
Name of Journal: World Journal of Gastroenterology

Manuscript NO: 36219

Manuscript Type: ORIGINAL ARTICLE

Retrospective Study
Diagnostic classification of endosonography for differentiating colorectal ulcerative diseases: A new statistical method
Qiu EQ et al. EUS classification of colorectal ulcers
En-Qi Qiu, Wen Guo, Tian-Ming Cheng, Yong-Li Yao, Wei Zhu, Si-De Liu, Fa-Chao Zhi
En-Qi Qiu, Wen Guo, Tian-Ming Cheng, Yong-Li Yao, Wei Zhu, Si-De Liu, Fa-Chao Zhi, Department of Gastroenterology, Nanfang Hospital, Southern Medical University, Institute of Digestive Diseases of Guangdong Province, Guangdong Provincial Key Laboratory of Gastroenterology, Guangzhou 510515, Guangdong Province, China

ORCID number: En-Qi Qiu (0000-0002-9729-7941); Wen Guo (0000-0001-8130-9031); Tian-Ming Cheng (0000-0003-3588-4064); Yong-Li Yao (0000-0003-2903-1946); Wei Zhu (0000-0003-3604-8797); Si-De Liu (0000-0001-5589-2817); Fa-Chao Zhi (0000-0003-2213-896X).
Author contributions: Qiu EQ and Guo W designed the study; Qiu EQ collected cases; Guo W and Cheng TM evaluated endoscopic ultrasound images; Qiu EQ recorded and analyzed the data; Guo W, Yao YL and Zhu W interpreted the results of analysis; Qiu EQ wrote the paper; Guo W and Zhi FC revised the manuscript; Liu SD and Zhi FC approved the final version and coordinated all aspects of work.

Institutional review board statement: The study was reviewed and approved by Institutional Review Board of Nanfang Hospital, Southern Medical University. 

Conflict-of-interest statement: The authors declare that there is no conflict of interest related to this study.
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/licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript
Correspondence to: Fa-chao Zhi, MD, Professor, Department of Gastroenterology, Nanfang Hospital, Southern Medical University, Institute of Digestive Diseases of Guangdong Province, Guangdong Provincial Key Laboratory of Gastroenterology, Dadao North No. 1838, Guangzhou 510515, Guangdong Province, China. zhifc@smu.edu.cn
Telephone: +86-20-61641532 

Fax: +86-20-87280770
Received: September 10, 2017  

Peer-review started: September 10, 2017
First decision: September 20, 2017
Revised: October 13, 2017 

Accepted: November 8, 2017

Article in press:

Published online:
Abstract

AIM
To establish a classification method for differential diagnosis of colorectal ulcerative diseases, especially Crohn’s disease (CD), primary intestinal lymphoma (PIL) and intestinal tuberculosis (ITB).
METHODS
We searched the inpatient medical record database for confirmed cases of CD, PIL and ITB from 2008 to 2015 at our center, collected data on endoscopic ultrasound (EUS) from randomly-chosen patients who formed the training set, conducted univariate logistic regression analysis to summarize EUS features of CD, PIL and ITB, and created a diagnostic classification method. All cases found to have colorectal ulcers using EUS were obtained from the endoscopy database and formed the test set. We then removed the cases which were easily diagnosed, and the remaining cases formed the perplexing test set. We re-diagnosed the cases in the three sets using the classification method, determined EUS diagnostic accuracies, and adjusted the classification accordingly. Finally, the re-diagnosing and accuracy-calculating steps were repeated.
RESULTS 
In total, 272 CD, 60 PIL and 39 ITB cases were diagnosed from 2008 to 2015 based on the inpatient database, and 200 CD, 30 PIL and 20 ITB cases were randomly chosen to form the training set. The EUS features were summarized as follows: CD: thickened submucosa with a slightly high echo level and visible layer; PIL: absent layer and diffuse hypoechoic mass; ITB: thickened mucosa with a high or slightly high echo level and visible layer. The test set consisted of 77 CD, 30 PIL, 23 ITB and 140 cases of other diseases obtained from the endoscopy database. And 74 cases were excluded to form the perplexing test set. After adjustment of the classification, EUS diagnostic accuracies for CD, PIL and ITB in the training set were 83.6% (209/250), 97.2% (243/250), and 85.6% (214/250), were 89.3% (241/270), 97.8% (264/270), and 84.1% (227/270) in the test set, and were 86.7% (170/196), 98.0% (192/196), and 85.2% (167/196) in the perplexing set, respectively.
CONCLUSION
The EUS features of CD, PIL and ITB are different. The diagnostic classification method is reliable in the differential diagnosis of colorectal ulcerative diseases.
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Core tip: A classification method was created for the differential diagnosis of Crohn's disease (CD), primary intestinal lymphoma (PIL) and intestinal tuberculosis (ITB) by endoscopic ultrasound (EUS), and yielded good results. The classification was designed based on univariate logistic regression analysis of EUS features of CD, PIL and ITB. This classification method is useful for diagnosing these three diseases in daily EUS practice.
Qiu EQ, Guo W, Cheng TM, Yao YL, Zhu W, Liu SD, Zhi FC. Diagnostic classification of endosonography for differentiating colorectal ulcerative diseases: A new statistical method. World J Gastroenterol 2017; In press
INTRODUCTION
Some gastrointestinal diseases including Crohn’s disease (CD), primary intestinal lymphoma (PIL), and intestinal tuberculosis (ITB) can lead to colorectal ulcers, are difficult to differentiate, and usually require entirely different treatments. Their architecture on resection histology can be easily distinguished at low magnification[1,2]. Endoscopic ultrasound (EUS) can demonstrate bowel wall structural changes[3,4], and identify lesions under the mucosa[5-7], which are valuable signs in the above-mentioned diseases. However, there are few reports available regarding the value of EUS in the differential diagnosis of these three diseases. We attempted to create an EUS diagnostic classification method for CD, PIL, ITB and other colorectal ulcerative diseases.
MATERIALS AND METHODS
Training set: collection of EUS data 
We searched our inpatient medical record database for patients who underwent EUS at our center and were confirmed to have CD, PIL or ITB from 2008 to 2015, and found 272 cases of CD, 60 cases of PIL and 39 cases of ITB. We randomly chose 200 CD, 30 PIL and 20 ITB cases to form the training set and summarized the EUS features. EUS images and written reports of these cases were obtained from the endoscopy database. EUS data were recorded according to the following eight parameters: (1) Total bowel wall thickness (TWT, in mm); (2) Changes in layers (thickened, thinned or disappeared), including the mucosa (M), submucosa (SM), muscularis propria (MP) and serosa (S); (3) Echo level of lesions or changed layers, including Level 1 (echo level of normal SM), Level 2 (between Level 1 and 3), Level 3 (echo level of liver), Level 4 (between Level 3 and 5), Level 5 (echo level of normal MP), and Level 6 (echo level of fluid); (4) Echo homogeneity, including homogeneous and heterogeneous; in addition, an independent option of “diffuse lesion” was included; (5) Definition of layer borderlines, including clear, unclear and invisible; (6) Integrity of the S, including smooth, non-smooth and interrupted; (7) Special EUS bowel wall feature, including “cobblestone sign” (multiple thickened SM like masses close to each other, with an intact M), vascular structures with a diameter > 2 mm in SM; and (8) Extraluminal presentation, including nearby enlarged lymph nodes, abscesses, ascites, sinus and fistulae. 
Training set: creation of a diagnostic classification method
All data on these parameters were analyzed using univariate logistic regression analysis to calculate the odds ratio (OR) of each option for each disease. The tendency scores for each disease for each option were then set according to the following rules: (1) the score was +1 if: a: the option was pathological, OR >1 and P < 0.05; or b: P ≥ 0.05, but the proportion was > 50%; (2) the score was -1 if: a: OR < 1 and P < 0.05; or b: OR was infinitesimal and P value was unavailable; and (3) the score was 0 when other situations were met. 
The tendency scores formed the EUS diagnostic classification as follows: (1) All scores of each matched option were summed for each disease to obtain three tendency scores for CD, PIL and ITB, respectively; (2) When the parameters “layers changed” and “layer borders” both met the option “disappeared”, only one point was added or subtracted; (3) The highest scoring disease was considered as the new EUS diagnosis. If the highest score < 2 or was non-unique, the diagnosis was “other diseases”; and (4) When a sign unique to one disease (special sign) was detected, this disease was considered as the diagnosis directly without including the score. 
Test set: reassessment of EUS diagnoses
We assessed the cases which formed the test set to evaluate the accuracy of EUS in differentiating colorectal ulcerative diseases. The search option “endoscopic findings” and key word “ulcer” were used to identify all cases of ulcers by EUS at our center from 2008 to 2015. All EUS images of these cases were obtained from the endoscopy database. The EUS images (without written report) for each case were placed in the patient file, and then copied to two blinded researchers by another researcher.
The cases were deleted before being copied when they met the following conditions: (1) Appeared in the training set; (2) Had an obvious visible epithelial or subepithelial tumor in the images; and (3) The images did not provide enough information on the eight parameters mentioned above. 

Two endosonographers reevaluated the EUS images in each case and recorded the data according to the eight parameters. If the data for one case recorded by the two endosonographers were inconsistent, the difference was resolved through discussion. The new EUS diagnoses in the test set were then established using the classification method.
Test set: confirming actual diagnoses
We consulted the clinical and outpatient database, and the endoscopy database to determine the final diagnosis of each case in the test set. Cases were excluded if the final diagnosis was not successfully obtained or the clinical data were incomplete. The diagnoses of all patients were confirmed by one of the following four methods: endoscopic biopsy pathology, surgical pathology, experimental treatment, other clinical methods (imaging modalities, special signs, laboratory examinations). Endoscopic biopsy specimens were obtained by forceps, endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) and EUS-guided fine needle aspiration (EUS-FNA). Experimental treatment referred to: (1) CD: infliximab, mesalazine or glucocorticoid treatment for at least six months; (2) ITB: quadruple anti-TB therapy for at least two months; and (3) Other enteritis: anti-infection (infective enteritis), immunosuppressant (autoimmune diseases) and tailored treatments (ischemic, drug and radiation enteritis). After the experimental treatment, final diagnoses were established if the symptoms were relieved, and colorectal ulcers were healed and did not reappear within six months. 
All cases: evaluation of EUS diagnostic accuracies
The EUS and actual diagnoses in all cases were compared. The overall EUS diagnostic accuracy, sensitivity and specificity were calculated. We excluded the cases easily diagnosed in the test set and calculated the EUS diagnostic accuracy in the remaining cases (perplexing test set). Finally, the classification was adjusted and the diagnostic accuracies were recalculated. All processes are shown in Figure 1.
Statistical analysis 
All data were analyzed using SPSS (Statistical Product and Service Solutions 13.0.0.246, International Business Machines Corporation, Armonk, New York, United States). Measurement data (age, TWT) are presented as the mean ± SD. Multiple comparisons of groups were analyzed using the LSD-t test for TWT. Enumeration data (case number) are presented as a proportion, and comparisons of groups were analyzed using univariate logistic regression analysis. P < 0.05 was considered statistically significant.  
RESULTS
Patient data 
The data on gender and age obtained from all cases are shown in Table 1.
EUS changes in TWT, stratification and echo level
The data on mean TWT in the three diseases are shown in Table 2. TWT in the PIL group was greater than that in the other two groups (P < 0.05). The case numbers and proportions of each option in each group are shown in Table 3. 
Special bowel wall signs and extraluminal presentations

The frequencies and proportions of special bowel wall signs and extraluminal EUS images are shown in Table 4. 
EUS diagnostic classification
The ORs and P values from univariate logistic regression analysis, and the corresponding scores of each option set according to the above-mentioned rules, are listed in Table 5. An option was not shown in the table if all P values were unavailable or > 0.05. The options scoring +1 and -1 are summarized in Table 6. Classical EUS patterns of the three diseases are shown in Figures 2-4.
Diagnostic accuracies in the training set
Using the classification method, we obtained the concordance between EUS and final diagnoses. The diagnostic accuracies for CD, PIL and ITB were 83.6% (209/250), 95.6% (239/250), and 91.2% (228/250), sensitivities were 79.5% (159/200), 73.3% (22/30), and 70.0% (14/20) and specificities were 100.0% (50/50), 98.6% (217/220), and 93.0% (214/230), respectively.
Diagnostic accuracies in the test set
We collected EUS data on 752 cases from the endoscopy database. And 482 of these cases were excluded according to the exclusion criteria described in Materials and Methods. The remaining 270 cases consisted of 77 CD, 30 PIL, 23 ITB and 140 patients with other diseases, including 30 cases of ulcers after endoscopic surgery, 29 cases of ulcerative colitis, 22 cases of colorectal cancer, 16 cases of nonspecific enteritis, 12 cases of infective colitis, nine cases of radiation-induced bowel injury, seven cases of ischemic enteritis, six cases of solitary ulcer, three cases of Bechet's disease, and six cases of multiple myeloma, abdominal-type allergic purpura, eosinophilic gastroenteritis, congenital megacolon, inflammatory granuloma after trauma, and indeterminate colitis, respectively. Using the classification methods we yielded an accuracy for CD, PIL and ITB of 88.9% (240/270), 88.9% (240/270), and 83.7% (226/270), a sensitivity of 77.9% (60/77), 60.0% (18/30), and 78.3% (18/23), and specificity of 93.2% (180/193), 92.5% (222/240), and 84.2% (208/247), respectively. After excluding a total of 74 cases of ulcers after surgery, infective and nonspecific colitis, radiation-induced bowel injury, and ischemic enteritis, we yielded accuracies for CD, PIL and ITB of 86.2% (169/196), 86.7% (170/196), and 84.7% (166/196), sensitivities were unchanged, and specificities were 91.6% (109/119), 91.6% (152/166), and 85.5% (148/173), respectively.
EUS diagnostic accuracies after adjusting the classification
The adjustments were as follows: (1) The cases diagnosed as PIL previously were re-diagnosed as cancer (other diseases) when the echo of the lesion was heterogeneous; and (2) One case was diagnosed as PIL when a diffuse lesion echo was detected, without including any other factors. The accuracies increased after adjustment in the three sets. In the training set, the accuracy, sensitivity, and specificity of PIL changed to 97.2% (243/250), 90.0% (27/30), and 98.2% (216/220), respectively, with no change in the CD and ITB groups. In the test set, the accuracies of CD, PIL and ITB improved to 89.3% (241/270), 97.8% (264/270), and 84.1% (227/270), sensitivities to 77.9% (60/77), 90.0% (27/30), and 78.3% (18/23), and specificities to 93.8% (181/193), 98.8% (237/240), and 84.6% (209/247), respectively. After excluding cases which were easily diagnosed, the accuracies of CD, PIL and ITB changed to 86.7% (170/196), 98.0% (192/196), and 85.2% (167/196), sensitivities were the same, and specificities changed to 92.4% (110/119), 99.4% (165/166), and 86.1% (149/173), respectively.
DISCUSSION 
EUS can detect lesions which cannot be identified by white light endoscopy, and allows observation of the bowel wall structure. EUS is also used for the treatment of complications and follow-up studies[8,9]. This study investigated the differential diagnosis of CD, PIL and ITB using EUS. We created an EUS diagnostic classification method by reviewing and summarizing previous articles on pathology at low magnification and EUS data.
The EUS features of CD included thickened SM, visible layer borders, and the echo level of the SM ranging between hyperechoic and medium echoic. Significantly thickened SM was closely associated with severe edema and lymphangiectasis[10], which lowered the echo level of SM by increasing the sonolucency, and is always observed in resected CD bowels at low magnification. Invisible stratification is hardly seen, unless the illness is extremely severe. This sign was detected in only four cases in our study. We also found that the lesion was involved in the S and interrupted in six severe CD cases, which seemed impossible if CD was not complicated by malignancy. We suggest that severe fibrosis occurred in the bowels, making the S deformed causing echo artifacts. Some studies have reported that vessels in the SM with a diameter > 2 mm were a specific EUS sign of CD[11-13]. This was not detected in PIL and ITB cases in the training set; thus, the other specific signs of CD such as fistulae in this study, were considered independent differentiation factors accordingly. In the test set, fistulae were found in only two cases. One was due to necrosis of lymphoma, and the other was due to anastomotic leakage.
The diagnostic sensitivity (77.9%) was not high. In total, 17 CD cases were misdiagnosed, 12 cases due to thickened M and five cases due to the collapse stratification or low level echo caused by severe inflammation or infection. Five of these 12 cases with small TWT (< 5 mm) were in the early stage, resulting in wrong recognition of thickened layers. The other seven misdiagnosed cases were caused by two reasons which are commonly seen at the start of the disease: difficulty in scanning ulcers on the ileocecal valve and disturbance due to pseudopolyps. 
The EUS features of PIL included invisible layer borders, thus layer thickening was impossible to identify; the lesions were diffusely hypoechoic. The lymphoma cells derived from M or SM were always densely packed and tight with rare stromal cells, making the lesion echo diffusely hypoechoic and homogeneous. We found that several cases just had thickened M (5/30 = 16.7%) or SM (2/30 = 6.7%) with visible layer borders, which were quite different from the majority. These PIL cases were in the early stage, and the stratification had not yet been destroyed. 

In the present study, low sensitivity (60.0%) was observed before adjustment and these early cases were excluded. If a diffusely hypoechoic lesion was the only diagnostic consideration, nine misdiagnosed PIL cases would have the correct diagnoses, increasing the sensitivity to 90% without a decrease in specificity. On the other hand, echo level in PIL is lower and more homogeneous than in cancer, which is a useful clue for differential diagnosis. We re-diagnosed several previously diagnosed PIL cases as cancer, further improving the specificity with little change in accuracy in the CD and ITB groups. We also followed these two principles (adjustments) in daily practice when faced with the same conditions.

The EUS features of ITB included M thickening; the echo level of M being hyperechoic or a little higher than medium level; and visible layer borders. ITB is mainly caused by TB bacilli in the swallowed sputum which likely invade the ileocecum where lymph tissues are located. Thus, the M bears the brunt of invasion, subsequent inflammation and then becomes thickened. In contrast, SM does not thicken. Some studies have shown that SM is thin or sometimes interrupted due to inflammation and scarring[2]. This could be a differentiation factor for CD and other forms of enteritis. However, we observed this sign in only 30% of ITB cases. Furthermore, we also found thinned SM in three cases with other diseases (radiation-induced bowel injury, solitary ulcer, ulcers after surgery). Similar to CD, the layer borders of the bowel in ITB were visible except in the very few cases with severe inflammation. In addition, similar to CD, the S was interrupted in fewer ITB cases possibly for the same reason. Several cases with non-smooth S were complicated by tuberculous peritonitis. 

A sensitivity of 78.3% showed that almost one-fourth of ITB cases were misdiagnosed using the classification method. This may be due to the small number of cases, which provided poor reliability of the summarized EUS features of ITB. Moreover, the possibility of confusion between ITB and common enteritis exists with this method which lacks specificity. In total, 15 cases of nonspecific enteritis were misdiagnosed as ITB. Our confidence in diagnosing ITB using EUS in daily practice does not match the high diagnostic accuracy of ITB observed in this study. High diagnostic accuracies for CD and PIL greatly increased the specificity of ITB due to the few cases of ITB (approximately 12% of total cases).

In this study, we created a classification method based on univariate logistic regression analysis and the algorithm reported by Lee et al[14] and Mao et al[15]. In general, when P < 0.05 is an option, the score increases if OR >1 and decreases if OR < 1; when P ≥ 0.05, the score did not change. When a pathological option was not statistically significant (P ≥ 0.05), but the proportion was greater than 50% and OR > 1 in a disease, such as echo level 2 in ITB, one point should be added because this option is a clue in distinguishing a pathological state from a normal state, and still showed the tendency to the disease, although it was not powerful enough to differentiate the three diseases. In contrast, the score was zero even when a non-pathological option met the score-raising condition, because the option could not be used to identify whether the state was pathological. 
The reasons for some of the rules used in the classification are as follows: (1) The cause of an infinitesimal OR and an unavailable P value was a zero case number, which is a strong clue for ruling out a disease; thus the score was -1 when this condition was met; (2) The borders disappear with the layer disappearance, therefore, when the parameters “layers changed” and “layer borders” both met the option “disappeared”, only one point should be added or subtracted; (3) Special signs are the specific symbols of a disease. In general, special signs belong to different diseases and would not be seen in an independent case, such as in the three sets. However, if this occurs, such as an ITB case with a fistula, our classification mode was not applicable. However, this situation is rare in clinical practice; and (4) The highest score of < 2 suggests that the EUS pattern is not found in the three diseases; a non-unique highest score indicates a difficult case; thus the diagnosis would be “other diseases”.
There were limitations to this study: there was an attempt to eliminate interference from the original written reports when dealing with the test set. The images were analyzed without written reports; therefore, it was difficult to determine the location of the lesion and to match the EUS images to white light endoscopic images. However, this problem can easily be solved in clinical practice, and the diagnostic accuracy may be even higher in the real situation.
ARTICLE HIGHLIGHTS

Research background

Some gastrointestinal diseases including Crohn’s disease (CD), primary intestinal lymphoma (PIL) and intestinal tuberculosis (ITB) can lead to colorectal ulcers, are difficult to differentiate, and usually require entirely different treatments. Their architecture on resection histology can be easily distinguished at low magnification. Endoscopic ultrasound (EUS) can demonstrate bowel wall structural changes, and identify lesions under the mucosa
Research motivation

There are few reports available regarding the value of EUS in the differential diagnosis of these three diseases. The authors attempted to explore the EUS diagnostic accuracy of these diseases and to create a new reliable diagnostic method.
Research objectives

The authors attempted to create an EUS diagnostic classification method which can be used for accurately differentiating CD, PIL, ITB and other colorectal ulcerative diseases.
Research method

The authors searched the inpatient medical record database for confirmed cases of CD, PIL and ITB from 2008 to 2015 at our center, collected data on EUS from randomly-chosen patients who formed the training set. All cases found to have colorectal ulcers using EUS were obtained from the endoscopy database and formed the test set. The authors then removed the cases which were easily diagnosed, and the remaining cases formed the perplexing test set. The authors conducted univariate logistic regression analysis on the training set to summarize EUS features of CD, PIL and ITB, and created a diagnostic classification method, re-diagnosed the cases in training set, test set and perplexing set using the classification method, determined EUS diagnostic accuracies. The authors analyzed the origin of the problems which were reflected from the diagnostic accuracy, adjusted the classification then repeated the re-diagnosing and accuracy-calculating steps, got a result which was closer to the facts.

Research results

The EUS features of CD, PIL and ITB are different. The diagnostic classification method, as a new statistical method, is reliable in the differential diagnosis of colorectal ulcerative diseases. But the case number of PIL and ITB were too small.
Research conclusions

EUS is good for differentiating CD, PIL and ITB. An EUS classification system for differentiating CD, PIL, ITB. A new statistical method and an original scoring system.

Research perspectives
The authors will increase the number of ITB and PIL to obtain a higher reliability of the classification method. Multicenter study.
REFERENCES
1 Ellrichmann M, Wietzke-Braun P, Dhar S, Nikolaus S, Arlt A, Bethge J, Kuehbacher T, Wintermeyer L, Balschun K, Klapper W, Schreiber S, Fritscher-Ravens A. Endoscopic ultrasound of the colon for the differentiation of Crohn's disease and ulcerative colitis in comparison with healthy controls. Aliment Pharmacol Ther 2014; 39: 823-833 [PMID: 24612000 DOI: 10.1111/apt.12671]

2 Miu YL, Ouyang Q, Zhou ZF, Pu P, Chen DY. Histological pathologic study on Crohn's disease and intestinal tuberculosis (in Chinese). J Clin Intern Med 2002; (02): 109-111
3 Malmstrøm ML, Săftoiu A, Vilmann P, Klausen TW, Gögenur I. Endoscopic ultrasound for staging of colonic cancer proximal to the rectum: A systematic review and meta-analysis. Endosc Ultrasound 2016; 5: 307-314 [PMID: 27803903 DOI: 10.4103/2303-9027.191610]

4 Ustundag Y, Fusaroli P. Are rigid probes sufficient to provide reliable data for rectal cancer staging? Endosc Ultrasound 2015; 4: 270 [PMID: 26374591 DOI: 10.4103/2303-9027.163023]

5 Okasha HH, Amin M, Ezzat R, El-Nady M, Nagy A. Small bowel intussusception induced by a jejunal gastrointestinal stromal cell tumor diagnosed by endoscopic ultrasound. Endosc Ultrasound 2016; 5: 346-347 [PMID: 27803910 DOI: 10.4103/2303-9027.191683]

6 Bhutani MS, Annangi S, Koduru P, Aggarwal A, Suzuki R. Diagnosis of cystic lymphangioma of the colon by endoscopic ultrasound: Biopsy is not needed! Endosc Ultrasound 2016; 5: 335-338 [PMID: 27803907 DOI: 10.4103/2303-9027.191668]

7 Kato M, Kawahara Y, Matsuda K, Tajiri H. Gossypiboma diagnosed by a forward-view endoscopic ultrasound fine-needle aspiration out of the sigmoid colon. Endosc Ultrasound 2015; 4: 149-151 [PMID: 26020051 DOI: 10.4103/2303-9027.156748]

8 Ratone JP, Bertrand J, Godat S, Bernard JP, Heyries L. Transrectal drainage of pelvic collections: Experience of a single center. Endosc Ultrasound 2016; 5: 108-110 [PMID: 27080609 DOI: 10.4103/2303-9027.180474]

9 Luz LP, Cote GA, Al-Haddad MA, McHenry L, LeBlanc JK, Sherman S, Moreira DM, El Hajj II, McGreevy K, DeWitt J. Utility of EUS following endoscopic polypectomy of high-risk rectosigmoid lesions. Endosc Ultrasound 2015; 4: 137-144 [PMID: 26020049 DOI: 10.4103/2303-9027.156744]

10 Hu PJ, Qian JM, Wu KC, Ran ZH. Consensus about diagnosis and treatment of inflammatory bowel disease in China (2012. Guangzhou) (in Chinese). Neike Lilun and Shijian 2013; (01): 61-75
11 Dağli U, Over H, Tezel A, Ulker A, Temuçin G. Transrectal ultrasound in the diagnosis and management of inflammatory bowel disease. Endoscopy 1999; 31: 152-157 [PMID: 10223365]

12 Gast P, Belaïche J. Rectal endosonography in inflammatory bowel disease: differential diagnosis and prediction of remission. Endoscopy 1999; 31: 158-166 [PMID: 10223366 DOI: 10.1055/s-1999-13665]

13 Wakefield AJ, Sankey EA, Dhillon AP, Sawyerr AM, More L, Sim R, Pittilo RM, Rowles PM, Hudson M, Lewis AA. Granulomatous vasculitis in Crohn's disease. Gastroenterology 1991; 100: 1279-1287 [PMID: 2013373]

14 Lee YJ, Yang SK, Byeon JS, Myung SJ, Chang HS, Hong SS, Kim KJ, Lee GH, Jung HY, Hong WS, Kim JH, Min YI, Chang SJ, Yu CS. Analysis of colonoscopic findings in the differential diagnosis between intestinal tuberculosis and Crohn's disease. Endoscopy 2006; 38: 592-597 [PMID: 16673312 DOI: 10.1055/s-2006-924996]

15 Mao R, Liao WD, He Y, Ouyang CH, Zhu ZH, Yu C, Long SH, Chen YJ, Li ZP, Wu XP, Lv NH, Hu P, Chen M. Computed tomographic enterography adds value to colonoscopy in differentiating Crohn's disease from intestinal tuberculosis: a potential diagnostic algorithm. Endoscopy 2015; 47: 322-329 [PMID: 25675175 DOI: 10.1055/s-0034-1391230]
P-Reviewer: Chamberlain MC, Higuchi K, Okada S S-Editor: Ma YJ L-Editor:   E-Editor:
Specialty type: Gastroenterology and hepatology
Country of origin: China
Peer-review report classification

Grade A (Excellent): 0
Grade B (Very good): B
Grade C (Good): C, C
Grade D (Fair): 0
Grade E (Poor): 0

Table 1 Gender and age of all patients
	
	Total
	Gender
	Age (yr)

	
	
	Male
	Female
	Range
	Mean

	Diseases
	CD
	 2771
	151
	126
	12-71
	31.85

	
	PIL
	60
	37
	23
	18-73
	43.76

	
	ITB
	  431
	27
	16
	17-69
	45.73

	1Five CD and four ITB cases received treatment in the outpatient clinic, so were absent in the inpatient system. CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis. 

	


Table 2 Comparison of the mean total wall thickness in Crohn’s disease, primary intestinal lymphoma and intestinal tuberculosis
	
	         TWT (mm)
	      P

	
	Range
	mean±SD
	

	Diseases
	CD
	2.7-19.4
	8.48±2.90
	P (CD & PIL)
	< 0.001

	
	PIL
	3.7-29.6
	13.49±6.38
	P (PIL & ITB)
	0.002

	
	ITB
	3.2-22.0
	10.19±6.14
	P (ITB & CD)
	0.080

	
	F
	
	23.389
	
	

	
	P
	
	< 0.001
	
	


It was analyzed by the LSD-t test. The difference was significant (P = 0.05). TWT: Total wall thickness; CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis.
Table 3 Common EUS parameters of the bowel wall in Crohn’s disease, primary intestinal lymphoma and intestinal tuberculosis n (%)
	
	CD
	PIL
	ITB

	Thickened layers

	None
	6 (3.0)
	0 (0)
	2 (10.0)

	M
	21 (10.5)
	5 (16.7)
	14 (70.0)

	 SM 
	160 (80.0)
	2 (6.7)
	0 (0)

	 M+SM
	4 (2.0)
	0 (0)
	1 (5.0)

	 SM+MP
	3 (1.5)
	0 (0)
	0 (0)

	All
	2 (1.0)
	0 (0)
	0 (0)

	Layers disappeared1
	4 (2.0)
	23 (76.7)
	3 (15.0)

	

	Thinned layers

	 SM
	0 (0)
	0 (0)
	6 (30.0)

	M/SM border

	Clear
	85 (42.5)
	3 (10.0)
	8 (40.0)

	Unclear
	111 (55.5)
	4 (13.3)
	9 (45.0)

	Invisible
	4 (4.0)
	23 (76.7)
	3 (15.0)

	

	SM/MP border

	Clear
	157 (78.5)
	3 (10.0)
	12 (60.0)

	Unclear
	41 (21.5)
	4 (13.3)
	5 (25.0)

	Invisible
	2 (1.0)
	23 (76.7)
	3 (15.0)

	Echo level of main lesion or changed layer

	1 (hyperechoic)
	14 (7.0)
	0 (0)
	4 (20.0)

	2
	166 (83.0)
	0 (0)
	12 (60.0)

	3 (medium)
	3 (1.5)
	3 (10.0)
	1 (5.0)

	4
	11 (5.5)
	5 (16.7)
	1 (5.0)

	5 (hypoechoic)
	6 (3.0)
	22 (73.3)
	2 (10.0)

	
	
	
	
	
	
	

	Echo homogeneity2
	
	
	
	
	
	

	Homogeneous
	87 (43.5)
	23 (76.7)
	5 (25)

	Heterogeneous
	106 (53)
	7 (23.3)
	13 (65)

	Diffuse lesion
	3 (1.5)
	26 (86.7)
	0 (0)

	Serosal integrity
	
	
	
	
	
	

	Smooth
	185 (92.5)
	14 (46.7)
	15 (75)

	Non-smooth
	9 (4.5)
	2 (6.6)
	4 (20)

	Interrupted
	6 (3)
	14 (46.7)
	1 (5)


1Absent layers were included in the thickened layers because when the layers disappeared it was impossible to recognize the thickness change; 2Seven CD and two ITB cases were excluded because the thickness of the layers was too small and the echo homogeneity was difficult to determine. The options without matched cases are not given. M: Mucosa; SM: Submucosa; MP: Muscularis propria; CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis.
Table 4 Special bowel wall signs and extraluminal presentation of Crohn’s disease, primary intestinal lymphoma and intestinal tuberculosis n (%)
	
	CD
	PIL
	ITB

	Special bowel wall signs

	Cobblestone
	18 (9.0)
	0 (0)
	0 (0)

	Vasculature in SM
	19 (9.5)
	0 (0)
	0 (0)

	   ≤ 2 mm
	11 (5.5)
	0 (0)
	0 (0)

	   > 2 mm


	8 (4.0)
	0 (0)
	0 (0)

	Extraluminal
presentations
	

	Abscesses
	2 (1.0)
	0 (0)
	0 (0)

	Sinus or fistulae
	7 (3.5)
	0 (0)
	0 (0)

	Ascites
	7 (3.5)
	2 (6.7)
	2 (10.0)

	Lymph nodes
	36 (18.0)
	19 (63.3)
	5 (25.0)

	Single
	22 (11.0)
	3 (10.0)
	4 (20.0)

	Multiple
	14 (7.0)
	16 (53.3)
	1 (5.0)

	Merged
	2 (1.0)
	4 (13.3)
	0 (0)


CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis.
Table 5 Univariate logistic regression analysis of endoscopic ultrasound parameters

	Parameters
	CD
	PIL
	ITB
	Score

	
	OR
	  P
	   OR
	  P
	   OR
	  P
	CD
	PIL
	ITB

	Layer changed (discrete variable)
	
	
	
	
	
	
	

	M normal
	67.81 
	< 0.001
	0.02 
	< 0.001
	0.04 
	< 0.001
	0 
	-1 
	-1 

	M thickened
	0.23 
	< 0.001
	0.85 
	0.750 
	18.56 
	< 0.001
	-1 
	0 
	1 

	SM normal
	0.22 
	< 0.001
	0.82 
	0.708 
	24.75 
	< 0.001
	-1 
	0 
	0 

	SM thickened
	92.38 
	< 0.001
	0.02 
	< 0.001
	0.02 
	< 0.001
	1 
	-1 
	-1 

	MP normal
	29.87 
	< 0.001
	0.01 
	< 0.001
	0.85 
	0.804 
	0 
	-1 
	0 

	S normal
	53.08 
	< 0.001
	0.01 
	< 0.001
	0.75 
	0.668 
	0 
	-1 
	0 

	Layer disappeared
	0.01 
	< 0.001
	141.29 
	< 0.001
	1.45 
	0.576 
	-1 
	1 
	0 

	Layer borders (discrete variable)
	
	
	
	
	
	
	

	M/SM clear
	2.62 
	0.009 
	0.15 
	0.003 
	1.08 
	0.878 
	0 
	-1 
	0 

	M/SM unclear
	3.55 
	< 0.001
	0.13 
	< 0.001
	0.82 
	0.668 
	1 
	-1 
	0 

	M/SM invisible
	0.02 
	< 0.001
	99.98 
	< 0.001
	1.33 
	0.668 
	-1 
	1 
	0 

	SM/MP clear
	8.52 
	< 0.001
	0.03 
	< 0.001
	0.66 
	0.379 
	0 
	-1 
	0 

	SM/MP invisible
	0.01 
	< 0.001
	141.29 
	< 0.001
	1.45 
	0.576 
	-1 
	1 
	0 

	Echo level (discrete variable)
	
	
	
	
	
	
	

	1 (hyperechoic)
	0.87 
	0.807 
	In
	N/A
	3.86 
	0.030 
	0 
	-1 
	1 

	2
	15.46 
	< 0.001
	In
	N/A
	0.58 
	0.253 
	1 
	-1 
	1 

	3 (medium)
	0.18 
	0.026 
	6.00 
	0.023 
	1.96 
	0.541 
	-1 
	1 
	0 

	4
	0.11 
	1.217
	3.47 
	0.030 
	0.70 
	0.740 
	0 
	1 
	0 

	5 (hypoechoic)
	0.03 
	< 0.001
	72.87 
	< 0.001
	0.80 
	0.775 
	-1 
	1 
	0 

	Echo homogeneity (discrete variable)
	
	
	
	
	
	

	Homogeneous 
	0.60 
	0.115 
	4.57 
	< 0.001
	0.36 
	0.058 
	0 
	1 
	0 

	Heterogeneous 
	1.69 
	0.102 
	0.26 
	0.003 
	1.92 
	0.179 
	1 
	-1 
	1 

	Diffuse lesion 
	0.01 
	< 0.001
	470.17 
	< 0.001
	In
	N/A
	-1 
	1 
	-1 

	Serosa integrity (discrete variable)
	
	
	
	
	
	
	

	Smooth 
	9.62 
	< 0.001
	0.08 
	< 0.001
	0.45 
	0.148 
	0 
	-1 
	0 

	Non-smooth
	0.35 
	0.055 
	1.14 
	0.870 
	4.98 
	0.012 
	0 
	0 
	1 

	Interrupted
	0.07 
	< 0.001
	26.62 
	< 0.001
	0.55 
	0.573 
	-1 
	1 
	0 

	Lymph nodes (ordinal variable)
	
	
	
	
	
	
	

	Multiple
	0.13
	< 0.001
	17.36
	< 0.001
	0.39
	0.369
	0
	1
	0

	Emerged
	0.12
	0.015
	16.77
	0.003
	In
	N/A
	-1
	1
	-1


The reference category of CD, PIL and ITB was non-CD (PIL & ITB), non-PIL (CD & ITB), and non-ITB (CD & PIL), respectively. The options statistically insignificant in the three diseases are not given. The right section shows the scores of each option for each disease. In: Infinitesimal. N/A: Not available; CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis.
Table 6 Tendency scores of endoscopic ultrasound options in Crohn’s disease, primary intestinal lymphoma and intestinal tuberculosis n (%)
	
	CD
	PIL
	ITB

	+1
	SM thickened

M/SM unclear

Echo level 2 

Heterogeneous Lesion echo
	Layer disappeared
Echo level 3-5

Homogeneous and diffuse Lesion echo 

Interrupted S

Multiple and emerged lymph nodes
	M thickened

Echo level 1 & 2

Heterogeneous Echo

Non-smooth S

	-1
	M thickened

SM normal

Layer disappeared
Echo level 3 & 5

Diffuse lesion echo

Interrupted S

Lymph nodes emerged
	M, MP, S normal

SM thickened

Visible layer borders

Echo level 1 & 2
Heterogeneous echo level

Smooth S
	M normal

SM thickened

Diffuse lesion Echo

Lymph nodes emerged


CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis.
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Figure 1 Flowchart of the study. The cases diagnosed with PIL previously were re-diagnosed as cancer when the echo of the lesion was heterogeneous; and cases were diagnosed with PIL when a diffuse echo was detected. CD: Crohn’s disease; PIL: Primary intestinal lymphoma; ITB: Intestinal tuberculosis.
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Figure 2 A 21-year-old male with confirmed Crohn’s disease. a: Multiple irregular ulcers with cobblestone appearance; b: EUS shows heterogeneous thickened bowel wall, thickened SM and absent M; c: Longitudinal ulcers within the swollen M; d: EUS shows irregular heterogeneous hypoechoic areas (arrows) which were considered to be abscesses. CD: Crohn’s disease; EUS: endoscopic ultrasound; SM: submucosa.
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Figure 3 A 58-year-old male with confirmed primary intestinal lymphoma. a: A circular ulcer with a nodular edge and smooth base; b: Endoscopic ultrasound shows disappearance of layers, instead of an irregular diffuse area with adjacent nodules (arrow); c, d: Diffuse large B-cell lymphoma confirmed by big-forceps deep biopsy and immunohistochemistry. 
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Figure 4 A 49-year-old male with confirmed intestinal tuberculosis. a: Circular ulcers with a nodular base; b: EUS shows significantly thickened M, thinned obscure SM and extraluminal fluid sonolucent areas (arrow); c: Biopsy shows caseous necrosis in M; d: Healed M after 4 mo of anti-TB therapy. EUS: endoscopic ultrasound; SM: submucosa.
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