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Abstract
Background: If the depth of gallbladder malignant tumor (GBMT) invasion is deeper than the subserosa
(ss), cholecystectomy is insu�cient. In past reports that used endoscopic ultrasonography (EUS) to
diagnose the depth of tumor invasion, it was di�cult to diagnose GMBT invasion in the ss without a
narrow or disrupted lateral hyperechoic layer (LHEL). Therefore, we developed a simple preoperative
method to diagnose GBMTs with ss invasion.

Methods: Forty-nine GBMT patients who underwent both EUS and surgery were enrolled: 15 patients
whose tumors invaded the mucosa (m) or muscularis propria (mp) were classi�ed as the “shallow group”,
and 34 patients whose tumors invaded the ss were classi�ed as the “deep group”. The EUS �ndings were
compared between the two groups.

Results: An irregular (narrow or thickened) LHEL was signi�cantly more frequently observed on EUS in the
deep group than in the shallow group. The diagnosis of ss invasion based on an irregular LHEL had the
highest sensitivity and accuracy among the EUS imaging parameters (sensitivity 97.1% (33/34),
speci�city 86.7% (13/15), accuracy 93.8% (46/49)). When the deep group was limited to patients with a
tumor depth of ss, the results were similar. When an irregular LHEL was used, the diagnosability of
GBMTs with ss invasion was not signi�cantly different between EUS specialists and beginners.

Conclusions: An irregular (thickened or narrow) LHEL observed on EUS could be a reliable and simple
method of diagnosing GBMTs with ss invasion and could contribute to choosing an appropriate surgical
method.

Trial Registration: not applicable

Background
Surgery is the only radical treatment for gallbladder malignant tumors (GBMTs). If the depth of tumor
invasion is the mucosa (m) or muscularis propria (mp), cholecystectomy is su�cient. However, if the
depth of tumor invasion reaches the subserosa (ss), approximately 50% of patients develop lymph node
metastases [1–8]. In such cases, cholecystectomy is insu�cient. Therefore, a preoperative diagnosis of
GBMTs with ss invasion is important for the selection of the surgical method.

There are several modalities that can be used to closely investigate GBMTs. Transabdominal
ultrasonography (US) and computed tomography (CT) are used �rst. However, the detectability on US is
in�uenced by the physical status of the patients (e.g., subcutaneous fat), and it is di�cult to observe
gallbladder (GB) lesions in detail on CT. On the other hand, pancreatobiliary lesions can be visualized
clearly from the inside of the upper gastrointestinal tract on endoscopic ultrasonography (EUS).
Therefore, EUS is preferred over US or CT for the diagnosis of pancreaticobiliary diseases [9, 10]. In fact,
many reports on the e�cacy of EUS for diagnosing GBMTs have been published [11–23].
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Compared to studies that aimed to improve GB cancer diagnosability by EUS, there have been few studies
that reported on the diagnosability of the depth of GB invasion by EUS [17, 24–28]. In past reports, tumor
depth was predicted by the shape of the wall of the GB on EUS imaging. The GB wall is depicted as a two-
layer structure on EUS. These layers are the internal hypoechoic layer and lateral hyperechoic layer
(LHEL). The internal hypoechoic layer involves the mucosal muscular layers and the super�cial layer of
the ss. The LHEL involves the serosal and ss layers [29, 30]. However, the classi�cation of tumor depth
based on the combination of tumor shape and the characteristics of the GB wall is slightly complicated,
and it is di�cult to judge whether the GBMT has invaded the super�cial layer of the ss. Some GBMTs that
have invaded the super�cial layer of the ss do not show a narrowing of the LHEL. Therefore, in this study,
we aimed to develop a simple and comprehensible method of diagnosing whether a GBMT has invaded
the ss using EUS.

Methods

Study Design and Ethics
This study was a retrospective study that was performed to develop a simple method for diagnosing ss
invasion by GBMTs. This study was approved by the Institutional Review Board of Fukushima Medical
University.

Patients
Forty-nine GBMT patients who underwent both EUS and surgery between May 2005 and September
2019 at Fukushima Medical University were enrolled in this study. Among them, 15 patients were
ultimately diagnosed with a tumor invading the m or mp (m: nine patients, mp: six patients); these
patients were classi�ed as the “shallow group”. The remaining 34 patients were ultimately diagnosed
with a tumor invading the ss; these patients were classi�ed as the “deep group”. The �nal diagnosis was
con�rmed by investigation of surgical specimens.

Preoperative Diagnosis of GBMTs
GBMT patients �rst underwent US or contrast-enhanced CT (CECT). Then, the patients underwent EUS.
After sedation with a transvenous administration of midazolam, an echoendoscope was gently inserted
into the patients. GBMTs were observed through the antrum of the stomach or the duodenal bulbus.

The echoendoscopes used in this study were GF-UMP 230, GF-UM2000, GF-UC240P-AL, GF-UCT240-AL5,
GF-UE260-AL5, and GF-UCT260 (Olympus Tokyo, Japan). The EUS systems used in this study were EU-
M2000, EU-M30, EU-ME1 and EU-ME2 (Olympus Tokyo, Japan).

All EUS observations were performed by specialists who had performed more than 1000
pancreaticobiliary EUS procedures. No adverse events related to EUS were observed.

Examination Parameters
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Patient characteristics (age, sex), serum tumor markers (CEA, CA19-9), imaging �ndings, and
histopathological �ndings (tubular adenocarcinoma or not) were compared between the shallow and
deep groups. The following imaging �ndings were assessed: tumor enhancement on CECT, maximum
tumor diameter or height (measured on EUS), form (protruded or wide), internal echo (heterogeneous or
homogeneous), and the LHEL observed with EUS. An irregular LHEL was de�ned as a thickened or narrow
LHEL observed on EUS (Fig. 1). When a narrow LHEL is observer, ss invasion is obvious [24, 25, 27]; we
also included a thickened LHEL in the examination parameters to achieve better diagnosability of ss
invasion. CECT and EUS images were retrospectively reviewed by more than two specialists who were
blinded to the histologic depth of the GBMT.

After the most reliable method to diagnose ss invasion was determined, the usability of the method was
compared between three pancreaticobiliary EUS beginners and specialists. The pancreaticobiliary EUS
specialists were de�ned as described above. The three EUS beginners were endoscopists who did not �t
the de�nition of a specialist. EUS beginners diagnosed GBMTs with ss invasion by using the most
e�cient method.

Statistical Analyses
Continuous variables that did not follow a normal distribution were analyzed with the Mann-Whitney U
test. Nominal variables were analyzed with Fisher’s exact test. P < 0.05 was de�ned as statistically
signi�cant. Bonferroni correction and Holm correction were used for multiple comparisons. All statistical
analyses were performed using EzR (Saitama Medical Centre, Jichi Medical University, Saitama, Japan).

Results
Age, sex, serum tumor marker levels, and tumor size were not signi�cantly different between the shallow
and deep groups (Table 1). Among the imaging �ndings, enhancement on CECT and internal echo
(heterogeneous or homogeneous) were not signi�cantly different between the shallow and deep groups.
Wide-shaped tumors, an irregular LHEL, a thickened LHEL, and a narrow LHEL were signi�cantly more
common in the deep group than in the shallow group (Table 2). If patients in the deep group were limited
to those with a tumor depth of the ss, these four parameters were signi�cantly more frequently observed
in the deep group (only the ss) than in the shallow group (Table 3).
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Table 1
Comparison of patient characteristics and tumor size

  Shallow group

(N = 15)

Deep group

(N = 34)

P value

Age, years 71.0 (55–87) 78.5 (51–87) 0.071

Sex, male/female 6/9 16/18 0.76

Serum CEA, ng/ml 2.6 (1.1-8.0) 2.6 (0.8–889) 0.38

Serum CA19-9, U/ml 22.1 (2.8-139.4) 9.35 (0.1-864.9) 0.24

Tumor size, mm      

Maximum tumor diameter, mm 20.0 (4.5–40.0) 22.0 (10.0–80.0) 0.54

Tumor height, mm 15.0 (3.0–40.0) 15.0 (5.0–50.0) 1.0

Values are shown as the median (range) or n.
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Table 2

Comparison of imaging and histopathological �ndings

  Shallow group

(N = 15)

Deep group

(N = 34)

P value

Imaging �ndings      

Enhancement in CECT 14* (100) 31* (96.9) 1.0

EUS �ndings      

Form, protruded/wide 8/7 5/29 0.011

Internal echo, heterogeneous/homogeneous 14/1 34/0 0.31

Irregular (thickened or narrow) LHEL 2 (13.3) 33 (97.1) < 0.01

Thickened LHEL 0 (0) 18 (52.9) < 0.01

Narrow LHEL 2 (13.3) 28 (82.3) < 0.01

Histopathological �ndings      

Tumor type     0.063

Tubular adenocarcinoma 5 22  

Other 10 12  

Tumor depth      

m 9    

mp 6    

Deeper than the ss   34  

Values are shown as the median (range) or n (%) or n.

*Some patients lacked CECT images.

CECT, contrast-enhanced CT; EUS, endoscopic ultrasonography; LHEL, lateral hyperechoic layer; m,
mucosa; mp, muscularis propria; ss, subserosa.
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Table 3

Comparison of EUS �ndings in patients whose tumors invaded the m-ss

  Shallow group

(N = 15)

Deep group (only the ss)

(N = 19)

P value

EUS �ndings      

Form, protruded/wide 8/7 3/16 0.03

Irregular (thickened or narrow) LHEL 2 (13.3) 18 (94.7) < 0.01

Thickened LHEL 0 (0) 8 (42.1) < 0.01

Narrow LHEL 2 (13.3) 15 (78.9) < 0.01

Values are shown as n (%) or n.

m, mucosa; ss, subserosa; EUS, endoscopic ultrasonography; LHEL, lateral hyperechoic layer.

Among the four EUS imaging parameters that were signi�cantly different between the deep and shallow
groups, the sensitivity and accuracy for diagnosing ss invasion of an irregular LHEL was the highest
(sensitivity 97.1% (33/34), speci�city 86.7% (13/15), accuracy 93.8% (46/49)) (Fig. 2a). Regarding the
speci�city for diagnosing ss invasion, a thickened LHEL was the most speci�c among the four EUS
imaging parameters (100% (15/15)). However, the sensitivity for diagnosing ss invasion of a thickened
LHEL was the lowest among the four EUS imaging parameters (52.9% (18/34)). If patients in the deep
group were limited to those with a tumor depth of the ss, the sensitivity, speci�city, and accuracy were
similar (Fig. 2b).

In this study, a thickened LHEL was observed only in the deep group. In patients whose tumors had
slightly invaded the ss, edematous thickness of the ss was histologically observed (Fig. 3).

An irregular LHEL was then used as the diagnostic parameter for the ss invasion of GBMTs, and the
diagnosability was compared between pancreaticobiliary EUS specialists and beginners. The
diagnosability of ss invasion was not signi�cantly different between the specialists and three beginners
(endoscopists A, B, and C) (Fig. 4).

 

Discussion
In this study, we developed a simple method that can be used to diagnose the ss invasion of GBMTs on
EUS. In past reports, a narrow LHEL was recognized as a sign of ss invasion. In this study, a thickened
LHEL was also indicative of ss invasion. As a result, an irregular (thickened or narrow) LHEL was
determined to be a simple and reliable EUS �nding that could be used to diagnose GBMTs with ss
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invasion. An irregular LHEL was also reliable if the patients were limited to those with a tumor depth of m-
ss. By using this method, pancreaticobiliary EUS beginners can diagnose GBMTs with ss invasion.

As described in the beginning of this paper, the depth of GB invasion was determined by the combination
of tumor form and the structure of the GB wall under the tumor. Regarding the form, the depth of
pedunculated tumor invasion is usually the m. However, when wide-shaped lesions are involved, any
depth of invasion can be observed [25, 27]. In this study, the speci�city for diagnosing ss invasion was
low when the form of the tumor was used. Therefore, the form of the tumor was removed from the simple
method developed to diagnose ss invasion, while EUS �ndings of the GB wall were retained.

Some decades ago, it was believed that the internal hypoechoic layer involved the mucosal muscular
layers and that the LHEL involved the serosal and subserosal layers [24]. Currently, it is known that the
super�cial layer of the ss constitutes a part of the internal hypoechoic layer [29, 30]. As described in the
introduction, there have been few reports on the e�cacy of EUS for diagnosing the depth of GBMT
invasion. In these reports, an LHEL that was thinned or disrupted by the tumor indicated tumor invasion
deeper than the ss [24, 25, 27]. However, a problem existed in these reports: ss invasion in patients in
whom the LHEL was not narrow or disrupted was not examined. In this report, a thickened LHEL was
included as a type of irregular LHEL. Our ability to diagnose the ss in�ltration of GBMTs was superior to
that described in previous reports. In fact, when only a thickened LHEL was observed, the ss that was
slightly invaded by the GBMT was observed to be edematous and thickened in pathological specimens
(Fig. 3). 

It is di�cult to diagnose GBMT with invasion into the ss without a narrow or disrupted LHEL, although
several attempts have been made. In 2002, Kimura et al. [26] performed EUS and angiography to
diagnose ss invasion. When angiography was performed on patients to assess the LHEL, those with no
abnormal �ndings at the cystic artery or its branches were diagnosed as having m or mp GBMTs. On the
other hand, patients with abnormal �ndings at the second or third branches of the cystic artery were
diagnosed as having GBMTs with ss invasion. Good diagnosability of GBMTs with ss invasion was
reported when these methods were used (sensitivity 81.8%, speci�city 90.6%, accuracy 88.4%) [26]. In
2019, Sakamoto et al. [28] reported a scoring system that could be used to diagnose GBMTs with ss
invasion: -3.954 + 0.555 CEA + 0.094 x diameter of the GBMT. The sensitivity and speci�city using this
score for diagnosing ss invasion were 85.0% and 87.1%, respectively (cut-off value − 0.584). Although
these methods are e�cient for diagnosing GBMTs with ss invasion, angiography is invasive, and the
diameter of a wide GBMT is di�cult to measure. Therefore, a simple and widely applicable method is
desirable. In this report, we developed a simple method using EUS �ndings of a narrow or thickened
LHEL.

This study has some limitations. First, the study design is retrospective, and it was performed at a single
institution. Second, EUS is in�uenced by the technique of the endoscopist. However, EUS was performed
by pancreaticobiliary specialists in this study. Therefore, the quality of the EUS image should have been
maintained. Third, the evaluation of EUS images is subjective to a certain degree. To overcome this
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limitation, the diagnostic method used in this study was also evaluated by pancreaticobiliary EUS
beginners. In fact, the e�cacy of this method was retained in the beginners.

Conclusions
EUS �ndings of a narrow or thickened LHEL were observed mainly in patients with GBMTs with ss
invasion. This reliable and simple method can be used to diagnose GBMT invasion that is deeper than
the ss and may contribute to the appropriate selection of the operative method.

Abbreviations
GBMT: Gallbladder malignant tumor; ss: Subserosa; EUS: Endoscopic ultrasonography; LHEL: Lateral
high echoic layer; m: Mucosa; mp: Muscularis propria; US: Ultrasonography; CT: Computed tomography;
GB: Gallbladder; CECT: Contrast-enhanced CT.

Declarations

Ethics Approval and Consent to Participate
The study protocol was reviewed and approved by the Institutional Review Board of Fukushima Medical
University (Number 2399). The analysis uses anonymous clinical data obtained after all the participants
agreed to treatment by written consent. Therefore, patients were not required to give informed consent to
the study. The details of the study are published on the homepage of Fukushima Medical University. 

Consent for Publication
Not applicable 

Availability of Data and Materials
The datasets generated and/or analyzed during the current study are available from the corresponding
author upon reasonable request.

Competing Interests
The authors declare that they have no competing interests.

Funding
Department of Gastroenterology, Fukushima Medical University 



Page 11/17

Authors' Contributions
MS wrote the paper and designed and performed the research; HI, MT and MH designed and oversaw the
research; TT, RS, NK, HA, TH, JN, YS, TK and RK provided clinical advice; SM supervised the report; YO, YH
performed the pathological diagnoses; and H.O. supervised the report and the writing of the paper. All
authors have read and approved the �nal manuscript.

Acknowledgements
We thank all the staff at the Department of Gastroenterology of Fukushima Medical University, the
Department of Endoscopy of Fukushima Medical University Hospital, and the gastroenterology ward of
Fukushima Medical University Hospital. We also thank American Journal Experts for providing English
language editing.

Authors' Information
1Department of Gastroenterology, School of Medicine, Fukushima Medical University, Fukushima, Japan

2Department of Endoscopy, Fukushima Medical University Hospital, Fukushima, Japan

3Department of Diagnostic Pathology, School of Medicine, Fukushima Medical University, Fukushima,
Japan

4Department of Hepato-Biliary-Pancreatic and Transplant Surgery, School of Medicine, Fukushima
Medical University, Fukushima, Japan

References
1. Chijiiwa K, Nakano K, Ueda J, Noshiro H, Nagai E, Yamaguchi K, et al. Surgical treatment of patients

with T2 gallbladder carcinoma invading the subserosal layer. J Am Coll Surg. 2001;192:600-7.

2. Choi SB, Han HJ, Kim CY, Kim WB, Song TJ, Suh SO, et al. Surgical outcomes and prognostic factors
for T2 gallbladder cancer following surgical resection. J Gastrointest Surg. 2010;14:668-78.

3. Shimizu Y, Ohtsuka M, Ito H, Kimura F, Shimizu H, Togawa A, et al. Should the extrahepatic bile duct
be resected for locally advanced gallbladder cancer? Surgery. 2004;136:1012-7; discussion 8.

4. Shindoh J, de Aretxabala X, Aloia TA, Roa JC, Roa I, Zimmitti G, et al. Tumor location is a strong
predictor of tumor progression and survival in T2 gallbladder cancer: an international multicenter
study. Ann Surg. 2015;261:733-9.

5. Shirai Y, Yoshida K, Tsukada K, Muto T, Watanabe H. Early carcinoma of the gallbladder. Eur J Surg.
1992;158:545-8.



Page 12/17

�. Steinert R, Nestler G, Sagynaliev E, Muller J, Lippert H, Reymond MA. Laparoscopic cholecystectomy
and gallbladder cancer. J Surg Oncol. 2006;93:682-9.

7. Suzuki S, Yokoi Y, Kurachi K, Inaba K, Ota S, Azuma M, et al. Appraisal of surgical treatment for pT2
gallbladder carcinomas. World J Surg. 2004;28:160-5.

�. Wakai T, Shirai Y, Yokoyama N, Ajioka Y, Watanabe H, Hatakeyama K. Depth of subserosal invasion
predicts long-term survival after resection in patients with T2 gallbladder carcinoma. Ann Surg Oncol.
2003;10:447-54.

9. Tamm EP, Loyer EM, Faria SC, Evans DB, Wolff RA, Charnsangavej C. Retrospective analysis of dual-
phase MDCT and follow-up EUS/EUS-FNA in the diagnosis of pancreatic cancer. Abdom Imaging.
2007;32:660-7.

10. DeWitt J, Devereaux B, Chriswell M, McGreevy K, Howard T, Imperiale TF, et al. Comparison of
endoscopic ultrasonography and multidetector computed tomography for detecting and staging
pancreatic cancer. Ann Intern Med. 2004;141:753-63.

11. Sugiyama M, Xie XY, Atomi Y, Saito M. Differential diagnosis of small polypoid lesions of the
gallbladder: the value of endoscopic ultrasonography. Ann Surg. 1999;229:498-504.

12. Sugiyama M, Atomi Y, Yamato T. Endoscopic ultrasonography for differential diagnosis of polypoid
gall bladder lesions: analysis in surgical and follow up series. Gut. 2000;46:250-4.

13. Azuma T, Yoshikawa T, Araida T, Takasaki K. Differential diagnosis of polypoid lesions of the
gallbladder by endoscopic ultrasonography. Am J Surg. 2001;181:65-70.

14. Kimura K, Fujita N, Noda Y, Kobayashi G, Ito K. Differential diagnosis of large-sized pedunculated
polypoid lesions of the gallbladder by endoscopic ultrasonography: a prospective study. J
Gastroenterol. 2001;36:619-22.

15. Sadamoto Y, Oda S, Tanaka M, Harada N, Kubo H, Eguchi T, et al. A useful approach to the
differential diagnosis of small polypoid lesions of the gallbladder, utilizing an endoscopic ultrasound
scoring system. Endoscopy. 2002;34:959-65.

1�. Cheon YK, Cho WY, Lee TH, Cho YD, Moon JH, Lee JS, et al. Endoscopic ultrasonography does not
differentiate neoplastic from non-neoplastic small gallbladder polyps. World J Gastroenterol.
2009;15:2361-6.

17. Jang JY, Kim SW, Lee SE, Hwang DW, Kim EJ, Lee JY, et al. Differential diagnostic and staging
accuracies of high resolution ultrasonography, endoscopic ultrasonography, and multidetector
computed tomography for gallbladder polypoid lesions and gallbladder cancer. Ann Surg.
2009;250:943-9.

1�. Cha BH, Hwang JH, Lee SH, Kim JE, Cho JY, Kim H, et al. Pre-operative factors that can predict
neoplastic polypoid lesions of the gallbladder. World J Gastroenterol. 2011;17:2216-22.

19. Choi JH, Seo DW, Choi JH, Park do H, Lee SS, Lee SK, et al. Utility of contrast-enhanced harmonic
EUS in the diagnosis of malignant gallbladder polyps (with videos). Gastrointest Endosc.
2013;78:484-93.



Page 13/17

20. Imazu H, Mori N, Kanazawa K, Chiba M, Toyoizumi H, Torisu Y, et al. Contrast-enhanced harmonic
endoscopic ultrasonography in the differential diagnosis of gallbladder wall thickening. Dig Dis Sci.
2014;59:1909-16.

21. Sugimoto M, Takagi T, Konno N, Suzuki R, Asama H, Hikichi T, et al. The e�cacy of contrast-
enhanced harmonic endoscopic ultrasonography in diagnosing gallbladder cancer. Sci Rep.
2016;6:25848.

22. Kamata K, Takenaka M, Kitano M, Omoto S, Miyata T, Minaga K, et al. Contrast-enhanced harmonic
endoscopic ultrasonography for differential diagnosis of localized gallbladder lesions. Dig Endosc.
2018;30:98-106.

23. Leem G, Chung MJ, Park JY, Bang S, Song SY, Chung JB, et al. Clinical value of contrast-enhanced
harmonic endoscopic ultrasonography in the differential diagnosis of pancreatic and gallbladder
masses. Clin Endosc. 2018;51:80-8.

24. Mitake M, Nakazawa S, Naitoh Y, Kimoto E, Tsukamoto Y, Asai T, et al. Endoscopic ultrasonography
in diagnosis of the extent of gallbladder carcinoma. Gastrointest Endosc. 1990;36:562-6.

25. Fujita N, Noda Y, Kobayashi G, Kimura K, Yago A. Diagnosis of the depth of invasion of gallbladder
carcinoma by EUS. Gastrointest Endosc. 1999;50:659-63.

2�. Kimura K, Fujita N, Noda Y, Kobayashi G, Ito K. Diagnosis of pT2 gallbladder cancer by serial
examinations with endoscopic ultrasound and angiography. J Gastroenterol. 2002;37:200-3.

27. Sadamoto Y, Kubo H, Harada N, Tanaka M, Eguchi T, Nawata H. Preoperative diagnosis and staging
of gallbladder carcinoma by EUS. Gastrointest Endosc. 2003;58:536-41.

2�. Sakamoto K, Takai A, Ueno Y, Inoue H, Ogawa K, Takada Y. Scoring system to predict pt2 in
gallbladder cancer based on carcinoembryonic antigen and tumor diameter. Scand J Surg.
20191;457496919866016. doi:10.1177/1457496919866016.

29. Fujita N, Noda Y, Kobayashi G, Kimura K, Yago A, Mochizuki F. Analysis of the layer structure of the
gallbladder wall delineated by endoscopic ultrasound using the pinning method. Dig Endosc.
1995;7:353-6.

30. Watanabe Y, Goto H, Naitoh Y, Hirooka Y, Itoh A, Taki T, et al. Usefulness of intraductal
ultrasonography in gallbladder disease. J Ultrasound Med. 1998;17:33-9.

Figures



Page 14/17

Figure 1

De�nitions of EUS �ndings. a, The form of a homogeneous tumor was protruded. No change was
observed in the LHEL. b, The form of a heterogeneous tumor was wide. The LHEL became thick (arrows).
c, The form of a heterogeneous tumor was wide. The LHEL became narrow (arrows). LHEL, lateral
hyperechoic layer.
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Figure 2

a, Comparison of the diagnosability of GBMTs with ss invasion by EUS imaging. An irregular LHEL
showed the highest sensitivity and accuracy for diagnosing ss invasion among the four EUS imaging
parameters (sensitivity: wide shape 85.3% (29/34) vs irregular LHEL 97.1% (33/34) vs thickened LHEL
52.9% (18/34) vs narrow LHEL 82.4% (28/34), P < 0.01; accuracy: wide shape 75.5% (37/49) vs irregular
LHEL 93.9% (46/49) vs thickened LHEL 67.3% (33/49) vs narrow LHEL 83.7% (41/49), P < 0.01). A
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thickened LHEL showed the highest speci�city for diagnosing ss invasion among the four EUS imaging
parameters (wide shape 53.3% (8/15) vs irregular LHEL 86.7% (13/15) vs thickened LHEL 100% (15/15)
vs narrow LHEL 86.7% (13/15), P < 0.01). However, a thickened LHEL was less accurate than an irregular
LHEL for diagnosing ss invasion. b, Diagnosability of GBMTs with ss invasion (limited only to the ss) on
EUS. An irregular LHEL showed the highest sensitivity and accuracy for diagnosing ss invasion among
the four EUS imaging parameters (sensitivity: wide shape 84.2% (16/19) vs irregular LHEL 94.7% (18/19)
vs thickened LHEL 42.1% (8/19) vs narrow LHEL 78.9% (15/19), P < 0.01; accuracy: form of the tumor
70.6% (24/34) vs irregular LHEL 91.2% (31/34) vs thickened LHEL 67.6% (23/34) vs narrow LHEL 82.4%
(28/34), P = 0.06). GBMT, gallbladder malignant tumor, subserosa; EUS, endoscopic ultrasonography;
LHEL, lateral hyperechoic layer. * p<0.05, ** p<0.01.

Figure 3

Histological �ndings of GBMTs with ss invasion. a, A GBMT was observed by EUS. The LHEL was
thickened (arrows). b, Histological image of the specimen. The ss seemed edematous and was thickened
(bar). c, Slight ss invasion was observed (arrowhead). Tumor invasion at the mp can be observed at both
ends, with the tumor dividing the mp (arrows). d, A thickened LHEL was also observed in this specimen. e,
The ss became thickened, as shown in Figure 4B (bar). A GBMT with ss invasion was observed
(arrowhead). f, The GBMT invaded the ss across the mp (arrowheads: ss invasion, arrows: mp). ss,
subserosa; GBMT, gallbladder malignant tumor; EUS, endoscopic ultrasonography; LHEL, lateral
hyperechoic layer; mp, muscularis propria.
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Figure 4

Comparison of the diagnosability of GBMTs with ss invasion between pancreaticobiliary EUS specialists
and beginners. An irregular (thickened or narrow) LHEL was used to assess the diagnosability of GBMTs
with ss invasion by three pancreaticobiliary EUS beginners (endoscopists A, B, and C) and specialists.
The diagnosability of GBMTs with ss invasion was not signi�cantly different between the specialists and
beginners (specialists 93.9% vs beginners (Endoscopist A 83.7%, Endoscopist B 83.7%, and Endoscopist
C 75.5%)). GBMT, gallbladder malignant tumor; ss, subserosa; EUS, endoscopic ultrasonography; LHEL,
lateral hyperechoic layer.


