
World Journal of
Gastrointestinal Surgery

ISSN 1948-9366 (online)

World J Gastrointest Surg  2022 July 27; 14(7): 632-730

Published by Baishideng Publishing Group Inc



WJGS https://www.wjgnet.com I July 27, 2022 Volume 14 Issue 7

World Journal of 

Gastrointestinal SurgeryW J G S
Contents Monthly Volume 14 Number 7 July 27, 2022

REVIEW

From advanced diagnosis to advanced resection in early neoplastic colorectal lesions: Never-ending and 
trending topics in the 2020s

632

Auriemma F, Sferrazza S, Bianchetti M, Savarese MF, Lamonaca L, Paduano D, Piazza N, Giuffrida E, Mete LS, Tucci A, 
Milluzzo SM, Iannelli C, Repici A, Mangiavillano B

ORIGINAL ARTICLE

Retrospective Study

Adult patients with allied disorders of Hirschsprung’s disease in emergency department: An 11-year 
retrospective study

656

Jiang S, Song CY, Feng MX, Lu YQ

Impact of comorbid renal dysfunction in patients with hepatocellular carcinoma on long-term outcomes 
after curative resection

670

Sakamoto Y, Shimada S, Kamiyama T, Sugiyama K, Asahi Y, Nagatsu A, Orimo T, Kakisaka T, Kamachi H, Ito YM, 
Taketomi A

Individualized risk estimation for postoperative pulmonary complications after hepatectomy based on 
perioperative variables

685

Xu LN, Xu YY, Li GP, Yang B

SYSTEMATIC REVIEWS

Skeletal muscle metastasis from colorectal adenocarcinoma: A literature review696

Kulkarni N, Khalil A, Bodapati S

CASE REPORT

Percutaneous aspiration and sclerotherapy of a giant simple hepatic cyst causing obstructive jaundice: A 
case report and review of literature

706

He XX, Sun MX, Lv K, Cao J, Zhang SY, Li JN

Indocyanine green fluorescence imaging for spleen preservation in laparoscopic splenic artery aneurysm 
resection: A case report

714

Cheng J, Sun LY, Liu J, Zhang CW

LETTER TO THE EDITOR

Total mesopancreas excision is the better staging tool of the mesopancreas in pancreatic head carcinoma720

Peparini N

Three-dimensional visualization and virtual reality simulation role in hepatic surgery: Further research 
warranted

723

Ahmed F, Jahagirdar V, Gudapati S, Mouchli M



WJGS https://www.wjgnet.com II July 27, 2022 Volume 14 Issue 7

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 14 Number 7 July 27, 2022

Signs and syndromes in acute appendicitis: A pathophysiologic approach727

Yale SH, Tekiner H, Yale ES



WJGS https://www.wjgnet.com III July 27, 2022 Volume 14 Issue 7

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 14 Number 7 July 27, 2022

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Francesco Saverio Mari, FACS, MD, PhD, 
Doctor, Lecturer, Postdoctoral Fellow, Research Fellow, Surgeon, Surgical Oncologist, Department of Medical and 
Surgical Sciences and Translational Medicine, School of Medicine and Psychology, University Sapienza of Rome, 
Rome 00060, Italy. frasavmari@yahoo.it 

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (WJGS, World J Gastrointest Surg) is to provide scholars 
and readers from various fields of gastrointestinal surgery with a platform to publish high-quality basic and 
clinical research articles and communicate their research findings online. 
    WJGS mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
surgery and covering a wide range of topics including biliary tract surgical procedures, biliopancreatic diversion, 
colectomy, esophagectomy, esophagostomy, pancreas transplantation, and pancreatectomy, etc.

INDEXING/ABSTRACTING

The WJGS is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central, 
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal 
Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 impact 
factor (IF) for WJGS as 2.505; IF without journal self cites: 2.473; 5-year IF: 3.099; Journal Citation Indicator: 0.49; 
Ranking: 104 among 211 journals in surgery; Quartile category: Q2; Ranking: 81 among 93 journals in 
gastroenterology and hepatology; and Quartile category: Q4. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Rui-Rui Wu; Production Department Director: Xiang Li; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Surgery https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9366 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 30, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Peter Schemmer https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9366/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

July 27, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9366/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJGS https://www.wjgnet.com 656 July 27, 2022 Volume 14 Issue 7

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2022 July 27; 14(7): 656-669

DOI: 10.4240/wjgs.v14.i7.656 ISSN 1948-9366 (online)

ORIGINAL ARTICLE

Retrospective Study

Adult patients with allied disorders of Hirschsprung’s disease in 
emergency department: An 11-year retrospective study

Shuai Jiang, Cong-Ying Song, Meng-Xiao Feng, Yuan-Qiang Lu

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Apiratwarakul K, 
Thailand; Cabezuelo AS, Spain

Received: August 17, 2021 
Peer-review started: August 17, 
2021 
First decision: September 12, 2021 
Revised: September 21, 2021 
Accepted: June 24, 2022 
Article in press: June 24, 2022 
Published online: July 27, 2022

Shuai Jiang, Cong-Ying Song, Meng-Xiao Feng, Yuan-Qiang Lu, Department of Emergency 
Medicine, The First Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou 
310003, Zhejiang Province, China

Shuai Jiang, Cong-Ying Song, Meng-Xiao Feng, Yuan-Qiang Lu, Key Laboratory for Diagnosis 
and Treatment of Aging and Physic-chemical Injury Diseases of Zhejiang Province, Hangzhou 
310003, Zhejiang Province, China

Corresponding author: Yuan-Qiang Lu, MD, PhD, Professor, Department of Emergency 
Medicine, The First Affiliated Hospital, School of Medicine, Zhejiang University, No. 79 
Qingchun Road, Hangzhou 310003, Zhejiang Province, China. luyuanqiang@zju.edu.cn

Abstract
BACKGROUND 
In the past years, only a few studies with a limited number of adult patients 
analyzed clinical features of allied disorders of Hirschsprung’s disease (ADHD), 
most of which were individual case reports or lacked detailed clinical information. 
Although many studies have reported patients presenting to the emergency 
department (ED) with recurrent abdominal symptoms for a number of disorders, 
there are few data involving ADHD. However, owing to a lack of awareness of 
the disease, misdiagnoses and mistreatments are common. Severe complications 
such as perforation, bleeding, malabsorption, and even death in ADHD had been 
reported by many studies.

AIM 
To assist ED clinicians in having a more comprehensive understanding of this 
disease and making an early suspected diagnosis of ADHD more effectively.

METHODS 
We enrolled 53 patients who visited the ED and were eventually diagnosed with 
ADHD over the past 11 years in our hospital. Their basic information, clinical 
manifestations, and imaging findings were analyzed. Blood indices were 
compared between the ADHD and irritable bowel syndrome (IBS) groups.

RESULTS 
Adult patients with ADHD had a mean age of 48.8 ± 14.3 years, and 77.4% had 
been treated before admission. The transverse colon was the most common 
dilated part (73.6%), and constipation (67.9%) was the most common symptom. 

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v14.i7.656
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ADHD patients can present with uncommon symptoms and false-negative imaging findings. 
Logistic regression analysis indicated that body mass index (BMI) [odds ratio (OR) = 0.786, P = 
0.013], cholinesterase (per 1000 units; OR = 0.693, P = 0.008), and blood chlorine (OR = 0.816, P = 
0.022) were determined to be independent related factors between the ADHD and IBS groups. The 
area under the receiver operating characteristics curve of these three indices combined was 0.812 (
P < 0.001).

CONCLUSION 
Emergency physicians should be vigilant regarding patients with chronic constipation, abdominal 
pain, or abdominal distension, and consider the possibility of ADHD despite its rarity. Abdominal 
computed tomography examination is recommended as a useful tool in the suspected diagnosis of 
ADHD. BMI, cholinesterase, and blood chlorine have good discriminative abilities between ADHD 
and IBS. The nutritional status of adult patients with ADHD is worthy of further attention. 
Surgical treatment for adult patients with ADHD is important and inevitable.

Key Words: Allied disorders of Hirschsprung’s disease; Emergency department; Clinical characteristics; 
Misdiagnosis and mistreatment; Timely diagnosis

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

Core Tip: Emergency physicians should be vigilant regarding patients with chronic constipation, 
abdominal pain, or abdominal distension, especially those with recurrent and intolerable symptoms. Allied 
disorders of Hirschsprung’s disease (ADHD) should be considered in such cases despite its rarity. 
Abdominal computed tomography examination is recommended as a useful tool to make a suspected 
diagnosis of ADHD. Clinicians should also be wary of uncommon symptoms and false-negative imaging 
findings. Body mass index, cholinesterase, and blood chlorine have good discriminative abilities between 
ADHD and irritable bowel syndrome. The nutritional status of adult patients with ADHD is worthy of 
further attention.

Citation: Jiang S, Song CY, Feng MX, Lu YQ. Adult patients with allied disorders of Hirschsprung’s disease in 
emergency department: An 11-year retrospective study. World J Gastrointest Surg 2022; 14(7): 656-669
URL: https://www.wjgnet.com/1948-9366/full/v14/i7/656.htm
DOI: https://dx.doi.org/10.4240/wjgs.v14.i7.656

INTRODUCTION
Patients with abdominal pain, abdominal distension, constipation, and intestinal obstruction in the 
emergency department (ED) are very common. However, during the follow-up of these patients over 
the years, we found that a small percentage were diagnosed with allied disorders of Hirschsprung’s 
disease (ADHD). We also noticed that they often visited the ED because of recurrent symptoms. It was 
reported that ADHD clinically resembled HD, despite the presence of ganglion cells in the rectum[1]. 
The first reported case was termed “pseudo Hirschsprung’s disease” by Ravitch[2] in 1958. In recent 
years, there have been many studies on the molecular mechanism, signaling pathway, and biomarkers 
associated with HD[3-5]. Researchers from Ireland reported that the diagnosis of ADHD is made after 
consideration of the presenting symptoms, radiographic findings, and histopathological examination
[6]. Researchers from Japan have expounded on the specifics regarding the clinical symptoms, disease 
classification, and diagnostic criteria of ADHD[1,7,8]. According to their studies, ADHD can be 
classified into two categories: Diseases with intestinal ganglion cell abnormality (immature ganglia, 
isolated hypoganglionosis, and intestinal neuronal dysplasia) and diseases without intestinal ganglion 
cell abnormality (megacystis microcolon intestinal hypoperistalsis syndrome, segmental intestinal 
dilatation, internal anal sphincter achalasia, and chronic idiopathic intestinal pseudo-obstruction). All 
these studies have greatly increased our knowledge of ADHD. However, before a definite pathological 
diagnosis is made, making a suspected diagnosis of ADHD based on clinical manifestations alone is 
challenging because common intestinal disorders can present with these similarly[9]. Although many 
studies have reported patients presenting to the ED with recurrent abdominal symptoms for a number 
of disorders[10-13], there are few data involving ADHD. It is hard for most ED doctors to associate 
common abdominal symptoms with ADHD specifically. Consequently, potential diagnoses of ADHD 
are often missed or ignored in patients presenting with abdominal symptoms in the ED. Unfortunately, 
if the disease is not suspected, the subsequent treatment may be incorrect, and thus, further examination 

https://www.wjgnet.com/1948-9366/full/v14/i7/656.htm
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or targeted follow-up might not be implemented in such patients.
Owing to a lack of awareness of the disease, misdiagnoses and mistreatments are common. Severe 

complications such as perforation, bleeding, malabsorption, and even death in ADHD had been 
reported by many studies[14-18]. Moreover, we found that some patients repeatedly visited our ED or 
underwent one or more surgeries but still had recurrent symptoms. This prompted us to consider two 
important questions: What are the clinical characteristics of these patients? How can we make an early 
suspected diagnosis of ADHD more effectively?

However, the low prevalence of ADHD makes this difficult. A 10-years nationwide survey in Japan 
that included almost all ADHD cases from 2001 to 2010 showed that only 355 cases had a definite or 
suspicious diagnosis of ADHD[1]. Special attention should be given to addressing the difficulty of 
emergency clinicians in making a suspected diagnosis of ADHD. In past years, only a few studies with a 
limited number of adult patients analyzed its clinical features, most of which were individual case 
reports or lacked detailed clinical information. Herein, we performed a retrospective study to analyze 
the clinical manifestations, imaging findings, blood test indexes, treatment, and prognosis of adult 
ADHD patients. We hope to assist ED clinicians in having a more comprehensive understanding of this 
disease and making an early suspected diagnosis of ADHD more effectively.

MATERIALS AND METHODS
Patients and study design
This single-center, retrospective observational study was carried out at the ED of the First Affiliated 
Hospital, School of Medicine, Zhejiang University. We enrolled patients from May 2009 to October 2020 
who once visited the ED because of disease worsening and then, after receiving specialized treatment in 
our hospital, were finally diagnosed with ADHD. The diagnosis was consistent with existing guidelines 
and diagnostic criteria[1,7]. Figure 1 illustrates the specific screening procedure for ADHD patients. The 
patients were enrolled if they: (1) Were over 18 years old; and (2) Conformed to the diagnostic criteria 
for ADHD. The exclusion criteria included the following: (1) Patients who had missed important 
information; and (2) Patients who were suffering from heart, liver, brain, lung, kidney, or other vital 
organ failure. Finally, 53 patients with ADHD were included in this study, and among them, 39 had 
isolated hypoganglionosis and 14 had intestinal neuronal dysplasia on pathological analysis. Irritable 
bowel syndrome (IBS) is recognized as one of the most common functional gastrointestinal disorders 
presenting with abdominal pain and changes in bowel habits[19,20]. The diagnosis of IBS was in line 
with the Rome IV criteria[21]. To analyze blood indices in the adult ADHD patients, 58 patients 
diagnosed with IBS during the same period were included as a control group, who were all over 18 
years and free of heart, liver, brain, lung, kidney, other vital organ failure and cachexia. This study was 
approved by the Ethics Committee of the First Affiliated Hospital, Zhejiang University School of 
Medicine (No. 2021271).

Data collection
Data was collected from the electronic medical record system of the First Affiliated Hospital, School of 
Medicine, Zhejiang University. All 53 patients had confirmed pathology reports, and when they were 
finally diagnosed with ADHD at the specialty ward, the following data was recorded: Age, sex, hospital 
days, chief complaints, onset time, duration time, pre-hospitalization treatment, imaging findings, 
routine blood examination, biochemical test indexes, surgical procedures, and postoperative complic-
ations. The blood indices of both the ADHD and IBS groups were the first results on admission. The 
symptom duration was classified into the following: < 1 year, 1-5 years, 5-10 years, and > 10 years. We 
also identified the dilated sites of the bowel, if any (small intestine, transverse colon, ascending colon, 
descending colon, sigmoid colon, rectum, and no dilation) through radiological findings.

Statistical analysis
The data was analyzed using the SPSS statistical software package (version 23.0, SPSS Inc., IBM, 
Chicago, IL, United States). Continuous variables are described as the mean with standard deviation if 
they followed a normal distribution and median with interquartile range if they did not follow a normal 
distribution. Categorical variables are described as numbers (n) with percentage (%) in the group. The 
Kolmogorov-Smirnov normality test was used to determine if the quantitative variables had a normal 
distribution. The independent sample t-test or Mann-Whitney U test was used to evaluate continuous 
data, whereas the Chi-square test was used to analyze categorical variables. Variables with P < 0.05 in 
the univariate analysis were selected for the multivariate logistic regression to examine the independent 
related factors between ADHD and IBS. The stepwise procedure (forward: LR) was used to isolate the 
factors. Odds ratios (OR) and 95% confidence intervals (CI) were calculated, and a two-tailed P value < 
0.05 was considered statistically significant. The area under the receiver operating characteristics curve 
(AUROC) was measured to evaluate the discriminative power of these blood test indices.
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Figure 1 Flowchart of selection of allied disorders of Hirschsprung’s disease patients. ADHD: Allied disorders of Hirschsprung’s disease.

RESULTS
Patient characteristics
Among all 53 ADHD patients, the female-to-male ratio was 35:18 (35 females and 18 males) (Table 1). 
The mean age was 48.8 ± 14.3 years (range: 18-72 years), while the median length of hospital stay on first 
admission at our hospital was 14 d. Surgical history was classified into two categories: Abdominal (e.g., 
cesarean section, cholecystectomy, laparoscopic exploratory surgery, enterostomy, enterectomy, and 
inguinal hernia repair) and non-abdominal. Moreover, false negatives were found in 11 and 5 cases 
examined via enteroscopy and barium enema (BE), respectively. Lastly, all cases underwent either plain 
or contrast-enhanced abdominal computed tomography (CT) scans, and only one patient had a false-
negative diagnosis.

Clinical information
Among the 53 patients enrolled, 43 (81.1%) were either wrongly diagnosed or treated upon the first ED 
admission. On average, 17 mo passed from the first ED visit before arriving at the final diagnosis. The 
clinical information is presented in Figure 2. Notably, patients with < 1-year symptom duration were the 
most common. Furthermore, before a correct diagnosis was formulated, most patients were treated 
conservatively (i.e., medication, fasting, gastrointestinal decompression, or enema therapy). A total of 30 
patients (56.6%) had a history of admission for abdominal symptoms; 22 cases were treated conser-
vatively and 8 underwent enterectomy, including 3 cases who underwent bowel resection surgery twice 
in other hospitals. The transverse colon (73.6%) was the most involved dilated intestinal segment, while 
one case had no dilatations in the bowel. Abdominal pain, abdominal distension, constipation, and 
bowel obstruction were relatively common. Surprisingly, vomiting, weight loss, diarrhea, and 
abdominal mass were also found. Subtotal colectomy and total colectomy were the most common 
procedures, done in 42 cases (79.2%). Concomitant treatments mainly involved maintaining electrolyte 
balance, regulating intestinal flora, and symptomatic treatment. Postoperative complications were 
mainly bowel obstruction and infection.

Radiographic images and pathological sections
Typical radiographic images obtained from three cases are shown in Figure 3. Patient A was a 70-year-
old man with chief complaints of intractable constipation, abdominal distension, and abdominal pain 
for 1 mo. Abdominal CT showed significant dilatation of gas in the colon (Figure 3A), whereas BE 
showed a dilated sigmoid colon and barium retention in the sigmoid colon and rectum (Figure 3D). 
Patient B was a 51-year-old man with intermittent lower abdominal pain and no defecation for 1 mo. 
Abdominal CT showed a dilated colon with a large amount of fecal content (Figure 3B), while BE 
showed a dilated middle and upper rectum and a narrow lower rectum (Figure 3E). Patient C was a 22-
year-old girl with paroxysmal abdominal pain around the umbilicus and severe constipation for 2 mo. 
She was the only case that had marked narrowing of the intestinal lumen on enteroscopy. Abdominal 
CT showed that the whole colon was obviously distensible with gas accumulation and fecal retention 
(Figure 3C), while enteroscopy revealed significant narrowing of the intestine 40 cm from the anus, 
which could not be further examined (Figure 3F). The pathological sections of the normal intestinal 
ganglion and of the resected bowel of ADHD patients (hematoxylin-eosin staining) are shown in 
Figure 4, respectively. In Figure 4A, the black arrows indicate normal ganglion cells. In Figure 4B, the 
black arrow indicates the degenerated ganglion cell. The proliferation of nerve fibers and reduction of 
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Table 1 Basic characteristics of adult patients with allied disorders of Hirschsprung’s disease

Basic characteristic Data (n = 53)

Age (yr) 48.8 ± 14.3

Onset age (yr) 42.8 ± 17.9

Hospitalization days 14.0 (10.0, 21.0)

Sex (n, %)

Male 18 (34.0)

Female 35 (66.0)

Blood type (n, %)

A 10 (18.9)

B 17 (32.1)

AB 6 (11.3)

O 19 (35.8)

Unknown 1 (1.9)

All surgical history (n, %) 25 (47.2)

Abdominal 18 (34.2)

Non-abdominal 7 (13.2)

Smoking (n, %)

Yes 5 (9.4)

No 48 (90.6)

Drinking (n, %)

Yes 2 (3.8)

No 51 (96.2)

Enteroscopy (n, %)

Abnormality 5 (9.4)

Non-abnormality 11 (20.8)

Unexamined 37 (69.8)

Barium enema (n, %)

Intestinal dilation 17 (32.1)

No abnormality 5 (9.4)

Unexamined 31 (58.5)

ganglion cells were also observed.

Laboratory data
As shown in Table 2, there were no statistically significant differences in age or sex between the case 
and control groups (P > 0.05). ADHD patients had a significantly lower body mass index (BMI) than IBS 
patients (20.2 vs 22.6 kg/m2, P < 0.001). Similarly, cholinesterase and blood chlorine in ADHD patients 
were remarkably lower than those in IBS patients (P < 0.001). In addition, when compared with the 
control group, the case group had lower total protein and albumin levels (64.2 vs 69.3 g/L; and 41.2 vs 
44.1 g/L, respectively, P < 0.05). Likewise, creatinine, triglyceride, total cholesterol, serum sodium, and 
blood calcium levels in the case group were distinctly lower than those in the control group (P < 0.05). 
No significant differences in other indices were found between the two groups (P > 0.05). After initial 
analysis, variables with a P value < 0.05 were selected and multivariate logistic regression analysis was 
performed. Since the values of cholinesterase varied widely (from 2020 U/L to 13252 U/L), we included 
it in the regression by dividing by 1000 according to the method of a previous study[22]. Logistic 
regression suggested that BMI (OR = 0.786, P = 0.013), cholinesterase (per 1000 units; OR = 0.693, P = 
0.008), and blood chlorine (OR = 0.816, P = 0.022) were determined to be independent related factors 
between ADHD and IBS (Table 3). The AUROC of these three indices combined was 0.812 (95%CI: 
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Table 2 Blood test indices between allied disorders of Hirschsprung’s disease (case group) versus irritable bowel syndrome (control 
group) patients

Parameter Case group (n = 53) Control group (n = 58) P value

Age (yr) 48.8 ± 14.3 49.8 ± 14.5 0.715

Male (n, %) 18 (34.0%) 24 (41.4%) 0.421

Body mass index (kg/m2) 20.2 (18.8, 21.6) 22.6 (20.3, 25.0) < 0.001c

White blood cells (× 109/L) 5.4 (3.9, 6.8) 5.4 (4.7, 6.4) 0.512

Neutrocyte proportion (%) 61.0 ± 14.5 57.9 ± 10.0 0.190

Lymphocyte proportion (%) 30.0 ± 14.2 32.1 ± 9.5 0.371

Red blood cells (× 1012/L) 4.3 (4.0, 4.6) 4.4 (4.0, 4.8) 0.064

Hemoglobin (g/L) 128.5 ± 16.2 133.9 ± 21.9 0.141

Platelet count (× 109/L) 214.0 (171.0, 260.5) 213.0 (161.8, 245.0) 0.445

Total protein (g/L) 64.2 ± 9.6 69.3 ± 5.7 0.001b

Albumin (g/L) 41.2 ± 7.1 44.1 ± 4.3 0.014a

Alanine aminotransferase (U/L) 13.0 (9.5, 19.0) 17.0 (10.8, 27.3) 0.061

Aspartate aminotransferase (U/L) 14.0 (17.0, 21.5) 19.0 (15.0, 26.0) 0.090

Cholinesterase (U/L) 6331.0 (4900.5, 7575.0) 7534.0 (6877.8, 9216.8) < 0.001c

Creatinine (μmol/L) 61.0 ± 14.2 67.2 ± 13.3 0.018a

Triglyceride (mmol/L) 1.0 (0.7, 1.3) 1.2 (0.9, 1.7) 0.013a

Total cholesterol (mmol/L) 3.9 ± 1.0 4.3 ± 0.9 0.013a

Fasting blood glucose (mmol/L) 4.8 (4.3, 5.8) 4.8 (4.0, 5.2) 0.225

Serum potassium (mmol/L) 4.0 ± 0.5 4.1 ± 0.4 0.139

Serum sodium (mmol/L) 141.0 (139.0, 142.0) 142.0 (140.0, 143.0) 0.011a

Blood chlorine (mmol/L) 103.0 (101.0, 105.0) 104.0 (103.0, 106.0) 0.009b

Blood calcium (mmol/L) 2.2 (2.1, 2.3) 2.2 (2.1, 2.3) 0.254

Serum phosphorus (mmol/L) 1.1 ± 0.3 1.2 ± 0.2 0.327

aP < 0.05.
bP < 0.01.
cP < 0.001.

0.734-0.890, P < 0.001) (Figure 5). The optimal cutoff value was 0.488 (sensitivity 71.7%, specificity 74.1%, 
and Euclidean index 0.491). These findings imply that BMI, cholinesterase, and blood chlorine have 
good discriminative abilities between ADHD and IBS.

DISCUSSION
The rarity of ADHD makes it difficult to respond to its clinical features and suspect its diagnosis. To our 
best of knowledge, our study on the clinical characteristics of adults with ADHD has the largest sample 
in China, as well as more detailed clinical information about the subjects than previous studies. Our 
analysis was also from an ED perspective, thus enabling other ED physicians to have a more systematic 
and comprehensive understanding of the characteristics of ADHD patients. Moreover, we found that 
the atypical symptoms and negative radiological outcomes of ADHD could also make it more difficult 
to suspect its diagnosis. Another novel finding was that BMI, cholinesterase, and blood chlorine have 
good discriminative abilities between ADHD and IBS. We believe that our findings could be helpful for 
emergency clinicians to lessen the chance of misdiagnosis and mistreatment of adult patients with 
ADHD.

It is known that 80%-90% of HD patients with delayed passage of meconium and abdominal 
distension or serious chronic constipation are diagnosed in the neonatal period[23]. Conversely, adult 
ADHD patients usually have mild symptoms with later onset that are hard to associate with ADHD, 
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Table 3 Prediction of the allied disorders of Hirschsprung’s disease vs irritable bowel syndrome based on multivariate logistic 
regression model

Value P value OR 95%CI

Body mass index 0.013 0.786 0.649-0.951

Cholinesterase, per 1000 units 0.008 0.693 0.527-0.910

Blood chlorine 0.022 0.816 0.686-0.971

OR: Odds ratio; CI: Confidence interval.

Figure 2 Clinical information of adult patients with allied disorders of Hirschsprung’s disease. A: Symptoms duration; B: Treatment received 
before admission; C: Intestinal dilation parts; D: Clinical manifestations; E: Surgery procedures; F: Postoperative complications.

thus causing delayed treatment. Many previous studies have described the clinical manifestations of 
patients with ADHD[24,25], which are in line with the most common symptoms that we found in our 
study (i.e., abdominal pain, abdominal distension, and constipation). However, we also found 
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Figure 3 Classic imaging findings of three patients with allied disorders of Hirschsprung’s disease. A: Computed tomography (CT) revealed 
significant dilatation of gas in the colon in a 70-year-old man; B: CT dilated colon with a large amount of fecal content in a 51-year-old man; C: CT obvious dilation in 
the total colon in a 22-year-old girl; D: Enteroscopy revealed dilated sigmoid colon and barium retention in the sigmoid colon and rectum in the 70-year-old man; E: 
Enteroscopy dilated middle and upper rectum and narrow lower rectum in the 51-year-old man; F: Enteroscopy significant narrowing of the intestine 40 cm from the 
anus in the 22-year-old girl.

uncommon symptoms. We found a right abdominal mass that was caused by dilation of the intestinal 
cavity in one patient who had difficulty in defecation for a long time. Two cases also presented with 
severe diarrhea, but their onset symptoms were abdominal distension. This might be related to the 
progression of the disease; however, these atypical symptoms could also be accidental and concomitant. 
Nevertheless, this means that the emergency doctor should not only focus on the common symptoms 
but also be aware of the uncommon ones that may mislead the diagnosis. Notably, 43.4% of the patients 
had a symptom duration of over 5 years. However, chronic constipation or abdominal distension due to 
ADHD can be life-threatening. In Japan, an adult female with ADHD died of circulatory failure due to 
the megacolon compressing the heart, lungs, and inferior vena cava[15]. Another study reported an 
adult male with ADHD who died of shock caused by intestinal necrosis due to extremely high intra-
intestinal pressure[16]. Similarly, both cases had chronic onset at the beginning and also had a long 
history of intractable constipation, showing no improvements or recurrent attacks after conservative 
treatment, without further clinical visits or examination. We speculated that these mortalities were due 
to the late diagnosis and incorrect treatment. Thus, emergency physicians should consider the medical 
history of ADHD patients, especially those with chronic symptoms who showed no improvement or 
relapsed despite medication. Further examinations or targeted follow-ups are recommended for patients 
suspected of having ADHD.

Previous studies have also recommended imaging examinations to make a diagnosis. BE has been 
effectively used for preoperative evaluation to identify the extent of bowel disease in ADHD[26]. In our 
study, 17 out of 22 cases examined via BE presented with intestinal dilation and barium retention, while 
the rest had normal findings. Similar false-negative results were also reported by others in an 
approximate proportion compared to our study[27,28]. We believe that this could be another reason 
related to the progression of disease. Although BE has its limitations as a diagnostic tool, it should not 
be ignored because it can assess both dilated bowels and intestinal motility. Nowadays, enteroscopy has 
been widely used as the standard procedure for the diagnosis, screening, treatment, and follow-up of 
many colorectal diseases[29]. This was used in 16 cases in our study, but a large proportion presented 
with normal results. Only one case had a notably narrow lumen, while a small number of cases had 
intestinal mucosal abnormalities. Thus, we suggest that the role of colonoscopy in ADHD still needs to 
be verified in larger samples. In addition, researchers from New York University reported that CT could 
be used to identify bowel obstruction, with a sensitivity of 94% and specificity of 96%, revealing the 
correct cause of obstruction in 73% of cases[30]. Rubin[31] also pointed out that, as a key means of 
examination, CT provides great support for the diagnosis of abdominal diseases. Likewise, Wang et al
[32] reported that coronal images on CT scans of the abdomen and pelvis may provide a complete 
assessment of the overall diameter of the colon. In our study, almost all patients had severe multistage 
intestinal dilatation, but surprisingly, there was one patient without intestinal dilatation. Thus, 
emergency clinicians need to be aware that not all adult ADHD patients present with intestinal dilation. 
Nevertheless, CT can detect sites of intestinal dilatation or stenosis with higher sensitivity and 



Jiang S et al. Clinical characteristics of ADHD

WJGS https://www.wjgnet.com 664 July 27, 2022 Volume 14 Issue 7

Figure 4 Typical pathological sections of normal intestinal ganglion and resection bowel of allied disorders of patients with 
Hirschsprung’s disease (hematoxylin-eosin staining). A: Black arrows indicate normal ganglion cells; B: The black arrow indicates the degenerated 
ganglion cell. The proliferation of nerve fibers and reduction of ganglion cells were also observed. Magnification, × 200.

specificity than abdominal radiography[33]. Therefore, we strongly recommend that CT be used to 
identify ADHD, but if a patient suspected of ADHD has negative results on plain or enhanced CT, the 
suspicion cannot be ruled out. According to the patient’s medical history and features of symptoms, 
seeking specialty consultation was conducive, and further examinations were needed in our cases. 
However, it is also very possible that IBS might be considered by doctors, because IBS would be 
suspected in a patient with negative imaging examinations combined with obvious abdominal 
symptoms. Intestinal disorders similar to IBS have also been reported in patients who had previously 
undergone bowel resection[34]. All patients in our study had undergone enterectomy, implying that 
some patients may return to the hospital because of such symptoms even after being discharged.

To date, no specific blood index has been reported to identify ADHD. Our regression model showed 
that BMI, cholinesterase, and blood chlorine have good discrimination between ADHD and IBS 
(AUROC = 0.812). BMI was recognized as the most popular and common method for nutritional status 
assessment[35]. It was worth noting that BMI in the case group was significantly influenced by ADHD. 
There are a few possible reasons for this. First, ADHD patients are more likely to reduce food intake 
owing to difficulties in smooth defecation, which would result in a lower BMI. Second, ADHD patients 
usually take laxatives. Regular use of laxatives can give rise to electrolyte loss, steatorrhea, and kidney 
disturbances including hypokalemia and volume depletion[36]. IBS may also have those problems, but 
we considered that these behaviors may vary in degree. Meanwhile, ADHD patients had significantly 
lower levels of cholinesterase. It was reported that cholinesterase could be used as a biomarker of 
malnutrition[37]. In addition, acetylcholinesterase controls cholinergic nerve and chemical transmission 
by hydrolyzing the neurotransmitter acetylcholine[38], a major excitatory neuromodulator in the 
intestinal nervous system[39]. It was also reported that malnourishment caused by chronic obstruction 
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Figure 5 Receiver operating characteristic curve. Receiver operating characteristic curve analysis showed that body mass index, cholinesterase, and blood 
chlorine had good discriminative abilities between allied disorders of Hirschsprung’s disease and irritable bowel syndrome. ROC: Receiver operating characteristics; 
AUROC: Area under the receiver operating characteristics curve; CI: Confidence interval.

associated with HD can affect the digestion and absorption of nutrients including iron and other blood-
forming materials, leading to intractable anemia[40]. Considering all of the above, we concluded that 
patients with ADHD had worse nutritional status than patients with IBS. The nutritional status of adult 
patients with ADHD is worthy of further attention. On the other hand, our regression model has good 
power of discrimination between ADHD and IBS. Further studies are required to evaluate the impact of 
ADHD on malnourishment.

It was reported that suction rectal biopsy could be used to identify ADHD[41]. However, the 
procedure is controversial because it collects less amount of mucosa and submucosa, which carries a 
risk of producing false negatives[42]. Wedel et al[43] also reported that superficial submucous biopsies 
were not suitable for the diagnosis of hypoganglionosis and its severity. Since it is conducted 2 and 5 cm 
above the dentate line, this method is effective only if the distance from the lesion is within reach. 
Meanwhile, biopsy-related complications including perforation, bleeding, and infection were also 
reported[44]. Full-thickness pathological examination is the gold standard for the diagnosis of ADHD
[45]. Immunohistochemistry was widely used in the histopathological diagnosis of ADHD[46]. 
Currently, hematoxylin and eosin staining, acetylcholinesterase staining, Hu C/D, CD56, S-100 protein, 
and SOX10 are all used by investigators for diagnosing ADHD[47]. However, full-thickness histopatho-
logical examination undoubtedly means that the definitive diagnosis depends on surgical resection of 
the intestine, which creates a confusing paradox between diagnosis and surgery.

No global consensus has been reached on whether an adult ADHD patient should undergo surgical 
therapy. For emergency clinicians, understanding the ultimate treatment of this disease can help 
patients get timely specialist treatment. It was reported that surgical treatment is only appropriate for 
patients whose symptoms have not improved after at least 6 mo of conservative treatment[8]. In 
contrast, many studies indicated that pharmaceutic therapy could not fundamentally relieve 
constipation and abdominal distension in ADHD and that surgical treatment is unavoidable[7,26,48]. In 
our study, we confirmed that surgical intervention is indeed necessary. All 53 of our patients underwent 
surgical treatment, and most of them who underwent radical surgery obtained a good prognosis. 
However, the surgical preference of an ADHD patient is also a factor that should be not ignored. It was 
reported that a 24-year-old woman underwent subtotal colectomy with a postoperative pathological 
diagnosis of ADHD, owing to her third recurrence of abdominal pain and no bowel movements for 4 d. 
The patient had a history of two episodes of bowel obstruction and was planning a second pregnancy; 
she was worried that such obstruction would probably occur again[49]. Postoperatively, it is important 
for emergency clinicians to know the possibilities and reasons for recurrence. In our study, three 
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patients had recurrent episodes of constipation and had previously undergone intestinal resection 
surgery twice before admission. Consequently, two of them developed a peritoneal infection after the 
third operation. The occurrence of infection might be related to the multiple operations. However, based 
on the pathological reports of the third operation, they were diagnosed with ADHD, and thus, the 
infections may have been due to the progression of the disease. However, the possibility of insufficient 
resection of diseased intestinal segments in previous surgeries also exists. In HD surgery, Kapur et al[50] 
strongly recommended using intraoperative multipoint frozen rapid examination to ensure that the 
preserved intestine had a reasonable number of normal ganglion cells. The ganglia-to-nerve fiber ratio 
could be used in the decision of ADHD surgery[48]. Zhang et al[26] pointed out that the resection range 
of the bowel could be estimated using BE and 24-h delayed X-ray findings, though unavoidable false 
negatives may mislead the outcomes. Thus, a surgeon needs to ensure a complete resection of the 
diseased bowel in ADHD patients.

There were some limitations in our study. First, we enrolled patients who met our inclusion criteria as 
much as possible, but the sample size was still not large enough, which may result in sampling bias. An 
additional limitation was that our cases were limited to those diagnosed with ADHD pathologically. 
Second, as this is a retrospective study, we were limited in our ability to gather detailed outcome data 
after hospital discharge. Finally, this was a single-center study in a single institution. We intend to 
conduct a multicenter prospective study to validate our results.

CONCLUSION
In conclusion, emergency physicians should be vigilant regarding patients with chronic constipation, 
abdominal pain, or abdominal distension, especially those with recurrent and intolerable symptoms. 
ADHD should be considered in such cases despite its rarity. Abdominal CT examination is 
recommended as a useful tool to make a suspected diagnosis of ADHD. Clinicians should also be wary 
of uncommon symptoms and false-negative imaging findings. BMI, cholinesterase, and blood chlorine 
have good discriminative abilities between ADHD and IBS. The nutritional status of adult patients with 
ADHD is worthy of further attention. Surgical treatment for adult patients with ADHD is important and 
inevitable.

We believe that these findings are beneficial for emergency clinicians to make appropriate suspected 
diagnoses earlier and reduce misdiagnosis and mistreatment of adult patients with ADHD. In the 
future, a large-scale study will be used to verify our results and discover more powerful models for 
ADHD. In addition, we will follow up with the patients for a longer period, including postoperative 
quality of life, and comparison of nutritional status before and after surgery. Future work requires more 
in-depth research on the molecular mechanisms, signal pathways, and biomarkers of ADHD.

ARTICLE HIGHLIGHTS
Research background
In the past years, only a few studies with a limited number of adult patients analyzed the clinical 
features of allied disorders of Hirschsprung’s disease (ADHD).

Research motivation
Although many studies have reported patients presenting to the emergency department (ED) with 
recurrent abdominal symptoms for a number of disorders, there are few data involving ADHD. It is 
hard for most ED doctors to associate common abdominal symptoms with ADHD specifically.

Research objectives
To assist ED clinicians in having a more comprehensive understanding of this disease and making an 
early suspected diagnosis of ADHD more effectively.

Research methods
We enrolled 53 patients who visited the ED and were eventually diagnosed with ADHD over the past 
11 years in our hospital. Their basic information, clinical manifestations, and imaging findings were 
analyzed. Blood indices were compared between the ADHD and irritable bowel syndrome (IBS) groups.

Research results
About 77.4% of adult patients with ADHD had been treated before admission. The transverse colon was 
the most common dilated part (73.6%), and constipation (67.9%) was the most common symptom. 
ADHD patients can present with uncommon symptoms and false-negative imaging findings. Logistic 
regression analysis indicated that body mass index (BMI), cholinesterase, and blood chlorine were 
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determined to be independent related factors between ADHD and IBS.

Research conclusions
Emergency physicians should be vigilant regarding patients with chronic constipation, abdominal pain, 
or abdominal distension, and consider the possibility of ADHD despite its rarity. Abdominal computed 
tomography examination is recommended as a useful tool in the suspected diagnosis of ADHD. BMI, 
cholinesterase, and blood chlorine have good discriminative abilities between ADHD and IBS. The 
nutritional status of adult patients with ADHD is worthy of further attention. Surgical treatment for 
adult patients with ADHD is important and inevitable.

Research perspectives
Large samples will be used to verify our results and discover more powerful models for ADHD. In 
addition, we will follow up with the patients for a longer period, including postoperative quality of life, 
and comparison of nutritional status before and after surgery. Future work requires more in-depth 
research on the molecular mechanisms, signal pathways, and biomarkers of ADHD.
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