pulmonary artery (yellow arrow) and origin of a small diagonal branch from the left coronary sinus for the left ventricle
(red arrow) evaluated with 1.5 T cardiac magnetic resonance; B: Origin of left circumflex artery from right pulmonary
artery (yellow arrow) and origin of a small diagonal branch from the left coronary sinus for the left ventricle (red arrow)
evaluated with third generation dual source cardiac computed tomography.

from the RPA with a generous cuff, and was re-implanted into the wall of the aorta.
Secondly,  LAD was dissected from RCA and re-implated into  the  wall  of  aorta.
Finally,  after full  rewarming, the operation was concluded and the sternum was
closed.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative clinical course. At follow-up visit, two
months after surgical treatment (one month after hospital discharge), the patient was
asymptomatic.  Follow-up C-MRI, four months after operation, showed complete
success of surgery treatment.

DISCUSSION
Based on scientific works present in literature, the prevalence of CAAs in general
population is  around 1%; with a  range from 0.3% to 5.6% in studies  on patients
undergoing CX-A, and in approximately 1% of routine autopsy. About 26% of CAAs
are associated with other congenital cardiac malformations[5-7]. Separate origin of the
LAD and LCX represents the commonest CAA with an incidence of 0.41%, followed
by LCX arising from the RCA, with an incidence of 0.37%[8-10]. These anomalies, could
be asymptomatic, but in some cases may lead to myocardial infarction, arrhythmia,
ventricular  aneurysm,  mitral  regurgitation,  cardiomyopathy  and SCD and they
represent the second most common cause of SDC in young athletes. Therefore, the
symptoms depend to the expansion of collateral vessels from coronary arteries. For
this  reason,  patients  need surgical  treatment  in  early  infancy[3,4].  Some potential
pathogenetic mechanisms have been proposed to explain ischaemia and SCD, such as
endothelial  injury  of  the  anomalous  coronary  artery  with  consequent  sudden
coronary spasm or modification of physiologic blood circulation. Another possible
cause of ischemia is the acute angle of take-off of the anomalous vessel and the related
slit-like  orifice,  which  may  become  kinked  and  occluded  during  exercise[11-14].
Otherwise,  it  is  interesting  to  note  that  in  nearly  15%  of  patients  with  CAAs,
myocardial ischemia can develop in the absence of atherosclerosis. For this reasons,
early  detection  of  CAAs and concomitant  congenital  cardiac  malformations  are
crucial[15-17].

Although CX-A is still widely used in childhood, C-MRI and C-CT have recently
taken on an increasing role in the diagnosis of CAAs. Indeed the association, of these
two non- invasive examinations, allows the evaluation of cardiac morphology and
functionality,  with  high  spatial  and temporal  resolution,  and permits  to  assess,
exactly,  coronary  anatomy,  without  the  risks  related to  invasive  procedure  and
patient sedation and with a very low radiation dose[18-25].

Here we reported the case of a 10-year-old male patient with anomalous origin of
LCx artery from RPA associated with anomalous origin and course of LAD artery
from  RCA  in  front  of  RVOT.  This  association  was  suspected  with  C-MRI  and
confirmed with C-CT without the necessity of CX-A, or other invasive procedures. To
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Figure 2

Figure 2  Course of circumflex artery. A-D: Course of circumflex artery between two left pulmonary veins shown with third generation dual source cardiac computed
tomography (yellow arrow).

the best of our knowledge, the presented case is the first one in scientific literature
that  describes  this  anomaly  association.  Moreover,  of  12  similar  cases  of  CAAs
reported in literature, only 2 were detected and confirmed with C-MRI or C-CT, the
others were diagnosed with CX-A or during surgical treatment[26-37]. Our patient was a
healthy child with no previous serious or recurrent or unusual cardiac symptoms.
Electrocardiography  examination  was  regular  but  with  echocardiography,  left
coronary artery origin and course was not  detect.  For  these reasons patient  was
undergoing to C-MRI. This exam provided informations on cardiac morphology and
functionality  and  allowed  to  suspect  anomalous  origin  and  course  of  coronary
arteries. Subsequently, third generation dual source C-CT electrocardiogram-gated,
with high spatial resolution, guaranteed the detection of exact origin and course of
coronary arteries, estimation of their diameter, and visualization of collateral vessels
from coronary arteries. The radiation dose was very low, as summarized in Table 1,
with effective dose of 3.87 mSv and without risks related to an invasive procedure
and patient sedation. The patient had an uneventful postoperative clinical course and
follow-up C-MRI showed complete success of surgery treatment.

CONCLUSION
Although CX-A is still widely used in childhood for the diagnosis of CAAs, C-MRI
allows the evaluation of cardiac morphology and functionality and C-CT, with high
spatial  resolution,  allows  to  evaluate,  with  high  diagnostic  accuracy,  CAAs  in
children, without the risks related to invasive procedure and patient sedation and
with a very low radiation dose.
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Table 1  Dose report

kV mAs / ref. CTDIvol (mGy) DLP (mGycm)

Scout_AP 120 19 0.07 2.5

Test Bolus 70 70 5.62 5.6

DS_CorAdSeq 70 428/588 6.54 102.0

Total 110.0

Dose report for coronary examination with third generation dual source cardiac computed tomography. CTDIvol: CT dose index; DLP: Dose length
product.

Figure 3

Figure 3  Origin of left anterior descending artery. A: Origin of left anterior descending artery from right coronary artery evaluated with 1.5 T cardiac magnetic
resonance (yellow arrow); B: Origin of left anterior descending artery from right coronary artery evaluated with third generation dual source cardiac computed
tomography (yellow arrow).

Figure 4

Figure 4  Course of left anterior descending artery. A-D: Course of left anterior descending artery in front of right ventricular outflow tract shown with third
generation dual source cardiac computed tomography.

Figure 5

Figure 5  Coronary artery anomalies in volume rendering reconstruction. A: Left circumflex artery from right pulmonary artery; B: Left anterior descending artery
from right coronary artery.
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Abstract
BACKGROUND
In fatal cases of meningococcal septicemia, bacteriological diagnosis may not be
straightforward due to postmortem replication and relocation of endogenic
microflora. In medicolegal practice, aside from routine autopsy and
histopathology, also other diagnostic methods, such as microbiological tests,
immunohistochemistry and polymerase chain reaction (PCR), are used to
examine body fluids and tissues.

CASE SUMMARY
We present the case of sudden death in a 2-year-old child. The patient died
approximately 30 min after hospital admission before any routine diagnostic
procedures were undertaken. Presence of whole-body rash and fulminant course
of the disease raised suspicion of meningococcal septicemia. An autopsy was
performed seven days after death when the body showed the signs of late
postmortem decomposition. No etiological factor of septicemia could be
identified based on macro- and microscopic findings. However, PCR
demonstrated the presence of genetic material of group W Neisseria meningitidis in
patient’s cerebrospinal fluid and blood.

CONCLUSION
Microbiological PCR should be conducted postmortem whenever a specific
etiological factor could not be identified with conventional methods.

Key words: Meningococcal infection; Molecular microbiology; Waterhouse-Friderichsen
syndrome; Neisseria meningitidis; Autopsy; Cerebrospinal fluid; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: We present the case of a 2-year-old patient who died suddenly with the signs of
meningococcal septicemia. No etiological factor of the septicemia could be identified
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based on macro- and microscopic findings during an autopsy carried out seven days
postmortem. However, the genetic material of group W Neisseria meningitidis was
detected in cerebrospinal fluid samples based on polymerase chain reaciton (PCR). Our
observations imply that microbiological PCR can be helpful in medicolegal practice,
especially when an autopsy is delayed and the results of conventional bacteriological
examination are unavailable or seem controversial.
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INTRODUCTION
Acute  infections  of  the  central  nervous  system  still  constitute  a  diagnostic  and
therapeutic challenge. Their course is severe, they usually co-exist with systemic
infections,  and  are  associated  with  high  mortality.  Neisseria  meningitidis  (N.
meningitidis) infections are a particular threat since they may occur epidemically or
pandemically, rather than sporadically or endemically. Although up to 12 serological
groups  have  been  identified  among  N.  meningitidis  strains,  more  than  90%  of
infections  are  caused  by  A,  B,  C,  Y  and  W  group  isolates.  Identification  of  N.
meningitidis  serogroups  that  predominate  in  a  given  country  is  vital  for  the
development of local vaccination strategies.

Clinical presentation of N. meningitidis infections is similar like in the case of other
bacterial  neuroinfections.  A  common,  albeit  not  pathognomonic  symptom  of
meningococcal septicemia is purpuric rash, present in 10%-50% of cases. Aside from
the rash, adrenal hemorrhages (Waterhouse-Friderichsen syndrome, WFS) can be
observed in fulminant infections, especially in children. In fatal cases, bacteriological
diagnosis may not be straightforward due to postmortem replication and relocation of
endogenic  microflora.  In  medicolegal  practice,  aside  from  routine  autopsy  and
histopathology,  also  other  diagnostic  methods,  such  as  microbiological  tests,
immunohistochemistry and polymerase chain reaction (PCR), are used to examine
body fluids and tissues[1-5].

CASE PRESENTATION

Clinical summary
A 2-year-old boy was admitted to the Pediatric Emergency Room in an extremely
poor general condition, with apnea, asystole, immeasurable oxygen saturation and the
signs of severe brain injury (Glasgow Coma Scale 3). Based on the information from
his father, the boy had a fever and adipsia for several hours and vomited twice. The
symptoms appeared in the afternoon a day before the hospital admission; based on
this presentation, a non-specific upper respiratory infection had been diagnosed by a
family physician in an outpatient setting.

The patient passed away 30 min post-admission despite a resuscitation attempt
undertaken at  the  Emergency Room.  Examination of  blood samples  obtained at
admission revealed normal leukocyte count with a decrease in neutrophil fraction and
an  increase  in  lymphocyte,  monocyte  and  basophile  percentages,  elevated
concentrations of urea, creatinine and C-reactive protein, considerable hypoglycemia,
increased activity  of  aspartate  aminotransferase  with  normal  activity  of  alanine
aminotransferase, a significant rise in lactate dehydrogenase, and procalcitonin above
the upper detection limit.

Based on medical history, clinical and laboratory findings, patient’s death was
attributed to septic shock. However, a medicolegal autopsy was requested by the
prosecutor to establish the cause of death ultimately and to evaluate the correctness of
outpatient medical treatment.

Pathological findings
The  autopsy  was  performed  seven  days  after  the  patient’s  death.  External
examination of the body revealed purpuric rash, more pronounced on the face, arms
and chest, along with the signs of early decomposition (Figure 1). Cerebrospinal fluid
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(CSF) and blood samples were obtained aseptically before opening the body cavities.
CSF was collected by means of suboccipital puncture, and blood by transthoracic
puncture of the heart. Moreover, brain, lung, liver, spleen, heart and kidney samples
were obtained,  as aseptically as possible.  Internal  examination revealed massive
hemorrhages in both adrenal glands (Figure 2), and petechiae in esophageal mucosa,
thymus, subepicardial and subpleural tissue (Figure 3). No evidence of meningitis
was found on macroscopic examination.

Histological findings
The macroscopic findings were confirmed on microscopic examination. The evidence
of unspecific passive congestion was found in the brain, thymus, lungs, liver and
spleen, along with fiber waviness in the heart. Moreover, massive hemorrhages at the
corticomedullary junction were identified in both adrenal glands (Figure 4).

Microbiological studies and PCR
Since  the  autopsy  was  carried  out  seven  days  after  the  patient’s  death,  no
microbiological studies were performed. However, the genetic material of group W N.
meningitidis was detected in CSF samples using PCR. Due to the positive result of the
test,  other samples (skin, brain, lungs, liver,  spleen, heart and kidneys) were not
subjected to PCR examination.

FINAL DIAGNOSIS
Based  on  the  results  of  autopsy,  microscopic  and  genetic  examination  it  was
concluded  that  the  boy  died  due  to  septic  shock  associated  with  a  severe
meningococcal disease with concomitant WFS, caused by group W N. meningitidis.

TREATMENT
Not applicable.

OUTCOME AND FOLLOW-UP
Not applicable.

DISCUSSION
N. meningitidis is a fastidious, encapsulated, aerobic Gram-negative diplococcus being
a leading cause of fatal sepsis and meningitis worldwide. Each case of suspected
bacterial meningitis should be considered a medical emergency, since in untreated
cases, mortality due to this condition may approximate 100%. The epidemiological
profile of N. meningitidis varies from population to population and may change over
time. This pathogen may be an etiological factor of meningococcal sepsis and WFS, a
rare,  life-threatening  condition.  In  meningococcal  WFS,  initially  macular  rash
progresses to large purpuric lesions penetrating deep into the skin and eventually
causing subcutaneous necrosis. While WFS is usually associated with meningococcal
infection, it may sporadically have different etiology, which puts particular emphasis
on the correctness of causal factor identification[3-7].

Mortality due to meningococcal infections, especially WFS, can be decreased if
these  conditions  are  diagnosed  early.  Still  some  patients  die  despite  medical
treatment, especially if meningococcal disease is initially misdiagnosed as a common
viral infection (cold, influenza, gastritis); in virtually all such cases, the correctness of
medical intervention needs to be verified postmortem. Without adequate knowledge
of  basic  clinical  aspects  of  sepsis,  patient’s  history,  symptoms and course of  the
disease, and circumstances of death, postmortem diagnostic findings can be easily
misinterpreted. This, in turn, may result in erroneous medicolegal opinion about the
cause of death and/or correctness of medical treatment[8]. Postmortem diagnosis of
fulminant meningococcal sepsis is particularly challenging if no CSF samples were
obtained from a living patient. The evaluation can be further compromised due to the
incompleteness of medical documentation or complete lack thereof, sudden death,
and a serious delay in the autopsy.

During the medicolegal autopsy, the pathologist  should carefully examine the
cadaver for all potential abnormalities and signs of inflammation present on external
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Figure 1

Figure 1  Purpuric rash on the chest and arms. Early decomposition.

and internal examination. Although sepsis does not produce any pathognomonic
lesions that can be identified by microscopic examination, the latter should be a vital
component of each postmortem evaluation[9].

Examination of the CSF is of paramount importance for the diagnosis of all forms of
meningitis.  Other materials  that  can be examined microbiologically postmortem
include blood (especially from the heart),  urine, nasal discharge, throat and skin
swabs. However, several Neisseria species, among them N. meningitidis, can colonize
nasopharynx  and  skin  in  healthy  humans,  and  thus,  their  isolation  from  these
locations should be interpreted with care[10].

Early administration of antibiotics may hinder microbiological confirmation of
meningococcal  disease.  Further,  isolation of  the  bacteria  from the  blood or  CSF
obtained postmortem may not necessarily correspond to a true positive result but
may be associated with the agonal spread, translocation after death or contamination.
Most of the above seem to be unrelated to the cause of death[11-13].

Postmortem detection  of  meningococcemia  based  on  the  presence  of  specific
meningococcal capsular polysaccharides in the blood is a well-established diagnostic
option. The results of the test are rarely false positive, even when conducted long after
death, on blood samples with heavy bacterial load and/or deep hemolysis, stored for
a long time at 40°C, and containing anticoagulant[14].

Both laboratory and clinical studies demonstrated that PCR, especially real-time
PCR, are sensitive and specific enough to detect meningococcal disease. Also other
new diagnostic tests, e.g., fluorescence in situ hybridization and mass spectrometry,
are suitable for this purpose. Nevertheless, none of these methods has been validated
as a  postmortem test.  Only a  few previously published reports  documented the
accuracy of late postmortem molecular identification of N. meningitidis in the CSF and
other body fluids, such as blood from the heart and vitreous humor[2,11,15,16]. Our hereby
presented experiences add to this sparse evidence, demonstrating that detection of N.
meningitidis in the CSF obtained up to 7 days after death is still possible.

CONCLUSION
Postmortem isolation of N. meningitidis from the CSF of the patient who died seven
days earlier is an important finding from both medical and medicolegal perspective.
Our observations imply that PCR can be helpful in medicolegal practice, especially
when  an  autopsy  is  delayed  and  the  results  of  conventional  bacteriological
examination  seem  controversial.  Postmortem  PCR  is  a  valuable  instrument  to
determine  the  etiology  of  WFS  diagnosed  with  conventional  tests.  Plausibly,
suboccipital puncture, although more technically demanding, is a more appropriate
route of CSF collection than traditional sampling from the cavities, due to a lower risk
of secondary bacterial contamination. However, this hypothesis needs to be verified
in future prospective studies. To summarize, our hereby presented findings imply
that molecular microbiology should be accepted wider as a technique for postmortem
evaluation.
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Figure 2

Figure 2  Hemorrhages in the adrenal gland.

Figure 3

Figure 3  Petechiae. A: Thymus; B: Pericardial sack; C: Esophageal mucosa; D: Subpleural.

Figure 4

Figure 4  Adrenal gland, hematoxylin and eosin. A: 50 ×; B: 100 ×.
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Abstract
BACKGROUND
The current case report describes successful phacoemulsification with the aid of
perioperative topical ascorbic acid (AA) in two patients with corneal endothelial
disorders to prevent postoperative corneal endothelial decompensation.

CASE SUMMARY
Two eyes of two patients underwent phacoemulsification with pre-existing
corneal endothelial disorders including Fuchs corneal endothelial dystrophy
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(Patient 1) and endotheliitis (Patient 2). Topical AA was applied to both patients
at least one month before and after with a frequency of four times per day. After
the surgery, both eyes improved best-corrected visual acuity (BCVA) and there
was limited human corneal endothelial cell loss without signs of corneal
endothelial decompensation, such as deteriorated BCVA or persistent corneal
edema during the follow-up of at least two years.

CONCLUSION
Perioperative administration of topical AA may be an alternative therapy to the
triple procedure in patients expecting to undergo cataract surgery.

Key words: Ascorbic acid; Fuchs corneal endothelial dystrophy; Endotheliitis; Human
corneal endothelial cell; Phacoemulsification; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Perioperative topical ascorbic acid (AA) was instilled in two patients with low
corneal endothelial cell density who were scheduled for cataract surgery. After the
surgery, both patients showed improved visual acuity without corneal decompensation.
Perioperative topical AA is promising for prevention of corneal endothelial dysfunction
in high-risk patients undergoing phacoemulsification; it may be considered as an
alternative therapy.

Citation: Lee CY, Chen HT, Hsueh YJ, Chen HC, Huang CC, Meir YJJ, Cheng CM, Wu WC.
Perioperative topical ascorbic acid for the prevention of phacoemulsification-related corneal
endothelial damage: Two case reports and review of literature. World J Clin Cases 2019;
7(5): 642-649
URL: https://www.wjgnet.com/2307-8960/full/v7/i5/642.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i5.642

INTRODUCTION
Phacoemulsification has been used to treat cataract for decades, while human corneal
endothelial cells (HCECs) loss remains a major complication[1].  Fuchs endothelial
corneal dystrophy (FECD) is a dystrophic disorder of HCECs that are vulnerable to
external damage[2]. Recently, corneal endotheliitis has been demonstrated to be an
inflammatory process with viral origin, e.g., cytomegalovirus (CMV), that destroys
HCECs and leads to severe visual impairment[3]. Because corneal decompensation
with severe HCECs loss is  common in patients with impaired HCECs, including
corneal endothelial dystrophy, post-traumatic status and corneal endotheliitis[4,5],
adequate  management  is  advocated  to  prevent  corneal  decompensation  after
phacoemulsification.

Triple procedures, combining endothelial keratoplasty, phacoemulsification and
intraocular lens implantation, have been successfully performed in patients with
concomitant cataract and corneal decompensation[6], while limited sources of corneal
donor tissues result in long waiting lists[7]. Also, several complications following triple
procedure  have  been  reported,  such  as  secondary  glaucoma,  graft  dislocation
requiring re-surgery and graft  rejection leading to  graft  failure[8,9].  We therefore
wonder if there are potential strategies to prevent corneal endothelial loss other than
surgical triple procedures.

Theoretically, ascorbic acid (AA) can be an ideal ocular nutritional supplement[10].
Two in vitro studies have shown that  AA and L-AA 2-phosphate prolonged the
lifespan and inhibited apoptosis of murine corneal endothelial cells[11] and HCECs[12],
probably through anti-oxidant effects. On the other hand, topical AA can be used
alone to manage alkali burns which decrease the incidence of corneal ulcerations and
perforation  in  rabbits[13],  or  combined with  topical  steroids  to  treat  alkali  burns
without significant side effects[14,15].  Furthermore, animal studies showed that AA
applied to the irrigating solution can serve as free-radical  scavengers to prevent
endothelial  cell  damage  from  phacoemulsification[16,17].  Still,  it  remains  unclear
whether topical AA can prevent HCECs loss after phacoemulsification. In addition,
although AA has  been used for  protective  agent  of  HCECs by intraoperative  or

WJCC https://www.wjgnet.com March 6, 2019 Volume 7 Issue 5

Lee CY et al. AA for phaco-induced corneal endothelial damage

643

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


postoperative administration[17-19], the perioperative instillation of AA has not been
used before.

Herein, we report the use of topical AA before and after cataract surgery to reduce
HCECs loss in patients with pre-existing corneal endothelial disorders. The novel
effect  of  perioperative  topical  AA,  which  obviated  the  need  for  corneal
transplantation,  is  demonstrated  in  two  patients  with  FECD  and  CMV  corneal
endotheliitis respectively.

CASE PRESENTATION

Chief complaint
Patient 1: A 41-year-old man presented with blurry vision in the right eye.

Patient 2: A 51-year-old man was referred to our clinic due to whitish left cornea.

History of present illness
Patient  1:  The symptom persisted for  months  without  exacerbating or  relieving
factors.

Patient 2: The symptom persisted for 3 wk and had gradually progressed.

History of past illness
Patient 1: The patient reported no known systemic illness or previous surgery.

Patient 2: The patient revealed no known systemic illness or previous surgery.

Personal and family history
Patient 1: The patient revealed no known personal and family history.

Patient 2: The patient revealed no known personal and family history.

Physical examination
Patient 1: The best-corrected visual acuity (BCVA) in the right eye was 20/60. Slit
lamp examination revealed cataract with right predominance.

Patient  2:  On  examination,  BCVA  was  20/50  in  the  left  eye  and  the  silt-lamp
microscope revealed bilateral cataract with mild corneal edema in the left eye (Figure
1A).

Laboratory examinations
Patient 1: No laboratory examination was performed due to the absence of indication.

Patient 2: Intracameral tapping of left eye was arranged, and real-time quantitative
polymerase chain reaction exam reported a positive result for CMV.

Imaging examinations
Patient 1: Specular microscopy showed bilateral guttate formations (Figure 2).

Patient 2: The specular microscope revealed ECD of 1273/mm2 with disciform lesions
in the left eye.

FINAL DIAGNOSIS
Patient 1: The final diagnosis of the case was bilateral cataract with right predominant
and bilateral FECD.

Patient 2: The final diagnosis of the case was bilateral cataracts and CMV endotheliitis
in the left eye.

TREATMENT
Patient 1: Phacoemulsification was performed, and postoperative BCVA in the right
eye was 20/200; nevertheless, our patient continued to complain of blurry vision and
tingling  of  the  right  eye.  Specular  microscopy  revealed  pseudophakic  bullous
keratopathy and Descemet's  stripping.  Automated endothelial  keratoplasty was
performed as salvage surgery. After keratoplasty, a clear cornea graft with enhanced
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Figure 1

Figure 1  The corneal endothelium condition before and after cataract surgery in the left eye of Patient 2. A:
Preoperative corneal appearance via silt-lamp biomicroscope; B: Preoperative corneal endothelial cell density via
specular microscope; C: Postoperative corneal appearance via silt-lamp biomicroscope; D: Postoperative corneal
endothelial cell density via specular microscope.

endothelial cell density (ECD) of 2075/mm2 and improved BCVA of 20/25 in the right
eye were observed. Two years later,  a left  eye cataract was found with BCVA of
20/200 (Figure 3A) and another phacoemulsification was planned. The preoperative
ECD was 1365/mm2  in  the left  eye (Figure 3B).  To prevent  a  similar  scenario of
corneal decompensation, we prescribed AA (50 mg/mL, Vitacicol, Taiwan Biotech
CO., LTD., Taoyuan, Taiwan) eye drops four times daily one month before and after
surgery. In addition, excessive intracameral medications, including lidocaine and
carbachol, were avoided intraoperatively.

Patient 2: Acyclovir and famciclovir were sequentially prescribed for the suspicion of
herpetic simplex virus endotheliitis; however, upper corneal edema and a few keratic
precipitates emerged. Topical valganciclovir and systemic ganciclovir were prescribed
for the CMV endotheliitis, and the CMV endotheliitis subsided. Meanwhile, AA (50
mg/mL) was used for the scheduled cataract surgery with a frequency of four times
daily one month perioperatively. The ECD was 1048/mm2 before surgery (Figure 1B).

OUTCOME AND FOLLOW-UP
Patient 1: Only mild stromal edema was observed postoperatively without bullae,
while improved visual acuity was reported by the patient. The BCVA in the left eye
was 20/30 with clear cornea and ECD of 1239/mm2 two years postoperatively (Figure
3C and D).

Patient 2: After the surgery, the visual acuity had improved without signs of corneal
decompensation. The postoperative ECD was 1017/mm2 in the left eye with BCVA of
20/20 at the latest visit (Figure 1C and D).

DISCUSSION
In the corneal endothelium, oxidative stress may increase lipid peroxidation, leading
to cellular impairment and apoptosis of HCECs[20]. FECD is featured by elevated cell
apoptosis resulting from higher oxidative stress and oxygen-induced damage on
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Figure 2

Figure 2  The appearance of Fuchs endothelial corneal dystrophy in Patient 1. A: External eye appearance and guttate formation (left bracket) in the right eye; B:
External eye appearance and guttate formation (left bracket) in the left eye.

DNA[20,21].  Although oxidative stress has not been demonstrated in CMV corneal
endotheliitis, apoptosis has been detected in CMV retinitis in cell line models[22]. In
addition, oxygen free radicals generated by high-intensity ultrasound oscillations in
water  during  phacoemulsification  have  been  shown  to  damage  the  corneal
endothelium[23]. Since HCECs of the two patients enrolled were impaired with ECD
below 1500 cell/mm2,  the double damage of phacoemulsification and concurrent
FECD or CMV endotheliitis increased the risks of developing corneal decompensation
or even pseudophakic bullous keratopathy. To prevent the oxidative damage, we
arranged  anti-oxidant  therapy  with  topical  AA  and  reached  acceptable  visual
outcome with fair corneal condition. To our knowledge, this is the first experience to
show the effectiveness of topical AA in the prevention of phacoemulsification-related
corneal endothelial damage.

The AA has been widely applied in immune and inflammatory disorders due to its
antioxidant properties recently[24].  In the field of ophthalmology, previous studies
illustrated that AA may be associated with the development of cataract, age-related
macular  degeneration  and diabetic  macular  edema and owns  the  potential  as  a
therapeutic agent[10,25-27]. About the cornea, postoperatively topical instillation and oral
administration  of  AA  preserve  the  integrity  of  corneal  stroma  in  refractive
procedures[18,19], while intracameral irrigation of AA during phacoemulsification may
decrease corneal endothelial injury in animal studies[17,28]. Still, the effectiveness of
perioperative AA instillation on the protection of HCECs demonstrated in the current
study has rarely been reported elsewhere. The AA we administrated in the current
study was 50 mg/mL, which was much higher than the concentration of AA in the
general  culture  medium.  However,  the  corneal  endothelium is  immersed  in  an
environment  where  aqueous humor is  recycled every one to  two hours  and the
bioavailability of topical medications is only approximately one to five percent[29]. As a
result,  we adopted a much higher concentration of AA than that of the ordinary
culture medium and followed a humanly possible administration protocol of four
times a day in the hope to reach similar concentration of AA in the culture medium.
The  favorable  preservation  of  HCECs  and absence  of  complications  in  our  two
patients verifies the current concentration of AA as acceptable whether in terms of
efficacy or safety.

The first patient was diagnosed with FECD. In a previous study, 35 of 89 eyes
needed to undergo endothelial keratoplasty, but no improvement in BCVA was found
in those eyes that underwent endothelial keratoplasty[6]. By comparison, BCVA in the
left  eye  of  the  first  patient  recovered  prominently.  Our  findings  suggest  that
perioperative anti-oxidant supplements can improve and preserve HCECs and visual
outcomes compatible with the degree of the traditional approach. Furthermore, graft
dislocation and pupillary block glaucoma occasionally occur in patients undergoing
triple surgery despite excellent visual outcome[30], while current management avoids
these complications.

For patients with corneal  endotheliitis  who require cataract  surgery,  previous
studies focused only on postoperative infection[31], or did not provide adequate details
regarding  postoperative  status[5].  In  the  current  study,  the  second  patient  was
diagnosed with CMV endotheliitis and low ECD, while the final BCVA was 20/20,
showing much improvement with similar ECD values observed postoperatively. A
possible  explanation  is  that  phacoemulsification-related  oxidative  stress  can  be
alleviated by AA and that the anti-inflammatory effect of AA may also reduce the
inflammation from both phacoemulsification and CMV endotheliitis[32].
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Figure 3

Figure 3  The corneal endothelium condition before and after cataract surgery in the left eye of Patient 1. A:
Preoperative corneal appearance via silt-lamp biomicroscope; B: Preoperative corneal endothelial cell density via
specular microscope; C: Postoperative corneal appearance via silt-lamp biomicroscope; D: Postoperative corneal
endothelial cell density via specular microscope.

Comparison  of  the  current  study  to  two  previous  studies  concerning  the
application of phacoemulsification in low ECD patients is illustrated in Table 1. The
two previous studies applied a soft-shell technique to reduce possible mechanical
impact[4,5]. We did not perform the soft-shell technique but rather used an ophthalmic
Viscoat viscoelastic device and irrigation with balanced salt solution. Furthermore, we
did not alter the perioperative medications except AA among all eyes undergoing
cataract surgery mentioned in this report. Collectively, the use of perioperative topical
AA alone ended up with similar HCECs loss compared to previous experiences[4,5].
Moreover, the major etiology of low ECD in a previous study was primary angle
closure  glaucoma with  acute  attack  or  laser  iridotomy[4],  possibly  inducing  less
damage to HCECs than HCECs-origin lesions such as FECD.

CONCLUSION
Perioperative topical AA showed both safety and promise for prevention of HCECs
dysfunction  in  high-risk  patients  undergoing  phacoemulsification  and  may  be
considered an alternative therapy. Further large prospective studies are required to
determine the optimal dose.
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Table 1  Comparison of different modifications of cataract surgery in patients with low endothelial count

Hayashi 2011 Yamazoe 2011 Lee 2019

Technique to preserve EC Soft shell technique Soft shell technique Perioperative AA

Case number 50 61 2

Mean age (yr) 68.9 72.3 45.5

Gender (M to F, %) 24 to 76 23 to 77 100 to 0

Leading etiology (%) PACG (38) FCED (33) FCED and CMV endotheliitis (50)

Mean preOP ECD 805.0 692.9 1206.5

Energy (mJ) 27.3 ± 10.1 NA 30.4

Time (Sec) 57.5 ± 28.3 NA 72.8

Mean EC loss (%) 5.1 11.5 6.1

EC: Endothelial cells; AA: Ascorbic acid; M: Male; F: Female; PACG: Primary angle closure glaucoma; FCED: Fuchs corneal endothelial dystrophy; CMV:
Cytomegalovirus; preOP: Preoperative; ECD: Endothelial cell density.
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Abstract
BACKGROUND
Congenital maxillomandibular syngnathia is an extremely rare disorder
characterized by craniofacial malformations and inability to open the mouth
adequately, which leads to problems with feeding, swallowing, and breathing as
well as temporomandibular joint ankylosis. The main goal of the surgery is to
release the ankylosis, establish functioning mandible, and prevent re-fusion.
However, surgical procedures for this disease are rarely reported.

CASE SUMMARY
Here, we report a 7-mo-old girl with bilateral maxillomandibular syngnathia. The
patient presented with difficulty in feeding, breathing, sounding, and swallowing
and had developmental dysplasia. For treatment, we performed bone isolation by
computer-assisted navigation and used silicone to fix the wound surface to
prevent refusion of bone. To our knowledge, this is the only syngnathia case in
the literature treated using computer-assisted navigation. With the guidance of
precise navigation, we were able to minimize operation time by at least one hour,
the patient's blood vessels, nerves, and tooth germs were well protected, and
excessive bleeding was avoided. After six weeks, the patient showed
improvement in mouth opening and no major issues of feeding.

CONCLUSION
Application of computer-assisted navigation can significantly improve accuracy,
effectiveness, and surgical safety in correcting congenital maxillomandibular
syngnathia.

Key words: Craniofacial abnormalities; Mandibular diseases; Maxilla; Computer-assisted
navigation; Case report
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Core tip: Congenital maxillomandibular fusion is a rare anomaly of the craniofacial
region. We report a 7-mo-old girl with bilateral maxillomandibular syngnathia. We
performed bony isolation by computer-assisted navigation, a first-of-its-kind treatment
approach for syngnathia. The operation time was minimized by at least one hour, and the
patient's blood vessels, nerves, and tooth germs were well protected, and bleeding was
minimized. There were major improvements in the patient's status. We concluded that
application of computer-assisted navigation can significantly improve accuracy,
effectiveness, and surgical safety in difficult-to-treat deformity.
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INTRODUCTION
Congenital craniofacial disorders represent approximately 20% of all birth defects.
Syngnathia, a rare craniofacial disorder, is characterized by fusion of the hard and soft
tissues of the jaw. The first case of syngnathia was reported by Burket in 1936 in a
patient  who had multiple  diagnoses,  including  temporomandibular  joint  (TMJ)
ankyloses, fusion of gums, associated facial hemiatrophy, and Horner syndrome[1]. A
significant complication in syngnathia patients is restricted mouth opening, which
results  in  feeding,  swallowing,  and respiration problems.  Early  recognition and
treatment are critical for normal growth and development. The aim of the case report
is to introduce the application of computer-assisted navigation during syngnathia
corrective surgery.

CASE PRESENTATION

Chief complaints
A 7-month-old girl with a clinical diagnosis of congenital maxillomandibular fusion
was referred to the Department of  Plastic  and Reconstructive Surgery,  Shanghai
Ninth  People’s  Hospital,  Shanghai  Jiao  Tong University  School  of  Medicine  for
surgery. She was suffering from bilateral maxillomandibular syngnathia and inability
to open mouth.

History of present illness
The patient was fed through a straw by his grandmother.

History of past illness
She had no past history of surgery and was not taking any medication.

Personal and family history
She was the first child of the parents (mother 28 years old, father 30 years old) and
was born via an uncomplicated vaginal delivery. The parents did not have a history of
consanguineous marriage. A similar symptom was not observed in other patient’s
family members.

Physical examination upon admission
Physical examination revealed sever retardation - she was 73 cm tall and weight 5.5
kg - but did not reveal any congenital or systemic problems. She also presented with
difficulty in feeding, breathing, sounding, and swallowing. The patient had difficulty
in opening her mouth more than 1 mm in diameter. In her oral cavity, the upper and
lower gums were completely fused and two deciduous teeth in the mandible were
visible (Figure 1). Otherwise no abnormalities were noted.

Laboratory examinations
No abnormality was seen in routine blood tests, biochemical tests, or ECG.

Imaging examinations
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Figure 1

Figure 1  Facial features and preoperative intraoral view of the patient. A: Frontal view of the patient; B: Profile view of the patient; C: Intraoral view. Maxillary and
mandibular arches were fused.

A three-dimensional CT scan showed bilateral maxillomandibular fusion and very
little oral cavity (Figure 2). These observations are consistent with TMJ ankyloses, a
typical clinical feature in syngnathia patients.

FINAL DIAGNOSIS
Congenital maxillomandibular syngnathia.

TREATMENT
The purpose of the surgery was to separate the fused mandible and maxilla to open
the mouth, which would solve the patient’s feeding issues. The patient underwent a
prophylactic tracheostomy to prevent obstruction of airway during surgery 7 d in
advance. Then, we prepared for computer-assisted navigation. Three-dimensional CT
data were saved in the Dicom (digital imaging and communications in medicine)
format and were imported into Mimics 10.0 software (Materialise, Leuven, Belgium)
and  the  iPlan  software  of  the  VectorVision2  navigation  system  (BrainLAB,
Feldkirchen, Germany). The anatomical landmarks were measured and analyzed on
the  basis  of  three-dimensional  images.  We  chose  the  line  from  preauricular  to
marginal mandibular as the incision site. Operation simulations were performed to
affirm the position of osteotomy line and the level of mandibular opening and its
fixed position. The patient underwent general anaesthesia and the skin was sterilized.
A navigation bracket was installed to the patient’s head first, and then face scanning
by a laser scanner was performed for surface registration. The surgical instrument
was  registered  at  last.  Registration  accuracy  (0.8  mm)  was  verified  using  the
navigation  pointer.  The  tip  position  and  orientation  of  the  probe  were  viewed
continuously on screen (Figure 3). The oral space was exposed by retractors, the skin
and subcutaneous tissue of incision were cut open, and the bilateral jaw lateral surface
was exposed by blunt separation. It was easy to detect and isolate the mandible using
the navigation system. Real-time position was verified by the navigation probe to
avoid damaging important nerves, vessels, and dental germs. After the mandible was
sawed off,  silicone was fixed on the wound surface to  prevent  refusion of  bone.
Negative pressure drainage was put in the bilateral mandibles prior to suturing the
incision. Perioperative bleeding was 100 mL. The patient was admitted to SICU after
surgery.

OUTCOME AND FOLLOW-UP
Immediately following surgery, the patient had difficulty swallowing, so we used a
nasogastric tube for feeding. The patient was discharged from the hospital one week
later and was instructed to perform mouth opening and swallowing exercises. Follow-
up three-dimensional CT scans of the face confirmed separation and bony healing.
After six months, there was no recurrence. After eight months, the patient was 91 cm
in  height,  weighed  11  kg,  and  could  pronounce  several  single  words;  thus,  we
concluded that the surgery was successful.
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Figure 2

Figure 2  Three-dimensional computed tomography images demonstrating bony fusion of bilateral maxillaries to the mandibles. A: Frontal view; B: Right
lateral view; C: Left lateral view.

DISCUSSION
Syngnathia is a rare human congenital condition. It involves connection between soft
tissues or fusion between bony tissues and varies in severity from single mucosal
bands  (synechiae)  to  complete  bone  fusion  (synotosis)[2].  Syngnathia  is  often
accompanied by additional congenital defects, such as microglossia, micrognathia,
and  TMJ  abnormalities.  There  are  approximately  60  cases  of  congenital  bony
syngnathia reported in the literature[3], which reveal a high degree of variability in the
location and extent of jaw fusion, and indicate that bony syngnathia may be isolated
or  syndromic.  It  is  estimated that  only  18% of  cases  are  associated with  known
syndromes, such as aglossia-adactylia syndrome or hemifacial microsomia[4]. In the
reported cases, women commonly display an isolated form of syngnathia, whereas
men display  a  more  complex  pattern  of  disease.  Syngnathia  is  usually  detected
immediately  after  birth  because  the  baby is  not  able  to  open the  mouth  to  feed
normally. Notably, patients presenting with complete bilateral synostosis of the upper
and lower jaw represent the least common and most severe form of syngnathia.

The  etiology  and  pathogenesis  of  syngnathis  remain  unknown,  and  it  is  an
extremely rare condition involving abnormal development of the splanchnocranium,
which is the part of the skull that is derived from the branchial arches[2].  Various
etiologies have been proposed, including environmental insults, medications such as
meclizine, persistence of the buccopharyngeal membrane, and amniotic constriction
bands[5,6].  Villanueva-García  and colleagues have suggested the possibility  of  an
autosomal  recessive  occurrence[7].  Moreover,  a  recent  molecular  genetics  study
showed that  the  Foxc1  and Fgf8  genes  play a  role  in  regulating mammalian jaw
patterning  and  mutations  in  these  genes  may  underlie  the  pathogenesis  of
syngnathia[4]. However, given that our patient had no other congenital abnormalities
and there was no significant family history, a genetic or syndromic cause is unlikely.

Surgical division of the fusion must be carried out as soon as possible, which is
necessary for normal feeding, removing airway obstruction, and allowing normal
mandibular growth.  Delay in surgical  treatment increases the possibility of  TMJ
ankylosis, which leads to a lack of mandibular growth and facial deformities. The
main goal of the surgery described in this care report was to release syngnathia and
prevent recurrence. New management techniques, such as distraction, have been
reported  in  congenital  maxillomandicular[8].  Since  most  syngnathia  patients  are
infants, major surgical challenges are intraoperative blood loss and damage to nerves
and  dental  germs.  Another  challenge  stems  from  the  lack  of  comprehensive
guidelines to ensure patient safety during this type of surgery.

In  the  present  case,  we  applied  computer-assisted  navigation  to  instruct  our
surgical approach. Computer navigation has emerged as an essential technology for
guiding and verifying operations, such as reconstruction of mandible or orbital bone,
orthognathia, and many other of craniofacial surgeries[9,10]. We can understand the
correlations among surgical devices, incisions, and peripheral anatomic sites in real-
time easily via  computer navigation, and also can check the distance between the
operation  positions  to  the  position  designed  preoperatively.  With  the  precise
guidance of computer navigation, our operative time was minimized by at least one
hour. Moreover, the patients’ blood vessels, nerves, and tooth germs were all well
protected and perioperative bleeding was minimized.
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Figure 3

Figure 3  Screenshot of the navigation system. The pointer indicates arrival at the target site.

CONCLUSION
We have demonstrated a novel approach to treating complex zygomaticomandibular
syngnathia. Distraction techniques, like the one used here, should prove useful in
addressing other craniofacial  malformations.  To our knowledge,  this  is  the only
syngnathia case in the literature treated using distraction techniques. In the future,
our approach could be optimized to manage and prevention recurrence in other
syngnathia patients.
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Abstract
BACKGROUND
Paraganglioma/pheochromocytoma and medullary thyroid carcinoma can
coexist and are often found in multiple endocrine neoplasia (MEN). However,
very few cases highlight papillary thyroid carcinoma. We present herein a rare
case of head and neck paraganglioma associated with papillary thyroid
carcinoma.

CASE SUMMARY
A 51-year-old man presented to our department with right-sided neck swelling
and hypertension. Physical examination showed neck masses with obvious
pulsation. Concentrations of serum calcium, phosphorus, parathormone, thyroid
stimulating hormone, free thyroxine, and calcitonin were within normal limits.
Enhanced computed tomography revealed an irregular solid nodule, located in
the carotid artery bifurcation. A low-density nodule of the thyroid isthmus with a
spot-like dense shadow was also detected. The diagnosis of carotid body tumor
was raised and an ultrasound-guided fine needle aspiration biopsy of the thyroid
nodule revealed papillary thyroid carcinoma. The patient underwent surgery for
lesion excision, total thyroidectomy, and neck dissection, and the pathology was
reported as paraganglioma and papillary carcinoma. Genetic studies showed
negative results for germline mutation of succinate dehydrogenase subunit D on
11q23. He was treated with 131I after surgery and remained disease-free so far.

CONCLUSION
The presence of concomitant paraganglioma and thyroid papillary carcinoma
could be either coincidental or a result of an unknown mutation.

Key words: Paraganglioma; Thyroid carcinoma; Multiple endocrine tumors; Case report
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extremely rare. We present a case of a head and neck paraganglioma associated with
papillary thyroid carcinoma in a 51-year-old man. The major characteristics and imaging
features of the lesion are discussed.
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INTRODUCTION
Carotid body tumors represent approximately 65% of head and neck paragangliomas,
followed by glomus jugulare and glomus tympanicum tumors[1].

A paraganglioma can partly or wholly be associated with other tumors such as
kidney cancer, parathyroid adenoma, thyroid carcinoma, gastrointestinal stromal
tumors, and astrocytoma[2].

Coexistence of paraganglioma/pheochromocytoma (PHEO) and medullary thyroid
carcinoma (MTC) is strongly suggestive of multiple endocrine neoplasia (MEN), in
such  cases,  succinate  dehydrogenase  subunit  B  (SDHB)  and  subunit  D  (SDHD)
mutation was frequently reported as positive[3,4].

Herein, we report a patient with a combination of paraganglioma and papillary
thyroid carcinoma. The tumors were surgically removed with minimal blood loss and
temporary neurological loss. An analysis of RET porto-oncogene mutation yielded
negative results. To our best knowledge, this unusual association of the two tumors
represents a novel entity.

In  addition,  we  summarize  the  clinical  manifestations  and  the  imaging  and
pathological features of the tumors.

CASE PRESENTATION

Chief complaints
A 51-year-old man was admitted to  our  department  with a  year-long history of
swelling on the right-sided neck.

History of present illness
He also  had a  history  of  hypertension for  three  years,  but  without  any medical
treatment, and his blood pressure and heart rate at presentation were 150/94 mmHg
and 83 beats/min, respectively.

History of past illness
He was diagnosed with diabetes three years ago and took metformin to control the
blood  sugar  levels.  He  did  not  describe  other  constitutional  symptoms  such  as
episodes of diaphoresis, weight loss, or palpitations.

Personal and family history
The family history was unremarkable.

Physical examination upon admission
Obvious pulsation could be found on the right-sided neck masses. The masses were
firm in texture and are not accompanied by pain. Cranial nerve examinations were
intact, and the otolaryngology examination was negative.

Laboratory examinations
Concentrations  of  serum calcium,  phosphorus,  and parathormone were  normal.
Besides, radiotracer-labeled metaiodobenzyl-guanidine scintigraphy and serum and
urine  catecholamine  and  metanephrine  levels  were  negative.  Laboratory  tests
combined with abdominal computed tomography (CT) excluded the diagnosis of a
PHEO.  Serum thyroid  stimulating  hormone  and  free  thyroxine,  calcitonin,  and
carcinoembryonic antigen were within normal limits.

Imaging examinations
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Enhanced CT revealed two irregular solid nodules, consisting of 3.5 × 3.6 × 4.0 cm soft
tissue density located in the right  carotid artery bifurcation with heterogeneous
reinforcement. The mass surrounded both the internal and external carotid arteries;
however, a clear boundary between the tumor and the artery could be found. At the
same time, a low-density nodule of the thyroid isthmus measuring about 11 mm in
diameter  with  a  spot-like  dense  shadow  could  be  seen.  Carotid  angiography
demonstrated a  blood-rich tumor at  the carotid bifurcation that  surrounded the
internal and external carotid arteries. Figure 1 shows the paraganglioma and thyroid
cancer, respectively (Figure 1 A and B), which were displayed simultaneously in the
same section (Figure 1C).

Ultrasound showed a hypoechoic mass near the isthmus measuring about 18 × 15 ×
12 mm in size. The boundary of the mass was unclear and calcification could be seen
in the internal echo. An ultrasound-guided fine needle aspiration biopsy (FNAB) of
the thyroid nodule revealed papillary thyroid carcinoma.

FINAL DIAGNOSIS
Based on the clinical characteristics and radiographic results, a combination of carotid
body tumor and thyroid papillary carcinoma was raised.

TREATMENT
The patient underwent thyroidectomy, neck dissection, and surgery for removal of
the right-sided lesion.

During  surgery,  the  dissection  of  the  encapsulated  mass  from  the  carotid
bifurcation was performed. The internal carotid artery and external carotid artery
remained intact.  Total  thyroidectomy removed a  nodular  left  lobe  and normal-
appearing right lobe, isthmus, and pyramidal lobe, with right-side selective neck
dissection (levels II-V).

Total thyroidectomy removed a nodular left lobe and normal-appearing right lobe,
isthmus, and pyramidal lobe, with right-side selective neck dissection (levels II-V).

Upon microscopic analysis, the tumor at the carotid artery bifurcation appeared to
have rich blood supply, formed by epithelial cells lying in a trabecular pattern and
arranged in a “Zellballen” structure (Figure 2). In the thyroid tumor, the cells lining
the papillary structures showed nuclear grooves and nuclear clearing, which are
characteristic nuclear features of papillary thyroid carcinoma (Figure 3). The final
histopathologic  diagnosis  was  paraganglioma and thyroid  papillary  carcinoma.
Immunohistochemical  staining revealed positive  staining for  chromogranin and
synaptophysin; the sustentacular cells stained positively for S100 protein.

Analysis of the RET proto-oncogene mutation, von Hippel Lindau (VHL) mutation,
SDHB mutation, and SDHD mutation showed negative results.

OUTCOME AND FOLLOW-UP
Nifedipine  was  administered  after  the  operation  as  the  patient  continued to  be
hypertensive.  The  patient  experienced two weeks  of  hoarseness  after  operation
without other neurological symptoms. He was treated with 131I after surgery and so
far disease-free. The patient is still being followed.

DISCUSSION
Paragangliomas are rare neuroendocrine neoplasms that originate from chromaffin
cells of the adrenal medulla. CBT is a form of head and neck paraganglioma arising at
the carotid bifurcation.

MEN  is  characterized  by  thyroid,  adrenal  medulla,  and  parathyroid  neuro-
endocrine cell proliferation or tumor, and the clinical manifestations are MTC, PHEO,
and primary parathyroid primary hyperparathyroidism[5,6]. A few cases were reported
to exhibit combinations of PHEO, abdominal paraganglioma, and papillary thyroid
carcinoma[7,8].  However,  the  coexistence  of  head  and  neck  paraganglioma  and
papillary thyroid carcinoma was extremely rare and only reported in three cases
(Table 1).

Clinically,  thyroid  masses,  as  well  as  symptoms  of  increased  secretion  of
catecholamines  such  as  paroxysmal  hypertension,  headache,  palpitations,  and
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Figure 1

Figure 1  Preoperative images of the tumor. A: The paraganglioma located in the carotid artery bifurcation (red arrow); B: A low-density nodule of the thyroid
isthmus with a high-density calcification can be seen (blue arrow); C: Enhanced computed tomography showing coexistence of paraganglioma (red arrow) and thyroid
carcinoma (blue arrow).

sweating  are  most  common.  The  high  blood  pressure  in  our  patient  raised  the
suspicion of MEN, but the normal serum and urine catecholamine and metanephrine
levels and abdominal ultrasound eliminate PHEO.

When an endocrine gland tumor is discovered, the possibility of MEN should be
considered and screened for. Serum calcitonin is a special indicator for the diagnosis
of MTC, which can be more than 1000 pg/mL. CT, digital subtraction angiography
(DSA), and MRI are helpful to locate the paraganglioma, while ultrasonography and
FNAB are more reliable for detection of thyroid tumors.

CT  angiography  (CTA)  is  required  for  preoperative  diagnosis  and  treatment
strategies. It can significantly improve the recognition of tumors and identify the
anatomical relationship between the tumor and important blood vessels.  Correct
diagnosis of CBT by careful clinical physical examination is not difficult,  but the
advantage of CTA is that it can help identify the “feeding artery” of the tumor and
provide critical information for surgery.

Moreover,  it  was through CT that an asymptomatic thyroid tumor was found,
which could further confirm the diagnosis.

RET was identified as a MEN-2 susceptibility gene in 1993, and the gene carrier’s
penetrance rate is almost 100%[9]. In head and neck paraganglioma, a mutation of the
D subunit of the SDH gene is identified in 50%-94% of cases, while a mutation of the B
subunit is identified in 10%-20% of cases[10]. Neumann et al[18] suggested that whether
thyroid malignancies are also components of SDHB or SDHD related disease awaits
further confirmation. The genetic testing in the reported cases is reviewed in Table 1.
The  results  of  these  studies  indicate  that  the  PTC-PGL/PHEO  seems  to  have  a
heterogeneous genetic background. However, the genetic testing of our cases is not
the same as previous studies. Whether this association is coincidental or has a genetic
underlying relationship remains identification.

Onset involves multiple organs, and the treatment emphasizes multidisciplinary
cooperation.  Different  lesions  are  mainly  treated by related specialists,  but  it  is
necessary  to  avoid  isolated  treatment  of  a  single  subject.  Removal  of  the
paraganglioma and papillary cancer was the optimal treatment in this case, but it was
necessary to exclude PHEO, as  otherwise,  other  procedures could have induced
hypertensive crisis.  However,  paraganglioma resection at the carotid bifurcation
remains a challenge for surgeons because of its rich blood supply.

To our best understanding and knowledge, no known syndrome or conceivable
interrelationships among the tumors explained this combination presentation. This
case highlights that the presence of concomitant paraganglioma and thyroid papillary
carcinoma  could  be  either  coincidental  or  a  result  of  an  underlying  unknown
mutation.
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Table 1  Literature review

Author (yr) Topography Diagnosis Genetic testing

Rasquin et al[11], 2018 Adrenal PTC and PHEO EGLN1, FH, KIF1B, MEN1, NF1, RET,
SDHAF2, SDHC, SDHD, TMEM127,

VHL, and SDHA: (-)

Bugalho, et al[7], 2015 Carotid body PTC and PGL/PHEO VHL, SDHB, SDHC, SDHD, SDHAF2,
TMEM127, MAX, PTEN: (-)

Adrenal PTC and PGL/PHEO SDHB (+)

Adrenal PTC and PGL/PHEO VHL, SDHB, SDHC, SDHD, SDHAF2,
TMEM127, MAX, PTEN: (-)

Adrenal PTC and PGL/PHEO SDHB (+)

Huguet et al[12], 2013 Adrenal PTC and PGLs SDHD (+)

Papathomas et al[13], 2013 Carotid body PTC and PGL and PHEO SDHD (+)

Sisson et al[8], 2012 Adrenal PTC and PHEO and PA Not performed

Nasser et al[14], 2009 Adrenal PTC and PHEO RET: (-)

Zbuk et al[15], 2007 Carotid body PTC and PGLs PTEN (+), SDHC (+)

Yang et al[16], 2007 Adrenal PTC and PHEO and PGL RET, VHL, SDHB, SDHD: (-)

Hashiba et al[17], 2006 Adrenal PTC and PHEO Not performed

Neumann et al[18], 2004 Adrenal PTC and PGL SDHB (+)

Adrenal PTC and PGL SDHD (+)

PTC: Papillary thyroid carcinoma; PHEO: Pheochromocytoma; PGL: Paraganglioma; PA: Pituitary adenoma; SDHD: Succinate dehydrogenase subunit D;
SDHB: Succinate dehydrogenase subunit B; VHL: Von Hippel-Lindau mutation.

Figure 2

Figure 2  Microscopic features of the paraganglioma. A: Hematoxylin-Eosin (HE) staining (100 ×) showing well-defined solid nests of tumor cells, rounded by a
fibrovascular tissue; B-C: Immunohistochemical staining of the tumor showing that the chief cells are intensively positive for chromogranin (B) and synaptophysin (C);
D: Sustentacular cells are positive for S-100 protein.
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Figure 3

Figure 3  Microscopic features of the papillary thyroid carcinoma. A: Hematoxylin-Eosin (HE) staining (40 ×) showing that the papillae in papillary thyroid
carcinoma are composed of cuboidal cells; B: HE staining (100 ×) showing nuclear changes including nuclear clearing and overlapping nuclei.
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Abstract
BACKGROUND
Empty sella syndrome is a condition in which the pituitary gland shrinks or
flattens. Patients with empty sella syndrome often present with headache,
hypertension, obesity, visual disturbances, cerebrospinal fluid (CSF) rhinorrhoea,
or endocrine dysfunction. Herein, we report a rare case of empty sella syndrome
discovered after the patient experienced postoperative hypotension and
respiratory failure.

CASE SUMMARY
A 60-year-old man was admitted for further workup of left shoulder pain. He
was assessed by the orthopaedics team and booked for internal fixation of the left
clavicle. General anaesthesia with a nerve block was administered. His blood
pressure continued to decrease post-operation. Endocrine tests were performed,
with the results supporting a diagnosis of hypopituitarism with hypocortisolism
and hypothyroidism. Brain magnetic resonance imaging demonstrated that the
sella was enlarged and filled with CSF, confirming a diagnosis of empty sella
syndrome. The patient was started on endocrine replacement therapy. The
patient regained consciousness and spontaneous breath finally.

CONCLUSION
This case highlights the importance of considering pituitary hormone
insufficiency in the context of respiratory and hemodynamic failure during the
perioperative period.

Key words: Empty sella; Hypotension; Respiratory failure; Case report
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Core tip: A 60-year-old man was admitted for internal fixation of the left clavicle.
General anaesthesia with a nerve block was administered. His blood pressure continued
to decrease post-operation. Endocrine tests were performed, with the results supporting a
diagnosis of hypopituitarism. Brain magnetic resonance imaging demonstrated that the
sella was enlarged and filled with cerebrospinal fluid, confirming a diagnosis of empty
sella syndrome. The patient was started on endocrine replacement therapy. The patient
regained consciousness and spontaneous breath finally. This case highlights the
importance of considering pituitary hormone insufficiency in the context of respiratory
and hemodynamic failure during the perioperative period.
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INTRODUCTION
The pituitary gland is a pea-sized gland located within the sella turcica[1,2]. Empty sella
syndrome is a condition in which the pituitary gland shrinks or flattens, and thus the
pituitary  cannot  be  visualised  by  magnetic  resonance  imaging  (MRI).  In  this
condition,  the  sella  turcica  also  becomes  partially  or  completely  filled  with
cerebrospinal fluid (CSF).  Primary empty sella syndrome occurs when there is  a
defect  in  the  diaphragma sellae  accompanied  by  an  increase  in  CSF  pressure[3].
Secondary empty sella syndrome occurs when the pituitary gland has been damaged
or  injured;  common  causes  include  malignancy,  trans-sphenoidal  surgery,
radiotherapy, and medications[4].  Patients with empty sella syndrome often suffer
from headaches,  hypertension,  obesity,  visual  disturbances,  CSF rhinorrhoea,  or
endocrine dysfunction. Postoperatively, our patient presented with hypotension and
respiratory failure, and was subsequently diagnosed with empty sella syndrome.

CASE PRESENTATION

Chief complaints
Left shoulder pain and activity restriction for 3 h.

History of present illness
A 60-year-old man was admitted for further workup of left  shoulder pain. X-ray
demonstrated a left distal clavicle and shoulder blade fracture. He was assessed by
the orthopaedics team and booked for internal fixation of the left clavicle. General
anaesthesia with a nerve block was administered. Pre-operative vitals included a
blood pressure (BP) of 120/63 mmHg, heart rate (HR) of 65 bpm, and SpO2 of 95% in
room  air.  After  induction,  BP  and  HR  decreased  to  90/52  mmHg  and  50  bpm,
respectively. A 6 mg dose of ephedrine was given intravenously. A total of 24 mg
ephedrine was given over the whole operation. No further muscle relaxants were
required. The surgery was uneventful and lasted for 1 h. Total blood loss was 100 mL
and a total of 1000 mL of crystalloid was given. After surgery, he was transferred to
the post-anaesthesia care unit to continue machine ventilation. The patient began
spontaneously breathing at 40 min postoperatively, at which point the laryngeal mask
was removed and an oxygen mask provided. However, SpO2 remained below 92%
without the use of the oxygen mask. The patient was subsequently admitted to the
orthopaedics ward. Vitals at that time were BP 115/76 mmHg, HR 72 bpm, SPO2 99%,
and temperature (T) 37.2°C.

Unfortunately, his BP continued to decrease over the next 6 hours, to 80/50 mmHg.
The next morning, the patient appeared confused and was not cognisant to person,
place, or time. Arterial blood gas indicated respiratory acidosis without any evidence
of electrolyte imbalance. Due to increasing respiratory distress, emergent intubation
was performed and the patient was transferred to the intensive care unit for machine-
assisted  ventilation  and  vasopressor  medications.  Over  the  next  2  d,  there  was
minimal improvement in the patient’s condition despite ongoing treatment.
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Careful review of the patient’s history, as provided by his family, revealed that
over the last year, he began demonstrating signs of progressive indifference, lack of
communication, and lethargy. Further physical examination revealed a diffuse loss of
body hair and dry skin. This new information, combined with the current episode of
hypotension and respiratory distress,  strongly suggested a possible  aetiology of
hormonal dysfunction. As such, endocrine tests were performed, with the results
supporting a diagnosis of hypopituitarism with hypocortisolism and hypothyroidism.
Then, he underwent brain MRI.

History of past illness
He denied any other medical conditions.

Personal and family history
He worked as a manual labourer. He neither smokes nor drinks.

Physical examination upon admission
The left  shoulder joint  is  tender,  the snoring pain is  positive,  and the activity is
limited.

Laboratory examinations
Haemoglobin concentration was 108 g/dL. The results of endocrine tests are listed in
Table 1.

Imaging examinations
X-ray of the shoulder demonstrated a left distal clavicle. Brain computed tomography
revealed a low density shadow in the saddle region of the brain. Brain MRI (Figure 1)
demonstrated that the sella was enlarged and filled with CSF.

FINAL DIAGNOSIS
Empty sella syndrome.

TREATMENT
The  patient  was  started  on  replacement  therapy  with  once-daily  intravenous
hydrocortisone 100 mg. After 3 d, levothyroxine was added.

OUTCOME AND FOLLOW-UP
The  patient’s  consciousness  and  breathing  improved  progressively  and  the
endotracheal  catheter  was  removed  after  5  d  of  treatment.  He  continued  oral
medication after he was discharged and was followed regularly to the department of
endocrinology.

DISCUSSION
The pituitary gland is composed of an anterior and posterior lobe. The anterior lobe
secretes hormones that regulate target glands, including the gonads, thyroid, and
adrenal  cortex.  These  hormones  serve  to  regulate  growth,  sex  organ  function,
pregnancy and nursing, metabolism, and BP. When all or most of the pituitary gland
is destroyed, hypopituitarism occurs and a series of characteristic symptoms will
manifest  depending  on  the  specific  hormone  deficiency.  Common  causes  of
hypopituitarism in adults include pituitary tumours or surgery, cerebral trauma,
radiation, or Sheehan syndrome caused by postpartum ischemia. Clinical outcomes
vary with the type and degree of hormone deficiency, and with the rapidity of onset,
age, and sex. Pituitary crisis occurs if the hypopituitarism is further exacerbated by
fatigue,  hunger,  cold,  anaesthetic  sedation,  trauma,  surgery,  or  infection.  The
diagnosis  and  management  of  the  condition  are  based  on  history,  physical
examination and, occasionally, laboratory findings.

In  a  study by  Ghatnatti  et  al[5],  hyperprolactinemia  was  found to  be  the  most
common  endocrine  abnormality.  Thwin  et  al[6]  reported  a  patient  who  initially
developed meningeal  irritation with long-term galactorrhoea.  Based on elevated
serum prolactin and MRI findings, the patient was subsequently diagnosed with
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Table 1  Laboratory investigations

Analyte Measured value Normal value

Na+ 132 mmol/L 137-148 mmol/L

Ca2+ 2.17 mmol/L 2-2.52 mmol/L

TSH 2.4 μIU/mL 0.27-4.2 μIU/mL

FT4 0.24 ng/dL 0.93-1.7 ng/dL

FT3 0.93 pg/dL 2.0-4.4 pg/dL

Cortisol (8:00 am) 13.73 μg/L 52.7-224.5 μg/L

ACTH 9:00 10.5 ng/L 7.5-63.3 pg/L

ACTH 16:00 3.43 ng/L < 46 ng/L

ACTH 24:00 < 1 ng/L < 46 ng/L

Testosterone 0.03 ng/mL 2.8-8.0 ng/mL

Growth hormone 0.10 < 3.0

The results supporting a diagnosis of hypopituitarism with hypocortisolism and hypothyroidism. TSH:
Thyroid  stimulating  hormone;  FT3:  Free  triiodothyronine  3;  FT4:  Free  triiodothyronine  4;  ACTH:
Adrenocorticotropic hormone.

empty sella syndrome. Taieb et al[7]  described a 47-year-old woman with bilateral
galactorrhoea and spaniomenorrhea since the age of 31 years. Investigation revealed
an elevated serum prolactin level of 635 mIU/L and an empty sella turcica on MRI.

Aijazi et al[8] reported a 41-year man with a history of osteogenesis imperfecta, who
presented  with  vomiting,  decreased  oral  intake,  and  confusion.  In  treating  his
hyponatremia, the treatment team was prompted to look for other pituitary hormone
deficiencies. Various hormonal defects were found, and the patient was subsequently
diagnosed with primary empty sella syndrome. Yang et al[9] described a 69-year-old
woman with hyponatremia, who presented with manic symptoms that resolved after
plasma sodium was normalised.

Xu  et  al[10]  reported  a  41-year-old  man  with  persistent  epiphyses  and  severe
osteoporosis.  He  initially  presented  with  high  levels  of  serum phosphorus  and
prolactin, and low levels of free triiodothyronine, free thyroxine, and testosterone.
Imaging of the brain revealed an empty sella.

Dange et al[11]  reported a 16-year-old girl  with a history of stunted growth and
primary amenorrhea, presenting with headache and vomiting. Endocrine testing
showed reduced levels  of  growth hormone,  luteinising  hormone,  and follicular
stimulating hormone. MRI of the brain showed an empty sella.

The most common cause for postoperative respiratory and hemodynamic failure is
the residual effect of anaesthesia[12]. Our patient was administered both general and
regional anaesthesia. All anaesthetic types had a short duration of action, except the
small dose of sufentanyl given at time of induction. Marked dysfunctions in SpO2, BP,
and consciousness emerged in the immediate postoperative period. After careful
review of the patient’s history and further physical examination, it was felt that the
respiratory distress and impaired consciousness could be secondary to hormonal
dysfunction. This hypothesis was supported by further endocrine testing and MRI,
with a subsequent diagnosis of empty sella syndrome causing the hypopituitarism
with typical hypocortisolism and hypothyroidism. Effective treatment was achieved
through hormone replacement therapy.

CONCLUSION
We report a case of empty sella syndrome discovered in the workup of postoperative
hypotension and respiratory failure. We believe that the patient’s pituitary crisis was
induced by surgery. This case highlights the importance of considering pituitary
hormone insufficiency in the context of respiratory and hemodynamic failure during
the perioperative period. We recommend that in the preoperative examination, a
thyroid function test can be added. If there is any abnormality, the examination can be
further improved to exclude related diseases.

WJCC https://www.wjgnet.com March 6, 2019 Volume 7 Issue 5

Guo P et al. A case of empty sella syndrome

666



Figure 1

Figure 1  Saggital view of T1 and T2 weighted magnetic resonance images. A: Saggital view of T1 weighted magnetic resonance (MR) image; B: Saggital view of
T2 weighted MR image. Arrow showing empty sella turcica filled with cerebrospinal fluid.
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Abstract
BACKGROUND
The tunnel endoscopic technique is the treatment of choice for submucosal
tumors. However, the use of tunnel endoscopy to diagnose adenocarcinoma of
the esophagus originating from the submucosa has not been well studied.

CASE SUMMARY
A 74-year-old man who presented with dysphagia for half a year underwent a
series of checks, such as gastroendoscopy, X-ray contrast examination of the
upper digestive tract, endoscopic ultrasonography, high-resolution esophageal
manometry, and positron emission computed tomography. It should be noted
that the stenosis of the esophagus was too narrow for endoscopic ultrasound-
guided fine needle aspiration. The cause remained undiagnosed. Eventually, the
tunnel endoscopic technique was perform for the pathological examination in the
submucosa and the final diagnosis was adenocarcinoma of the esophagus. The
patient and family members chose expectant treatment due to the patient’s age
and the high costs of surgical treatment.

CONCLUSION
Tunnel endoscopy could be used to diagnose tumors. Moreover, we review the
literature to provide guidance regarding the causes of esophagostenosis.

Key words: Esophageal stenosis; Adenocarcinoma of the esophagus; Tunnel endoscopic
technique; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Tunnel endoscopy is not only effective as a treatment for submucosal tumors,
but also as a means of performing pathological examination for diagnosing tumors.
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Moreover, we review the literature to provide guidance regarding the causes of
esophageal stenosis.
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INTRODUCTION
Tumors of the esophagus are a severe health problem worldwide with crypticity and
high mortality. According to the different pathologic types, tumors of the esophagus
have  been  divided  into  esophageal  squamous  cell  carcinoma  and  esophageal
adenocarcinoma[1]. Esophageal squamous cell carcinoma is the predominant histologic
type while esophageal adenocarcinoma remains rare[2]. It is generally accepted that
pathological  examination is  the “gold standard” for the diagnosis  of  esophageal
tumors.  Moreover,  imaging  modalities  such  as  endoscopy,  endoscopic  ultra-
sonography (EUS), and computed tomography (CT) have been applied to measure the
depth of the invasion of the esophageal wall, tumor size, the presence of invasion into
adjacent organs, lymph node metastasis, and distant metastasis[3]. The high mortality
rate has been attributed to the fact that half of patients have a locally-advanced form
of the disease at diagnosis[4]. Therefore, early pathological diagnosis can effectively
improve patient prognosis.

The  tunnel  endoscopic  technique  is  an  innovative  and  minimally-invasive
endoscopic surgical procedure. The first submucosal tunnel endoscopic resection in
the world was conducted in China, when it was used to remove submucosal tumors
(SMTs) originating from the muscularis propria of the esophagus[5].  Nevertheless,
biopsy  in  a  submucosal  tunnel  has  not  been  well  studied.  We  report  herein  an
unusual case involving diagnosis of esophageal stenosis caused by adenocarcinoma
through the  tunnel  endoscopic  technique,  and  review the  causes  of  esophageal
stenosis.  The  patient  has  signed  an  informed  consent  form  and  data  had  been
anonymized and unidentified.

CASE PRESENTATION

Chief complaints
A 74-year-old male patient visited our hospital complaining of dysphagia which he
had experienced for half a year with no clear trigger.

History of present illness
He vomited after  eating,  bringing up the contents of  the stomach.  There was no
obvious chest pain, hematemesis, or weight loss. He was in good physical condition.

Personal and family history
There were no special circumstances in personal and family history.

Physical examination upon admission
On physical examination, he showed no evident positive characteristics.

Laboratory examinations
With regard to laboratory values, only the serum tumor marker CA199 (47.85 U/mL;
normal reference range: < 39 U/mL), albumin (35.6 g/L; normal reference range: 40-
50  g/L),  and  hemoglobin  (124  g/L;  normal  reference  range:  130-175  g/L)  were
moderately  changed.  Renal  function,  electrolytes,  blood  sugar,  cholesterol,
erythrocyte  sedimentation  rate,  blood  coagulation,  humoral  immune  function,
antiphospholipid antibody, anti-autoantibody, antineutrophil cytoplasmic antibody,
urine, and conventional stool concentration were all within normal limits.

Imaging examinations
Color Doppler ultrasonography revealed chronic cholecystolithiasis. A chest CT scan
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revealed thickening of the esophageal wall (Figure 1A and B). Barium meal X-ray
showed that  the lower esophagus presented the beak sign,  suggesting achalasia
(Figure  1C  and  D).  Regarding  condition,  no  ulceration,  prominence  lesions,  or
Barrett's  esophagus  manifestation  was  found  by  endoscopy  (Figure  2A-D).  In
addition, routine gastroscopy was performed at a local hospital, and no tumor cell
was detected by pathological examination at esophageal stenosis. EUS was performed
to clarify the cause of the narrow esophageal structure. On EUS, esophageal cavity
stenosis was visible at  a distance of 37 cm from the incisors,  along with obvious
thickening of the intrinsic muscularis which reached 0.8 cm, and the first to third layer
structure was not clear (Figure 2E and F). High-resolution esophageal manometry
suggested lower esophageal outflow obstruction (Figure 3). Based on these findings, a
tumor that originated from the tunica muscularis esophagi was highly suspected.
Therefore, we recommended the patient to undergo a positron emission CT (PET-CT)
examination. The PET-CT results from Wuhan Tongji Hospital indicated dilatation of
the entire esophagus, stenosis of the esophagus and cardia junction, and increased
local metabolism. However, it was difficult to obtain pathological evidence as the
esophageal mucosa was only roughened, with no ulceration, erosion, or bleeding. We
invited a general thoracic vascular surgeon and a gastrointestinal surgeon to assist in
the  diagnosis  and  treatment.  Eventually,  a  multidisciplinary  consultation
recommended that tunnel endoscopy was performed for biopsy. Therefore, the tunnel
endoscopic  technique  was  chose  for  pathological  examination.  We  created  a
submucosal tunnel, advanced towards the stenosis of the esophagus, and obtained
muscularis tissues (Figure 4).

FINAL DIAGNOSIS
The final diagnosis was adenocarcinoma of the esophagus (Figure 5).

TREATMENT
Regretfully, the patient and family members chose expectant treatment due to the
patient’s  age and the high costs  of  surgical  treatment.  The flow chart  of  disease
diagnosis can be referred to Figure 6.

DISCUSSION
Adenocarcinoma of the esophagus is a malignant tumor arising from the submucosal
tissue of the esophagus or from the glands of the cardia. However, because early
disease  is  asymptomatic  in  most  patients,  timely  diagnosis  of  esophageal
adenocarcinoma (especially arising from the submucosa) is relatively difficult. Even
when treated by radical surgery combined with radiotherapy and chemotherapy, the
5-year survival rate remains low[6,7]. Thus, early diagnosis and treatment of esophageal
tumors are of great significance.

Esophageal  strictures can result  from a wide variety of  benign and malignant
conditions.  Meanwhile,  dysphagia  is  the  most  common  symptom  which  urges
patients to seek medical treatment. Benign esophageal strictures can occur following
peptic  strictures[8],  eosinophilic  esophagitis[9],  achalasia[10],  pill-injury esophageal
strictures[11], caustic strictures[12], anastomotic strictures[13], Crohn's disease-associated
esophageal stricture[14],  IgG4-related esophagitis[15],  radiation-induced esophageal
strictures[16],  esophageal  intramural  pseudodiverticulosis[17],  or  epidermolysis
bullosa[18] (Table 1). It is generally known that a malignant esophageal stricture refers
to esophageal cancer. Some esophageal strictures can be treated by drug therapy such
as with proton pump inhibitors or steroids[9,11,15,17], while others can be refractory to
most optical endoscopic therapies such as dilation[15,16,18], stent placement[13], or peroral
endoscopic myotomy.

In the present case, the mucosa of the esophageal stenosis was only rough, with no
obvious ulceration or erosion. It could well be that mucosal biopsies failed to achieve
real  results.  Meanwhile,  the  stenosis  of  the  esophagus  was  too  narrow  for  a
conventional endoscope to pass, let alone the large probe required for EUS. Therefore,
it could not perform EUS guided fine needle aspiration for biopsy and we chose to use
small  probe  endoscopic  ultrasonography  to  clarify  the  cause  of  the  esophageal
stricture.

Subcutaneous emphysema, pneumothorax, and secondary infection are common
complications  of  endoscopic  resection[19-21].  As  there  was  no  serous  layer  of  the
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Figure 1

Figure 1  X-ray and thoracic computed tomography imaging of the patient. A and B: A barium meal X-ray
revealed poor relaxation of the distal sphincter, dilatation of middle esophageal and stenosis of lower esophagus,
weakened esophageal peristalsis, and ultimately stricture of the esophageal lumen with a beak-like appearance; C
and D: Thoracic computed tomography imaging revealed thickening of the esophageal wall and antrum stricture
(arrows), with a regular mucosal pattern.

esophagus, resection of the muscularis propria of the esophagus would be more prone
to concurrent subcutaneous emphysema, pneumothorax, and secondary infection
than the gastric muscularis propria. When the tunnel endoscopic technique is used to
excise SMTs, the lesion mucosal surface remains intact and the mucosa of the tunnel
opening is closed with a titanium clip, avoiding leakage of gas and digestive fluid into
the  chest  and  abdominal  cavity,  thus  reducing  the  risk  of  secondary  infection.
Moreover, the tunnel endoscopic technique allows clear visualization of bleeding foci
in the tunnel, reducing bleeding during the operation and postoperative delayed
bleeding.

CONCLUSION
In  conclusion,  this  was  an  unusual  case  of  esophageal  stenosis  caused  by
adenocarcinoma and diagnosed by the tunnel endoscopic technique. As a method of
diagnosis  and  treatment,  the  tunnel  endoscopic  technique  would  be  a  less
complicated and less risky choice. We would like to emphasize the role of tunnel
endoscopy in diagnostic  treatment.  Further,  we analyzed the common causes of
esophageal stenosis, hoping to provide some information which will help with clinical
work.
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Table 1  Analysis of causes of esophageal stenosis

Ref. Years Cause analysis of stenosis Clinical manifestation

Ramage Jr et al[8] 2005 Peptic strictures Acid reflux, dysphagia

Moonen et al[10] 2014 Achalasia Dysphagia, regurgitation aspiration, chest pain, and weight loss

Muir et al[9] 2018 Eosinophilic esophagitis Dysphagia

Yeoh et al[11] 2017 Pill-injury esophageal strictures Regurgitation, retrosternal pain

He et al[12] 2018 Caustic strictures Dysphagia, hematemesis

Siddiqui et al[13] 2012 Anastomotic strictures Dysphagia, when a standard endoscope could not pass through the post-ESD
scar

Nandy et al[14] 2017 Crohn's disease induced esophageal
strictures

Dysphagia and odynophagia

Obiorah et al[15] 2017 IgG4-related esophagitis Dysphagia

Agarwalla et al[16] 2015 Radiation-induced esophageal strictures Dysphagia

Abbes et al[17] 2017 Esophageal intramural pseudodiverticulosis Dysphagia and weight loss

Michalak et al[18] 2018 Epidermolysis bullosa Dysphagia, skin blistering, joint contractures and missing nails

ESD: Endoscopic submucosal dissection.

Figure 2

Figure 2  Upper gastrointestinal endoscopy and endoscopic ultrasonography of the patient. A-D: Upper gastrointestinal endoscopy revealed esophageal
stenosis 37 cm from the incisors, along with mucosal surface asperities; E and F: Endoscopic ultrasonography revealed that the esophageal ring cavity was in the
stenosis and the muscularis propria markedly thickened, together with an unclear structure of the first to third layers.
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Figure 3

Figure 3  High-resolution esophageal manometry. The integrated relaxation pressure (4s integrated relaxation pressure; normal reference value: 15 mm Hg) was
26.6 mm Hg which suggested relaxation dysfunction of the lower esophageal sphincter.

Figure 4

Figure 4  Case illustration of endoscopic biopsy through a tunnel. A: The narrow place in the lower esophagus (37 cm from the incisors); B: The submucosal
tunnel was established; C: White fibrotic adhesions can be seen in the tunnel; D: The submucous structure was disorganized; E and F: It was difficult to distinguish
yellow tissue and white tissue from the muscular layer in the tunnel; G: Tissue biopsy in the tunnel; H: The mucosal entry incision was sealed with several clips.

Figure 5

Figure 5  Microscopic images. In smooth muscle cells, abnormal glands, dense nuclei of glandular epithelial cells, irregular glandular cavities, and fibrous
hyperplasia were seen (hematoxylin and eosin staining; A, B, and C, magnification × 40, × 100, and × 200, respectively).
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Figure 6

Figure 6  Information schedule. PET-CT: Positron emission computed tomography.
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Abstract
BACKGROUND
Cystic adenomyosis is a special type of adenomyosis. Its clinical manifestations
lack specificity. Pelvic ultrasound and nuclear magnetic resonance imaging can
help clarify the diagnosis. Because cystic uterine adenomyosis is rare in clinical
work, it can be easily misdiagnosed or its diagnosis can be missed. Early surgical
treatment and postoperative drug treatment can alleviate dysmenorrhea,
menorrhagia, anemia, and other symptoms.

CASE SUMMARY
Two cases complained about abnormal vaginal bleeding and were diagnosed
with intrauterine cystic adenomyosis by gynecological ultrasound and
pathological examination. The clinical manifestations included dysmenorrhea,
hypermenorrhea, and a history of cesarean section. Both cases underwent a
surgery, and chocolate-like liquid was released from the cystic mass in the uterus
and the manifestations were relieved.

CONCLUSION
Intrauterine cystic adenomyosis could be diagnosed by pathological examination
and treated by hysterectomy or hystscopy to release the liquid inside.

Key words: Cystic adenomyosis; Adenomyosis; Junctional zone; Intrauterine; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Because cystic uterine adenomyosis is rare in clinical work, it is easy to
misdiagnose it or miss its diagnosis. We present two cases of intrauterine cystic
adenomyosis that were recently treated at our department to explore its clinical features
and treatment options so as to provide a reference for the early diagnosis and rational
treatment of the disease.
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INTRODUCTION
Adenomyosis refers to a common gynecological disease wherein the endometrial
gland or stroma appears in the myometrium and is accompanied by compensatory
hypertrophy and proliferation of peripheral smooth muscle cells. The etiology and
pathogenesis remain unclear. Currently, studies suggest that adenomyosis belongs to
the junctional zone (JZ) lesions, also known as subintimal muscle, located between the
endometrium and extrauterine myometrium, which shows cyclical variation owing to
the  effect  of  estrogen  and  progesterone.  When  the  endometrial  zona  basalis  is
damaged, the endometrium directly invades the adjacent JZ, resulting in diffuse or
limited thickening of JZ and adenomyosis formation. Imaging changes of JZ lesions
detected by ultrasound and magnetic resonance imaging (MRI) have become reliable
indicators for clinically diagnosing adenomyosis[1,2]. Cystic adenomyosis, also known
as cystic adenomyoma or adenomyotic cyst, is a special type of adenomyosis, which is
a  cystic  structure  lining the  endometrium and covered with  the  uterine  smooth
muscle, containing old blood cyst fluid. Most of the case reports of cystic adenomyosis
revealed that the lesions are located in the uterine muscular wall or subserosa.

CASE PRESENTATION
This  study  was  conducted  in  accordance  with  the  Declaration  of  Helsinki  and
approved by the Ethics Committee of Jilin University. Written informed consent was
obtained  from  all  participants.  We  reviewed  two  cases  of  intrauterine  cystic
adenomyosis recently treated at our department and explored the clinical features and
treatment options to provide a reference for the early diagnosis and rational treatment
of the disease. The study was reviewed and approved by the First Hospital of Jilin
University Institutional Review Board. All study participants, or their legal guardian,
provided informed written consent prior to study enrollment.

Case 1: Chief complaints
A 36-year-old woman was admitted to the hospital owing to an increase in menstrual
blood volume and abnormal echo in the uterine cavity for 7 months.

History of present illness
Since September 2016, the patient’s menstrual period was extended to 6 d without any
significant cause, and the menstrual blood volume was increased two-fold of the
previous amount. She was admitted to a local county hospital. Doppler ultrasound
examination revealed an abnormal intrauterine echo; thus, the physician suggested a
dilation and curettage of the uterus, which she rejected. In October 2016, she found
that the increase in menstrual blood volume was obviously aggravated, reaching
about three times of the ordinary volume; then, she underwent Doppler ultrasound
examination at the local hospital again. The results showed an intrauterine mildly
strong echo (21 mm × 13 mm). The pathological results after curettage revealed the
endometrium at the proliferative phase. After her menstrual period, she obtained a
recheck of gynecological ultrasound, which showed the endometrial thickness to be
12 mm. Then, she was asked to be followed. Two months before hospitalization, her
dysmenorrhea was progressively aggravated, and the bleeding was not changed,
presenting as hypogastrium cramps at the menstrual period.

History of past illness
Her previous history included undergoing a cesarean section at a local hospital 15
years ago with three induced abortions thereafter.

Physical examination upon admission
She had smooth vagina and soft mucous membrane, normal and smooth cervix, and
anterior uterine body with a size of about 7.0 cm × 6.0 cm × 6.0 cm, which was hard
and tough with normal uterine mobility but without tenderness. No abnormality or
tenderness was noted in the double appendage area; vaginal secretions were white
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and less, without abnormal flavor.

Laboratory examinations
Routine blood test (October 25, 2016) showed a WBC count of 6.32 × 109/L, percentage
of neutrophils of 73%, RBC count of 3.57 × 1012/L, hemoglobin concentration of 125
g/L,  and  platelet  count  of  261  ×  109/L.  Gynecological  ultrasound  revealed  an
endometrial thickness of 20 mm and a mixed partially strong echo of 31 mm × 24 mm
× 24 mm in the uterus. The pathological report after the uterine curettage at a local
hospital  (Pathology  No.  39869)  on  October  28,  2016  showed  a  broken  uterine
endometrium at the proliferative phase.

Imaging examinations
The gynecological ultrasound examination on April 6, 2017 at our hospital revealed
the following: the uterine body was anterior, measuring 61 mm × 55 mm × 54 mm, the
shape  of  the  uterus  was  symmetrical,  and  the  velamen  was  smooth;  two  low
echogenic areas were detected in the smooth muscle wall; and the larger one with
clear border was located in the back wall, measuring 11 mm × 8 mm, although the
uterine  cavity  line  was  unclear.  The endometrial  thickness  was  20  mm, with  an
uneven echo. A mixed partially strong echogenic area of 31 mm × 24 mm × 24 mm in
the uterus with blood flow was found, in which there was an irregular liquid anechoic
area with a size of 20 mm × 18 mm × 16 mm and the liquid content was not clear. The
size  and echo of  the ovaries  were normal.  She was clinically  diagnosed with an
intrauterine  lesion  (endometrial  polyp  or  cystic  adenomyosis),  adenomyosis
combined with small myoma, and scarred uterus after caesarean section.

After admission, she underwent hysteroscopy under the guidance of ultrasound
with general anesthesia. During the operation, a neoplasm measuring about 4.0 cm ×
3.0 cm × 4.0 cm was found, which was located in the anterior wall from the base of the
uterus to near the isthmus with a length of 3.0 cm and had mulberry-like surface and
thick pedicle. The endometrium was pink and white and diffusely proliferated. The
opening of the bilateral fallopian tubes could be seen. The neoplasm was opened
using  an  annular  electrode;  then,  chocolate-like  liquid  flowing  out  from it  was
observed. The neoplasm was resected from the pedicle using the annular electrode,
and  a  Mirena  ring  was  placed  in  the  uterus  at  the  same  time.  Postoperative
pathological examination (Pathology No. 614984C) revealed that the endometrium
had  secretory  changes  and  adenomyosis  in  the  uterine  cavity.  Postoperatively,
intramuscular injections of 3.75 mg diphereline once every 28 days for a total of three
times were administered to the patient. Two months after the operation, the patient’s
return visit  showed obviously  alleviated dysmenorrhea.  Gynecological  Doppler
ultrasound examination revealed that the uterus had notably shrunk compared with
its previous size and the intrauterine Mirena ring was in normal position.

Case 2: Chief complaints
A 39-year-old  woman was  admitted  to  the  hospital  owing to  relapse  of  uterine
fibroids after undergoing hysteromyomectomy twice.

History of present illness
On February 19, 2017, the patient found continuous heavy vaginal bleeding in dark
red color. Thus, on March 5, 2017, she visited a physician at a hospital in Changchun
City.  Gynecological  Doppler ultrasound examination revealed relapse of  uterine
fibroids.  To  confirm the  result,  she  visited  physicians  at  our  hospital  and other
hospitals in Changchun and obtained the same diagnosis of recurrent uterine fibroids
and possible degeneration. Surgery was suggested. Then, she was admitted to our
hospital due to the uterine fibroids with a moderate amount of bloody secretions
without abnormal flavor.

History of past illness
The patient underwent hysteromyomectomy at a hospital in Changchun, China in
2007. She self-reported that three uterine fibroids, measuring 2 cm in diameter, were
removed, but no follow-up was conducted after the operation. In 2012, a physical
examination at  a  hospital  in  Changchun showed relapse of  uterine fibroids,  but
pregnancy was also noted. Hence, in 2013, she underwent a cesarean section and
intraoperative hysteromyomectomy at the same time at a hospital in Changchun City.
She self-reported that two uterine fibroids were resected, and no postoperative review
was conducted.

Physical examination upon admission
Smooth vagina and soft mucous membrane; normal and smooth cervix.
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Laboratory examinations
Routine blood test (March 11, 2017) showed a WBC count of 13.12 × 109/L, percentage
of neutrophils of 0.89, RBC count of 4.20 × 1012/L, hemoglobin concentration of 97
g/L, and platelet count of 482 × 109/L. Serum human chorionic gonadotropin level
(March 11, 2017) was 2.39 mIU/mL. The rechecked routine blood test on admission
showed a WBC count of 6.14 × 109/L, percentage of neutrophils of 0.81, RBC count of
4.19 × 1012/L, hemoglobin concentration of 97 g/L, and platelet count of 453/109/L.
The  D-dimer  level  on  admission  was  3597.00  μg/L.  Screening  of  female  tumor
markers revealed a carbohydrate antigen (CA)-125 level of 1212.00 U/mL and CA-72
level of 416.51 U/mL; the remaining items were normal. After 3 days of anti-infective
treatment, the blood test was reviewed, showing a normal WBC count, hemoglobin
concentration of 86 g/L, D-dimer level of 3172.00 ug/L, and CA-125 level of 775.90
U/mL.

Imaging examinations
Gynecological examination revealed normal vulva development, smooth vagina and
soft mucous membrane, normal and smooth cervix with a small amount of blood
flowing out, and the uterine body at the anterior position larger than fist and round
shaped; the right posterior wall of the uterus was convex, hard, and tough, but the
mobility was not normal, without tenderness. Neither abnormality nor tenderness
was  noted  in  the  bilateral  appendage  area.  Gynecological  Doppler  ultrasound
examination performed on March 11, 2017 revealed the anterior uterus, which had a
symmetrical shape and smooth contours with a size of 65 mm × 60 mm × 59 mm. The
muscle wall echo was rough and uneven. One low echogenic area of 56 mm × 44 mm
at the right posterior wall was found, with an uneven internal echo and peripheral
blood flow, in which there were two irregular liquid anechoic areas, with the larger
being 40 mm × 29 mm × 22 mm and protruding to the uterine cavity. The uterine
cavity line was not clear, and the endometrium was 17 mm thick, with an uneven
echo.  The  size  and  echo  of  the  ovaries  were  normal.  Pelvis  routine  scan  +
enhancement + diffusion by 3.0 T MRI revealed the presence of occupying lesions at
the base and posterior wall of the uterus, suggesting possible uterine fibroids with
degeneration, multiple small cysts in the cervix, and small amount of fluids in the
pelvic cavity. A clinical diagnosis of recurrent uterine fibroids (with the possibility of
degeneration),  adenomyosis,  postoperation  of  two  hysteromyomectomies,
postoperative scarred uterus of cesarean section, pelvic adhesion, and mild anemia
was  made.  After  appropriately  communicating  with  the  patient,  hysterectomy,
bilateral salpingectomy, and lysis of pelvic adhesions were performed on March 17,
2017. Intraoperative findings were partial intestinal canal adhering to the abdominal
wall,  mesosigmoid  adhering  to  the  left  appendage  and  lateral  pelvic  wall,  and
anterior rectal wall mesenterium extensively adhering to the posterior wall of uterine
body; there was a small amount of pink ascites in the pelvic cavity; the uterine body
was spherically enlarged (about 8 cm × 8 cm × 6 cm) and hard, and the posterior wall
of the uterus was evaginated; fibrinoid inflammatory exudation was found on the
surface of the uterine body. Cyst with a diameter of about 2 cm could be seen in the
bilateral  ovaries.  The appearance of  the bilateral  oviducts was normal.  After the
uterus was opened, a cystic mass with a size of about 5 cm × 4 cm × 4 cm was found
in the uterus, attached to the posterior wall with a pedicle. The cystic wall thickness
was about 0.8 cm, with a smooth and yellow surface, containing chocolate-like liquid.
Intraoperative  pathology  (Pathology  No.  611231C)  revealed  adenomyosis.
Postoperative  pathology  (Pathology  No.  611231C)  revealed  adenomyosis,
endometrium at the proliferative phase, chronic cervicitis, and no obvious lesions in
the bilateral oviducts. Cytological examination of ascites revealed no cancer cells. Five
days after the operation, routine blood test showed a WBC count of 3.41 × 109/L,
percentage  of  neutrophils  of  0.54,  RBC  count  of  4.37  ×  1012/L,  hemoglobin
concentration of 106 g/L, platelet count of 359 × 109/L, and CA-125 level of 356.50
U/mL. Two months after the surgery, the review showed the vaginal cuff healing
well and a normal CA-125 level.

FINAL DIAGNOSIS
Intrauterine cystic adenomyosis.

TREATMENT
Operation (hysteroscopy and hysterectomy, bilateral salpingectomy).
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OUTCOME AND FOLLOW-UP
Both of them were cured.

DISCUSSION

Clinical manifestations of cystic adenomyosis
In 1908, Cullen[3] first described the formation of capsular space in the submucosa of
patients with adenomyosis, and the cysts were lined with normal endometrial glands,
filled with chocolate-like fluid. In 1990, Parulekar[4] reported the first case of cystic
adenomyosis,  and in 1996,  Tamura et  al[5]  reported the first  case of cystic uterine
adenomyosis in an adolescent. Current clinical data show that the age span of the
patients with cystic adenomyosis is broad, ranging from 13 to 54 years, although it is
common in adolescent and adult women aged < 30 years. Its clinical manifestation is
similar  to  that  of  typical  uterine  adenomyosis,  mainly  presenting  as  severe
dysmenorrhea, menorrhagia, and chronic pelvic pain. A small number of patients
have no clinical symptoms. According to the onset age, cystic adenomyosis can be
divided into the adolescent and adult types[6,7]. There are two sets of diagnostic criteria
for the adolescent type. The diagnostic criteria include the following: (1) the age is <
30 years; (2) the cyst is > 1 cm in diameter, and the capsular space is independent of
the uterine cavity and surrounded by hyperplastic smooth muscle tissue; and (3)
severe dysmenorrhea develops early. The diagnostic criteria proposed by Chun[8] in
2011 are as follows: (1) the onset age is < 18 years, or severe dysmenorrhea develops
within 5 years after the onset of menarche; (2) there is no history of operation in the
uterus; and (3) the diameter of the cystic cavity is > 5 mm. Both sets of diagnostic
criteria  have  their  own  advantages  and  disadvantages,  and  the  former  is  more
consistent with the clinical practice in terms of the standard of histopathology, while
the latter is more accurate in the definition of age. The diagnostic criteria for adult
type are more obscure, generally referring to those with the onset age of > 30 years
and most with a history of uterine operation.

In this study, both patients presented with dysmenorrhea, hypermenorrhea, and a
history  of  cesarean  section,  and  the  second  patient  had  a  history  of
hysteromyomectomy  twice,  suggesting  that  the  clinical  manifestations  and
pathogenesis of intrauterine cystic adenomyosis are similar to those which originate
from other parts.

Diagnostic methods and differential diagnosis of intrauterine cystic adenomyosis
In this study, both cases showed an intrauterine mass with a diameter of 3–5 cm
(Figure 1). The surface of the mass was red mulberry shaped or yellowish-white and
smooth. As the mass was opened, chocolate-like liquid flowed out. The inner wall of
the cyst was smooth, with a thickness of 0.5–0.8 cm. The pathological examination
revealed that the cystic  wall  was composed of arranged endometrial  glands and
stroma and covered with hyperplastic muscular tissues.

Transvaginal color Doppler ultrasound examination is convenient and economical
for screening intrauterine cystic adenomyosis (Figure 2). In this study, ultrasound
showed low echo masses in the uterine cavity or  muscle wall  intruding into the
uterine cavity, with irregular liquid echopattern inside. There were dense strong echo
spots in the liquid echopattern and dotted distribution of blood flow signals. The
typical sonographic findings of endometrial polyps are as follows: regularly shaped
lesions with a high-level echo and strong echo halo around the lesions can be seen in
the uterine cavity, and cysts can be seen in the polyp. Color Doppler can display the
typical single blood flow signal supplying the endometrial polyps.

Nuclear MRI is  a  commonly used method for  the clinical  diagnosis  of  uterine
adenomyosis. The T2W1 characteristics of adenomyosis include the broadening JZ
and ill-defined shadows mixed by hypointensity and hyperintensity[9]. In this study,
an intrauterine thick-walled cyst  was displayed in the MRI scan,  which showed
hyperintensity in T1 weighted image, moderate to high intensity in T2 weighted
image,  and  low  intensity  in  the  edge  (Figure  3).  MRI  plays  a  vital  role  in  the
differential diagnosis between adenomyosis and uterine fibroid degeneration[10]. The
characteristics of uterine fibroid hyalinosis in MRI are moderate intensity in TIW1 and
low  intensity  in  T2W1,  while  uterine  fibroids  mucinous  degeneration  has  a
characteristic of high intensity in T2W1, sometimes characterized by multiple patches,
without  reinforcement  in  the  enhanced  scan.  MRI  can  not  only  reflect  the
characteristic signal of the tumor to identify the position and size but also identify the
complex uterine malformations, which is the best diagnostic method for the disease[11].

The specificity and sensitivity of serum CA-125 level in the diagnosis of cystic
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Figure 1

Figure 1  Gross display of intrauterine cystic adenomyosis. A: The cyst contained chocolate-like liquid; B: After
the uterus was opened, a cystic mass with a size of about 5 cm × 4 cm × 4 cm was found in the uterus, attached to
the posterior wall with a pedicle with a smooth and yellow surface.

uterine  adenomyosis  are  low,  but  an  increased  CA-125  level  is  helpful  in  the
differential diagnosis of the disease from endometrial polyps and uterine myoma
degeneration. Takeuchi et al[12] reported that the CA-125 level can be from normal to >
500 U/mL in patients. In this study, CA-125 level was normal in one case and as high
as 1212.00 U/mL in the other case. The reasons may be as follows: first, since the
intrauterine lesion was huge, and a large amount of CA-125 produced by the lining
endometrial epithelium and interstitial cells in the lesion was released into the blood,
the diffuse type of uterine adenomyosis had an elevated CA-125 level; second, during
the operation, a large area of inflammatory cellulosic exudation was found on the
surface of the uterus, which was considered as complicated with pelvic inflammatory
disease, leading to a significant increase in CA-125 level.

The therapeutic principle for cystic adenomyosis is radical resection of the lesions,
promoting fertility and preventing recurrence. The therapeutic modality can vary
according to the onset age, request of fertility, location and size of the lesion, and
symptoms[13].

Hysteroscopic resection of lesions is preferred for the treatment of intrauterine
cystic adenomyosis[14]. In this study, one patient underwent hysteroscopic resection
and intrauterine Mirena ring placement at  the same time.  It  not  only effectively
alleviated her symptoms of dysmenorrhea and increased menstrual volume but also
led to endometrial atrophy by local release of efficient progestin in the uterine cavity,
so as to effectively prevent disease recurrence. However, if the cyst is too large to
perform hysteroscopic surgery, total hysterectomy can be considered if the patient has
no fertility request[15]

Although cystic adenomyosis is common, the location of cystic adenomyosis in the
uterine cavity is rare. The case report would bring more attention on the diagnosis.
However, these two cases were of different phases and not comparable, which needs
more cases to be collected to gain evidenced value.

In conclusion, cystic adenomyosis is a rare type of adenomyosis of the uterus, and
intrauterine cystic adenomyosis has even been less reported. Owing to the clinicians’
low understanding of the disease,  it  is  easy to be misdiagnosed or missed in the
diagnosis.  At  present,  there is  no clinical  data with large samples  to  confirm its
prognosis, influence on fertility, and whether postoperative medication can effectively
prevent  its  recurrence.  How to  detect  and treat  intrauterine  cystic  adenomyosis
effectively and develop effective methods to  prevent  its  recurrence is  an urgent
problem that needs to be resolved.

CONCLUSION
Intrauterine cystic adenomyosis could be treated by hysterectomy or by hystscopy.
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Figure 2

Figure 2  Ultrasonic images of intrauterine cystic adenomyosis. Regularly shaped lesions with a high-level echo and strong echo halo around the lesions can be
seen in the uterine cavity, and cysts can be seen in the polyp. Color Doppler can display the typical single blood flow signal supplying the endometrial polyps. A: Case
1; B: Case 2.

Figure 3

Figure 3  Magnetic resonance images of cystic adenomyosis (hyperintensity in T1 weighted image, moderate to high intensity in T2 weighted image, and
low intensity in the edge). A: Case 1; B: Case 2.
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Abstract
BACKGROUND
Melanotic Xp11-associated tumors are rare mesenchymal-derived tumors. So far,
most primary melanotic Xp11-associated tumors have been reported in the
kidney, and reports of this tumor in the gastrointestinal tract are rare.

CASE SUMMARY
Here we describe the case of a 25-year-old woman who presented with a
melanotic Xp11-associated tumor in the sigmoid colon. Colonoscopy revealed a
large mucosal bulge in the sigmoid colon, approximately 32cm inside the anus.
The surface was rough with local erosion. The tumor was brittle on biopsy and
bled easily. Computed tomography revealed thickening of the rectal wall with
edema. Postoperative pathology indicated the likelihood of a perivascular
epithelioid cell tumor. Histologically, the tumor comprised plump epithelioid
cells with abundant clear to lightly eosinophilic cytoplasm and round nuclei
arranged in an alveolar or trabecular pattern. The tumor cells were strongly
positive for HMB-45, Melan-A, Cathepsin K, and TFE3 but negative for vimentin,
smooth muscle actin, S100 protein, CD10, CK20, and desmin. The tumor cells had
a low Ki-67 labeling index (approximately 2%). Fluorescence in situ hybridization
revealed TFE3 fracture. Based on these histologic and immunohistochemical
features, a diagnosis of melanotic Xp11-associated tumor of the sigmoid colon
was made.

CONCLUSION
In summary, we report the clinicopathological features of a primary tumor that is
extremely rare in the sigmoid colon and review the clinicopathological
characteristics of melanotic Xp11-associated tumors, compatible with the very
rare tumor termed “melanotic Xp11 translocation renal cancer” in all aspects.
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Core tip: Melanotic Xp11-associated tumors can occur at all ages; children and young
adults are particularly prone whereas it is rare in middle-aged and elderly individuals. So
far, most primary melanotic Xp11-associated tumors have been reported in the kidney,
and reports of this tumor in the gastrointestinal tract are rare. Therefore, data regarding
the clinical features and biologic behavior of melanotic Xp11-associated tumors are
limited.
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INTRODUCTION
Melanotic Xp11-associated tumors are rare mesenchymal-derived tumors. In 2009,
Argani et al[1] reported the clinicopathological features of a distinctive renal cell cancer
(RCC) termed “melanotic Xp11 translocation renal cancer”. In 2012, LeGallo et al[2]

reported the first case of primary melanotic Xp11-associated tumor in the ovary, for
which  the  immunohistochemical  markers  were  very  similar  to  those  of  RCC.
Melanotic Xp11-associated tumors can occur at all ages; children and young adults are
particularly prone whereas it is rare in middle-aged and elderly individuals. The
common pathological features are: (1) the pigments are visible; (2) the tumor cells are
nested,  have  highly  developed capillary  vessels,  are  rich  in  cytoplasm,  and can
coexpress melanocyte markers HMB45 and Melan-A but not epithelial markers; and
(3) there are TFE3 gene rearrangement and Xp11 translocation. So far, most primary
melanotic Xp11-associated tumors have been reported in the kidney, and reports of
this tumor in the gastrointestinal tract are rare. Therefore, data regarding the clinical
features and biologic behavior of melanotic Xp11-associated tumors are limited. Here
we report the clinicopathologic features of a sigmoid colon tumor in a 25-year-old
woman showing morphologic, immunohistochemical, and molecular genetic features
identical  to those of melanotic Xp11 translocation renal cancer,  and performed a
review of the published literature.

CASE PRESENTATION

Chief complaints
A 25-year-old woman presented with a 4-d history of abdominal pain, melena, and
nausea that were aggravated 1 d prior to admission. She had diarrhea approximately
four times a day.

History of present illness
The patient presented to a local Chinese Medicine Hospital and was diagnosed with
hemorrhoids.  Her condition did not improve after the medical  treatment,  so she
presented to our hospital for further evaluation.

History of past illness
There was no obvious abnormality in the past illness.

Personal and family history
She denied any family history of related diseases.

Physical examination upon admission
No obvious positive signs were found in the abdomen.

Laboratory examinations
The laboratory findings  revealed normal  routine  blood parameters,  coagulation
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function, tumor markers, and biochemistry results. Blood pressure was 90/70mmHg,
heart  rate  was  90  beats/min,  and  the  heart  rhythm was  normal.  Immunohisto-
chemically,  the tumor cells were strongly positive for HMB45, CD34 (vascular+),
CD117, CD163, CD68, and Melan-A and negative for CK, Vimentin, S100, CK7, CK20,
CD10, Dog-1, Des, CgA, SYN, LCA, EMA, smooth muscle actin (SMA), and SOX-10.
Mitotic figures were approximately ≥ 2/5 per high power field, Ki-67 labeling index
was approximately 2%, and there was a  partially  invasive boundary.  The initial
diagnosis was a gastrointestinal tract malignancy with perivascular epithelioid cell
tumor (PEComa). However, we excluded primary melanoma and primary clear-cell
sarcoma of the gastrointestinal tract. The patient was advised to have a genetic test or
pathological  consultation.  Pathological  consultation  and  a  fluorescence  in  situ
hybridization (FISH) test were subsequently performed at Xijing Hospital, Fourth
Military Medical University; immunohisto-chemistry showed that the tumor cells
expressed a melanin marker and TFE3, accompanied by TFE3  gene translocation
(Figure 1). FISH for TFE3 rearrangement showed that the TFE3 gene was fractured
(Figure  1).  The  tumor  showed  an  abnormal  signal  pattern  consistent  with
rearrangement of the TFE3 locus in 52% of the cells. Taking into account all these
immunohistochemistry and FISH tests, the final diagnosis was a melanotic Xp11-
associated tumor. There was no intraoperative evidence of metastasis or involvement
of  other  abdominal  organs.  Moreover,  subsequent  staging  studies  showed  no
evidence of metastatic disease.

Imaging examinations
Colonoscopy revealed a large mucosal bulge in the sigmoid colon, approximately
32cm inside the anus. The surface was rough with local erosion. The tumor was brittle
on biopsy and bled easily. Computed tomography revealed thickening of the rectal
wall with edema. Gastroenterography revealed a filling defect at the junction of the
sigmoid and the descending colon. Sputum passed through, the local wall was stiff,
and the mucosal destruction was interrupted. Barium sulfate passed through, the
local wall was stiff, and the mucosal destruction was interrupted. A malignant tumor
was suspected after we completed the relevant examinations. Laparoscopic-assisted
resection of the large sigmoid colon mass (about 10 cm × 2.1 cm) was performed.
Postoperative pathology indicated the likelihood of a PEComa.

FINAL DIAGNOSIS
Melanotic Xp11-associated tumor of the sigmoid colon.

TREATMENT
Laparoscopic-assisted resection of the large sigmoid colon.

OUTCOME AND FOLLOW-UP
She was followed by imaging studies of the chest, abdomen, and pelvis as well as
colonoscopy every 3 mo. At 6 mo after the initial diagnosis, she was disease-free.

DISCUSSION
Since Argan et al[1] first reported Xp11 translocation RCC in 2009, increasing numbers
of  melanotic  tumors  have  been  reported.  In  2012,  LeGallo  et  al[2]  first  reported
melanotic Xp11-associated tumor originating in the ovary. The common pathological
feature are that the tumor cells are nested, have highly developed capillary vessels,
and are rich in cytoplasm, and the pigments are visible, which makes it very similar to
PEComa, and tumor cells can coexpress melanocyte markers HMB45 and Melan-A[3,4].
Melanotic  Xp11-associated  tumors  originating  in  the  digestive  system  are  rare.
Therefore, most previous reports on this disease misdiagnosed it as a PEComa. So far,
no  relevant  clinical  data  can  predict  the  prognosis  of  these  rare  postoperative
melanotic Xp11-associated tumors[2]. Due to the fact that melanotic Xp11-associated
tumors are extremely rare and their histologic features vary, a differential diagnosis to
exclude other tumors is important.  The differential diagnosis of melanotic Xp11-
associated tumors includes various types of epithelial  and mesenchymal tumors,
including PEComa, malignant melanoma, clear-cell sarcoma, gastrointestinal stromal
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Figure 1

Figure 1  The examination results of the patient. A and B: Preoperative computed tomography (CT) showing thickening of the rectal wall with edema; C:
Postoperative CT showing a high-density suture shadow in the operation area; D: Approximately 32cm inside the anus, a large mucosal bulge can be seen in the
sigmoid colon. The surface was rough with local erosion. The tumor was brittle on biopsy and bled easily; E: Preoperative gastrointestinal angiography showing a
filling defect at the junction of the sigmoid and the descending colon. The barium sulfate passed through, the local wall was stiff, and the mucosal destruction was
interrupted; F: Pathological consultation at Xijing Hospital. The tumor cells in the muscle layer of the sigmoid colon were scattered in the nest, and capillaries were
separated. The cytoplasm of tumor cells was rich and lightly stained. The nucleus was medium-sized and round or oval (note the nucleolus). The nuclear division was
rare, and a small amount of pigment was visible. Immunohistochemistry showed that the tumor cells expressed a melanin marker and TFE3, accompanied by TFE3
gene translocation, consistent with pigmented Xp11-related tumors. Tumor cells were positive for TFE3 and Cathepsin, and fluorescence in situ hybridization (FISH)
results showed TFE3 gene fragmentation (see the FISH report). Original immunohistochemistry results showed HMB45 (+), Melan-A (+), Ki-67 (+, approximately 5%),
smooth muscle actin (-), CK (-), and EMA (-); G: Results of FISH test at Xijing Hospital shown that the TFE3 is fractured.

tumor (GIST), metastatic RCC, and epithelioid leiomyosarcoma. It is well known that
the morphology and immunohistochemical features of these unique melanotic Xp11-
associated tumors overlap with the morphologic and immunohistochemical features
of  PEComa.  Although the distinction of  melanotic  Xp11-associated tumors from
PEComas is difficult, we believe that the overall morphologic features of the current
tumor, particularly the presence of large amounts of melanin, the absence of SMA
expression,  the  lack  of  the  tuberous  sclerosis  complex  gene  mutation,  and  the
presence  of  SFPQ/TFE3  fusion[3,5-8],  encouraged  us  to  interpret  this  lesion  as  a
melanotic  Xp11-associated  tumor  (Table  1),  thereby  making  it  less  difficult  to
differentiate.  The  detailed  differences  are  shown  in  Table  1.  FISH  is  the  most
commonly used method for gene detection[9].  Malignant melanoma and clear-cell
sarcoma have a high positive rate of S100 protein and TFE3 recombination but a lack
of expression of myogenic markers[10,11]. Therefore, the melanin and myogenic immune
markers  can  be  used  for  identification.  GIST  is  the  most  common tumor  of  the
gastrointestinal mesenchymal tissue, which has a morphology very similar to that of
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gastrointestinal PEComa, and can also coexpress the CD117 tumor marker, which
increases the difficulty in differentiation of this disease. However, GIST does not have
the characteristic of expressing the melanin marker; hence, we can use the melanin
marker to distinguish it[12-15].

CONCLUSION
In summary, we report the clinicopathological features of a primary tumor that is
extremely rare in the sigmoid colon and review the clinicopathological characteristics
of melanotic Xp11-associated tumors, compatible with the very rare tumor termed
“melanotic Xp11 translocation renal cancer” in all aspects. Xp11 melanoma should be
considered in the differential diagnosis of abnormal melanomas, particularly in cases
involving  PEComas  or  unusual  primary  melanoma  tumors.  Melanotic  Xp11-
associated tumors are a special type of tumor with a low incidence, especially for
tumors  originating in  the  gastrointestinal  tract.  The etiology,  pathogenesis,  and
related  biological  behaviors  of  this  disease  remain  unclear.  Postoperative
management,  including adjuvant chemotherapy,  has not been established yet.  A
further  study of  these  particularly  rare  tumors  is  necessary  to  understand their
biological  behavior  and  pathogenesis.  Therefore,  patients  with  postoperative
melanotic Xp11-associated tumors should be carefully followed.
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Table 1  Comparative features of melanotic Xp11 tumors and perivascular epithelioid cell tumors

Melanotic Xp11 tumors PEComas

Sex predilection Females > males Females > males

Age Children and young adults, but may affect older adults Middle age, but may affect children and older adults

Family history Tuberous sclerosis

Site Kidneys, uterus, ovaries, cervix, colon, pancreas, bladder, and
pelvis

Genitourinary tract, viscera, skin, soft tissue, and
bone

Histology Epithelioid with clear cytoplasm Spindled, epithelioid, or sclerosing

Melanin pigment Usually present Usually absent

Muscle marker expression Usually absent Usually present

Melanocytic marker
expression

Present Present

Epithelial marker expression Absent Absent

Molecular genetic alteration Xp11 translocation; PSF-TFE3 fusion Loss of TSC1 (9q34) or TSC2 (16p13.3) gene

PEComa: Perivascular epithelioid cell tumor.
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