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 Background: The diagnostic efficacy of endoscopic ultrasound (EUS) elastography for alimentary tract diseases remains un-
certain. The aim of this study was to evaluate the utility of EUS elastography in differential diagnosis between 
the 2 most common subepithelium tumors of the digestive tract – gastrointestinal stromal tumors (GISTs) and 
gastrointestinal leiomyomas (GILs) – which cannot be differentiated by conventional EUS imaging.

 Material/Methods: Electronic records were retrospectively reviewed from Jan 2015 to Jul 2019. Patients accepting EUS elastogra-
phy with histopathological diagnosis of GISTs or GILs were included. The images of EUS elastography were an-
alyzed by hue histogram in Photoshop. Hue values of RGB, R, G, and B channels of each group were acquired. 
We used the t test, ROC curve analysis, and binary logistic regression analysis for data post-processing.

 Results: We included 47 patients with GISTs and 14 with GILs. The mean±standard deviations (SD) of hue values 
were 20.25±0.72, -0.79±0.78, 20.79±1.68, 39.72±1.30 for GISTs and 20.80±0.46, 1.80±1.05, 28.39±2.15, and 
31.95±2.60 for GILs of RGB, R, G, and B channels, respectively. The t test showed statistically significant differ-
ences in mean hue values between GISTs and GILs in B and G channels, but not in RGB and R channels. The 
area under the ROC curve combining B and G values was 0.723. Binary logistic regression analysis suggest-
ed no statistically significant difference in ability to differentiate between GISTs and GILs with B and G values 
(P>0.05).

 Conclusions: There was insufficient evidence to support the application of quantitative EUS elastography for differential di-
agnosis of GISTs and GILs in this study.
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Background

GISTs and GILs account for the majority of subepithelium tu-
mors in the gastrointestinal tract [1] and they are both common 
incidentally found tumors, as they are always asymptomatic [2]. 
Considering their dramatically different prognoses (GISTs tend 
to be malignant, while GILs are benign) [3,4], differential diag-
nosis of GISTs vs GILs is very important. However, convention-
al EUS does not perform well in this differential diagnosis. As 
opposed to epithelial diseases, which are easier to diagnose 
because they are superficial, obvious, and operable, subepi-
thelium lesions are deep and tissue biopsy involves a great-
er risk of perforation, hemorrhage, and thromboembolism of 
the digestive tract [5]. There is also a high rate of false-nega-
tive results [6] and a low but important morbidity rate [7]. A 
novel, effective, and non-invasive technique, EUS elastography, 
appears to have potential utility in this differential diagnosis.

EUS is a technique combining endoscopy and ultrasound to 
diagnose digestive diseases, including subepithelium lesions, 
but the differential diagnosis of malignant vs benign diseas-
es is still challenging. Elastography was selected and devel-
oped for use in differential diagnosis due to its feasibility and 
non-invasiveness [8,9]. The cardinal principle of elasticity im-
aging is that tissues with different elasticity will produce dif-
ferent strains when we use the external strength to compress 
them or just with normal breathing and blood circulation. 
Then, the software algorithm embedded in an ultrasonic sys-
tem can characterize these strain values and visualize them in 
real time [10]. With the development and refinement of elas-
tography, it has been widely applied in clinical practice of di-
agnosis and differential diagnosis, especially in liver, thyroid, 
kidney, lymph nodes, mammary gland, and prostate diseas-
es [11,12]. Lesions in deep sites, such as pancreatic and gastro-
intestinal foci, are difficult to diagnose. Generally, tumors are 
harder than normal tissues, so in recent years there has been 
increased use of EUS elastography as a result of gastrointesti-
nal endoscopists’ efforts [13] and the combination of EUS and 
elastography, and much progress has been made in diagno-
sis and differential diagnosis of digestive diseases, including 
deep lesions. In addition, semi-quantitative and quantitative 
analysis of EUS elastography are increasingly used to reduce 
the impact of endoscopists’ subjective interpretations of con-
ventional EUS images and qualitative judgements.

Many studies have evaluated the efficacy and utility of the 
technique in clinical practice, especially in pancreatic and 
lymph node diseases [11,14-19]. To date, however, relatively 
few studies have focused on the alimentary tract, although EUS 
elastography has long been used in the diagnosis of diseases 
in this field [8,13,20]. Results of previous studies are contro-
versial. Kim et al [21] evaluated EUS elastography and found 
good differential diagnostic value, with sensitivity of 100% and 

specificity of 94% for GISTs and GILs. However, Ignee et al [22] 
found that EUS elastography is not be helpful for differential 
diagnosis of GISTs vs GILs. Therefore, the present study was 
designed to quantitatively reevaluate the utility of EUS elas-
tography in differential diagnosis between GISTs and GILs, us-
ing hue histogram analysis as the foundation of histopatho-
logical diagnosis (surgery or biopsy) as the criterion standard. 
Our results may add to the knowledge base used to choose the 
most appropriate method for use in clinical practice.

Material and Methods

Patients

This study was approved by the Institutional Ethics Review 
Committee of Huazhong University of Science and Technology, 
China. All patients were informed and signed the informed con-
sent. This retrospective study reviewed the electronic records 
of patients who received EUS elastography in the Digestive 
Endoscopy Center of Wuhan Union Hospital from Jan 2015 to 
Jul 2019. Patients accepting EUS elastography with histopatho-
logical diagnosis of GISTs and GILs were included. Subjects who 
met any of the following criteria were excluded: 1) Diagnosis of 
EUS-E did not involve subepithelium lesions in the gastrointesti-
nal tract or parenteral diseases; 2) EUS elastography images were 
lost or unqualified; 3) Cystic and necrotic areas were eliminat-
ed, as they easily alter the strain of the region of interest (ROI) 
we selected [7]; 4) Patients without histopathological diagno-
sis or samples of histopathology were off-specification to diag-
nosis; and 5) Histopathology diagnoses were not GISTs or GILs. 
Every patient was checked by expert endoscopists who were 
blinded to the patients’ clinical history and the aim of the study. 
We enrolled 61 patients. Figure 1 contains a study flow chart.

EUS Elastography

In the process of inspection, an endoscopist blinded to patient 
history and study aim used a B-mode probe to observe the di-
gestive tract. Five layers of gastrointestinal tract were presented 
on 2-dimensional grayscale images (Figure 2A). The endoscopist 
explored the lesions on B-mode images, then used the probe at 
a mean frequency of 7.5 MHz for transmission/reception with-
out using ultrasonic contrast agents or tissue harmonic imag-
ing to compress the lesions, thus assessing the elasticity of the 
compressed tissues. Finally, the elasticity values were visually 
expressed in different colors on the elastography images (blue 
for hard tissue, green for intermediate tissue, and red for soft 
tissue) on the basis of tissue deformation [17,23] (Figure 2A). 
Dynamic observation was required at the beginning, then the 
endoscopist took at least 3 standard EUS elastography images 
according to information acquired in the process. Subsequent 
analysis was performed using the off-line saved images.
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Subjects who accepted EUS-E in our hospital (n=488)

Excluded as follows (n=297)
Epithelial lesions (n=117)
Pancreatic lesions (n=l 41)
Parenteral dlseases (n=39)

Eligible subjects (n=191)

GISTs (n=66)

Pathological diagnosis:
GISTs (n=25)
GILs (n=2)
Cancer (n=3)
Etopic pancreas (n=1)
Schwannoman (n=1)

Pathological diagnosis:
GISTs (n=22)
GILs (n=9)
Cancer (n=6)
Chronic in�ammation (n=5)
Unquali�ed samples (n=3)
Others (n=5)

Pathological
diagnosis:
GILs (n=3)

Glls (n=8) Undetermined lesions (n=111)

No pathological results(n=llO)
GISTs(n=34)
GILs(n=5)
Undetermined lesions(n =61!

Histopathological diagnosis of GISTs (47) or GlLs (14)

No

No included
in the study

Selected images according with our requirements and
numbered them with random numbers

Hue histogrqam analysis with photoshop CC and
values’ recording

Statistical analysis

EUS-E images should be transferred to a approprite
personal computer for further study

Yes

Figure 1.  Selection process and distributions of the diseases among the patients (flow chart). In the process, EUS elastography images 
and histopathologic results of subjects included in the study were acquired from the system and sent to the designated 
computer for further analysis by researcher A. Next, researcher B selected qualified images from included subjects’ EUS 
elastography images and numbered all qualified images with random numbers. Hue histogram analysis of numbered images 
and statistical analysis were carried out by researcher C and researcher D, respectively. Among the researchers, B, C, and D 
were blinded to patient history and the aim of the study.
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Hue Histogram Analysis

Hue histograms are widely used to quantify EUS elastogra-
phy images [17,23-25] and are used to describe the distribu-
tion of different colors in a picture. The main principle is the 
RGB color model. There are 256 (range, 0-255; a higher num-
ber indicates stronger color) gradients in the R, G, B, and RGB 
channels, and these gradients are listed in ascending order. 
Every RGB gradient consists of specific R, G, and B gradients. 
When using a hue histogram to analyze a picture, we can get 
4 channels of RGB, R, G, and B, as well as their mean hue val-
ues (Figure 2B), which quantitatively indicate tissue elasticity.

Every image we obtained showed (Figure 3) 2 same-size pic-
tures, both containing gastrointestinal lesions. The left side was 
a conventional B-mode image and the right side was an EUS 
elastography image, which was superimposed by red, green, 
and blue colors. The pathologic diagnosis (surgery or biopsy) 
was regarded as the criterion standard. The analysis of EUS 
elastography images was blinded to all other clinical character-
istics and patient diagnosis by numbering the images select-
ed with random numbers by another researcher. The analyzer 
selected the ROI of the EUS elastography images, which con-
tained the whole area of the lesions with dotted lines shown 
in the images (Figure 3). Adobe Photoshop CC software was 
used to conduct hue histogram analysis of the ROI. The mean 

hue values of conventional B-mode images were obtained in 
the same way and we subtracted them from the correspond-
ing color value in EUS elastography images to adjust for dif-
ferences in ultrasound gain [23].

Statistical Analysis

Patient age is reported as mean±SD. Sex (male/female) was re-
corded as a number. The hue values of RGB, R, G, and B were 
reported as mean±SD. We used the t test to evaluate the sta-
tistical significance of differences between GISTs and GILs as 
determined by P values. After obtaining positive results in some 
variables using the t test, ROC curve analysis and binary logis-
tic regression analysis were used to evaluate whether B and G 
mean hue values could be applied in differential diagnosis of 
GISTs vs GILs. We used GraphPad Prism 7.0 software for sta-
tistical analysis. P<0.05 was considered statistically significant.

Results

We included 47 patients with GISTs and 14 with GILs (Table 1). 
The GIST group consisted of 23 males and 24 females, with a 
mean age of 55.6±7.8 years. The GIL group consisted of 8 males 
and 3 females, with a mean age of 48.1±12.7 years. The t test 
results showed that the mean age of patients with GISTs was 

A B

Figure 2.  The introduction of EUS elastography image (A) and hue mean histogram (B). The image shows the EUS and EUS 
elastography of a patient with gastrointestinal stromal tumor in stomach. Figure A the left part is an EUS image, on which 
we can see 5 layers of the gastric tract wall, lined mucosa, muscularis mucosa, submucosa, muscularis propria, and serosa 
from inside to outside, and the focus sited in the layer of muscularis propria. Figure A the right part is an EUS elastography 
image, which is superimposed by colors of blue (hard tissues), green (intermedium tissues), and red (soft tissues) according 
to different elasticity produced by different tissues. The bottom-left corner is the appearance of electronic endoscopy. 
Figure B this picture shows the mean hue histogram of an area we selected (ROI). There were 4 channels: the front-most is 
the RGB channel, which was mixed by following 3 channels of R channel, G channel, and B channel. Each image shows the 
mean value and SEM; for example, 71.29 and 34.02 of RGB channel in this picture. Simultaneously, we obtained mean values 
of separated channels of R, G, and B respectively.
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older than that of those with GILs (P=0.009). We found that 
GISTs develop in all parts of the digestive tract, but mainly in 
the stomach, while GILs were mainly located in the upper di-
gestive tract, especially the esophagus. The remaining 20 pa-
tients had alimentary tract cancer, adenoma, lipoma, or other 
types, 1 patient had ectopic pancreas, and pathology sam-
ples of 3 patients were unqualified (Figure 1). Furthermore, 
according to the NIH criteria (2008), we subdivided GIST pa-
tients into 4 groups, a very low-risk group, a low-risk group, a 
moderate-risk group, and a high-risk group, containing 16, 10, 
7, and 8 patients, respectively, and 6 remained undetermined. 
After hue histogram analysis, we determined that the 4 chan-
nels’ mean hue values of RGB, R, G, and B were 20.25±0.72, 

-0.79±0.78, 20.79±1.68, and 39.72±1.30, respectively, for GISTs, 
and 20.80±0.46, 1.80±1.05, 28.39±2.15, and 31.95±2.60, re-
spectively, for GILs (Figure 4).

The t test was performed using GraphPad Prism 7.0. profes-
sional statistics software, which revealed that the differenc-
es in mean hue values between GISTs and GILs had statis-
tical significance in B (P=0.007) and G (P=0.025) channels, 
while that in RGB (P>0.05) channels were negative. Areas un-
der the ROC curve were 0.709 and 0.705 for B (Figure 5A) and 
G (Figure 5B) channels, respectively. The area under the ROC 
curve combining B and G values was 0.723 (Figure 5C), with 
sensitivity of 50% and specificity of 78.7%. Logistic regression 
analysis suggested that there was no statistically significant 
difference between using B (P=0.142) and G (P=0.496) values 
to differentiate between GISTs and GILs.

Discussion

Compared to qualitative analysis of EUS elastography, which 
is carried out with a rough scoring system and has somewhat 
improved the validity and reproducibility of results [26], hue 
histogram analysis is more objective, even when used by less-
experienced doctors [5,23,25] , and it can quantify what is seen 
in a more scientific way, so as to provide more reliable sta-
tistics. Many studies [15,16,19] have used strain ratio as an-
other quantitative method of EUS elastography. The strain ra-
tio is B/A (A is the strain of a representative area of diseased 

A B

Figure 3.  The EUS elastography images of GIST (A) and GIL (B). The pictures were print-screened from Photoshop CC in the process of 
hue histogram analysis. We obtained Figure A from a patient with GIST and Figure B from a patient with GIL by use of the 
elastography system in our hospital. In these pictures, the left side shows EUS and EUS elastography images and the right 
side shows the hue histogram of the region of interest (ROI), circled by a dotted line in the left side as the picture. There are 
4 channels – RGB, R, G, and B – in the hue histogram and mean hue histogram values, and their standard deviations were 
calculated as 70.71±30.34 (A) and 53.29±30.15 (B) in the RGB channel.

 GISTs GILs

Age (mean±SD) 50.6±7.82 48.1±12.70

Gender (Male/Female) 23/24 11/3

Lesion’ sites (n)

 Esophageal 2 8

 Gastric 37 5

 Intestinal 5 1

 Colorectum 3 0

Table 1.  The general and clinical characteristics of the GISTs and 
GILs groups.

GISTs – gastrointestinal stromal tumors; GILs – gastrointestinal 
leiomyomas.
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lesion, and B is the strain of an area of soft-tissue reference 
area) [27]. The muscularis propria and muscularis mucosa are 
too thin to select as reference areas, and strain ratio values 
can be influenced by position of reference areas [28]. So even 
if we select them, it is difficult to measure the exact strain ra-
tio values, but hue histogram analysis can avoid these disad-
vantages and make better use of the information contained 
in EUS elastography images [24]. We used double-blinding in 
our study to reduce bias in data acquisition, image selection, 

and statistical analysis. We used strict operation rules to en-
sure the reliability, accuracy, and stability of the results of EUS 
elastography. Patients in every risk grade of GISTs were ba-
sically balanced, which guaranteed the representativeness of 
samples to reflect clinical practice, and the unbalanced distri-
bution of GISTs and GILs in our study also parallels the real 
clinical situation [24].
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Figure 4.  Mean hue histogram values from GISTs and GILs. GIST – gastrointestinal stromal tumor; GIL – gastrointestinal leiomyoma.
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to evaluate the diagnostic utility for GISTs and GILs, respectively. The utility of differential diagnosis of GISTs and GILs was 
evaluated by ROC curve analysis combining B and G values (C).
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In our study, the differences in mean hue values between GISTs 
and GILs had statistical significance in B and G channels, while 
differences in RGB and R channels were not significant. It was 
not difficult to understand why there was no statistically sig-
nificant difference in the RGB channel, while B and G chan-
nels were the opposite. The RGB channel is comprised of R, G, 
and B channels, and every channel has 256 gradients, so ev-
ery pixel of the RGB channel is composed of 3 gradients of R, 
G, and B channels, respectively. Some images whose B values 
were lower and G values were higher or vice versa may have 
the same or similar RGB values.

G values were higher in the GIL group and B values were high-
er in the GIST group, so further ROC curve analyses with and 
without combining G and B values were conducted. The results 
suggest the possibility of using EUS elastography for differen-
tial diagnosis between GISTs and GILs. However, the sample 
size was limited in the GIL group, and binary logistic regression 
analysis showed no significance (P>0.05). Thus, there was in-
sufficient evidence to determine the utility in the study, which 
was contrary to most published research and may be explained 
and enhanced by the following points.

First, most published studies found statistically significant dif-
ferences between GISTs and the other submucosal tumors, in-
cluding GILs, in the alimentary tract [5,29]. Very few studies 
directly compared GISTs and GILs. A recent study [21] showed 
that EUS elastography had good differential diagnostic value 
between GISTs and GILs, with specificity of 94% and sensitiv-
ity of 100%. Although they used strain ratio as a quantitative 
method, they did not use the strain value of normal tissue of 
the gastrointestinal tract wall, but rather used the water in 
the EUS scope balloon as the reference area. This may be an 
alternative quantitative method of EUS elastography in gas-
trointestinal tract research. Self-tissue selected as a reference 
is needed in strain ratio analysis [5,30], and different physical 
characteristics of tissues in individuals might also have influ-
enced the results [17], while the balloon as reference was co-
essential in the above-mentioned study. Another point is that 
its sample size was small, which may have influenced the 

results. Second, GISTs and GILs both originate from gastroin-
testinal mesenchymal tissue [26], and when the methods of 
histopathology were not fully developed, GISTs were regard-
ed as leiomyomas [8,31]. This suggests that their basic char-
acteristics of pathophysiology and their elasticity are similar. 
Third, hue histogram analysis was used in our study because 
it provides more complete information from images. We fur-
ther applied binary logistic regression analysis in this study, 
not just the t test and ROC curve analysis. All of the above 
strengths enhance the scientific rigor and credibility of our re-
sults. Finally, data obtained from different areas and races may 
differ. Thus, histopathology, including surgery and EUS-FNA/
FNB, may remain the main differential diagnostic method for 
GISTs and GILs. EUS-FNB may be the first-line modality, as it 
causes less injury than surgery and has higher accuracy than 
EUS-FNA [6]. There were several limitations to our study. First, 
selection bias was inevitable. Second, although hue histogram 
analysis can provide more reliable data, it requires more time 
and resources [23]. Third, some factors are difficult to elimi-
nate in EUS elastography, such as breathing artifacts and the 
relatively low depth of penetration [30]. Fourth, interobserv-
er variation in our study was inevitable due to its retrospec-
tive nature [20].

Conclusions

There was insufficient evidence to support the use of EUS elas-
tography in differential diagnosis of GISTs and GILs. More pow-
erful data are needed to determine the utility of EUS elastog-
raphy in differentiating these 2 diseases.
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