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Abstract
Objectives: The aim of this study was to investigate the diagnostic value of computerized tomography (CT) features of small intestinal stromal tumors in
terms of their degree of risk.

Methods: The clinical data and CT data of 107 patients with small intestinal stromal tumors con�rmed by surgery and pathology in our hospital from June
2012 to October 2020 were selected. According to the results of postoperative pathological risk, the patients were divided into high-risk and low-risk groups,
wherein 67 cases were in high-risk group and 40 cases were in the low-risk group The maximum diameter, solid component plain scan, arterial phase CT value,
venous phase CT value, and delayed phase CT value of the two groups were measured, and the enhancement degree of arterial phase, venous phase, delayed
CT value, and lesion enhancement mode were calculated. The difference between the two groups was compared. An independent sample t-test was used to
compare quantitative indices, and the chi-squared test or Fisher’s exact test was used for qualitative index comparison. A receiver operating characteristic
(ROC) curve was used to evaluate the diagnostic value of the arterial phase CT value, venous phase CT value, delayed phase CT value, arterial phase
enhancement degree, venous phase enhancement degree, delayed phase enhancement degree, and the enhanced net value-added in the risk degree of
SBGISTs. The relationship between preoperative imaging �ndings and tumor risk was retrospectively analyzed.

Results: Univariate analysis showed that there were signi�cant differences in the lesion location, growth pattern, lesion ulcer, necrotic cystic degeneration,
lobulation, boundary with surrounding tissues, plain scan density and lesion enhancement mode, CT value in arterial phase, increment in arterial phase, CT
value in venous phase, increment in venous phase, CT value in delayed phase, increment in delayed phase, and enhancement value in lesion between the two
groups (P < 0.05); there were no signi�cant differences in sex, age, calci�cation, bleeding, clinical symptoms, and CT value (P > 0.05). The ROC curve analysis
showed that the area under the curve (AUC) of the long diameter of the lesion was 0.959 (P = 0.000), the optimal critical point of the ROC curve was the lesion
≥ 4.80 cm, the sensitivity was 88.1%, the speci�city was 97.5%, and the accuracy was 91.6%; for the low-risk group, the AUC was 0.788 (the largest, P = 0.000),
the sensitivity was 77.5%, the speci�city was 70.1%, and the accuracy was 72.9%. Multivariate analysis showed that non-uniform density (P = 0.030; odds
ratio [OR]: 12.544; 95% con�dence interval [CI]: 1.269–123.969), arterial phase CT value (P = 0.024; OR: 10.790; 95% CI: 1.374–84.754), and lesion length (P =
0.000; OR: 648.694; 95% CI: 40.541–10,379.714) were risk factors for SBGISTs.

Conclusions: The CT features of small intestinal stromal tumors have certain characteristics, which can help to grade the risk of small intestinal stromal
tumors before surgery.

Introduction
Small bowel gastrointestinal stromal tumors (SBGISTs), a type of gastrointestinal stromal tumors (GISTs), are mesenchymal tumors accounting for
approximately 20% of GISTs and 8%–15% of primary small intestinal tumors[1]. Patients mostly present with abdominal pain, gastrointestinal bleeding, or a
palpable abdominal mass[2, 3] .The blood supply of small intestinal stromal tumors is high. The treatment of SBGISTs varies, depending on the different
locations, sizes, and risk degrees[4-7].Preoperative CT multi-directional analysis can determine the origin of the lesion, and imaging characteristics can assist
the clinical diagnosis and treatment. In this study, we aimed to investigate the diagnostic value of computerized tomography (CT) features of small intestinal
stromal tumors in terms of their degree of risk.

Methods

Patients
One-hundred seven patients with SBGISTs that were con�rmed by operation and pathological examinations in our hospital from June 2012 to October 2020
were retrospectively included in the study, particularly, 54 men and 53 women, aged 30–78 years, with an average age of 57.60 ± 11.07 years. The main
clinical symptoms were black or bloody stool, abdominal pain, abdominal distension, abdominal mass, one case of gastrointestinal perforation, 51 cases of
gastrointestinal bleeding, and 55 cases of bleeding in 55 cases, wherein 31 cases were found by physical examination. All patients underwent multi-slice CT
plain scans and three-phase enhanced scans before surgery, including 78 cases using Siemens Sensation 64 spiral CT ( Siemens, Germany), seven cases
using Siemens SOMATOM force spiral CT ( Siemens, Germany), and 15 cases using Siemens SOMATOM de�nition spiral CT ( Siemens, Germany).

Inclusion and exclusion criteria
Eleven patients who had primary single SBGISTs and underwent plain CT and three-phase enhanced CT were included in the study. On the other hand, patients
with liver metastasis, intraperitoneal implantation metastasis, and other metastases; patients with acute abdomen such as gastrointestinal perforation,
previous tumor history, or other abdominal lesions; and patients who underwent reoperation after chemotherapy and reoperation after recurrence were
excluded from the study.

The pathological risk grading criteria and grouping were mainly based on the published guidelines, “Chinese consensus guidelines for diagnosis and
management of gastrointestinal stromal tumors (2017 Edition),” to grade the risk of SBGISTs.[7]

Routine bowel preparation was performed before the examination. First, 1,500–2,000 mL of 2% isotonic mannitol solution (180719B24, Fuzhou
Haiwangfuyao Pharmaceutical Co., Ltd., Chengdou, China) was taken orally by stages within 60–90 min before the examination, and then 20-mg drotaverine
hydrochloride injection (7CE07A, Sano� [Hangzhou] Pharmaceutical Co., Ltd., Shanghai, China) was given intramuscularly 15–20 min before the examination.
The patient was placed in the supine position for anal intubation. Then, 800–1,000 mL of 2% isotonic mannitol solution was infused through the anal canal to
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�ll the colon. Multislice spiral CT (MSCT) scanning and Post-Processing Workstation were used. The scanning parameters were 120 kV, 200–350 mA, tube
speed of 0.5 s cycle−1, slice thickness of 3 mm, pitch of 1.2, bed speed of 27.5 mm cycle−1, standard reconstruction algorithm reconstruction, and volume
scanning from the diaphragmatic apex to the pubic symphysis in the breath-holding state. The patients were scanned at the arterial, venous, and delayed
phases at 25 s, 50–70 s, and 300 s after intravenous injection of 80–100 mL of the iodine contrast agent Ioversol (320 mgI mL−1; Jiangsu Hengrui
Pharmaceutical Co., Ltd.) with a �ow rate of 3–4 mL. Data on the 1.0-mm thick samples for the four-phase scanning were transferred to the Workstation
(WWMP or syngo.via)( Siemens, Germany) for processing and analysis.

The CT images were independently completed by two doctors with more than 5 years of experience in the imaging diagnosis of digestive system diseases.
The double-blind method was used for the diagnosis. Consensus was reached through consultation when opinions were different. In addition to the
intraoperative data, the location, size, scope, shape, boundary of the tumors; whether the tumor was combined with necrotic cystic change, ulcer, bleeding;
calci�cation, plain scan density, and uniformity; CT value and maximum CT value of each phase after enhancement; and enhancement mode, structural
changes around the lesion, lymph node, or abdominal cavity metastasis were evaluated. Lesion density was based on the muscles of the same layer.

For the CT value measurement, the region of interest (ROI) was placed in the solid part of the lesion and the most obvious part of enhancement, avoiding
blood vessels, calci�cation, necrosis, and edge. The ROIs in the different stages were placed at the same level, using the same size and shape. For the
enhanced CT measurement, the ROI was placed at the same level in each phase, and the CT increment was calculated using the following:

CTincrement = CTvalueofeachphase − plainCTvalue

netincrement = highestenhancedCTvalue − plainCTvalue

There are three ways of enhancement: (1) fast-in and slow-out, which is the most obvious enhancement in the arterial phase and gradually decreases in the
venous phase and delayed phase; (2) gradual slow-out, which is the most obvious enhancement in the venous phase and slightly decreases in the delayed
phase; and (3) gradual enhancement, which is the gradual enhancement from the arterial phase to the delayed phase and is the most obvious enhancement in
the delayed phase. The two doctors were trained to judge uniformity, which was determined as uniform or uneven. Gastrointestinal bleeding is de�ned as the
presence of black or bloody stools.

Statistical analysis was performed using SPSS 25.0. For continuous measurement data, in the form of mean ± standard deviation, an independent sample t-
test was used for comparison of the mean values between groups. Counting data were expressed as rate, and the chi-square test was used. In order to exclude
the in�uence of confounding factors, binary logistic regression analysis was performed, and P < 0.05 was considered statistically signi�cant. The area under
the curve (AUC), sensitivity, and speci�city were then calculated.

Results
There were 107 cases, 67 cases (71.9%) with high risk of SBGISTs, no cases with medium risk, 34 cases with low risk, and six cases with extremely low risk.
Given that there were no medium-risk cases and only six cases had extremely low risk, there was no statistical signi�cance. Therefore, the extremely low-risk
and low-risk patients were included in the low-risk group, while the high-risk patients were included in the high-risk group. There was no signi�cant difference
in clinical characteristics between the two groups (Table 1).

Univariate analysis on the relationship between preoperative CT signs and the risk of lesions showed that the imaging manifestations, including the boundary
between the lesion and surrounding tissue, ulcer, necrotic cystic change, lesion lobulation, plain scanning density, lesion location, growth mode, enhancement
mode, arterial phase CT value, arterial phase increment CT value, venous phase CT value, venous phase increment CT value, delayed phase CT value, delayed
phase increment CT value, enhanced net value, and lesion length, were signi�cantly associated with the risk of SBGISTs between the two groups (P < 0.05), as
shown in Tables 2 and 3.

For the receiver operating characteristic (ROC) curve analysis of the high-risk group, the AUC of the lesion length and diameter was 0.959 (P = 0.000), and the
best critical point of the ROC curve was a lesion ≥ 4.80 cm, with a sensitivity of 88.1%, speci�city of 97.5%, and accuracy of 91.6%. The ROC curve analysis of
the low-risk group is shown in Table 4 and Figures 3 and 4.

According to ROC curve analysis, the critical values of the arterial phase CT values, arterial phase enhancement values, venous phase CT values, venous
phase enhancement values, delayed phase CT values, delayed phase enhancement values, and net enhancement values were calculated and divided into
groups. These data were included in the multivariate logistic regression analysis. The results showed that the non-uniform density (P = 0.034; odds ratio [OR]:
12.544; 95% con�dence interval [CI]: 1.269–123.969), arterial phase CT value (P = 0.024; OR: 10.790; 95% CI: 1.374–84.754), and lesion length (P = 0.000; OR:
648.694; 95% CI: 40.541–10,379.714) were risk factors for SBGISTs, as shown in Table 5.
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Table 1
Comparison of clinical characteristics ofSB GISTsbetween the two groups

group n Age(year, x±s) Gender Gastrointestinal bleeding

male female Yes No

Low risk group 40 57.28±9.884 21 19 20 20

High risk group 67 57.79±11.79 33 34 32 35

Statistics   -0.232b 0.106a 0.823a

P value   0.817 0.745 0.050

Note: a: χ²value;b:t value

 

 

Table 2
Single factor analysis results of CT signs and postoperative risk ofSB GISTsin two groups

group n Lesion location Diameter of
lesion(cm, x±s)

Growth pattern boundary

duodenum jejunum ileum intracavity Intraluminal Extraluminal Clear Unclear

Low risk
group

40 17 29 3 3.150±1.039 6 19 15 34 6

High risk
group

67 14 33 20 7.812±3.148 2 27 38 27 40

Statistics   9.859a -11.15b 7.005a 20.42a

P value 0.007 0.000 0.030 0.000

group Plain density ulcer Necrotic cystic
degeneration

hemorrhage calci�cation enhancement pattern

homogeneous heterogeneous No Yes No Yes No Yes No Yes fast in and
slow out

gradual
slow
out

gradual
enhancem

Low risk
group

25 15 33 7 31 9 39 1 35 5 17 17 6

High risk
group

17 50 35 32 35 32 59 8 52 15 19 16 32

Statistics 14.48a 9.902a 6.762a 2.897a 1.611a 11.87a

P value 0.000 0.002 0.009 0.089 0.204 0.003

Note: a: χ²value;b:t value

 

 

Table 3
Single factor analysis results of CT enhancement characteristics and postoperative risk between the two groups

group n Lesion component density (HU)

plain arterial
phase

arterial phase
increment

venous
phase

venous phase
increment

delayed
phase

delayed phase
increment

enhanced
net

Low risk
group

40 36.06±6.061 111.7±38.59 75.59±37.10 117.2±31.09 81.14±30.60 87.46±17.95 51.40±17.11 87.79±34.09

High risk
group

67 36.58±5.370 76.77±30.05 40.19±29.06 90.12±31.60 53.54±30.65 76.41±18.27 39.83±17.48 56.39±29.64

Statistics   -0.232 4.899 5.488 4.315 4.509 3.046 3.337 5.010

P value   0.817 0.000 0.000 0.000 0.000 0.003 0.001 0.000
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Table 4
Area analysis under ROC curve

Variable AUC P value 95%CI Sensitivity(%) Speci�city(%) Accuracy(%)

Lesion length(cm) 0.959 0.000 0.924-0.993 88.1 97.5 91.6

Arterial phase(HU) 0.775 0.000 0.686-0.864 87.5 58.2 69.2

Arterial phase Increment(HU) 0.788 0.000 0.700-0.877 77.5 70.1 72.9

Venous phase(HU) 0.737 0.000 0.642-0.833 67.5 76.1 72.9

Venous phase Increment(HU) 0.747 0.000 0.653-0.841 67.5 76.1 72.9

Delayed phase(HU) 0.675 0.003 0.570-0.780 87.5 43.3 59.8

Delayed phase Increment(HU) 0.693 0.001 0.591-0.795 82.5 52.2 63.6

Enhanced net(HU) 0.766 0.000 0.674-0.858 70 76.1 73.8

Table 5
Multivariate analysis of CT signs and pathological risk grade

in two groups
variable OR value 95%CI P value

Scan density 12.544 1.269-123.969 0.030

Arterial phase 10.790 1.374-84.754 0.024

Lesion length 658.694 40.541-10379.714 0.000

MSCT scan showed slightly lower and equal density in transverse section (A), obvious enhancement in arterial phase (B), continuous enhancement in venous
phase (C), and decreased enhancement in delayed scanning (D). In coronal position (E), the lesion was located in duodenal cavity, with clear boundary and
uniform density. The pathological risk grade was low (F).

MSCT showed a slightly lower density in the horizontal section (A) of plain scan, and patchy necrotic areas were seen in it. In the arterial phase (B) of
enhanced scan, the lesions showed uneven and obvious enhancement, with multiple small vessel branches supplying blood in it, no enhancement in the
necrotic cystic area, slightly weakened enhancement in venous phase (C) and delayed phase (D), and mesenteric artery branches supplying blood in coronary
position (E), The pathological risk level was high (F).

Discussion
Gastrointestinal stromal tumors are common mesenchymal tumors of the gastrointestinal tract and GISTs are mainly distributed in the stomach, small
intestine, colon, and outside the gastrointestinal tract. Distribution in the small intestine accounts for approximately 20% of the total cases of GISTs.
Malignant stromal tumors mainly metastasize to the liver, peritoneum, lung, bone, lymph node, and skin, and subcutaneous metastases are relatively rare.
Metastases to the bone head are high-risk stromal tumors.[8–10] Gastrointestinal stromal tumors mainly occur in patients over 50 years of age, with a median
age of 55–65 years old, but there is no gender preference. The incidence is 5–20% in patients younger than 40 years of age, while incidence in children is rare.
[9] In this study, the age of the patients was in the range of 30–78 years old, with a mean of 57.60 ± 11.07 years old. There was no signi�cant difference in
gender and age between the two groups (Table 1), which is consistent with previous reports. The common clinical symptoms of SBGISTs are gastrointestinal
bleeding, abdominal pain, abdominal mass, complete or incomplete intestinal obstruction, and occasional gastrointestinal perforation, and some of the
clinical symptoms are not obvious, similar to the clinical symptoms of other small intestinal tumors. Moreover, there is no obvious special performance and is
more prone to misdiagnosis[11, 12] There was no signi�cant difference in gastrointestinal bleeding between the two groups (P > 0.05). According to the age and
gender of patients, clinical symptoms, and risk of SBGISTs, we should be attentive for the possible diagnosis of SBGISTs when reading the �lm and try to
reduce misdiagnosis and missed diagnosis. Eighty percent of GIST cases are associated with tyrosine kinase protein (c-KIT) mutation. Moreover,
immunohistochemical analysis of GISTs usually show the expression cluster of differentiation 117 (CD117) and discovered on gastrointestinal stromal
tumors protein 1 (DOG1). Positive CD117 expression can distinguish SBGISTs from small intestinal tumors.[13–15] The results for CD117, DOG1, and cluster of
differentiation 34 (CD34) expression in this study were 100%, 100%, and 90.7%, respectively, which are consistent with those reported in the literature.

Univariate analysis of SBGISTs showed that there were signi�cant differences between the low-risk and high-risk groups in terms of lesion length, boundary
between the lesion and surrounding tissue, lesion lobulation, unenhanced density, ulcer, necrotic cystic degeneration, growth pattern, and lesion location (Table
2,3). Multivariate analysis identi�ed uneven tumor unenhanced density as an independent risk factor for high-risk SBGISTs (Table 5). We believe that when the
growth of tumor cells is more active, the growth rate of small blood vessels in the tumor is less than that of tumor cells, and the blood supply is insu�cient,
which leads to uneven density CT manifestations such as ulcers, necrotic cysts, and bleeding. It has been reported that the CT signs of gastrointestinal GISTs
such as tumor edge, shape, tumor growth pattern, necrosis, and enhancement pattern are related to risk strati�cation[16–19]. Mazzei MA et al [20] show that the
CT percentage of intralesional hypodensity as a CT surrogate of mitotic count demonstrates a good correlation with Miettinen risk assessment index in risk
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strati�cation of GIST patients, moreover CT percentage value of hypodensity >20% can be use as a possible accurate CT index to predict the metastatic
potential of GISTs. Huh et al[17] found that gastric GIST tumors combined with necrosis are an independent risk factor. At present, there are no consistent
results regarding the risk of bleeding and calci�cation in SBGISTs. In our study, there was no signi�cant difference between the two groups in bleeding and
calci�cation, which needs to be further explored.

The results of this study showed that tumor length ≥ 4.8 cm was an independent risk factor for high-risk SBGISTs, which had high accuracy in the diagnosis
of high-risk SBGISTs(Table 5). This indicated that in SBGISTs, a tumor with a maximum diameter greater than 4.8 cm can be considered high-risk SBGISTs. At
present, many studies have found that tumor length ≥ 5 cm is an independent risk factor for gastrointestinal GISTs[10, 14, 18, 19, 21], which is similar to the
results of this study. Our results showed that there was a signi�cant difference in the growth pattern of tumors between the two groups, which indicated that
the risk of SBGISTs in different growth patterns was different. There were no signi�cant results from the multivariate analysis. At present, studies have found
that extraluminal tumor growth is an independent risk factor for gastric GISTs.[18][19] Our results showed that 38 cases of extraluminal growth were the most
common in the high-risk group, and the tumors were all large. The growth pattern of tumors had reference signi�cance for the preoperative risk grading of
SBGISTs. In our study, the difference between the duodenum, jejunum, and ileum between the two groups was statistically signi�cant. The incidence rate of
SBGIST in the jejunum was higher than those of the duodenum and ileum. The results of the multivariate analysis were not statistically signi�cant. We found
that only three cases SBGIST in the ileum were found in the low-risk group, which may be related to the small sample size. We also found that lesion location
was an independent risk factor for gastrointestinal GISTs. The risk of non-gastric GISTs is higher than that of gastric GISTs.[13, 14] Currently, there is limited
research on the SBGIST fraction. Studies have suggested a higher incidence in the jejunum than in the ileum; however, the risk level was not analyzed.[10][22]

The results of this study found that the CT values in all phases of CT enhancement, the added value of contrast-enhanced CT, and the enhancement modality
differed signi�cantly between the two groups. The ROC curve analysis of arterial phase CT values, arterial phase added values, venous phase added values,
and the net value of enhancement in the venous phase showed some accuracy for the diagnosis of SBGISTs with lower risk, CT values in the arterial phase
and the degree of enhancement in the arterial phase were more accurate than the other signs(Table 4). The results of the multivariate analysis suggested that
the CT value in the arterial phase was an independent risk factor for the risk degree of SBGISTs, and when the CT value in the arterial phase was lower than
72.6 Hu, it was suggestive of high-risk SBGISTs. Qian su,s et al. found that the CT values in the venous and delayed phases were signi�cantly different
between the groups without risk grade SBGISTs.[23] It was found that the blood supply of SBGISTs was abundant, and thickening of the feeding arteries could
be seen in the tumor growth sites (Figure 1). The lesion was smaller, and the enhancement was more obvious in the arterial phase than that in the other
phases; therefore, the higher the intensity CT value in the arterial phase, the more homogeneous the enhancement was, suggesting a lower degree of danger,
as shown in (Figure 2). When the tumor was larger, its enhancement time was relatively prolonged, and the enhancement in the arterial phase was weaker, with
gradually slower enhancement or progressive enhancement. The plain CT value results were not statistically different between the two groups, considering
that the measured values were all taken from the solid component, so there was no differential result.

limitations
This study has some limitations. First, we did not collect cases in the intermediate-risk group. We consulted experts in the Department of Pathology of our
hospital to check again. Consulting the guidelines, we found that the number of cases in the intermediate-risk group was small, and there was no evidence-
based medicine. Reviewing relevant reports at home and abroad, only a few articles have mentioned cases of SBGISTs in the intermediate-risk group.[21, 24]

After discussing and studying with pathology experts, we found that the clinical symptoms of SBGISTs were not typical. Most of the patients with symptoms
were found to have larger lesions or higher risk, while patients with smaller lesions were found by physical examination. According to the guidelines, the
lesions in the medium-risk group and the very low-risk group were small (≤ 2 cm), but the mitotic images in the medium-risk group were high, and only six
cases in this group were ≤ 2 cm. Moreover, the mitotic images were low, so they were classi�ed into the very low-risk group. The clinical symptoms of patients
with small lesions are not obvious, they choose not to operate temporarily, or there is a risk of missed diagnosis due to the small lesions, so it is di�cult to
collect cases in the medium-risk group. Second, this was a retrospective study that used different CT models and unavoidable selection bias. Therefore,
further prospective and multicenter studies with larger sample sizes are required.

Conclusion
The CT examination and diagnosis of SBGISTs are highly accurate. Tumor length ≥ 4.80 cm, non-uniform scanning density, and arterial phase CT value lower
than 72.6 hu indicate high-risk SBGISTs.
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Figure 1

MSCT scanning and reconstruction images and pathological results of duodenal gastrointestinal stromal tumors MSCT scan showed slightly lower and equal
density in transverse section (A), obvious enhancement in arterial phase (B), continuous enhancement in venous phase (C), and decreased enhancement in
delayed scanning (D). In coronal position (E), the lesion was located in duodenal cavity, with clear boundary and uniform density. The pathological risk grade
was low (F).

Figure 2

four phase MSCT scanning and reconstruction images and pathological results of ileal gastrointestinal stromal tumors MSCT showed a slightly lower density
in the horizontal section (A) of plain scan, and patchy necrotic areas were seen in it. In the arterial phase (B) of enhanced scan, the lesions showed uneven and
obvious enhancement, with multiple small vessel branches supplying blood in it, no enhancement in the necrotic cystic area, slightly weakened enhancement
in venous phase (C) and delayed phase (D), and mesenteric artery branches supplying blood in coronary position (E), The pathological risk level was high (F).
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Figure 3

ROC curve analysis of lesion length diameter in the higher risk group

Figure 4

ROC curve analysis of CT �ndings on contrast-enhanced scans in the lower risk group


