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Abstract
Purpose  We aimed to reveal specific findings of gastrointestinal stromal tumors (GISTs) in the small intestine on contrast-
enhanced computed tomography (CT) by comparing GISTs with non-GISTs.
Methods  We enrolled 28 patients with 39 GISTs and 20 patients with 22 non-GISTs who underwent enterectomy with a 
preoperative diagnosis of small intestinal tumor. All lesions were diagnosed by histopathological examination. Two radiolo-
gists independently evaluated internal homogeneity, growth pattern, calcification, intratumoral hemorrhage, degeneration, 
ulceration, and lymphadenopathy and measured the maximum diameter of the tumor and contrast-enhanced CT (CECT) 
value of the solid portion as well as the diameter and CT value of the feeding artery and drainage vein on CECT in the arte-
rial and venous phases.
Results  Intratumoral hemorrhage was seen in 15.4% and 25.6% of GISTs and in 0% and 0% of non-GISTs (p = 0.079 and 
0.010), with good interobserver agreement (κ = 0.715). The drainage vein diameter correlated well with the maximum diam-
eter of the tumor (r = 0.744, p < 0.001). The CT value of the solid tumor part in the arterial and venous phases (p < 0.01) 
and the CT value of the drainage vein in the arterial phase (p < 0.05) were higher for GISTs than for non-GISTs (p < 0.01).
Conclusions  Strong parenchymal enhancement with the peak in the arterial phase and the CT value of the drainage vein in 
the arterial phase was characteristics findings of GIST compared with non-GISTs. The diameter of the drainage vein was 
proportional to the maximum diameter of GISTs.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most com-
mon submucosal mesenchymal tumor of the alimentary 
tract. GISTs arise most commonly in the stomach (50–70%), 
followed by the jejunum and ileum (30–40%), duodenum 
(5%), colon (4%), and esophagus or appendix (1%), and 
they most commonly occur at ages 50s to 60s [1–3]. GISTs 
arise from Cajal interstitial cells, which are the pacemaker 
cells located at Auerbach’s plexus of the alimentary tract [4]. 
GISTs are characterized by their expression of KIT (CD117), 
a tyrosine kinase growth factor receptor, which is important 
for distinguishing GISTs from other mesenchymal tumors, 
including leiomyoma, leiomyosarcoma, and Schwannoma 
[5]. The histopathological diagnosis by endoscopic biopsy 
is easily performed in the esophageal, gastric, and duodenal 
tracts, whereas it is more difficult and invasive for small 
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intestinal tumors because enteroscopy requires sedation and 
a long procedure time of > 1 h and sometimes causes compli-
cations, such as aspiration pneumonia, bleeding, perforation, 
and pancreatitis [6].

Computed tomography (CT), especially CT enterocly-
sis (CTE), is helpful in the detection of small bowel neo-
plasms [7, 8]. Most GISTs detected by CTE are not malig-
nant because CTE is able to depict the smaller GISTs that 
are not detected by conventional CT [9]. Detection of small 
intestinal tumors is a crucial role of CT. The treatment strat-
egy should be determined after detection. Although most 
small intestinal tumors without metastasis should be surgi-
cally resected, the treatment strategy depends on the tumor 
and remote metastasis. GISTs with hepatic metastasis are 
treated with tyrosine kinase inhibitors; therefore, evalu-
ation of tumor extension is the essential role of CT. Fur-
thermore, differential diagnosis from the other submucosal 
tumors such as neurogenic tumors, neuroendocrine tumors, 
lymphomas, desmoids, metastatic tumors, and other rare 
mesenchymal tumors is desirable in small intestinal GISTs 
before treatment, because imaging diagnosis of metastatic 
small intestinal tumors is clinically significant as they are 
treated by chemotherapy depending on the primary lesion 
and malignant lymphoma is treated by chemotherapy, which 
does not require complete resection but rather en-block tis-
sue sampling. Although typical lymphoma presents a bulky 
mass with homogeneous tumor with markedly high inten-
sity on diffusion-weighted image and high accumulation of 
fluorodeoxyglucose on positron emission tomography, imag-
ing spectrum of lymphomas is broad and some of them are 
difficult to diagnose with imaging. Multiphasic CT can be 
useful to differentiate among small bowel neoplasms on the 
basis of enhancement patterns [10]. Previous articles, how-
ever, have reported various imaging presentations of GISTs, 
such as calcification, intratumoral hemorrhage, and degen-
eration, and the tumor size and growth pattern are extremely 
variable [1, 11]. The purpose of this study was, therefore, to 
reveal specific findings of small intestinal GISTs on contrast-
enhanced CT (CECT) by comparing GISTs with non-GISTs.

Materials and methods

This retrospective study was approved by our Institutional 
Review Board, and written informed consent was waived.

Patients

We enrolled consecutive 59 patients who underwent enter-
ectomy with preoperative diagnosis of the small intestinal 
tumor at our institution between January 2007 and Decem-
ber 2016. Two patients who underwent only non-contrast 
CT and one patient with small lesion which was not depicted 

on CT were excluded and 56 patients (33 males, 23 females, 
mean age 61.2 years, age range 29–81 years) with 69 lesions 
were enrolled in this study. Of patients with GISTs, 28 
patients with 39 lesions were diagnosed as having GISTs. 
Two patients had two simultaneous lesions, one patient had 
three simultaneous lesions, and one patient diagnosed as 
having familial GISTs had eight simultaneous lesions. Of 
the patients with non-GISTs, 28 patients with 30 lesions 
were diagnosed as having non-GISTs. The non-GISTs group 
consisted of 10 metastases, including lung cancer (n = 5), 
uterine sarcoma (n = 2), renal cell carcinoma (RCC, n = 2), 
and pharyngeal cancer (n = 1) and 1 patient with metasta-
sis from lung cancer had 3 lesions, 6 malignant lympho-
mas, 5 primary adenocarcinomas, 1 neuroendocrine tumor, 
1 desmoid tumor, 1 low-grade fibromyxoid sarcoma, 1 
ectopic pancreas, 1 Schwannoma, 1 lipoma, 1 liposarcoma, 
1 IgG4-related disease, and 1 Crohn’s disease. One lipoma, 
1 Crohn’s disease, 1 IgG4-related disease, and 5 adenocar-
cinomas were omitted from non-GIST group because these 
lesions are relatively easily distinguish from GISTs, conse-
quently 20 patients with 22 lesions were enrolled in non-
GIST group (Table 1).

CT examinations

CT examinations were performed on three scanners: a 320-
row multidetector (MDCT) (Aquilion ONE; Canon Medi-
cal Systems, Otawara, Japan), a 64-row MDCT (Aquilion 
64; Canon Medical Systems, Otawara, Japan), and a 16-row 
MDCT (SOMATOM SENSATION CA; Siemens, Ger-
many). Both non-contrast and CECT scans (arterial and 
venous phase) were performed. The scans were performed 
during breath holding while using the following parameters: 
256–256 matrix, 320–380 mm FOV, 120 kVp, 270 mA or 
auto mA mode, and a section thickness interval of 5 mm. 
Intravenous administration of iodine contrast media was 
injected by using an automatic power injector. A total 
amount of 600 mg I/kg of iopamidol (Iopamiron 370 Bayer 
Yakuhin, Osaka, Japan or Oypalomin 370, Fuji Pharma, 

Table 1   The details in non-GISTs group

Non-GISTs group

Metastatic tumor 10
Malignant lymphoma 6
Neuroendocrine tumor 1
Desmoid tumor 1
Low-grade fibromyxoid sarcoma 1
Ectopic pancreas 1
Schwannoma 1
Liposarcoma 1
Total 22
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Tokyo, Japan), iohexol (Omnipaque 300, Daiichi-Sankyo, 
Tokyo, Japan or Ioverin 350, Teva Takeda Pharma, Nagoya, 
Japan), or iomeprol (Iomeron 350; Eisai, Tokyo, Japan) was 
injected at a rate depending on the patient’s body weight. CT 
scans were obtained pre-contrast and during both the early 
40-s delay (arterial) phase and 100-s delay (venous) phase.

Image analysis

Two abdominal radiologists (A.I. and S.O. with 12 and 
24 years of experience reading gastrointestinal images, 
respectively) who knew only that the patients had small 
bowel tumors and were blinded to the pathological diagnosis 
independently reviewed the unenhanced and CECT images.

Qualitative analysis

We reviewed axial images with 5 mm thickness and visu-
ally classified (a) internal homogeneity of the tumor in the 
venous phase of CECT into homogeneous or heterogene-
ous and (b) growth pattern of the tumor into endophytic, 
exophytic, or intramural (Fig. 1). Moreover, we visually 

evaluated the presence or absence of (c) calcification: 
high-density area on non-contrast CT, (d) intratumoral 
hemorrhage: slightly high-density area in the tumor on 
non-contrast CT, (e) degeneration: no enhancement region 
in the tumor on CECT in the venous phase, (f) ulcera-
tion: intratumoral air density connected to the gastroin-
testinal lumen, (g) lymphadenopathy: swelled lymph node 
in the mesentery of > 5 mm, and (h) early venous return: 
enhancement in the drainage vein equal to that of the 
artery on CECT in the arterial phase (Fig. 2).

Quantitative analysis

We measured the (A) maximum diameter of the tumor 
on axial images, (B) CT value of the solid portion of the 
tumor on unenhanced CT and CECT in the arterial and 
venous phases, (C) diameter of the feeding artery and CT 
value on CECT in the arterial and venous phase, and (D) 
diameter of the drainage vein and CT value on CECT in 
the arterial and venous phase.

Fig. 1   Qualitative analysis regarding internal homogeneity and 
growth pattern. a Homogeneous: a 59-year-old female with a small 
intestinal gastrointestinal stromal tumor (GIST) that is homogene-
ous on contrast-enhanced computed tomography (CT) in the equi-
librium phase (arrow). b Heterogeneous: a 64-year-old male with a 
small intestinal GIST presenting a heterogeneous pattern on contrast-
enhanced CT in the equilibrium phase (arrow). c Endophytic growth 

pattern: a 43-year-old female with a small intestinal GIST growing 
into the lumen of the small intestine. d Intramural growth pattern: a 
78-year-old female with a small intestinal GIST growing concentri-
cally against the small intestinal wall. e Exophytic growth pattern: a 
53-year-old male with a small intestinal GIST growing outside the 
small intestinal lumen
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Statistical analysis

Qualitative and quantitative analyses between the GISTs and 
non-GISTs groups were assessed by using Fisher’s exact test 
and Student’s t test, respectively. p values of < 0.05 were 
considered as indicative of statistical significance. Inter-
observer agreement in qualitative analysis was assessed by 
using κ statistics and was categorized as poor (< 0.20), fair 
(0.21–0.40), moderate (0.41–0.60), good (0.61–0.80), and 
excellent (0.81–1.00). Statistical tests were performed by 
using SPSS statistics 22 (IBM, Chicago, IL). The correla-
tions between the diameter of the drainage vein and maxi-
mum diameter and contrast enhancement were assessed by 
Pearson’s correlation analysis.

Results

In the qualitative analysis, intratumoral hemorrhage was 
seen only in the GISTs group and there was significant dif-
ference by one observer (p = 0.010; Table 2). There were no 
significant differences in the other evaluated items between 
the two groups. In the GISTs group, lymphadenopathy was 
observed with ulceration (Fig. 2d, e). Early venous return 
was frequently observed in the GISTs group compared to 
the non-GISTs group. In the non-GISTs group, early venous 
return was confirmed in metastasis from clear cell RCC 

(n = 2, Fig. 3), malignant lymphoma (n = 1), and desmoid 
tumor (n = 1, Fig. 4) by both observers.

In the quantitative analysis, the CT value of the solid part 
of the tumor on CECT in the arterial and venous phases, 
and the CT value of the drainage vein in the arterial phase 
in the GISTs group were higher than those in the non-GISTs 
group (Table 3). The peak of enhancement was confirmed in 
the arterial phase in GISTs and non-GISTs group (Fig. 5). 
The drainage vein diameter was most correlated with the 
maximum diameter (Figs. 6, 7).

Discussion

We analyzed qualitative and quantitative CT findings of the 
small intestinal tumor to distinguish GISTs with non-GISTs. 
In the qualitative analysis, intratumoral hemorrhage and 
early venous return were observed more frequently in GISTs 
than in non-GISTs, with good and excellent interobserver 
agreement, respectively, however, there was no significant 
difference in early venous return between both groups. In the 
quantitative analysis, the GISTs showed stronger enhance-
ment in the arterial and venous phases than in non-GISTs. 
The peak of enhancement was also observed in the arterial 
phase in both GISTs and non-GISTs. CT value of the drain-
age vein was higher at arterial phase in GISTs than in non-
GISTs. Additionally, the drainage vein diameter correlated 
with the GIST diameter associated with early venous return.

Fig. 2   Qualitative analysis of representative findings. a Calcifica-
tion: a 73-year-old female with a small intestinal gastrointestinal stro-
mal tumor (GIST) containing nodular calcification on non-contrast 
computed tomography (CT) (arrow). b Intratumoral hemorrhage: a 
67-year-old female with a small intestinal GIST, including a slight 
high-density area on non-contrast CT (arrow). c Degeneration: a 

54-year-old male with a small intestinal GIST with a non-enhanced 
component (arrow). d, e Ulceration and lymphadenopathy: a 67-year-
old male with a small intestinal GIST presenting air density in the 
tumor (d arrow) and swelled lymph nodes in the mesentery (e arrow). 
f Early venous return: a 56-year-old male with a small intestinal GIST 
on enhancement in the dilated drainage vein (arrow)
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Modified Fletcher classification and Miettinen classifica-
tion known as pathological risk-stratification of GISTs are 
determined by tumor size, mitosis, location, and presence 
or absence of rupture [12–14]. A previous article reported 
that tumor size, internal necrosis, internal air of enteric con-
trast, and ulceration on CT were associated with high-grade 
or malignant GISTs [9]. These findings were not helpful to 
distinguish GISTs from non-GISTs in this study. Enlarged 
vessels feeding or draining the mass also indicated high-
risk GISTs as well as large size in previous article [15]. Our 
result showed that the diameter of drainage vein was directly 
proportional to the maximum diameter of the tumor, which 
indicated the confounding between the drainage vein and 
tumor size. Increasing venous return in large-sized GISTs 
seems to be natural because vascular bed and shunt is pro-
portional to the tumor volume. We considered that the 
enlarged drainage vein may not be independent item to pre-
dict high-risk GIST.

Table 2   The results of qualitative analysis

Significant difference (*p < 0.05, **p < 0.01)

Observer 1 Observer 2 κ Values

GISTs Non-GISTs p values GISTs Non-GISTs p values

Homogeneous 38.5% (15/39) 54.5% (12/22) 25.6% (10/39) 31.8% (7/22)
Heterogeneous 61.5% (24/39) 45.5% (10/22) 0.287 74.4% (29/39) 68.2% (15/22) 0.767 0.516
Endophytic 7.7% (3/39) 31.8% (7/22) 5.1% (2/39) 36.4% (8/22)
Intramural 10.3% (4/39) 34.6% (8/22) 38.5% (15/39) 22.7% (5/22)
Exophytic 79.5% (31/39) 31.8% (722) N/A 53.8% (21/39) 40.9% (9/22) N/A 0.384
Calcification 10.3% (4/39) 0% (0/30) 0.287 12.8% (5/39) 0% (0/22) 0.149 0.880
Intratumoral hemorrhage 15.4% (6/39) 0% (0/30) 0.079 25.6% (10/39) 0% (0/22) 0.010* 0.715
Degeneration 28.2% (11/39) 13.6% (3/22) 0.225 43.6% (17/39) 18.2% (4/22) 0.054 0.645
Ulceration 12.8% (5/39) 4.5% (1/22) 0.404 12.8% (5/39) 4.5% (1/22) 0.404 1.000
Lymphadenopathy 7.7% (3/39) 22.7% (5/22) 0.124 10.3% (4/39) 27.3% (6/22) 0.147 0.480
Early venous return 43.5% (17/39) 18.2% (4/22) 0.054 46.2% (18/39) 18.2% (4/22) 0.051 0.963

Fig. 3   Metastasis caused by renal cell carcinoma. A 71-year-old male 
had undergone right nephrectomy because of renal clear cell carci-
noma 5 years earlier. The tumor shows extremely strong enhancement 
(asterisk), and early venous return in the dilated drainage vein (arrow) 
is observed in the small intestine

Fig. 4   Desmoid. A 64-year-old 
male was observed with a the 
submucosal tumor in the small 
intestine in follow up study for 
liver cirrhosis. The vasculature 
is seen in the peripheral paren-
chyma of the tumor (a arrows). 
Many vasculature early venous 
return is observed in the drain-
age vein (b arrow)
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In high-risk GISTs, peritoneal dissemination and liver 
metastasis are common [3, 16–19], although the incidence 
of lymph node metastasis is low and routine lymphadenec-
tomy is not generally required [20]. In this study, lymphad-
enopathy was observed in a few cases of GISTs with ulcera-
tion; however, histopathological examination revealed no 
malignancy in the lymph nodes. We considered that reactive 
lymphadenopathy is often observed in GISTs with ulcera-
tion. These findings are compatible with those of previous 
reports, and it should be noted that lymphadenopathy is not 
rare when GISTs are accompanied by an ulceration.

Regarding intratumoral hemorrhage, 15.4% and 25.6% of 
the GISTs cases were observed by observers 1 and 2, respec-
tively, but no cases of non-GISTs were observed although 
there is no significant difference by observer 1. In general, 

obvious and obscure gastrointestinal bleeding was a major 
complication of GISTs [1], and intraperitoneal rupture is 
also well known in GISTs [2]. Therefore, we speculated 
that intratumoral hemorrhage occurs frequently similar to 
gastrointestinal bleeding and intraperitoneal hemorrhage 
in GISTs, so we evaluated intratumoral hemorrhage in this 
study. We thought that intratumoral hemorrhage might be a 
characteristic finding of small intestinal GISTs, which is the 
first report of this finding and is a characteristic that should 
be helpful in the diagnosis of GISTs in the small intestine. 
We considered that intratumoral hemorrhage may lead to 
degeneration, calcification, and ulcer in case of penetration 
into the lumen.

Feeding artery and drainage vein are important to deter-
mine tumor origin [21]. We focused on characteristics of 
the feeding artery and drainage vein as well as parenchymal 
enhancement. In qualitative analysis, early venous return 
was seen more frequently in GISTs than in non-GISTs with 
high interobserver agreement, although there was no sig-
nificant difference between GISTs and non-GISTs. On the 
other hand, in quantitative analysis, CT value of the drainage 
vein at arterial phase was higher in GISTs than that in non-
GISTs. CT value of the drainage vein at arterial phase means 
venous return of iodine contrast media from the tumor which 
is affected by transit time of iodine contrast media through 
the tumor. In other words, it has the same meaning as early 
venous return. In this study, this feature so-called early 
venous return was detected not by qualitative analysis but by 
quantitative analysis because quantitative analysis seemed to 
be more sensitive than qualitative one. According to a previ-
ous article regarding duodenal GISTs by Cai et al., the blood 
supply from the superior and inferior pancreaticoduodenal 
artery and the presence of drainage directly into the portal 
venous trunk may be characteristic of duodenal GISTs [22]. 

Table 3   The results of 
quantitative analysis

Significant difference (*p < 0.05, **p < 0.01)

Observer 1 Observer 2

GISTs Non-GISTs p values GISTs Non-GISTs p values

Maximum diameter (mm) 44.7 ± 35.6 32.4 ± 20.6 0.145 47.0 ± 35.3 39.1 ± 21.7 0.347
CT value of solid part
 Non-enhanced (HU) 36.8 ± 4.9 36.0 ± 7.9 0.158 35.0 ± 4.7 35.2 ± 9.0 0.503
 Arterial phase (HU) 145.6 ± 54.0 96.7 ± 49.8 0.001** 136.1 ± 46.2 96.3 ± 50.4 0.003**
 Venous phase (HU) 108.6 ± 32.7 83.2 ± 21.3 0.003** 100.9 ± 25.6 80.3 ± 22.0 0.003**

Feeding artery
 Diameter (mm) 2.1 ± 0.7 2.1 ± 0.6 0.721 2.5 ± 1.1 2.2 ± 0.5 0.420
 Arterial phase (HU) 205.2 ± 79.4 169.2 ± 64.1 0.124 195.9 ± 75.2 154.4 ± 30.8 0.139
 Venous phase (HU) 114.5 ± 36.4 103.9 ± 41.9 0.362 114.5 ± 30.0 87.4 ± 26.9 0.050

Drainage vein
 Diameter (mm) 4.1 ± 2.3 3.2 ± 0.8 0.208 3.6 ± 1.7 3.2 ± 0.7 0.560
 Arterial phase (HU) 231.6 ± 66.6 171.5 ± 99.7 0.024* 246.8 ± 51.8 196.1 ± 69.2 0.015*
 Venous phase (HU) 149.0 ± 36.0 140.1 ± 48.7 0.496 134.8 ± 21.8 136.3 ± 32.6 0.901

Fig. 5   Computed tomography (CT) values of a GIST and a non-GIST 
obtained in a dynamic study. The CT value of the GIST is higher 
than that of the non-GIST in the arterial and equilibrium phases with 
significant difference. The peak enhancement is seen in the arterial 
phase in both the GIST and non-GIST
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The finding that dilated veins near small intestinal GISTs 
were often observed in the arterial phase coincided with 
the characteristic finding of duodenal GISTs. Regarding 
the differential diagnosis between GISTs and non-GISTs, 
the diameters of the feeding artery and drainage vein were 
not helpful, but higher density of the drainage vein in the 
arterial phase could be useful for discrimination of GISTs 
from non-GISTs. This feature caused by one or both strong 
parenchymal enhancement meaning hypervascularity and 
large-diametered shunt by several marginal vessels as feed-
ing artery and drainage vein in the GISTs. However, early 

venous return was also observed in non-GISTs, including 
metastases of clear cell RCC, malignant lymphoma, and 
desmoid tumor. Clear cell RCC is a highly dense tumor on 
CECT in the arterial phase and is caused by rich vascularity 
based on microvessel density proven by immunohistochemi-
cal examination using CD34 [23]. It seems reasonable that 
metastasis of clear cell RCC has same feature as primary 
lesion and their rich vascularity results in early venous 
return. Malignant lymphomas and desmoid tumors dem-
onstrated early venous return, and however did not show 
as high density (80 and 73 HU, respectively) as metastasis 

Fig. 6   The correlation between the diameter of the drainage vein and respective parameters. The diameter of the drainage vein was most corre-
lated with the tumor diameter (y = 0.037x + 1.902, r = 0.744, p < 0.001)

Fig. 7   The relationship between the diameter of the drainage vein and 
maximum diameter of the gastrointestinal stromal tumor (GIST). a A 
73-year-old female showing a small intestinal GIST with a maximum 

diameter of 45.0 mm and a drainage vein diameter of 4.3 mm. b A 
78-year-old female showing a small intestinal GIST with a maximum 
diameter of 113.0 mm and a drainage vein diameter of 9.9 mm
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of clear cell RCCs (> 200 HU) in the arterial phase, which 
indicates they were not as hypervascular as clear cell RCCs. 
According to previous articles, lymphoma showed delayed 
enhancement pattern and desmoid showed mild to moderate 
enhancement due to collagen and myxoid element [10, 24]. 
Lymphoma and desmoid in this study presented vasculature 
in the peripheral parenchyma suggesting both the artery and 
vein and shunt between the artery and vein in peripheral 
of the tumor was considered. It should be noted that early 
venous return can be caused by not only parenchymal hyper 
vascularity but also extraparenchymal shunt.

As described earlier, early venous return is correlated 
with hypervascularity within the tumor. In this study, 
GISTs showed higher enhancement and stronger wash out 
than those in non-GISTs. An article regarding multiphasic 
dynamic CT by Shinya et al. showed that CT values could 
discriminate small intestinal neoplasms and concluded that 
GISTs and neuroendocrine tumors in the small intestine 
showed rapid enhancement followed by wash out in the 
venous phase, which is corroborated by our results [10]. 
Generally, enhancement of a tumor is dictated by the histo-
logical structure, such as vascular tissue and fibrous tissue, 
within the tumor. On the other hand, the cause and mecha-
nism of early venous return in small intestinal tumors are not 
clear and has not been investigated, yet histopathologically, 
a shunt-like structure resembling an arteriovenous fistula 
could be one cause of early venous return in small intes-
tinal GISTs, such as hepatic angiomyolipomas. The shunt 
between the arteriole and venule accelerates the intratumoral 
transit time of iodine contrast media. The reason for this is 
that multiphasic CT findings of the hepatic angiomyolipoma 
are similar to those of small intestinal GISTs in terms of 
marked enhancement and early venous return, and the cause 
of early venous return in hepatic angiomyolipoma is consid-
ered to be minimal arteriovenous shunt within the tumor on 
the basis of histopathological analysis [25, 26].

Our study has a few limitations. First, the CT scanners 
and protocol were not consistent because of the retrospective 
nature of the study. Second, our study population was rela-
tively small because it was a single institute study, and the 
non-GISTs group included various diseases, such as metas-
tases, adenocarcinomas, and malignant lymphomas. How-
ever, only one case of neuroendocrine tumor was enrolled. 
A previous article reported that neuroendocrine tumors as 
well as GISTs present a hypervascular pattern in the arterial 
phase with a washout in the venous phase on dynamic CT 
examinations [10]. Therefore, our results might have been 
different if many neuroendocrine tumors were present in the 
non-GISTs group. It is unclear if neuroendocrine tumors 
also show early venous return, so further investigation 
regarding CT findings is needed to distinguish GISTs when 
accompanied by neuroendocrine tumors. However, intratu-
moral hemorrhage, early venous return, and hypervascular 

parenchyma were found to be helpful findings for discrimi-
nation of GISTs from other small intestinal tumors except 
for neuroendocrine tumors.

In conclusion, GIST presented intratumoral hemor-
rhage more frequently than non-GIST. Strong parenchymal 
enhancement with the peak in the arterial phase was char-
acteristic finding of GISTs. CT value of the drainage vein 
in the arterial phase presenting accelerated the intratumoral 
transit time of iodine contrast was higher in GISTs than that 
of non-GISTs and the diameter of the drainage vein was 
proportional to the maximum diameter of the GIST. These 
features enable us to distinguish GISTs from non-GISTs; 
however, the diameter and CT value of the feeding artery 
were not significantly different between GISTs and non-
GISTs. Recognition of enhancement of tumor parenchyma 
and drainage vein can help in the interpretation of histologi-
cal constructs such as vascularity and shunt.
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