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Abstract
AIM: To investigate the diagnostic accuracy of endo-
scopic ultrasonography (EUS) for rectal neuroendocrine 
neoplasms (NENs) and the differential diagnosis of rec-
tal NENs from other subepithelial lesions (SELs).

METHODS: The study group consisted of 36 consecu-
tive patients with rectal NENs histopathologically diag-
nosed using biopsy and/or resected specimens. The 
control group consisted of 31 patients with homoch-
ronous rectal non-NEN SELs confirmed by pathology. 
Epithelial lesions such as cancer and adenoma were ex-
cluded from this study. One EUS expert blinded to the 
histological results reviewed the ultrasonic images. The 
size, original layer, echoic intensity and homogeneity 
of the lesions and the perifocal structures were inves-
tigated. The single EUS diagnosis recorded by the EUS 
expert was compared with the histological results. 

RESULTS: All NENs were located at the rectum 2-10 

cm from the anus and appeared as nodular (n  = 12), 
round (n  = 19) or egg-shaped (n  = 5) lesions with 
a hypoechoic (n  = 7) or intermediate (n  = 29) echo 
pattern and a distinct border. Tumors ranged in size 
from 2.3 to 13.7 mm, with an average size of 6.8 mm. 
Homogeneous echogenicity was seen in all tumors ex-
cept three. Apart from three patients (stage T2 in two 
and stage T3 in one), the tumors were located in the 
second and/or third wall layer without involvement of 
the fourth and fifth layers. In the patients with stage 
T1 disease, the tumors were located in the second wall 
layer only in seven cases, the third wall layer only in 
two cases, and both the second and third wall layers in 
27 cases. Approximately 94.4% (34/36) of rectal NENs 
were diagnosed correctly by EUS, and 74.2% (23/31) 
of other rectal SELs were classified correctly as non-
NENs. Eight cases of other SELs were misdiagnosed as 
NENs, including two cases of inflammatory lesions and 
one case each of gastrointestinal tumor, endometriosis, 
metastatic tumor, lymphoma, neurilemmoma, and hem-
angioma. The positive predictive value of EUS for rectal 
NENs was 80.9% (34/42), the negative predictive value 
was 92.0% (23/25), and the diagnostic accuracy was 
85.1%.

CONCLUSION: EUS has satisfactory diagnostic ac-
curacy for rectal NENs with good sensitivity, but unfa-
vorable specificity, making the differential diagnosis of 
NENs from other SELs challenging. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Distinguishing other subepithelial lesions 
(SELs) from neuroendocrine neoplasms (NENs) is im-
portant for appropriate clinical management of the 
disease. In this study, the typical endoscopic ultra-
sonographic (EUS) characteristics of rectal NENs are 
round or nodular homogeneous medium-echoic lesions 
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located in both the second and third wall layers clearly 
demarcated from the surrounding tissue. Approximately 
94.4% of rectal NENs were correctly diagnosed by EUS, 
but 25.8% of other rectal SELs were misdiagnosed 
as NENs. EUS has satisfactory diagnostic accuracy for 
rectal NEN with good sensitivity, but unfavorable speci-
ficity, making the differential diagnosis of NENs from 
other SELs challenging.
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INTRODUCTION
In the first decade of  this century, there was an increased 
incidence of  digestive neuroendocrine neoplasms 
(NENs), perhaps due to the extensive application of  
endoscopic procedures and imaging investigations[1-4]. Ac-
cording to the European Neuroendocrine Tumor Society 
(ENETS) 2011 consensus guidelines for the management 
of  patients with digestive NEN, NENs were defined 
to embrace the whole family of  low-, intermediate- and 
high-grade tumors. Neuroendocrine tumors (NETs) 
represent low- to intermediate-grade neoplasms, which 
were previously defined as either “carcinoid” or “atypical 
carcinoid”; neuroendocrine carcinoma (NEC) represents 
only high-grade neoplasms, previously defined as poorly 
differentiated carcinomas[5].

The rectum is one of  the most frequent sites of  di-
gestive NENs. Rectal NENs have rapidly increased in 
incidence, with more than a 10-fold rise in the last 30 
years[6]. The treatment of  rectal NENs depends on the 
tumor size and depth[6]. Recent consensus guidelines on 
the management of  rectal NENs suggest that small tu-
mors (< 1-2 cm) confined to the mucosa or submucosa 
can be managed by endoscopic resection due to their low 
risk of  metastatic spread[7,8]. Endoscopic ultrasonography 
(EUS) was found to be useful for measuring the size and 
depth of  rectal NENs, which is essential for determining 
appropriate treatment[9-12]. In addition, the preoperative 
diagnosis of  rectal NENs may be more important due to 
its malignant potential. 

Although the majority of  rectal subepithelial lesions 
(SELs) are NENs, a wide spectrum of  other tumors, such 
as gastric small gastrointestinal tumor (GIST), lymphan-
gioma, lymphoma, and metastatic tumor, and non-tumor 
conditions including endometriosis, duplication cyst, and 
inflammatory lesions, may arise in the rectum and the 
perirectal region[13]. These lesions can produce symptoms 
similar to those caused by NENs, such as diarrhea, he-
matochezia, or change in bowel habits. Distinguishing 
these SELs from NENs is of  crucial importance for ap-
propriate clinical management. However, the sonographic 

features of  rectal NENs and other SELs require further 
research[14] and the diagnostic value of  EUS has not been 
well established due to the rareness of  these diseases. 
Thus, we explored the diagnostic accuracy of  EUS for 
rectal NENs and the sonographic distinction between 
NENs and other SELs.

MATERIALS AND METHODS
Patients 
The study group consisted of  36 consecutive patients 
with rectal NENs who underwent preoperative EUS 
examination at the First Affiliated Hospital, Zhejiang 
University School of  Medicine, China, from January 2007 
to December 2013. The NEN group was composed of  
21 males and 15 females, aged from 32 to 77 years, with 
a mean age of  53.6 years. Prior to EUS, all tumors had 
been detected by colonoscopy. Thirteen patients under-
went colonoscopy due to focal symptoms, such as diar-
rhea, constipation and mucosanguineous feces, while the 
remaining patients without relative clinical manifestations 
underwent colonoscopy for other reasons. All patients 
with rectal NENs did not have carcinoid syndrome. With 
the exception of  one patient who had hepatic metastasis, 
all patients underwent either surgery (9 cases), endoscopic 
mucosal resection (EMR, 8 cases) or endoscopic submu-
cosal dissection (ESD, 18 cases). The diagnosis of  rectal 
NENs in all patients was histopathologically established 
using biopsy and/or resected specimens. Grading was 
available in 35 (97.2%) cases, and G1 tumors accounted 
for 88.9% (n = 32), G2 8.3% (n = 3), and G3 2.8% (n = 
1) according to the World Health Organization (WHO) 
classification. 

The control group consisted of  31 homochronous 
patients with rectal non-NEN SELs confirmed by pathol-
ogy. Epithelial lesions such as cancer and adenoma were 
excluded from this study. The 31 rectal non-NEN SELs 
included GISTs in 6 cases, endometriosis in 6 cases, in-
flammatory lesions in 5 cases, metastatic tumor in 4 cases, 
lymphangioma in 2 cases, lymphoma in 2 cases, leiomy-
oma in 1 case, neurilemmoma in 1 case, hemangioma in 
1 case, hamartoma in 1 case, cystic rectal duplication in 1 
case and tailgut epidermoid cyst in 1 case.

Instruments 
The EUS system included Olympus EU-M2000 and EU-
ME 1 sonogram processing equipment, an Olympus CF-
Q260AI electronic colonoscope, Olympus MAJ drive 
systems with a high-frequency echo probe, UM-DP12-
25R miniature ultrasonic probes with a frequency of  12 
MHz, and a Daker WP-800 water pump (Olympus Medi-
cal System Corp., Tokyo Japan). 

Methods 
After rectal SELs were detected by colonoscopy, EUS 
was performed using the degassing and water filling 
method to obtain sonographic images. Five well-trained 
endoscopists performed the EUS examinations. To ex-
clude interobserver bias due to differences in EUS expe-
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rience between the endoscopists, one EUS expert blinded 
to the histological results reviewed the ultrasonic images 
of  all rectal SELs collected from the database. The size, 
original layer, echoic intensity and homogeneity of  the le-
sions and the perifocal structures were investigated. The 
diagnostic standard for rectal NENs by EUS was defined 
as round or egg-shaped lesions with a hypoechoic or in-
termediate homogeneous echo pattern, well demarcated 
and mainly located in the second and/or third wall layer 
(mucosa and/or submucosa)[11]. A single EUS diagnosis 
was recorded by the EUS expert. 

Statistical analysis
Patient demographics and characteristics of  rectal NENs 
in EUS were analyzed. Summary statistics including mean 
size and depth as well as accuracy were determined for 
the lesions. The diagnostic accuracy of  EUS was deter-
mined by comparing the endoscopist’s impression on the 
electronic procedure report with histologic findings. Sta-
tistical indices to evaluate the efficiency of  the diagnostic 
test were calculated.

RESULTS
Endoscopic studies
All NENs were located at the rectum 2-10 cm from the 
anus and presented as SELs. The NENs were seen as 
hemispherical bulges (Figure 1A, B) in 23, hummocky 
(Figure 1C) in 10 and flat-shaped bulges (Figure 1D) in 
3 patients. Eleven tumors were yellowish (Figure 1A, B) 

and the others were similar in color to the surrounding 
mucosa. The mucosa covering the tumors was erosive 
(Figure 1C) in 5 cases and intact in the others. The sur-
face of  the tumors was reddish (Figure 1A) in 3 cases 
and had the appearance of  a pyknic vascular net (Figure 
1B) in 7. Prior to EUS, a definite diagnosis of  NENs had 
been established by routine endoscopic biopsy in only 4 
cases. 

Endoscopic ultrasonography 
Rectal NENs appeared as nodular (n = 12), round (n = 
19) or egg-shaped (n = 5) lesions with a hypoechoic (n = 
7) or intermediate (n = 29) echo pattern with a distinct 
border (Figure 2). Tumors ranged in size from 2.3 to 
13.7 mm, with an average size of  6.8 mm. Homogeneous 
echogenicity was seen in all tumors except 3. Apart from 
3 patients (2 stage T2 and 1 stage T3), the tumors were 
located in the second and/or third wall layer without 
involvement of  the fourth and fifth layers. Among the 
patients with stage T1, the tumors were located in the sec-
ond wall layer only (Figure 2A) in 7, the third wall layer 
only (Figure 2B, C) in 2, and both the second and third 
wall layers in 27 (Figure 2D). 

Diagnostic results by EUS
The diagnostic results by EUS and pathology in 67 cases 
of  rectal SELs are shown in Table 1. Approximately 
94.4% (34/36) of  rectal NENs were diagnosed correctly 
by EUS, and the remaining two NENs were misdiagnosed 
as GIST (Figure 2B, hypoechoic within the third layer) 
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Figure 1  Endoscopic characteristics of rectal neuroendocrine neoplasms. A: A yellowish hemispherical bulge overlaying intact mucosa; B: The appearance of a 
pyknic vascular net on the surface of a hemispherical bulge; C: A hummocky bulge with erosion on the surface; D: A flat-shaped neuroendocrine neoplasm.
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neous tumors that have malignant potential, and are most 
commonly found in the gastrointestinal tract. The rectum 
is the third most common location for gastrointestinal 
NENs[15]. Rectal NENs, often detected incidentally dur-
ing colonoscopy, are typically small, localized, non-func-
tioning tumors which are rarely metastatic[16,17] and can be 
treated by minimally invasive endoscopic resection when 
limited to the superficial layers of  the bowel wall[18]. The 
preoperative diagnosis of  rectal NENs may be challeng-
ing due to the absence of  specific clinical manifestations 
and biochemical indicators. Although gastrointestinal 
NENs are epithelial tumors arising from the mucosa, 
they penetrate the muscularis mucosa and invade the sub-
mucosa at an early stage[19], where they go on to grow and 
proliferate in the submucosal layer. Thus, gastrointestinal 
NENs macroscopically resemble submucosal tumors[19] 
and there is little opportunity to make a conclusive patho-
logic diagnosis by endoscopic biopsy. 

EUS has been reported to be an effective modality 
for assessing gastrointestinal tumors and allowing evalu-
ation of  the original layer of  the submucosal tumor, the 
homogeneity of  the internal parenchymal echo, and the 
echogenicity of  the lesions[20]. In 1993, Yoshikane et al[10] 
reported that the internal echo of  gastrointestinal car-
cinoid tumors (5 gastric, 7 duodenal and 17 rectal) was 
generally hypoechoic and homogeneous, the margins 
were clearly visualized and the contour was smooth. The 
tumors were mainly located in the third layer. The second 
layer covered the tumor with the third layer at its base, 

and lipoma (Figure 2C, intermediate echo within the third 
layer), respectively. Twenty-three (74.2%) of  31 other 
rectal SELs were classified correctly as non-NENs. Eight 
cases of  other SELs were misdiagnosed as NEN, includ-
ing two cases of  inflammatory lesions and one case each 
of  GIST, endometriosis, metastatic tumor, lymphoma, 
neurilemmoma, and hemangioma (Figure 3). Their EUS 
characteristics are summarized in Table 2. As shown in 
Table 1, the positive predictive value of  EUS for rectal 
NENs was 80.9% (34/42), the negative predictive value 
was 92.0% (23/25), the positive likelihood ratio was 
3.6606, negative likelihood ratio was 0.0749, the diagnos-
tic accuracy was 85.1%, and the Youden index was 0.686. 
The prevalence rate of  NENs in rectal SELs was 53.7%. 

DISCUSSION
NENs are morphologically and biologically heteroge-
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Figure 2  Endoscopic ultrasonography findings of rectal neuroendocrine neoplasms. A: An egg-shaped lesion within the mucosa with an intermediate echo pat-
tern and distinct border; B: A homogenous hypoechoic lesion with a distinct border within the submucosa; C: A round medium-echo lesion with a distinct border within 
the submucosa; D: A nodular neuroendocrine neoplasm located in both the mucosa and submucosa.

Table 1  Endoscopic ultrasonography diagnosis and pathologic 
results in 67 cases of subepithelial lesions

EUS diagnosis Pathologic diagnosis Total

NEN Non-NEN

NEN 34   8 42
Non-NEN   2 23 25
Total 36 31 67

EUS: Endoscopic ultrasonography; NEN: Neuroendocrine neoplasm.
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Figure 3  Endoscopic ultrasonography characteristics of 8 rectal non-neuroendocrine neoplasm subepithelial lesions misdiagnosed as neuroendocrine 
neoplasms. A: GIST confirmed by pathology after endoscopic submucosal dissection (ESD) presents as a round homogenous hypoechoic lesion within the submu-
cosa; B: Rectal endometriosis identified by endoscopic biopsy shows a hypoechoic lesion with full-thickness infiltration, and irregular and undefined margins, extend-
ing outside the rectal wall; C: A nodule with fibrosis and degeneration shown as a heterogeneous hyperechoic nodule within the submucosa with a blurry border on EUS; 
D: EUS characteristics of an inflammatory lesion identified by pathology from excisional specimen; E: A metastatic tumor secondary to porta carcinoma of the bile duct 
mimicking NEN with local infiltration of the rectal wall; F: Rectal lymphoma shown as a heterogeneous hypoechoic lesion infiltrating the 2nd-3rd-4th wall layers; G: Rectal 
neurilemmoma shown as a heterogeneous intermediate lesion with an irregular anechoic area representing necrosis; H: Rectal hemangioma shown as an SEL with 
honeycomb echo denoting sinusoidal blood. EUS: Endoscopic ultrasonography; SEL: Subepithelial lesion; NEN: Neuroendocrine neoplasm; GIST: Gastric small gas-
trointestinal tumor.
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and it abutted the tumor and became indistinct near its 
upper interface. However, the advent of  high frequency 
devices (12 and 20 MHz) has provided better resolution, 
enabling detailed imaging of  the interior of  even small 
lesions. In 2005, Kobayashi et al[19] performed EUS in 53 
cases of  rectal carcinoid tumors, and distinct images were 
obtained in 52 (98%) lesions. Forty-seven (90%) of  52 
lesions successfully imaged by EUS had a homogenous, 
isoechoic-to-hypoechoic internal echo. The tumors were 
clearly demarcated from the surrounding tissue. In fact, 
the echogenicity of  isoechoic lesions, close to the echo of  
the second layer, had a medium echo level between the 
third layer (hyperechoic) and fourth layer (hypoechoic). In 
our study, 80.6% (29/36) of  rectal NENs appeared medi-
um-echoic and only 19.4% (7/36) appeared hypoechoic; 
75% (27/36) of  tumors were located in both the second 
and third wall layers without involvement of  the fourth 
layer. Thus, we believe that the typical EUS characteris-
tics of  rectal NENs are round or nodular homogeneous 
medium-echoic lesions located in both the second and 
third wall layers clearly demarcated from the surrounding 
tissue.

Epithelial lesions, such as rectal cancer and adenoma, 
were excluded from this study as they have a different en-
doscopic appearance from NENs and a high rate of  defi-
nite diagnosis by routine biopsy. Rectal SELs are rare and 
difficult to distinguish from each other by colonoscopy. 
EUS is useful in the diagnosis of  SELs of  the large intes-
tine as it provides precise information on these lesions[21]. 
In our study, 94.4% of  rectal NENs were correctly diag-
nosed by EUS with a negative predictive value of  92.0%. 
Thus, we believe that EUS is a very sensitive diagnostic 
method for rectal NENs. Both of  the misdiagnosed cases 
of  NENs had the same original layer (submucosa alone) 
and quasi-echogenicity with GIST or lipoma. In contrast 
to the good diagnostic sensitivity and negative predictive 
value of  EUS, the specificity (74.2%) was lower, with an 
unfavorable positive predictive value of  80.9%. Eight 
(25.8%) of  31 other rectal SELs were misdiagnosed as 
NENs. Non-NEN SELs in this study included GISTs, 
enteric endometriosis, inflammatory lesions, metastatic 
tumors, lymphangiomas, lymphomas, leiomyoma, neuri-
lemmoma, hemangioma, hamartoma, cystic rectal dupli-
cation and tailgut epidermoid cyst. The echogenicity of  

these non-NEN SELs may be confused with NENs, with 
the exception of  lymphangioma and tailgut epidermoid 
cyst. Therefore, the differential diagnosis of  rectal NENs 
from other SELs by EUS is challenging.

The most common site of  extragenital endometriosis 
is the wall of  the sigmoid colon and rectum. On EUS ex-
amination, the endometriotic implants were reported as 
hypoechoic lesions, with irregular and undefined margins, 
infiltrating the muscularis propria and the serosa, but not 
the mucosa/submucosa of  the rectal wall, and extending 
outside the rectal wall[22,23]. In our study, 5/6 cases of  en-
teric endometriosis infiltrated the muscularis propria and 
the serosa, but spared the mucosa and submucosa of  the 
rectal wall, while the other was erroneously identified as 
NEN due to full-thickness infiltration.

Metastases to the rectal wall are rare and often present 
as rectal linitis plastica secondary to gastric, bladder and 
prostate carcinomas[24,25]. In this series, 3/4 cases of  me-
tastases to the rectal wall presented as rectal linitis plas-
tica, but one case presented as a SEL mimicking NEN 
with local infiltration in the rectal wall. Lymphoma of  the 
rectum shows mostly, elevated lesions, such as polyps or 
subepithelial tumors[26]. In the two cases of  lymphoma 
in this series, EUS detected a homogenous hypoechoic 
lesion confined to the mucosal layer of  the rectal wall in 
one and a heterogeneous hypoechoic lesion infiltrating 
the 2nd-3rd-4th layers in another which was misdiagnosed 
as NEN.

Although most GISTs originate from the fourth layer 
of  the rectal wall, a few GISTs originate from the third 
layer, whose differential diagnosis with NENs may be 
difficult by EUS. Inflammatory nodules confined to the 
third layer may also be misdiagnosed as NENs. Neuri-
lemmoma and hemangioma in the rectum are rare and 
their EUS characteristics are undefined. In our series, 
an irregular anechoic area representing necrosis and a 
honeycomb echo denoting sinusoidal blood may be their 
respective typical EUS findings.

In summary, the EUS characteristics of  rectal NENs 
are round or nodular homogeneous medium-echoic le-
sions located in both the second and third wall layer 
clearly demarcated from the surrounding tissue. EUS has 
satisfactory diagnostic accuracy for rectal NENs with 
good sensitivity, but unfavorable specificity, making the 
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Table 2  Endoscopic ultrasonography manifestations of 8 rectal subepithelial lesions misdiagnosed as neuroendocrine neoplasms

Case Pathology result EUS features

Layer Size (mm) Shape Border Echogenicity Homogeneity

1 Stromal tumor 3rd   8 Round Distinct Hypoechoic Homogenous
2 Endometriosis Full-thickness 35 Irregular Blurry Hypoechoic Heterogeneous
3 Inflammatory node 3rd   5 Nodous Blurry Hyperecho Heterogeneous
4 Inflammatory lesion 3rd 20 Spindle Blurry Hyperecho Heterogeneous
5 Metastatic carcinoma 3rd-4th-5th 12 Round Blurry Hypoechoic Heterogeneous
6 Lymphoma 2nd-3rd-4th   6 Spindle Blurry hypoechoic Heterogeneous
7 Neurilemmoma 2nd-3rd-4th 34 Round Distinct Intermediate Heterogeneous
8 Hemangioma 3rd   9 Oval Distinct Hyperecho Honeycomb

EUS: Endoscopic ultrasonography.
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differential diagnosis of  NENs from other SELs chal-
lenging.

COMMENTS
Background
There has been a worldwide increase in the incidence of digestive neuroendo-
crine neoplasms (NENs). NENs may be low- to intermediate-grade neoplasms, 
or high-grade neoplasms. The rectum is one of the most frequent sites of 
digestive NENs. The treatment of rectal NENs depends on the tumor size and 
depth. Small tumors (< 1-2 cm) confined to the mucosa or submucosa can be 
managed by endoscopic resection due to their low risk of metastatic spread. 
Endoscopic ultrasonography (EUS) is useful for measuring the size and depth 
of rectal NENs, which is essential for appropriate treatment choice. 
Research frontiers
The preoperative diagnosis of rectal NENs is important due to its malignant 
potential. Although the majority of rectal subepithelial lesions (SELs) are NENs, 
a wide spectrum of other tumors and non-tumor conditions including endome-
triosis, duplication cyst, and inflammatory lesions, may occur in the rectum. 
These lesions can cause symptoms similar to those caused by NENs, such as 
diarrhea, hematochezia, or change in bowel habits. Distinguishing these SELs 
from NENs is of crucial importance for appropriate clinical management. 
Innovations and breakthroughs
This study showed that the typical EUS characteristics of rectal NENs were 
round or nodular homogeneous medium-echoic lesions located in both the 
second and third wall layers clearly demarcated from the surrounding tissue. Ap-
proximately 94.4% of rectal NENs were diagnosed correctly by EUS and 74.2% 
(23/31) of other rectal SELs were classified correctly as non-NENs. The SELs 
misdiagnosed as NENs included inflammatory lesions, gastric small gastroin-
testinal tumors, endometriosis, metastatic tumor, lymphoma, neurilemmoma, 
and hemangioma. The positive predictive value of EUS for rectal NENs was 
80.9%, the negative predictive value was 92.0%, the positive likelihood ratio 
was 3.6606, negative likelihood ratio was 0.0749, the diagnostic accuracy was 
85.1%, and the Youden index was 0.686. The prevalence rate of NENs in rectal 
SELs was 53.7%. 
Applications
EUS has satisfactory diagnostic accuracy for rectal NENs with good sensitivity, 
but unfavorable specificity, making the differential diagnosis of NEN from other 
SELs challenging.
Terminology
EUS is an effective imaging modality for assessing gastrointestinal lesions and 
allowing evaluation of the original layer of submucosal lesions, the homogeneity 
of the internal parenchymal echo, and the echogenicity of the lesions. Rectal 
NENs originate from neuroendocrine cells, which have limited invasion and 
infiltration in the deep rectal crypt. Compared with other tumors, the rate of lym-
phatic and hematogenous metastases was low.
Peer review
It is an interesting topic. Controlled clinical trials with larger sample sizes and 
longer follow-up periods are necessary to evaluate the technique.
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