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Background: Acute arterial occlusive mesenteric ischemia with transmural intestinal necrosis (TIN) is a 
fatal disease, which is difficult to diagnose on multidetector computed tomography (MDCT). The aim of the 
present study was to determine the relationship of superior mesenteric artery (SMA) thrombus density with 
TIN on MDCT in patients with acute mesenteric ischemia (AMI) due to SMA thromboembolism.
Methods: In this retrospective study, 33 patients who underwent abdominal MDCT and angiography for 
AMI due to SMA thromboembolism were divided into two groups: the AMI with TIN group and the AMI 
without TIN group. We analyzed the relationships of clinical characteristics, qualitative MDCT signs, and 
SMA thrombus density with TIN. The SMA thrombus density was measured on non-contrast MDCT. 
Univariate and multivariate analyses were performed to determine the risk factors for predicting TIN. The 
diagnostic performances of risk factors were evaluated by receiver-operating characteristic (ROC) curve 
analysis.
Results: Of the patients with AMI enrolled in this study, 33.3% (11/33) were diagnosed with TIN. 
Peritonitis (P=0.042), bowel wall thinning (P=0.033), and pneumatosis/portomesenteric gas (P=0.010) were 
significantly associated with TIN. AMI patients with TIN exhibited a higher SMA thrombus density than 
AMI patients without TIN [41.2±6.1 vs. 34.2±3.0 Hounsfield unit (HU), P=0.003]. Multivariate analysis 
showed that SMA thrombus density was an independent predictor of TIN [P=0.044, hazard ratio (HR): 1.82, 
95% confidence interval (CI): 1.02–3.25]. For diagnosing AMI with TIN, the area under the ROC curve 
(AUC) of SMA thrombus density (0.83) was larger than those of peritonitis (0.68), bowel wall thinning (0.66), 
and pneumatosis/portomesenteric gas (0.71).
Conclusions: In patients with AMI, erythrocyte-rich thrombus blocking the SMA trunk which has a 
higher density on MDCT is prone to the occurrence of TIN compared with erythrocyte-scarce thrombus 
with a lower density. SMA thrombus density could be an independent risk factor for TIN in patients with 
AMI due to SMA thromboembolism.
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Introduction

Superior mesenteric artery (SMA) thromboembolism is 
the most common cause of acute mesenteric ischemia 
(AMI), and its etiology can be classified as thrombosis and  
embolism (1). The development of SMA thrombosis 
is superimposed on pre-existing severe atherosclerotic 
disease, and the majority of SMA embolic events are 
thromboembolic in nature and arise from a cardiac 
source (2). SMA thrombus consists of platelets, fibrin, 
and erythrocytes in variable proportions (3). Berndt et al. 
reported that tightly packed, erythrocyte-rich thrombus 
showed low perviousness, which could impede blood and 
contrast agent penetration in patients with stroke (4). 
Conversely, platelet/fibrin-rich thrombus appears to allow 
the blood and contrast agent to penetrate the clot more 
easily. From the results of Berndt et al.’s study, we deduced 
that the relative erythrocyte and platelet content of SMA 
thrombus may contribute to insufficient blood supply to 
the intestines and ischemia-reperfusion injury in patients 
with AMI (4). Blood supply insufficiency and ischemia-
reperfusion injury are the main factors contributing to 
intestinal ischemic injury (5).

Among patients with AMI, the severity of intestinal 
ischemic injury is closely related to mortality, especially 
for those with arterial occlusion. The prevalence of arterial 
occlusion is higher among elderly than young patients with 
AMI, as older patients often have comorbidities and are 
prone to the occurrence of intestinal ischemic necrosis (1,6). 
The development and extent of intestinal necrosis often 
leads to septic shock, multiple organ function failure, and 
even death (7). Therefore, the identification of patients with 
irreversible intestinal ischemic injury who will not benefit 
from long-term conservative treatment and will require 
timely intestinal resection due to transmural necrosis forms 
the cornerstone of livesaving strategies for AMI (8).

Multidetector computed tomography (MDCT) is 
recommended as the first-line modality for the evaluation 
of AMI (9-11). However, identifying patients with AMI 
who require intestinal resection remains a challenge, 
which emphasizes the need to determine accurate 
predictive factors for transmural intestinal necrosis (TIN) 
requiring resection (12). We presume that there is a 
relationship between the composition of SMA thrombus 
and intestinal necrosis in AMI. Non-contrast MDCT 
and MDCT angiography can detect thrombus in large 
arteries and provide information about its composition 
based on Hounsfield units (HU) (13,14). A platelet-rich 

thrombus contains varying amounts of atheromatous 
and cellular debris, fibrin, and platelets, but have few 
red cells; thus, it has a lower HU value. In contrast, an 
erythrocyte-rich thrombus contains higher concentrations 
of hemoglobin, so it has a higher HU value (15). The 
aim of the present study was to investigate whether a 
relationship exists between SMA thrombus density and 
irreversible TIN on MDCT in patients with AMI due to 
SMA thromboembolism.

Methods

Patient population

The study protocol was approved by the institutional review 
board of Daping Hospital, which waived the requirement to 
obtain informed consent from all patients due to the study’s 
retrospective nature. We retrospectively enrolled patients 
with clinically verified or suspected AMI who were referred 
to our department for MDCT examination between 
February 2013 and December 2019. Prior to MDCT 
scanning, all patients were clinically examined by either 
a gastroenterologist or a vascular surgeon. The inclusion 
criteria were as follows: (I) patients with AMI due to SMA 
thromboembolism; and (II) the time interval between 
MDCT examination and surgery was less than 24 hours. 
The exclusion criteria were as follows: (I) the time interval 
between MDCT examination and surgery was more than 
24 hours; and (II) patients with venous mesenteric ischemia, 
non-occlusive mesenteric ischemia, vasculitis, dissecting 
aneurysm, or bowel obstruction-induced mesenteric 
ischemia. Finally, 40 patients with AMI caused by SMA 
thromboembolism who met the inclusion criteria were 
included in the present study.

MDCT scanning

A 64-row MDCT scanner (LightSpeed VCT 64; GE 
Healthcare, Milwaukee, WI, USA) or a 256-slice MDCT 
scanner (Brilliance iCT 256; Philips Healthcare, Cleveland, 
OH, USA) was used to perform abdominal unenhanced and 
dual-phase enhanced (hepatic arterial and portal venous 
phases) imaging. The parameters were set as follows: 
collimation of 64×0.625 mm or 256×0.5 mm, table speed of 
64 or 256 mm per rotation, pitch 0.984, matrix 512×512, 
field of view 240–400 mm, tube voltage 120 kV, and tube 
current 250–300 mA. The scanning coverage extended from 
the dome of the diaphragm to the pubic symphysis.



3122 Tang et al. SMA thrombus density and intestinal necrosis in AMI

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(7):3120-3132 | http://dx.doi.org/10.21037/qims-20-604

Non-ionic iodinated contrast agent with an iodine 
concentration of 370 mg/mL (Ultravist; Bayer Schering 
Pharma, Berlin, Germany) was injected intravenously 
via a power injector at a rate of 4 mL/s, with a dose of  
2 mL/kg body weight and the upper dose limit set to  
120 mL for each patient. Images were acquired in the 
hepatic arterial and portal venous phases at 20 and 
50 seconds after the completion of the contrast agent 
administration, respectively.

Image analysis

All data were transferred to an offline workstation (ADW 
4.3; GE Healthcare, Milwaukee, WI, USA) for image post-
processing and analysis. Multiplanar reformation, curved 
planar reformation, volume rendering, and maximum 
intensity projection were used to reformat images and 
analyze the signs of intestinal ischemic injury, the location 
and extent of SMA thromboembolism, the involvement 
of SMA branches, and the severity of SMA stenosis. The 
images were independently reviewed by two abdominal 
radiologists each with more than 10 years of experience, and 
final agreement was achieved by consensus.

The SMA trunk can be classified into the following three 
zones: the SMA trunk proximal to the 1st major branch (zone 
1); the SMA trunk between the inferior pancreaticoduodenal 
artery and middle colic artery (zone 2); and the SMA trunk 
distal to the middle colic artery (zone 3) (16). As thrombus 
of different lengths may extend to more than 1 zone of the 
SMA trunk, the findings of SMA thromboembolism on 
MDCT were described as 1 zone of the SMA trunk plus 
another. The degree of SMA trunk stenosis was defined as 
complete or partial occlusion based on the enhanced axial 
and reformatted images.

Quantification of the thrombus HU

Based on the most proximal filling defect of thrombus on 
axial MDCT images in the arterial phase, two independent 
radiologists, who were blinded to the patients’ clinical data, 
manually placed regions of interest (ROIs) in the center 
of the thrombus on non-contrast MDCT images, while 
avoiding the adjacent other structures in each section. 
Measurement of the attenuation of the ROIs was performed 
using magnified images on the same workstation above 
mentioned. For all ROIs, the HU values were obtained by 
averaging all voxels within the ROI. The final HU value for 
each thrombus was calculated by summing the HU value of 

the ROIs in each section of the thrombus and dividing it by 
the number of sections. The HU values were independently 
determined by two raters, and their results were averaged.

Treatment and definition of irreversible TIN

Treatment decisions were made by the attending physicians 
according to patients’ clinical status, laboratory tests, and 
initial MDCT findings. Treatments included conservative 
anticoagulant therapy,  endovascular therapy,  and 
laparotomy.

As intestinal ischemic injury is a progressive process, 
patients with AMI with TIN confirmed by pathology, 
MDCT findings, or surgical findings, were included in 
the present study. Irreversible TIN was defined based 
on evidence of intestinal perforation on MDCT images, 
the discovery of extensive necrosis during open-close 
laparotomy procedures in unresected patients, and 
intestinal necrosis confirmed by pathology in patients who 
underwent intestinal resection. Patients with superficial 
and nontransmural ischemic necrosis upon pathological 
assessment were excluded. Patients who recovered from 
AMI with no need for intestinal resection after receiving 
conservative anticoagulant therapy and endovascular 
therapy were considered not to have TIN after 3 months of 
follow-up, as transmural necrosis could be ruled out at this 
point.

Statistical analysis

Categorical variables were reported as frequencies or 
percentages and were compared using the χ2-test or Fisher’s 
exact test, as appropriate. Continuous variables were 
reported as means ± standard deviations (SDs) and were 
compared with the independent-samples t-test. Variables 
associated with TIN were determined by univariate analysis, 
and variables with P<0.05 in the univariate analysis were 
selected for multivariate analysis and receiver-operating 
characteristic (ROC) curve analysis. The results of the 
multivariate analysis were expressed as hazard ratios (HRs) 
with 95% confidence intervals (CIs) and corresponding P 
values. The Youden index (= sensitivity + specificity – 1) 
was used to determine the cutoff value of the ROC curve. 
Statistical analyses were performed using SPSS version 22.0 
statistical software package (IBM, Armonk, NY, USA) and 
MedCalc software 17.2 (MedCalc Software, Mariakerke, 
Belgium). For all tests, P<0.05 was considered to indicate a 
statistically significant difference.
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Results

Patients’ clinical characteristics

O f  t h e  4 0  p a t i e n t s  w i t h  A M I  c a u s e d  b y  S M A 
thromboembolism, 5 patients who had calcification at the 
site of the thrombus were excluded due to the impact of 
calcification on the attenuation of thrombus on MDCT; 
also, 2 patients with thromboembolism only in branches of 
the SMA were excluded due to the difficulty in measuring 
the density of such thrombus on MDCT. Finally, 33 
patients (including 13 females and 20 males) with a mean 
age of 69.4±11.8 (range, 43–87) years were included for 
analysis in the present study.

Bowel resection was performed in 12 (36.4%) of the 
33 patients. Among these 12 patients, 5 underwent bowel 
resection following endovascular therapy, due to suspected 
intestinal necrosis, and 7 received laparotomy for both SMA 
recanalization and bowel resection. Pathological analysis 
of the surgical specimens following resection confirmed 
TIN in 10 of the 12 patients who received bowel resection, 
while superficial ischemic injury was confirmed in the other 
2 patients. Of the 33 study participants, 1 (3%) patient 
died a few hours after an open-close laparotomy procedure 
without resection from extensive bowel infarction. The 
other 20 patients (60.6%) were considered to have reversible 
intestinal ischemic injury and recovered with no need for 
bowel resection. Among these 20 patients, 14 received 
endovascular therapy (Figure 1). Intraoperative recanalization 
was performed in 2 patients, while 4 patients underwent 
conservative treatment (Figure 2). Eventually, TIN and the 
absence of intestinal necrosis were the final diagnoses for 11 
(33.3%) and 22 (66.7%) patients, respectively (Table 1).

Table 1 summarizes the clinical characteristics of the 
33 patients. There was no significant difference between 
AMI patients with and without TIN in terms of age, sex, 
risk factors of thrombus formed, history of cardiovascular 
disease, or mean symptom duration prior to admission. 
Regarding clinical presentations, there was a significant 
difference between AMI patients with and without TIN 
in terms of the incidence of peritonitis (54.5% vs. 18.2%, 
P=0.042 vs. P<0.05). However, for other clinical symptoms, 
there was no significant difference between AMI patients 
with and without TIN (P>0.05) (Table 1).

MDCT findings and SMA thrombus density were 
associated with TIN

The MDCT findings and SMA thrombus density in the 

33 AMI patients are summarized in Table 2. There were 
significant differences between AMI patients with and 
without TIN in terms of the incidence of bowel wall 
thinning (36.4% vs. 4.5%, P=0.033) and pneumatosis/
portomesenteric gas (45.5% vs. 4.5%, P=0.010) (Figure 3). 
No significant difference was found between AMI patients 
with and without TIN for other MDCT findings of AMI 
(P>0.05). Compared with AMI patients without TIN, those 
with TIN had a higher SMA thrombus density (41.2±6.1 
vs. 34.2±3.0, P=0.003) (Figures 2,3; Table 2). Multivariate 
analysis showed that SMA thrombus density measured on 
MDCT could be an independent risk factor for predicting 
TIN in patients with AMI (HR: 1.18, 95% CI: 1.02–3.25, 
P=0.044); however, peritonitis, bowel wall thinning, and 
pneumatosis/portomesenteric gas were not found to be 
independent risk factors for predicting TIN in patients with 
AMI (P>0.05) (Table 3).

ROC curve analysis of variables associated with TIN

The areas under the ROC curves (AUCs) of peritonitis, 
bowel wall thinning, pneumatosis/portomesenteric gas, 
and SMA thrombus density for diagnosing TIN in patients 
with AMI were 0.68, 0.66, 0.71, and 0.83, respectively 
(Table 4; Figure 4). SMA thrombus density had a larger 
AUC than the other 3 variables. The sensitivity and 
specificity of peritonitis, bowel wall thinning, pneumatosis/
portomesenteric gas, and SMA thrombus density in the 
diagnosis of TIN in patients with AMI were 54.5% and 
81.8%, 36.4% and 95.5%, 45.5% and 95.5%, and 72.7% 
and 86.4% (cutoff value: 36.2 HU), respectively (Table 4; 
Figure 5).

Discussion

Despite the lack of any early, specific biomarkers for the 
diagnosis of intestinal necrosis, diagnostic accuracy has been 
improved by MDCT (17). Once the diagnosis of AMI has 
been established on MDCT by radiologists and surgeons, 
it is important to discriminate AMI patients with intestinal 
necrosis from those without intestinal necrosis (18-20). 
Previous studies have indicated that some MDCT signs 
are associated with intestinal necrosis in patients with AMI 
(12,21,22). Nuzzo et al. reported that bowel loop dilation 
was associated with TIN in arterial, venous, and non-
occlusive AMI (12), and Calame et al. reported that TIN 
in occlusive AMI has distinct CT findings, characterized 
by decreased or absent bowel wall enhancement and less 
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mesenteric fat stranding (22), which is inconsistent with our 
findings. The reasons for this inconsistency are as follows. 
Our study sample included only patients with AMI due to 
arterial occlusion, which is different from Nuzzo et al.’s 
study sample, which included patients with AMI of three 
etiologies. Calame et al. compared the prevalence of MDCT 
signs in occlusive AMI with TIN, non-occlusive AMI with 
TIN, and strangulated small bowel obstruction (SBO) with 
TIN, but did not compare the prevalence of MDCT signs 

between occlusive AMI with and without TIN. In these 
previous studies, there was controversy regarding which 
MDCT signs were associated with TIN in AMI; these 
MDCT signs are qualitative indicators. As far as we know, 
little research has been conducted on quantitative MDCT 
findings associated with TIN in patients with AMI, except 
for the quantification of bowel wall enhancement associated 
with AMI secondary to bowel obstruction (23).

Prompted by other studies that analyzed the composition 

Figure 1 A 78-year-old female patient with acute mesenteric ischemia (AMI) due to superior mesenteric artery (SMA) thromboembolism. 
Multidetector computed tomography (MDCT) with volume rendering (A) and curved planar reformation (B) images showed a thrombus in 
the trunk and branches of the SMA (arrows). Coronal (C) and axial (D) images showed a slight decrease in small bowel wall enhancement 
(arrowheads) and a low-density filling defect in the SMA lumen (arrow). Digital subtraction angiography (E) showed that the SMA trunk had 
a filling defect with severe stenosis (arrows), and its distal branches were completely occluded (arrowheads). After thrombolysis treatment 
and the placement of a bare-metal stent (arrows), catheter angiogram (F) showed that the SMA trunk and its branches were now patent. 
Finally, the patient underwent endovascular treatment for mesenteric recanalization and recovered from the ischemic intestinal injury.
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Figure 2 A 76-year-old female patient with acute mesenteric ischemia (AMI) due to superior mesenteric artery (SMA) thromboembolism. 
Multidetector computed tomography (MDCT) with maximum intensity projection (A) showed multiple filling defects due to 
thromboembolism in the SMA and its branches (arrows). Based on the most proximal filling defect (arrows) in the SMA lumen on three 
consecutive axial images in the arterial phase (B), the SMA thrombus density was measured on three corresponding axial non-contrast 
images; the Hounsfield unit (HU) values of the thrombus in these sections were 36.6, 35.6, and 34.1 respectively (C). The mean HU value 
(35.4) of the whole thrombus could then be calculated. Coronal image (D) showed small bowel wall edema and thickness (arrowheads). 
After conservative thrombolysis treatment, volume rendering (E) and coronal (F) images showed that the thrombus in the SMA trunk had 
disappeared, and the small bowel edema and thickness (arrowheads) had improved significantly.

or thrombus density in patients with acute ischemic 
stroke (4), acute myocardial infarction (24), and deep 
vein thrombosis (25), in the present study, we analyzed 
whether the SMA thrombus density on MDCT has the 
ability to predict intestinal necrosis in patients with AMI. 
Interestingly, there was a difference in SMA thrombus 
density between AMI patients with and without TIN; 
the patients with AMI are prone to the occurrence of 

TIN, while a higher thrombus density blocks the SMA 
trunk. Furthermore, SMA thrombus density could be an 
independent risk factor for predicting TIN; to the best of 
our knowledge, this has not been directly proven in arterial 
occlusion due to AMI before now.

The density of a thrombus on MDCT increases with 
the erythrocyte percentage. Erythrocyte-rich thrombus 
has higher HU values than platelet-rich debris-filled 
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Table 1 Clinical characteristics of 33 patients with AMI due to SMA thromboembolism stratified by the presence of TIN

Clinical characteristics Overall (n=33) AMI with TIN (n=11) AMI without TIN (n=22) P valueb

Age (years), mean ± SDa 69.4±11.8 [43–87] 72.3±10.0 [50–87] 67.9±12.5 [43–87] 0.323

Sex (male/female) 20/13 7/4 13/9 0.554

Risk factors of thrombus formed, n (%)

Hypertension 23 (69.7) 9 (81.8) 14 (63.6) 0.256

Tobacco use 17 (51.5) 7 (63.6) 10 (45.5) 0.325

Dyslipidemia 7 (21.2) 3 (27.3) 4 (18.2) 0.429

Diabetes mellitus 7 (21.2) 2 (18.2) 5 (22.7) 0.571

History of cardiovascular diseases, n (%)

Myocardial ischemia 14 (42.4) 6 (54.5) 8 (36.4) 0.266

Cerebral ischemia 7 (21.2) 3 (27.3) 4 (18.2) 0.429

Low limb ischemia 3 (9.1) 1 (9.1) 2 (9.1) 0.748

Atrial fibrillation 12 (36.4) 4 (36.4) 8 (36.4) 0.653

Rheumatic heart disease 3 (9.1) 1 (9.1) 2 (9.1) 0.748

Clinical presentations, n (%)

Abdominal pain 33 (100.0) 11 (100.0) 22 (100.0) –

Nausea and vomiting 21 (63.6) 8 (72.7) 13 (59.1) 0.355

Hematochezia 9 (27.3) 4 (36.4) 5 (22.7) 0.333

Peritonitis 10 (30.3) 6 (54.5) 4 (18.2) 0.042

Symptom duration before admission, days ± SDa 2.4±1.4 [1–7] 2.2±1.4 [1–5] 2.5±1.4 [1–7] 0.550
a, unless otherwise noted, data are presented as number (%); b, comparison between AMI patients with and without TIN. AMI, acute  
mesenteric ischemia; SMA, superior mesenteric artery; TIN, transmural intestinal necrosis; SD, standard deviation.

thrombus, because HU values have a linear correlation 
with hemoglobin (15). Gersh et al. reported that the 
proportion and incorporation pattern of erythrocytes 
influence the permeability and viscoelasticity of pathological 
thrombus (26). In their study, van Gelder et al. reported 
that the addition of erythrocytes led to a decrease in the 
permeability of fibrin clots which was proportional to 
both the total surface area of the erythrocytes and their 
total concentration (27). Based on Gersh et al. and van 
Gelder et al.’s studies, erythrocyte-rich thrombus with 
low permeability could impede blood penetration, while 
erythrocyte-scarce thrombus seems to allow the blood to 
penetrate the clot more easily due to their high permeability. 
We conclude that erythrocyte-rich thrombus obstructing 
SMA would result in more severe intestinal ischemic injury 
than erythrocyte-scarce thrombus in patients with AMI.

At the beginning, thrombus of the SMA formed in situ 
or arising from a cardiac source are mainly composed of 

platelets and fibrin. However, as erythrocytes become 
trapped in fibrin mesh, the proportion of erythrocytes in 
thrombus gradually increases with the prolongation of 
ischemic time; consequently, the composition of thrombus 
includes fibrin and erythrocytes in variable proportions 
(3,26,28). Therefore, erythrocyte-rich thrombus with 
higher HU values on MDCT is associated with a longer 
ischemic time than platelet or fibrin-rich thrombus. A 
longer ischemic time may lead to the occurrence of TIN in 
patients with AMI.

Although the mean symptom duration before admission 
showed no significant difference between AMI patients with 
and without TIN in our study, it is likely that non-specific 
complaints precluded our ability to record accurate time 
from acute onset to admission, especially in elderly AMI 
patients with severe comorbidities (1,6,29). Furthermore, 
the development of thrombus in the SMA may precede the 
onset of clinical presentation in some patients with AMI (30). 
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These clinical features suggest that the recorded onset time 
does not reflect the true ischemic time for patients with 
AMI. However, the density of a thrombus may be closely 
related to ischemic time in patients with AMI. As the 
process and mechanism of SMA thrombosis are complex, 
the time of SMA thrombosis is difficult to determine; 
therefore, the relationship between SMA thrombus density 
and ischemic time warrants further study.

In the ROC curve analysis, the AUC of SMA thrombus 
density (0.83) was larger than those of peritonitis 
(0.68), bowel wall thinning (0.66), and pneumatosis/
portomesenteric gas (0.71) for diagnosing TIN in patients 

with AMI, which suggested that SMA thrombus density 
may be more discriminative than the other three variables 
for predicting TIN. SMA thrombus density had higher 
sensitivity (72.7%) and, with the exception of peritonitis, 
lower specificity (86.4%) than the other three variables for 
diagnosing AMI patients with TIN. Peritonitis is considered 
to be a common indication for surgical exploration, and 
patients with AMI and peritonitis may have irreversible 
or reversible intestinal ischemic injury (31). Thinning of 
the bowel wall can be caused by volume loss of the tissues 
and vessels in the bowel wall and by the loss of intestinal 
muscular tone (adynamic ileus); this is often associated 

Table 2 Univariate analysis of the MDCT findings and SMA thrombus density for the 33 patients with AMI due to SMA thromboembolism

MDCT findings Overall (n=33) AMI with TIN (n=11) AMI without TIN (n=22) P valueb

Degree of SMA trunk occlusion, n (%) 0.218

Partial occlusion 17 (51.5) 4 (36.4) 13 (59.1)

Complete occlusion 16 (48.5) 7 (63.6) 9 (40.9)

SMA branches, n (%) 0.218

Involvement 16 (48.5) 7 (63.6) 9 (40.9)

No involvement 17 (51.5) 4 (36.4) 13 (59.1)

Extent of SMA trunk thrombus, n (%) 0.957

Zone 1 2 (6.1) 1 (9.1) 1 (4.5)

Zone 2 5 (15.2) 2 (18.2) 3 (13.6)

Zone 3 14 (42.4) 4 (36.4) 10 (45.5)

Zone 2+3 7 (21.2) 2 (18.2) 5 (22.7)

Zone 1+2+3 5 (15.1) 2 (18.2) 3 (13.6)

Signs of AMI, n (%)

Bowel wall thickening 14 (42.4) 4 (36.4) 10 (45.5) 0.453

Bowel wall edema 3 (9.1) 0 3 (13.6) 0.282

Bowel wall thinning 5 (15.2) 4 (36.4) 1 (4.5) 0.033

Increased bowel wall attenuation 1 (3) 1 (9.1) 0 0.333

Decreased bowel wall enhancement 21 (63.6) 6 (54.5) 15 (68.2) 0.347

Pneumatosis/portomesenteric gas 6 (18.2) 5 (45.5) 1 (4.5) 0.010

Mesenteric haziness or fluid 4 (12.1) 1 (9.1) 3 (13.6) 0.593

Free intraperitoneal gas 2 (6.1) 2 (18.2) 0 0.104

Free intraperitoneal fluid 5 (15.2) 2 (18.2) 3 (13.6) 0.550

Density of SMA thrombus, HU ± SDa 36.5±0.9 (26.5–49.1) 41.2±6.1 (31.2–49.1) 34.2±3.0 (26.5–41.5) 0.003
a, unless otherwise noted, data are presented as number (%); b, comparison between AMI patients with and without TIN. MDCT,  
multidetector computed tomography; SMA, superior mesenteric artery; SD, standard deviation; AMI, acute mesenteric ischemia; TIN,  
transmural intestinal necrosis; HU, Hounsfield unit.



3128 Tang et al. SMA thrombus density and intestinal necrosis in AMI

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(7):3120-3132 | http://dx.doi.org/10.21037/qims-20-604

Figure 3 A 75-year-old female patient with acute mesenteric ischemia (AMI) due to superior mesenteric artery (SMA) thromboembolism. 
Multidetector computed tomography (MDCT) volume rendering (A) showed SMA complete occlusion (arrow) due to a thrombus; its distal 
branches could not be visualized. Coronal (B,C) and axial (D) images showed dilated small bowel loops with wall thinning, decreased wall 
enhancement, and pneumatosis (white arrowheads). Mesenteric veins in the right and lower abdomen were not filled with contrast agent, 
and mesenteric (arrows) and portal (black arrowheads) venous gas was also observed. Based on the most proximal filling defect (arrows) in 
the SMA lumen on three consecutive axial images in the arterial phase (E), the SMA thrombus density was measured on three corresponding 
axial non-contrast images. Hounsfield unit (HU) values of the thrombus on these sections were 45.1, 43.5, and 51.8, respectively (F). The 
mean HU value (46.8) of the whole thrombus could then be calculated. Extensive transmural intestinal necrosis (TIN) was found during 
open-close laparotomy procedures in the patient, who eventually died.

with superficial muscular layer or transmural necrosis in 
arterial occlusive ischemia (32). The causes of pneumatosis/
portomesenteric gas include mucosal injury, increased 
intraluminal pressure, and transmural necrosis (33). The 
above reasons may explain why these qualitative MDCT 
signs had lower sensitivity than SMA thrombus density for 
the diagnosis of AMI patients with TIN.

The different treatments received by the patients in our 
study are worth mentioning. Patients with AMI require 
urgent management, which is challenging due to individual 
patient differences, the dependence on the physician’s 
experience, and the condition’s low overall incidence. 
Furthermore, there is a lack of type I evidence from large, 
randomized controlled, multicenter prospective studies to 
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Table 3 Multivariate analysis of risk factors associated with TIN

Risk factors
Multivariate analysis

P value HR 95% CI

Peritonitis 0.061 – –

Bowel wall thinning 0.054 – –

Pneumatosis/portomesenteric gas 0.914 – –

Density of SMA thrombus (HU) 0.044 1.82 1.02–3.25

TIN, transmural intestinal necrosis; HR, hazard ratio; CI, confidence interval; SMA, superior mesenteric artery; HU, Hounsfield unit.

Table 4 ROC curve analysis of the variables associated with TIN

Variables AUC ± SD (95% CI) Sensitivity (%) Specificity (%) Cutoff values

Peritonitis 0.68±0.09 (0.50–0.83) 54.5 81.8 –

Bowel wall thinning 0.66±0.08 (0.47–0.81) 36.4 95.5 –

Pneumatosis/portomesenteric gas 0.71±0.08 (0.52–0.85) 45.5 95.5 –

Density of SMA thrombus (HU) 0.83±0.09 (0.66–0.94) 72.7 86.4 36.2

ROC, receiver-operating characteristic; TIN, transmural intestinal necrosis; AUC, area under the ROC curve; SD, standard deviation; CI, 
confidence interval; SMA, superior mesenteric artery; HU, Hounsfield unit.

Figure 4 Receiver-operating characteristic (ROC) curve analyses 
of the superior mesenteric artery (SMA) thrombus density, 
peritonitis, bowel wall thinning, and pneumatosis/portomesenteric 
gas for diagnosing acute mesenteric ischemia (AMI) patients with 
transmural intestinal necrosis (TIN). The area under the ROC 
curve (AUC) of SMA thrombus density (0.83) was larger than those 
of peritonitis (0.68), bowel wall thinning (0.66), and pneumatosis/
portomesenteric gas (0.71), which suggested that SMA thrombus 
density may be more discriminative than the other three variables 
for predicting TIN.

Figure 5 Interactive dot diagram of superior mesenteric artery 
(SMA) thrombus density [Hounsfield unit (HU)] with a cutoff 
value of 36.2. 0: acute mesenteric ischemia (AMI) without 
transmural intestinal necrosis (TIN); 1: AMI with TIN. Sens, 
sensitivity; Spec, specificity.

guide the selection of clinical treatment options. The present 
study was a retrospective analysis with a long time span, 
and the treatment options for these patients were decided 
according to the experiences of the attending physicians at 
that time. The patients underwent timely CT examination, 
and resection for suspected intestinal ischemic necrosis 
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had be done within 24 hours following CT examination. 
To avoid bias associated with underestimation of intestinal 
necrosis, we excluded all patients with an interval of more 
than 24 hours between CT examination and resection.

The present study had some limitations that should be 
acknowledged. First, it was a retrospective analysis subject 
to selection bias. AMI patients with calcified SMA thrombi 
were excluded, as were those with thromboembolism 
only in SMA branches. Therefore, a degree of patient 
selection bias may have occurred. Second, our study had a 
small sample size; it was likely underpowered to detect the 
impact of certain risk factors on outcome. For instance, free 
intraperitoneal gas found on MDCT must be considered as 
an occurrence of TIN in patients with AMI. In our study, 
free intraperitoneal gas was found in only two patients with 
AMI on MDCT. The statistical results revealed that this 
MDCT sign was not associated with TIN; the incidence 
rate of free intraperitoneal gas was lower in patients with 
AMI. Third, we did not assess the volume or length of 
the SMA thrombus as risk factors for the occurrence of 
TIN. It is difficult to measure the volume and length of 
SMA thrombus on MDCT because of the curvature of 
the SMA. However, the degree of SMA trunk occlusion 
and the location and extent of SMA thrombus were not 
associated with TIN in our study, which indirectly indicates 
that the volume and length of SMA thrombus may not 
be related to TIN because of mesenteric circulation with 
extensive collateral circulation (34). Fourth, we analyzed the 
relationship of the mean density of the whole SMA thrombus 
with the occurrence of TIN in patients with AMI; however, 
the accuracy of application in clinical practice has yet to be 
verified by prospective, large-sample studies, including the 
relationship of the length or range of SMA thrombus with 
TIN. Finally, there was no pathological examination to 
confirm the composition of SMA thrombus.

In conclusion, the findings of the present study indicate 
that the SMA thrombus density, measured on admission using 
non-contrast MDCT images, may be a predictor of the risk of 
TIN in patients with AMI caused by SMA thromboembolism. 
A high SMA thrombus density on MDCT is independently 
associated with TIN, and a cutoff value of more than 36.2 
HU may predict the occurrence of TIN in patients with AMI 
due to SMA thromboembolism. Larger prospective studies 
are needed to validate these findings.
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