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INTRODUCTION

Submucosal tumors  (SMTs) are most often fortuitously 
discovered during routine endoscopy.[1] In asymptomatic 
patients, management depends on the nature and 
location of  the lesion. While esophageal SMTs are 
primarily benign tumors  (leiomyomas, cysts, etc.), 
gastric SMTs include not only benign tumors, such 
as leiomyomas and lipomas, but also tumors with 

malignant potential primarily gastrointestinal stromal 
tumors  (GISTs). Therefore, it is crucial to characterize 
these tumors.

Some endoscopic features, such as location and 
ulceration, may suggest a malignant nature but none 
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of  these features are specific.[2] Mucosal biopsies 
are usually insufficient for providing adequate tissue 
specimens. Endoscopic ultrasonography  (EUS) is 
capable of  distinguishing true SMTs from extramural 
compressions with 90% accuracy. EUS also provides 
other useful information, i.e.,  the wall layer from 
which the tumor arises, the size of  the lesion, and 
the echogenicity.[3] However, the performance of  EUS 
is suboptimal for differentiating hypoechoic lesions 
arising from the fourth sonographic gastrointestinal 
wall layer. These lesions encompass tumors with very 
different prognoses  (e.g.,  leiomyomas, schwannomas, 
GISTs, etc.).[4] Tissue acquisition is frequently proposed 
in these cases, but the average diagnostic accuracy of  
EUS‑guided fine‑needle aspiration  (EUS‑FNA) of  SMTs 
ranges from 60% to 80%.[5] EUS‑guided fine-needle 
biopsy  (EUS‑FNB) is not superior to EUS‑FNA, but 
the combination of  techniques improves the diagnostic 
yield.[6,7] However, the malignant potential of  GISTs, 
which is primarily based on the mitotic index, cannot 
be reliably assessed with specimens obtained via 
EUS‑guided techniques.[7]

Transabdominal contrast‑enhanced ultrasound  (CEUS) 
combines harmonic imaging techniques with signal 
processing and second‑generation ultrasound contrast 
agents. CEUS is a new and radiation‑free technique 
that has been proven to substantially influence the 
differential diagnoses of  tumors of  the liver and 
kidney by depicting microperfusion. The capability of  
CEUS is limited for gastrointestinal wall exploration 
due to abdominal gas and fat. Contrast‑enhanced 
harmonic EUS  (CH‑EUS) overcomes these drawbacks. 
Examinations of  SMTs with CH‑EUS follow the same 
steps as in other indications.[8] Preliminary experience 
with CH‑EUS is now available.[9‑12]

DIFFERENTIAL DIAGNOSES OF 
BENIGN SUBMUCOSAL TUMORS AND 
GASTROINTESTINAL STROMAL TUMORS

Enhancement patterns of  gastrointestinal SMTs were 
first described with CEUS.[13] GISTs and gastrointestinal 
neuroendocrine tumors  (NETs) were the most studied 
lesions. GISTs exhibit a slow but strong enhancement 
beginning at the periphery with central avascular 
areas.[13] More than 90% of  NETs are hyper‑enhanced 
compared with the surrounding tissue and exhibit 
early arterial influx  (<20 s) of  microbubbles, rim‑like 
contrast enhancement with a well‑defined margin of  
the lesion at the capillary phase and a rapid decrease 

in enhancement  (80%) within 60 s.[14] In the largest 
GISTs and NETs larger than 3  cm with proliferation 
indices  >2%, unenhanced necrotic areas appear more 
frequently than in their smaller counterparts.

Two recent studies described the characteristics of  
SMTs that were enhanced by CH‑EUS with SonoVue 
injection. Kannengiesser et  al. performed CH‑EUS of  
17 gastric and esophageal SMTs, and the perfusion 
patterns were correlated with the cytological and 
histological results of  EUS‑FNA and the surgical 
specimens.[9] Eight lesions were hyper‑enhanced and 
were histologically identified as GISTs. Nine SMTs were 
hypo-enhanced and corresponded to four lipomas and 
five leiomyomas. The time‑intensity curve revealed that 
the echo intensity of  the GISTs was significantly greater 
than that of  the other SMTs. No significant differences 
were found between the lipomas and leiomyomas. The 
contrast agent arrival and peak times had no diagnostic 
value. The sensitivity and specificity for the correct 
discrimination between GISTs and benign SMTs were 
both 100%.

In the second study by Fusaroli et  al., 51 SMTs were 
explored via CH‑EUS, and the final pathological 
diagnoses yielded 19 GISTs, 8 NETs, 18 leiomyomas, 
4 lipomas, and 2 ectopic pancreases.[10] The GISTs 
and NETs were almost always hyper‑enhanced  (95% 
and 87%, respectively; Figures  1 and 2) whereas 78% 
of  the leiomyomas  [Figure  3] and all of  the lipomas 
were hypo-enhanced. A  significant difference between 
the contrast uptake of  the GISTs and leiomyomas 
was observed  (P  =  0.0007). Only a few of  the SMTs 
were heterogeneously enhanced  (some GISTs and 
leiomyomas). The washout of  the contrast agent was 
predominantly slow in the GISTs and NETs and fast in 
the majority of  the lipomas and leiomyomas.

ASSESSMENT OF THE MALIGNANT 
POTENTIAL OF THE GASTROINTESTINAL 
STROMAL TUMORS

Predicting the prognosis of  GISTs remains challenging. 
Current prognostic factors that are used to estimate 
the malignancy potential of  nonmetastatic GISTs 
include tumor size, location, and the mitotic index. 
Nevertheless, metastases occasionally occur in 
tumors smaller than 50  mm and those with a low 
mitotic index. Recently, high intratumoral microvessel 
density and high levels of  the expression of  vascular 
endothelial growth factor  (VEGF), which is considered 
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to be the main mediator of  tumor angiogenesis, have 
been proven to correlate with poor prognosis for this 
tumor type.[15] EUS provides accurate information 
about tumor size, but pathological specimens obtained 
by EUS‑FNA or EUS‑FNB are usually insufficient 
for evaluating the mitotic count.[6] Imaging of  
microvascularization may be a complementary technique 
for appreciating the prognosis of  these tumors. CEUS 
and CH‑EUS have been evaluated in three series 
that sought to determine the malignancy potential of  
GISTs.[11,12,16]

Fukuta et al.[16] compared the CEUS vascular patterns of  
13 GISTs. The lesions were classified as malignant based 
on the histological diagnosis of  the surgical specimens, 
tumor size, and the presence of  metastases or invasion 
of  other sites. Two types of  enhancement were noticed, 
i.e.,  the “poor pattern,” which represented vessels that 
were only in the periphery of  the tumor, and the “rich 
pattern,” which represented abundant vessels flowing 
from the periphery to the central part of  the tumor. 
The vessel count of  the histological specimens that were 
stained with factor VIII was significantly higher in the 
GISTs with rich pattern than in the GISTs with poor 

pattern  (P  <  0.01). According to the final diagnoses, a 
rich pattern in the CEUS was noticed in the 7 malignant 
GISTs and in one of  the 6 benign GISTs. On the other 
hand, histology based on the surgical specimens resulted 
in the classification of  only 4 tumors as malignant. 
Three histologically benign GISTs were found to be 
malignant due to the presence of  metastases. The authors 
concluded that CEUS imaging is more closely correlated 
with the final diagnosis than the histological findings.

Sakamoto et  al. evaluated the yield of  CH‑EUS, 
CE multidetector computed tomography  (CT), 
power Doppler EUS  (PD‑EUS), and EUS‑FNA 
compared with the pathology of  resected specimen in 
29 patients.[11] The tumor size ranged from 1 to 12  cm. 
Based on the mitotic index, 16  cases were classified 
as high‑grade malignancies and 13 were classified as 
low‑grade malignancies. Two different CH‑EUS image 
patterns were defined, i.e.  type  I with regular vessels 
and homogeneous enhancement [Figure 1] and type  II 
with irregular vessels and heterogeneous enhancement 
[Figure 4]. All of  the type  I tumors and 5 of  the 21 

Figure 1. Gastric low grade dysplasia GIST, showing an homogeneous 
enhancement and thin regular intratumoral vessels (arrow)

Figure 3. Cardial leiomyoma showing an hypo-enhancement, with 
rare regular and fine vessels arising from a vascular pedicle (arrow)

Figure 4. Gastric high grade malignancy GIST, showing an 
inhomogeneous enhancement large irregular intratumoral vessels 
(arrows)

Figure 2. G1 duodenal NET showing an homogeneous hyper-
enhancement
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type  II tumors exhibited low‑grade malignancy. The 
type  II pattern determined high‑grade malignancy with 
100% sensitivity whereas the CE multidetector CT, 
PD‑EUS, and EUS‑FNA sensitivities were 31%, 63%, 
and 63%, respectively. Similar results were obtained 
even in the smaller tumors. In the series of  Yamashita 
et  al., 13  patients with GISTs underwent presurgical 
CH‑EUS.[12] The analysis of  the intratumoral vessels 
on the CH‑EUS was compared with the histological 
degrees of  angiogenesis and the VEGF expressions of  
the surgical specimens. On pathological examination, 
all of  the intermediate high‑risk GISTs expressed high 
levels of  VEGF whereas all of  the low‑risk GISTs were 
VEGF‑negative. Moreover, the vessels were larger than 
500 µm in diameter and lacked of  elastic fibers only in 
the intermediate high‑risk GISTs. Upon CH‑EUS, all 
of  the tumors without intratumoral vessels were found 
to exhibit low‑grade malignancy. Five of  the 6 tumors 
with intratumoral vessels were classified as intermediate 
high‑risk. A  statistically significant association was 
observed between the presence of  intratumoral vessels 
and an increased risk of  malignancy  (P < 0.005). These 
results confirmed that vascularity may be a predictor 
of  malignancy in GISTs and that CH‑EUS has the 
potential to analyze these criteria even if  in some cases, 
it overvalues the malignancy potential.

FUTURE APPLICATIONS

Predicting responses to antiangiogenic treatments of 
gastrointestinal stromal tumors
No study has been performed with CH‑EUS to assess 
the early response of  GISTs subjected to targeted 
therapy with antiangiogenic agents. Nevertheless, 
many series have proven the value of  CEUS for this 
purpose. These studies have led to the inclusion of  
CEUS in the European and International Guidelines for 
monitoring antiangiogenic treatments and the European 
Society for Medical Oncology Guidelines for GIST 
management.[17,18] Based on the preliminary results of  
CH‑EUS in the assessment of  the malignancy potential 
of  GISTs, this field should be further explored.

Assessment of the malignancy potential and 
monitoring of the therapeutic response of 
neuroendocrine tumors
NETs typically possess well‑developed capillary 
networks. In contrast to GISTs, the NETs with the 
lowest malignancy potential are the most vascularized 
ones and express the highest levels of  VEGF.[19] The 
role of  Doppler CE‑EUS, which uses power or color 

Doppler but not dedicated contrast harmonic, has 
only been evaluated in pancreatic NETs.[20] The results 
were very promising; the sensitivity, specificity, and 
accuracy of  CE‑EUS for the diagnosis of  malignant 
NETs are 91%, 90%, and 90%, respectively. Another 
study has evaluated the CEUS variations in perfusion 
parameters for some liver metastatic NETs that were 
treated with targeted therapies. Early changes at day 30 
were correlated with tumor responses at 6  months.[21] 
Because the biologic properties of  NETs are the same 
in all of  the abdominal locations,[20] studies testing the 
performance of  CH‑EUS in the assessment of  the 
malignancy potential of  NETs and the monitoring of  
therapeutic response should be performed in the near 
future.

CONCLUSION

The preliminary results indicate that CH‑EUS can 
successfully visualize the microvascularity of  SMTs. This 
ability may aid in the characterization of  submucosal 
lesions and the prediction of  the malignancy potential 
of  GISTs. Further studies are required to obtain more 
objective and comparable criteria. Future research will 
determine the potential of  CH‑EUS for the monitoring 
of  targeted treatments for GISTs and the evaluation of  
gastrointestinal NETs.
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