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Abstract:    Objective: The diagnoses of patients with duodenal protruding lesions are difficult when using conventional ex-
aminations such as computed tomography (CT) and conventional endoscope etc. Thus, we investigated the clinical value of 
endoscopic ultrasonography (EUS) with miniature ultrasonic probes on the diagnosis and treatment of duodenal protruding lesions. 
Methods: Patients with duodenal protruding lesions who were indicated for EUS were examined by EUS with 12~15 MHz 
miniature ultrasonic probes and double-cavity electronic endoscope. According to diagnosis of EUS, those patients were indicated 
for biopsy and treatment received biopsy, endoscopic resection or surgical excision. The postoperative histological results were 
compared with the preoperative diagnosis of EUS. Those patients without endoscopic resection or surgical excision were peri-
odically followed up with EUS. Results: A total of 169 patients with duodenal protruding lesions were examined by EUS, of which 
40 were diagnosed with cysts, 36 with inflammatory protruding or polyp, 25 with Brunner’s gland adenoma, 19 with ectopic 
pancreas, 17 with gastrointestinal stromal tumor, 12 with extrinsic compression, 12 with minor papilla, 6 with lipoma, 1 with 
adenocarcinoma and 1 with lymphoma. After EUS examinations, 75 patients received biopsy, endoscopic resection or surgical 
excision respectively. The postoperative histological results of 70 patients were completely consistent with the preoperative 
diagnosis of EUS, with 93.33% diagnostic accuracy. The results of follow-up with EUS indicated that duodenal cyst, Brunner’s 
gland adenoma, ectopic pancreas, gastrointestinal stromal tumor and lipoma remained unchanged within 1~3 years. No related 
complications occurred among all patients that received EUS examinations. Conclusion: EUS is an effective and reliable diag-
nostic method for duodenal protruding lesions. 
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INTRODUCTION 
 

Endoscopic ultrasonography (EUS) has the 
function of both endoscope and ultrasound, which 
cannot only show the surface of gastrointestinal mu-
cosa, but also the structure of the gastrointestinal wall 
and the relationship with adjacent organs. The appli-
cation of EUS has greatly improved the diagnosis of 
gastrointestinal diseases (Pfau and Chak, 2002; 
Menzel and Domschke, 2000; Xu et al., 2004; Rösch, 
2003). It is difficult to diagnose and treat duodenal 

diseases because of Duodenum’s complex and spe-
cific surroundings. We performed EUS with minia-
ture probes on patients who were diagnosed with 
duodenal protruding lesions by conventional endo-
scopy and other methods, and evaluated the values of 
EUS for the diagnosis and treatment of duodenal 
protruding lesions. 

 
 

MATERIALS AND METHODS 
 
Patients  

A total of 169 patients, 108 males and 61 females 
with a median age of 54 years (range 21~78 years), 
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who had been diagnosed with duodenal protruding 
lesions through Barium meal, conventional endoscope 
or computed tomography (CT) examinations and pre-
sented EUS indication, underwent EUS during the 
period from 2000 to 2006 in the First Affiliated Hos-
pital, School of Medicine, Zhejiang University, China.  

 
Instruments  

Instruments of EUS include Olympus 
GIF-2T-240 double-cavity electronic gastroscope, 
Olympus MAJ drive systems of high-frequency 
echoprobe, UM-DP12-25R miniature ultrasonic 
probes with frequency spectrum of 12~15 MHz and 
Daker WP-800 water pump (Olympus Medical Sys-
tem Corp. Japan). 

 
Methods 

The preparations for EUS examination were the 
same as those of conventional gastroscope. Part of 
patients received intramuscular injection of Atropine 
or East Anisodamine to reduce the creeping and 
spasm of bowels if necessary. According to the in-
formation of the location and size of the lesion ob-
tained by the conventional endoscopy examination, 
different frequencies ultrasonic microprobes and 
examination methods (water-soaking method or wa-
ter-pour-in method) were used. Patients who pre-
sented with the indications underwent endoscopic 
biopsy, centesis, resection or surgical excision. 
Postoperative histopathologic results were compared 
with the preoperative diagnoses of EUS. Others were 
periodically followed up with conventional endo-
scope or EUS. The tolerance to EUS and complica-
tions related to the examination in all these patients 
were investigated as well. 

 
 
 
 
 
 
 
 
 
 
 
 
 

RESULTS  
 

Both the 5-layer structures of duodenal wall and 
parts of adjacent organs such as the cholecyst, com-
mon bile duct, pancreas and liver of all patients were 
observed through EUS with 12~15 MHz miniature 
ultrasonic probes. The EUS diagnoses and size of 
lesions of all 169 patients and histopathologic diag-
noses of 75 patients from endoscopic biopsy, centesis, 
resection or surgical excision were listed in Table 1. 
The location and origin of lesions in the duodenal 
wall of 145 patients were listed in Table 2. According 
to results of the EUS, 7 of 12 cases of extrinsic com-
pression were from the cholecyst and 5 from the 
pancreas, 12 cases with minor papilla lying in the 
descending portion. Tissue samples of 75 cases from 
endoscopic biopsy, centesis, resection or surgical 
excision were diagnosed by histopathology, with 70 
cases proved to be identical to echo endoscopic di-
agnosis. Diagnosis accuracy of EUS was 93.33%. 
Five cases of misdiagnosis included 1 case of stromal 
tumor and 1 Brunner’s gland adenoma, which were 
misdiagnosed as inflammatory polyp, 1 inflammatory 
protruding as ectopic pancreas, 1 ectopic pancreas as 
stromal tumor, and 1 adenocarcinoma as malignant 
stromal tumor. There were still 77 cases with sub-
mucosa lesions that did not undergo endoscopic ther-
apy or surgery, except cases with duodenal minor 
papilla and extrinsic compression, with most of the 
lesions less than 1 cm in diameter. Sixty cases were 
followed up by electronic endoscope or EUS for 5 to 
36 months, and the results indicated that cyst, Brun-
ner’s gland adenoma, ectopic pancreas, stromal tumor 
and lipoma were unchanged within the period of 
follow-up. All the patients tolerated EUS procedures,  
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1  EUS diagnoses and sizes of duodenal protruding lesions (n=169) and histological results (n=75) 

EUS diagnosis Number of 
 patients 

Sizes of lesions 
(cm) 

Number of tissue sam-
ples (biopsy/surgeon) 

Number with EUS 
diagnostic consistency

Cyst 40 0.25~1.56 8 (8/0) 8 
Inflammatory protruding or polyp 36 0.30~2.00 36 (34/2) 34 
Brunner’s adenoma 25 0.35~2.15 12 (10/2) 12 
Ectopic pancreas 19 0.70~2.57 6 (3/3) 5 
Stromal tumor 17 0.60~3.30 6 (2/4) 5 
Extrinsic compression 12  3 (0/3) 3 
Minor papilla 12    
Lipoma 6 0.74~1.60 2 (2/0) 2 
Adenocarcinoma 1 3.50 1 (0/1)  
Lymphoma 1  1 (1/0) 1 
Total 169  75 (60/15) 70 (93.33%) 
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without showing serious complications such as 
bleeding, perforation or cardiopulmonary accident 
etc., and no complications occurred to those under-
going endoscopic therapy, either.  

 
 

DISCUSSION AND CONCLUSION 
 

EUS has been reported to be the best examina-
tion method for gastrointestinal submucosal lesions, 
and it cannot only confirm if the lesion is a true 
submucosal one, but also ascertain accurately its size, 
location, origin and nature (Rösch et al., 2002; Bus-
carini et al., 1999; Saftoiu et al., 2003). In the present 
study, the 169 patients can be classified into two 
groups: submucosal and pseudo-submucosal lesions. 
The former group consisted of cyst, Brunner’s gland 
adenoma, ectopic pancreas, stromal tumor and lipoma, 
while the latter consisted of inflammatory swelling, 
polyp and extrinsic compression. Submucosal lesions 
were mostly single, and likely to lie in the duodenal 
bulb. Most of them appeared to be protrusions with 
smooth surface and normal color under electronic 
endoscope, which were difficult to be distinguished 
from each other, but the protrusions were seen quite 
differently under EUS (Wiech et al., 2005; Brand et 
al., 2002; Ponsaing et al., 2007). The cysts showed 
round and anechoic masses with a clear margin and 
enhancement behind. The lesions often originated 
from submucosa, and could be deformed by com-
pression (Fig.1a). Brunner’s gland adenomas dis-
played round or orbicular-ovate, homogeneous and 
middle-hyperechoic masses with a clear margin. 
Some might have tubular structure inside, and most of 
them originated from submucosa (Fig.1b). Ectopic 

 
 
 
 
 
 
 
 
 
 
 
 
 

pancreases were observed as non-homogeneous 
middle-hypoechoic and pathy masses with an unclear 
margin and tubular structure inside. Most of them 
originated from submucosa and muscular layer, and 
might have an opening on surface (Fig.1c). Most of 
stromal tumors presented hypoechoic and homoge-
neous masses with a clear margin. There would be 
non-homogeneous echoes, liquefied and destroyed 
surroundings if the lesions were large or inclined to be 
malignant (Fig.1d). Lipomas presented homogeneous 
and hyperechoic masses with a clear margin and echo 
decline phenomenon behind, and most of them 
originated from submucosa (Fig.1e). On basis of 
ultrasound imaging features above, it is suggested that 
EUS is of value in identifying the size, location, 
number, origin and nature of most submucosal lesions, 
and more capable than Barium meal, CT or conven-
tional endoscope for the diagnosis of submucosal 
lesions of the duodenum (Ponsaing et al., 2007; 
Gourtsoyiannis et al., 2001; Lau et al., 2004). 

In the present study, the duodenal bulb was the 
predominate site for pseudo-submucosal lesions as 
for the real submucosal lesions. Most of polyps and 
inflammatory lesions could be identified by conven-
tional endoscope, while some with color and structure 
similar to surrounding mucosa and an unclear margin 
were hardly detected. The latter could be distin-
guished by EUS, which presented non-homogeneous 
and middle-hypoechoic masses without an envelope, 
and a majority of them originated from epithelium or 
mucosa with a normal series of submucosa, muscu-
laris propria and adventitia (Fig.1f). On basis of the 
echoic characteristics, we could easily distinguish 
pseudo-submucosal lesions from real ones by EUS. 
According to previous studies (Pfau and Chak, 2002; 

Table 2  Locations and origins of duodenal lesions (n=145) 

Diseases  Bulb Junction of bulb 
and descending

Descending 
portion Mucosa Submucosa Muscularis 

mucosa 
Cyst (n=40) 21 7 12  40  
Inflammatory protruding or  

polyp (n=36) 
27 
 

6 
 

3 
 

36 
   

Brunner’s adenoma (n=25) 14 5 6 2 23  
Ectopic pancreas (n=19) 12 4 3 1 14 4 
Stromal tumor (n=17) 10 2 5 1 3 13 
Lipoma (n=6) 2 2 2  6  
Adenocarcinoma (n=1)   1 Infiltrate to muscularis propria 
Lymphoma (n=1) 1   Infiltrate to adventitia 
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Fig.1  (a) Duodenal cyst; (b) Duodenal Brunner’s gland adenoma; (c) Duodenal ectopic pancreas; (d) Duodenal stromal
tumor; (e) Duodenal lipoma; (f) Duodenal polyp; (g) Duodenal extrinsic compression (cholecyst); (h) Duodenal minor
papilla; (i) Duodenal B-cell lymphoma 
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Arguello, 2007), the diagnostic accuracy of EUS for 
the gastrointestinal tract extrinsic compression was 
almost 100%, which was also confirmed in our study. 
Extrinsic compressions were diagnosed by echoic 
characteristics of complete layer and structure, the 
curved compression adventitia and the cross section 
image of surrounding tissues and organs. Of the 169 
patients, there were 12 cases of duodenal extrinsic 
compressions, and most of the organs that caused 
compression were the cholecyst (Fig.1g) and pan-
creas. Three of these patients underwent surgery, and 
the postoperative diagnoses were confirmed to be the 
same as preoperative EUS diagnosis. It is suggested 
that EUS has the incomparable superiority in diag-
nosing polyps, inflammatory protrusions and extrin-
sic compressions in the duodenum (Xu et al., 2004) 
that may be difficult for conventional endoscope to 
examine. 

Duodenal minor papilla could be easily misdi-
agnosed as polyps or others; nevertheless, EUS can 
give right diagnosis due to its echo characteristics 
(Fig.1h). In the present study, 12 cases were diag-
nosed as minor papilla by EUS, which seemed in-
definite under conventional endoscope. In addition, 
diagnosed by EUS, we had 1 duodenal B-cell lym-
phoma that presented a hypoechoic mass, diffuse and 
obviously thickened wall with normal structure dis-
appeared (Fig.1i), which was clinically important to 
the diagnosis of gastrointestinal lymphoma in future 
(Okanobu et al., 2005). 

Seventy-five patients who had the indications 
were referred to endoscopic biopsy, puncture, resec-
tion or surgical excision. The postoperative histopa-
thological results showed that the size, origin and 
number of lesions of all patients were completely 
consistent with the diagnoses of EUS; the nature of 
lesions of 70 patients agreed with preoperative EUS 
diagnosis. Diagnosis accuracy of EUS was 93.33%, 
which disclosed that EUS was almost as valuable as 
pathology for duodenal protruding lesions, especially 
for inflammatory swelling, polyps, extrinsic com-
pressions, cysts, Brunner’s gland adenoma and li-
poma (Xu et al., 2004; 2006; Rösch et al., 2002). 
However, lesions with an untypical echoic image tend 
to be misdiagnosed, for instance, polyps, ectopic 
pancreas or stromal tumors became unspecific under 
EUS when they were small. Patients who did not 
receive therapy were followed up by EUS or con-

ventional endoscope, which showed that cysts, 
Brunner’s gland adenoma, ectopic pancreas, stromal 
tumors and lipoma had no change in size of lesions 
and clinical symptoms during 2~3 years. It suggests 
that a follow-up is needed if lesions are small, deep or 
without symptoms due to slow growth.  

It is of importance for both physicians and sur-
geons to grasp the indication of therapy for lesions 
lying in the duodenum, because of the high frequency 
of formidable complications of therapy like perfora-
tion etc., due to the thin wall, narrow cavity and 
connection to cholangiopancreatic ducts. EUS helps 
us get better understanding of the indications of en-
doscopic and surgical therapies. For Brunner’s gland 
adenoma, stromal adenoma, lipoma and ectopic pan-
creas originated from submucosa or more superficial, 
endoscopic resection can be administered without 
perforation; for cyst from submucosa, endoscopic 
puncture is effective, economical, convenient, mini-
mally invasive and safe; and for lesions originated 
from muscularis propria or adventitia, surgical or 
laparoscopic excision is better than endoscopic ther-
apy. Patients, who refuse to receive surgery or do not 
have indications, will be followed up in order to avoid 
complications caused by surgery and excessive 
treatment. In addition, treatment modality can be well 
represented for inflammatory swellings and extrinsic 
compressions because of the precise diagnosis by 
EUS. Our study shows that EUS is an effective and 
safe method for both the diagnosis and treatment of 
duodenal protruding lesions, confirming the findings 
of others (Izumi et al., 1999; Waxman et al., 2002; 
Shim and Jung, 2005; Ichikawa et al., 2007). 

Finally, EUS has greatly improved the accuracy 
rate of diagnosis and treatment of duodenal protrud-
ing lesions. However, it cannot replace histopathol-
ogy. It has poor capability in distinguishing benign 
and malignant masses, and likely leads to misdiag-
nosis for lesions with similar echoic images. Minia-
ture ultrasonic probes are vulnerable and cannot show 
far field of big lesions very clearly. Furthermore, it is 
impossible to carry out real-time EUS-guided needle 
puncture. In clinical practice, therefore, EUS needs to 
be performed together with other methods.  
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