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Computed tomography (CT) is widely used in diagnosing acute mesenteric ischemia (AMI), but robust 
identification of distinctive subtypes and stages of progression is lacking. Systematic literature 
search in PubMed, Cochrane Library, Web of Science and Scopus was conducted in May 2024. Studies 
including at least 10 adult patients and reporting radiological diagnosis of AMI versus no AMI or 
transmural ischemia versus no transmural ischemia were included. Meta-analyses on sensitivity and 
specificity of different radiological features in diagnosing AMI were conducted. From 2628 titles, 490 
studies underwent full text review, and 81 were included in 14 meta-analyses. Diagnostic accuracy 
of CT angiography (CTA) was high - sensitivity of 92.0% and specificity of 98.8% (I2 45% and 79%, 
respectively), but lower for other CT protocols (sensitivity 75.8 and specificity 90.5; I2 83%). In most 
included studies, distinction of subtypes and severity of AMI (non-transmural or transmural) was not 
possible. Amongst the non-vascular features, absent/reduced bowel wall enhancement provided the 
best prognostic value (sensitivity 57.9 and specificity 90.1). CTA is the method of choice for diagnosing 
AMI with high diagnostic accuracy. None of the non-vascular features alone is sufficiently reliable to 
diagnose AMI or its progression to transmural necrosis, whereas a combination of different radiological 
features conveys a potential.

Keywords  Acute mesenteric ischemia, Computed tomography, Diagnostic accuracy, Adult, Radiology

Acute mesenteric ischemia (AMI) may develop through distinct etiopathogenetic mechanisms and results in 
high mortality1,2. Computed tomography (CT), the diagnostic method of choice for diagnosing or excluding 
AMI, has been increasingly used and developed during the past few decades; however, no major improvement 
in AMI survival has been achieved1,2.

CT angiography (CTA) can reveal vascular stenosis or occlusion and non-vascular signs that suggest 
intestinal injury. There is consensus on biphasic CTA - with arterial and portal venous phases – being the gold 
standard in diagnosing AMI, but some uncertainty regarding the usefulness of unenhanced images remains3–9. 
Unenhanced images allow assessment of bowel wall attenuation and its comparison with the enhanced phase, 
and visualization of intramural/submucosal hemorrhage8,9.

The definitions of the subtypes of AMI and conditions considered under the AMI umbrella (e.g., strangulating 
bowel obstruction) are not unified, complicating direct comparison of studies on AMI. While the diagnosis 
of transmural AMI will usually be confirmed during surgery, the diagnosis of non-transmural AMI is mainly 
confirmed by survival without bowel resection after restored perfusion through revascularization in the case of 
occlusive AMI, or through optimization of vascular filling and vascular tone in the case of non-occlusive AMI 
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(NOMI). The same non-vascular signs may reflect ischemic and reperfusion injury, depending on the subtype of 
AMI9, complicating the diagnosis and influencing all the related meta-analyses.

Evidence regarding the accuracy of CT in diagnosing AMI is largely based on small retrospective studies, 
and different subtypes of AMI pooled in meta-analyses10,11. The accuracy of CT in diagnosing AMI and related 
specific non-vascular features is expected to depend on the CT protocol and to differ between the subtypes of 
AMI12, but so far these differences have been insufficiently assessed. Previous systematic reviews originate from 
more than a decade ago11,13, and more recent ones have only looked at radiological predictors of transmural 
AMI10,14. A systematic review on multi-slice computed tomography (MSCT), published in 2019, included eight 
cohort/case control studies and demonstrated very high sensitivity and specificity of MSCT in diagnosis of AMI, 
however, without distinguishing between the different subtypes of AMI15.

Meta-analyses assessing the value of specific radiological signs characterizing bowel wall pathology in 
different subtypes of AMI in comparison to no AMI are not available.

We aimed to assess the accuracy of CT in the diagnosis of AMI and its different subtypes in adult patients.

Methods
Study population and research questions
After assessing available studies, it occurred that studies did not uniformly use contrast-enhanced CT, but in 
many cases reported different phases, including non-enhanced CT, pooled into one group. For this reason, we 
modified our research questions of the original study protocol, omitting “contrast-enhanced,” as we were not 
able to separate results based on contrast enhancement.

We defined our study population as adult patients (aged ≥ 18 years) with any subtype of AMI (arterial 
occlusive, venous, non-occlusive) and formulated the following research questions:

	1.	� What is the accuracy of computed tomography in diagnosing AMI?
	2.	� What is the accuracy of computed tomography in diagnosing transmural intestinal ischemia?

Inclusion criteria

	-	� Clinical studies of any type including at least 10 patients in whom acute mesenteric ischemia was considered 
in their diagnostic workup;

	-	� Studies reporting confirmation of the final diagnosis of AMI at surgery, contrast-enhanced computed tomog-
raphy, invasive mesenteric angiography, endoscopy and/or histopathological examination;

	-	� Studies reporting radiological diagnosis or specific radiological features of AMI versus no AMI or transmural 
AMI vs. no transmural AMI reported with measures of effect obtainable in a form of sensitivity, specificity or 
odds/risk ratio.

Exclusion criteria

	-	� Experimental studies;
	-	� Studies of pediatric patients;
	-	� Studies with fewer than 10 adult patients;
	-	� Papers not reporting original patient data (e.g., reviews, editorials);
	-	� Studies where AMI was not the studied condition or was not confirmed as defined above;
	-	� Studies recruiting patients before the year 2000;
	-	� Studies where data were not extractable in a way necessary for the analysis.

Evidence searches
A systematic literature search was performed in PubMed, The Cochrane Library, Web of Science and Scopus. 
The search was not restricted by language. Search strategies are presented in Supplement 1. According to the 
study protocol (PROSPERO CRD42024543387), common searching for studies assessing the risk factors, and 
clinical and radiological predictors of AMI was performed. After retrieving eligible studies and data extraction, 
the findings/studies were split into two parts; the current review summarizes the “radiological” part, whereas the 
“clinical” part is published in a separate paper.

The search was limited to studies published after 01.01.2001, aiming to identify all studies commencing 
patient recruitment in the current millennium. This time limit was set, based on the availability of and advances 
in CT-scan diagnostics11, and is in line with our previous systematic review on AMI incidence and outcomes, 
defining earlier and later studies with the cut-off at year 20001. The final search was performed in June 2024. 
Additional searching was performed, reviewing the reference lists of systematic reviews and the individual 
studies, included in the review.

Study selection and data extraction
Titles and abstracts of studies identified, following the predefined search strategy, and after removal of duplicates, 
were screened independently by two reviewers to identify eligible studies for full text review. Full texts of the 
selected studies were independently assessed by two reviewers. For any disagreements during title/abstract and 
full text review consensus was reached involving a third reviewer as needed. Google translate was used in the 
full text review phase to translate non-English full texts in languages other than the Finnish, French, German, 
Italian, and Russian that were known to the co-authors.

The following information was extracted from studies, included in the systematic review: study setting, 
patient selection, age, gender, diagnostic modality, number of patients with and without AMI (or transmural 
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ischemia vs. no transmural ischemia), number of patients with outcome (radiological feature) in all groups, 
sensitivity and specificity and/or odds ratio of the diagnostic modality for diagnosis of AMI, progression, 
subtype and localization of AMI (if available).

Assessment of studies and data extraction was performed by clinicians of different specialties (surgery, 
critical care, gastroenterology, radiology) with at least 5 years of clinical experience and previous experience in 
the process of performing a systematic review.

Study quality assessment
The QUADAS-2 tool to assess risk of bias and applicability of studies included in the review was used in parallel 
by two research team members16. Decisions were made after reaching consensus, with involvement of a third 
reviewer as needed. Overviews of QUADAS-2 assessment results for all the included studies and per each meta-
analysis were made. When a study was judged as “low” on all the four key domains assessed, it was judged as 
having “low risk of bias” / “low concern regarding applicability”; when a study was judged “high” or “unclear” on 
at least one of the domains, it was judged as being “at risk of bias” / having “concerns regarding applicability”. A 
summary of the number of studies that found low, high or unclear risk of bias and applicability concerns for each 
of the domains assessed, for all the included studies and per each meta-analysis was compiled.

Data synthesis and analysis
Two-by-two contingency tables were constructed and sensitivity and specificity calculated where possible for 
each variable studied as a predictor of AMI and these calculated values were used in analyses. If sensitivity and 
specificity reported in the original paper and values calculated based on provided numbers of patients in the 
same paper were different, the recalculated values based on reported numbers of patients were used.

Adjusted odds ratios for each variable studied as a predictor of AMI were extracted as reported in the original 
papers.

We performed meta-analysis, when at least two studies had reported adjusted odds ratios or data in an 
extractable format.

A random-effects model was used to calculate pooled sensitivity and specificity. We assessed study 
heterogeneity by I squared measures. Studies with an I-squared value below 25% were considered homogeneous, 
those of 26–50% were considered to show low, 51–75% moderate and over 75% high heterogeneity, respectively.

Subgroup analyses for definition of study population, imaging modalities, different subtypes of AMI and 
severity/stage of AMI were performed when possible.

The following subpopulations were assessed separately:

•	 AMI, excluding strangulating bowel obstruction (SBO).
•	 AMI, including SBO.

The following subtypes of AMI are presented separately:

•	 Venous occlusive (mesenteric venous thrombosis).
•	 Non-occlusive.

Subtypes of AMI could not be distinguished in most of the studies, therefore the largest subtype – arterial 
occlusive AMI – is presented separately only for vascular signs and otherwise reported within the large group 
of any subtype.

The following comparisons, based on severity/stage of AMI, are presented:

•	 AMI (any stage of severity) vs. no AMI.
•	 Transmural intestinal ischemia vs. no transmural ischemia (may include both no ischemia and non-trans-

mural ischemia).

Studies based solely on SBO, reporting transmural ischemia vs. no transmural ischemia, were also included in 
the analysis with the rationale that such patients were included in the AMI group in many studies.

For specific radiological features, we also included studies assessing only patients with AMI (no control 
group) and accordingly report only sensitivity, but no specificity.

If a subtype of venous AMI or NOMI was reported separately as a part of a larger mixed cohort of all subtypes 
of AMI, we presented this subgroup separately on respective Forest plot, whereas the overall analysis included 
only the large group. If a study assessed only one subtype of AMI, it was included in the meta-analysis for overall 
total.

For vascular signs, we performed two meta-analyses: (1) diagnostic accuracy of arterial or venous occlusion 
identifying AMI in a mixed cohort patients with any subtype of AMI; (2) diagnostic accuracy of arterial or 
venous occlusion in patients with arterial or venous occlusive AMI.

Sensitivity analysis, excluding all the studies with high risk of bias from the analysis was also considered.

Results
The searches identified 2607 titles, and 21 additional studies were identified from systematic reviews and 
individual study reference lists. In total, 490 studies were selected for full text review (Fig. 1).

We were unable to retrieve 6 papers; 387 papers were excluded after full text review (Fig. 1); data extraction 
was performed for 95 studies. A full list of radiological variables reported in identified studies is presented in 
Supplement 2 Table S1. Fourteen meta-analyses – including 81 studies – were performed on sensitivity and 
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specificity (Table 1; Figs. 2, 3, 4, 5 and 6 and Supplement 3 Figures S1–S9)8,17–96, . One study reported odds ratios, 
but sensitivity and specificity could not be calculated55. Three non-English papers were finally included in the 
study, two in Russian and one in Chinese43,51,70.

The accuracy of the diagnosis of AMI with CT considering any applicable features (hereafter referred as 
“composite diagnosis”) is presented in Fig. 2.

In diagnosing AMI, the highest sensitivity (92.5, 95% CI 85.6–96.2) and specificity (98.5, 95% CI 90.8–99.8) 
were observed in studies looking at CT angiography (CTA) in patients with AMI, excluding patients with SBO. 
Sensitivity was lower for studies using also other CT enhancement phases (CTA not performed for all patients), 
with variable signals in studies including vs. excluding patients with SBO (Table 1; Fig. 2). Diagnostic accuracy 
was worse among patients with NOMI, but this finding is based on only 2 studies (Fig. 2).

For all non-vascular signs, sensitivity was insufficient to allow appropriate identification of AMI (Table 1; 
Figs. 2, 3, 4, 5 and 6 and Supplement 3 Figures S1–S7). Sensitivity was highest for mesenteric signs (stranding, 

Fig. 1.  Flow diagram.
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Variable

Number 
of studies 
(patients)

Sensitivity (95% 
confidence interval) I2

Specificity (95% 
confidence interval) I2

Adjusted odds ratio 
(95% confidence 
interval) [N of 
studies]5

Composite diagnosis of AMI1 242 (3391) 85.5 (78.1–90.6) 78% 96.1 (91.0–98.3) 88%

AMI any stage with CTA 12 (2028) 92.0 (86.3–95.5) 45% 98.8 (95.1–99.8) 79% NA

Excluding SBO 10 (1107) 92.5 (85.6–96.2) 49% 98.5 (90.8–99.79) 72% NA

Including SBO 2 (921) 89.8 (84.8–93.4) 0% 99.5 (98.7–99.8) 0% NA

AMI any stage with any CT modality (including CTA) 8 (1363) 75.8 (63.3–85.1) 83% 90.5 (78.8–96.1) 88% 7.4 (2.3–24.0) [1]

Excluding SBO 6 (352) 74.9 (51.0–89.5) 83% 69.3 (48.4–84.5) 79% 7.4 (2.3–24.0) [1]

Including SBO 2 (429) 65.9 (44.5–82.3) 75% 97.2 (81.7–99.6) 90% NA

Transmural ischaemia in SBO 5 (582) 80.4 (63.6–90.6) 88% 95.2 (92.3–97.1) 0% NA

Bowel wall characteristics

Reduced/absent enhancement of the bowel wall 37 (3840) 57.9 (50.4–65.1) 85% 90.8 (85.5–94.4) 83% 14.3 (6.4–31.2) [3]

AMI vs. no AMI 14 (1484) 46.1 (34.3–58.3) 83% 95.9 (90.1–98.4) 71% 22.9 (7.9–66.2) [1]

Transmural vs. no transmural 23 (2402) 64.7 (56.7–72.4) 83% 86.9 (79.0–92.1) 85% 8.1 (2.5–26.1) [2]

Thickening of the bowel wall 47 (5238) 56.4 (50.4–62.2) 79% 63.4 (53.7–71.8) 90% 3.1 (1.1–8.5) [1]

AMI vs. no AMI 18 (1855) 61.0 (50.4–72.0) 84% 67.0 (46.9–82.4) 73% NA

Transmural vs. no transmural 29 (3393) 53.3 (46.4–60.1) 70% 61.8 (50.6–71.8) 93% 3.1 (1.1–8.5) [1]

Pneumatosis intestinalis4 41 (4103) 32.9 (22.2–45.7) 77% 95.2 (82.4–98.8) 62% 2.36 (1.1–5.1) [2]

AMI vs. no AMI 20 (2043) 27.0 (20.3–35.0) 75% 98.2 (93.3–99.5) 68% NA

Transmural vs. no transmural 21 (2070) 44.8 (20.7–71.6) 79% 84.1 (37.6–97.9) 57% 2.36 (1.1–5.1) [2]

Bowel wall thinning3 8 (617) 30.5 (21.4–41.5) 74% 97.9 (88.6–99.7) 48% NA

AMI vs. no AMI 2 (193) 22.0 (7.6–49.1) 93% 97.5 (62.4–99.9) 0% NA

Transmural vs. no transmural 6 (434) 33.6 (25.4–42.9) 43% 98.0 (85.3–99.8) 65% NA

Unenhanced hyperattenuation 7 (571) 22.8 (12.7–37.4) 86% 99.8 (53.8–100.0) 0% NA

AMI vs. no AMI 3 (178) 18.2 (6.1–43.3) 89% 100.0 (0.0–100.0) 0% NA

Transmural vs. no transmural 4 (393) 26.2 (13.7–44.3) 84% 99.1 (56.1–100.0) 0% NA

Hyperenhancement 12 (1163) 18.8 (10.6–31.1) 86% 82.3 (65.2–92.0) 93% NA

AMI vs. no AMI 7 (620) 26.4 (12.7–47.0) 89% 89.0 (60.4–97.7) 95% NA

Transmural vs. no transmural 5 (553) 12.8 (7.8–20.2) 27% 75.4 (60.4–86.0) 80% NA

Other non-vascular features

Mesenteric stranding/ edema 31 (3487) 77.4 (66.0–85.8) 87% 47.5 (36.4–58.9) 93% 3.7 (1.2–10.3) [2]

AMI vs. no AMI 14 (1562) 63.5 (45.0–78.7) 90% 59.3 (46.7–70.7) 82% NA

Transmural vs. no transmural 17 (1971) 85.9 (74.2–92.8) 82% 39.4 (25.3–55.4) 95% 3.7 (1.2–10.3) [2]

Ascites 46 (4888) 66.5 (57.1–74.8) 86% 62.0 (50.8–71.9) 67% 5.3 (2.6–10.4) [2]

AMI vs. no AMI 18 (1715) 53.7 (42.0–64.9) 85% 60.3 (33.2–82.3) 92% NA

Transmural vs. no transmural 28 (3183) 74.6 (62.6–83.8) 87% 63.2 (51.9–73.2) 89% 5.3 (2.6–10.4) [2]

Bowel dilatation3 31 (3062) 59.6 (54.3–64.7) 71% 69.0 (60.9–76.1) 84% 4.8 (2.1–10.7) [1]

AMI vs. no AMI 18 (1743) 56.4 (50.4–62.2) 65% 68.8 (57.9–77.9) 84% 4.8 (2.1–10.7) [1]

Transmural vs. no transmural 13 (1319) 63.4 (54.4–71.6) 73% 69.4 (56.8–79.7) 85% NA

Portomesenteric venous gas4 29 (3000) 18.9 (13.7–25.6) 82% 99.0 (95.6–99.8) 49% NA

AMI vs. no AMI 18 (1937) 16.9 (10.8–25.5) 87% 99.6 (99.6–99.6) 61% NA

Transmural vs. no transmural 11 (1063) 22.6 (14.9–32.8) 65% 96.3 (89.0–98.8) 24% NA

Solid organ infarction 2 9 (742) 21.2 (11.3–36.4) 82% 88.7 (48.3–98.5) 93% NA

AMI vs. no AMI 9 (742) 21.2 (11.3–36.4) 82% 88.7 (48.3–98.5) 93% NA

Table 1.  Summary of findings on accuracy of radiological diagnosis (Forest plots available in Figs. 2, 3, 4, 5 
and 6 and supplemental figures S1-S9). Not all results were available in all studies (e.g. Only sensitivity for 
some, Only odds ratio for some). Legend: AMI- acute mesenteric ischemia; CT – computed tomography; CTA 
– computed tomography angiography; SBO – strangulating bowel obstruction. Transmural vs. no transmural 
– transmural bowel ischemia vs. no transmural ischemia (may include no ischemia). Highlighted in bold for 
subgroup analyses: sensitivity > 90% and specificity > 95% for the composite diagnosis and sensitivity > 60% and 
specificity > 90% for specific features. 1 in studies on SBO only transmural ischemia was considered as AMI. 
2 one study reported results for CTA and CT separately. 3 studies assessing only patients with SBO were not 
included, as bowel dilatation (potentially leading to bowel wall thinning) is a sign of SBO. Studies including 
patients with SBO among AMI were included, results are presented separately in Supplemental Figures S1 and 
S2. 4 some studies included only patients with pneumatosis intestinalis (PI) and distinguished between patients 
with and without AMI, therefore specificity in these studies is always 0. 5 adjusted odds ratios as reported in 
individual studies. Number of studies is reported in square brackets. Result of a meta-analysis is presented if 
several studies reported adjusted OR.
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edema, effusion), being 77.4% overall and 85.9% for transmural intestinal ischemia. However, specificity for this 
feature was low, with 47.5% (36.4–58.9) for overall and 39.4% (25.3–55.4) for transmural ischemia.

Specificity of 90% or higher was reached for bowel wall thinning, portomesenteric venous gas and unenhanced 
hyperattenuation for both comparisons (AMI vs. no AMI and transmural ischemia vs. no transmural ischemia), 
and for reduced/absent bowel wall enhancement and pneumatosis intestinalis for comparison of AMI vs. no 
AMI.

For non-vascular features, we did not identify any clear differences between subtypes of AMI except that 
bowel wall thickening showed higher sensitivity for venous AMI. Subtypes of AMI were often not presented 
separately, leaving data for subgroup analyses scarce and precluding separation of arterial occlusive AMI as a 
subgroup in our analyses.

Fig. 3.  Diagnostic accuracy of absent or reduced bowel wall enhancement.

 

Fig. 2.  Accuracy of diagnosis of AMI with composite radiological assessment.
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Although several non-vascular signs demonstrated high specificity, none of them achieved sufficient accuracy 
for a standalone diagnosis of AMI. Overall diagnostic performance was the best for reduced/absent bowel wall 
enhancement in the comparison to transmural vs. no transmural ischemia.

Analysis of vascular signs in an unselected population including all patients with different subtypes of AMI 
(Figure S8) demonstrated low sensitivity (46.2, 95% CI 22.1–72.3) and high specificity (98.7, 95% CI 94.6–99.7) 
for arterial occlusion. For venous occlusion, both sensitivity (93.6, 95%CI 17.7–99.9) and specificity were high 
(94.3, 95% CI 12.9–100.0), but with very wide confidence intervals. These results should be interpreted with 
caution and considered mainly for description of the prevalence of different subtypes rather than for diagnostic 
accuracy for arterial or venous occlusive AMI. A specific analysis of arterial and venous AMI (Figure S9) was 
inconclusive due to the limited number of available studies.

Fig. 5.  Diagnostic accuracy of ascites.

 

Fig. 4.  Diagnostic accuracy of mesenteric signs (stranding, edema, effusion).
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Study quality assessment
The QUADAS-2 assessments of risk of bias and applicability concerns are provided for all the studies included 
in the systematic review, in Supplement 4. Assessment results, considering the 4 key domains in the QUADAS-2 
tool (patient selection, index test, reference standard, and flow of patients through the study and timing of the 
index test(s) and reference standard, i.e. “flow and timing”), are provided in Supplement 4 Figure S10.

Of the 81 studies, altogether only 16 studies had both “low risk of bias” and “low concern regarding 
applicability” across all the assessed domains, and provided high quality information for the systematic 
review20,31,34,35,45,52,53,57,66,69,71,78–80,86,91.

Overview of risk of bias and applicability concerns in the included studies by the 4 key domains, assessed 
with the QUADAS-2 tool, is provided in Supplement 4 Figure S11. Study quality by domain was also separately 
assessed in the 14 meta-analyses, but due to quality concern(s) in most of the studies, the quality “picture” in 
different meta-analyses did not differ remarkably from the general quality “picture” of the 81 studies included 
in the systematic review.

Although several studies at low risk of bias/concerns were identified, sensitivity analyses were not performed 
due to an insufficient number of studies remaining in each subgroup.

Discussion
This systematic review confirms that CTA offers high sensitivity and specificity for a composite diagnosis 
(considering all radiological features) of AMI, However, none of the specific non-vascular radiological features 
alone is accurate to diagnose AMI or determine its stage. This study also highlights issues in reporting the results 
in available studies, particularly the limited granularity in defining AMI subtypes, the CT modalities used, and 
the severity or stage of AMI.

Study population
There is no consensus on whether patients with SBO developing bowel ischemia should be included under the 
nomenclature of AMI. Many studies included in the current systematic review, considered SBO together with 
AMI, without reporting the subtypes of AMI. As radiological signs reflecting transmural intestinal ischemia in 
SBO can resemble those in vascular AMI, we included studies reporting transmural ischemia in patients with 
SBO (studies assessing only SBO).

Our results did not show a consistent pattern when comparing subgroups that included or excluded SBO. 
However, when all subgroups were combined, the overall findings, were similar to previous meta-analyses. 
Yang et al. reported sensitivity of 94% and specificity of 97% for diagnosing AMI using MSCT with different 
enhancement protocols15. In this meta-analysis, two of the seven studies conducted after 2000 included SBO 
patients. Two studies included by Yang el al.were excluded from our overall analysis because they focused only 
on specific radiological features and estimated the overall diagnostic accuracy just retrospectively21,53.

Our analysis demonstrated slightly higher sensitivity in composite diagnosis of AMI in studies using CTA 
not considering SBO within AMI. However, for other CT protocols not limited to CTA (only two studies), the 
signal was in the opposite direction, showing better prediction in studies including SBO. This confirms that 
inclusion/exclusion of SBO is a factor causing confusion in comparisons of studies97. Bowel dilatation and bowel 

Fig. 6.  Diagnostic accuracy of bowel wall thickening.
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thinning, considered in radiological diagnosis of AMI, can also be directly caused by SBO. Diagnosis of non-
transmural intestinal ischemia in patients with SBO is subjective and ischemia may be only very local. These 
issues serve to emphasize the need for detailed reporting in future studies, instead of pooling SBO and different 
subtypes of AMI together.

Many studies lacked control group. Among those that had it, the controls ranged from individuals undergoing 
abdominal or cardiac surgery without AMI to those with benign pneumatosis intestinalis.

Subtypes of AMI
Different subtypes of AMI have different characteristics on CT scanning but may share similar clinical features2. 
Accordingly, patients with different etiologies of AMI are referred to CT when AMI is suspected, and then CT 
often helps to identify the etiology. Therefore, our description of vascular occlusion together in all subtypes of 
AMI (Figure S8) could be seen as just an epidemiological description, whereas the results of this approach are 
similar to earlier findings with low overall sensitivity8. Although these results may seem confusing, it highlights 
that in many cases of intestinal ischemia the vascular occlusion is not detected or present. This underlines the 
variety of AMI and indicates the need for clearer unified definitions and nomenclature98. The results of individual 
studies included in our broad analysis of vascular signs are fully dependent on the particular study population 
(subtypes of AMI) and it is known that different hospitals detect different proportions of subtypes of AMI2,98. 
Analysis focusing specifically on the accuracy of CT diagnosis of arterial and venous AMI yielded surprisingly 
few eligible studies (Supplement 3 Figure S9), and is of limited value.

NOMI and venous AMI are presented separately wherever possible, as they may be most prone to diagnostic 
bias. This potential bias in classification of patients in studies, included in our systematic review, also needs to 
be considered when interpreting the results. Thrombosis of mesenteric veins does not always lead to intestinal 
ischemia, making clinical symptoms crucial for diagnosing venous AMI. In contrast, clinical symptoms and signs 
of NOMI are often unreliable due to prior sedation and vasopressor use in intensive care patients. Accordingly, 
CT can confirm venous occlusion, but not venous AMI, whereas the absence of clear vascular findings does not 
rule out NOMI. NOMI is the most dynamic form of AMI that may switch from ischemia to reperfusion and back 
several times. It would be most warranted to distinguish ischemia from reperfusion (that both potentially lead to 
a sustained clinical picture of shock). A small retrospective study including 20 patients with NOMI) showed that 
mesenteric fat stranding, bowel wall thickening and unenhanced hyperattenuation may indicate reperfusion9. 
This deserves attention and provides a platform for future investigations in this area.

Imaging modality and specific features
In included studies, the CT modality was often reported only as overall numbers, preventing separate analyses 
of each enhancement phase. This hindered our ability to determine the optimal modality for assessing bowel 
wall features, and to evaluate the significance of non-enhanced CT in diagnosing AMI8,9. However, unenhanced 
hyperattenuation of the bowel wall showed high specificity. Additionally, a few studies reported a difference 
in bowel wall attenuation between unenhanced and enhanced imaging, as a potential feature, helping to 
identify bowel ischemia99,100. Recent advances in dual-energy CT may allow visualization of all potential 
features, including the option of virtual non-contrast images and visualization of subtle changes in bowel wall 
enhancement101,102, but this method requires further investigation .

To achieve accurate diagnosis and treatment of AMI, a diagnostic method should distinguish between three 
conditions: no AMI, non-transmural AMI, and transmural AMI. In addition to missing necessary detailsin 
available studies, there is no gold standard for immediate detection of non-transmural AMI. If vascular occlusion 
with acute symptoms is early revascularized without later development of bowel necrosis, then non-transmural 
AMI was likely present, allowing retrospective diagnosis. However, there are no specific clinical features 
confirming bowel ischemia, and distinguishing between the chronic and acute mesenteric ischemia is not always 
straight-forward103–105. Moreover, evaluation of the severity of intestinal damage (from the serosal side) during 
surgery may well include some extent of subjectivity. For example, a patient with NOMI but allocated to surgery 
could receive a diagnosis of no AMI or non-transmural AMI, depending on the surgeon’s decision. Further 
research should focus on finding an optimal combination of different radiological features best distinguishing 
between non-transmural and transmural intestinal ischemia to assist in management decisions.

Studies included in the analysis of composite diagnosis indicating high diagnostic accuracy, often did not 
report individual specific features (only 8/24 reported any specific signs), and majority of studies reporting 
specific signs did not report overall assessment (58/82). However, our findings suggest that simultaneous 
assessment of all radiological aspects together with clinical assessment may result in appropriate diagnosis. Some 
scores combining clinical, laboratory and radiological assessment have been proposed, but none of them are yet 
validated14,66.

Previous meta-analyses looking at odds ratios of radiological features predicting transmural necrosis, 
identified ascites10,14, pneumatosis intestinalis10,14, portomesenteric venous gas10, decreased or absent bowel wall 
enhancement10, bowel wall thinning10, bowel dilatation10and portomesenteric venous thrombosis14as potentially 
relevant. In general, our results are in line with these findings. Portomesenteric venous thrombosis as a factor 
indicative of transmural necrosis36, is interesting, as it may be related to secondary thrombosis in different 
subtypes of AMI and to mechanical occlusion in SBO. Our analysis of vascular signs (Supplement 3 Figure 
S8), demonstrating relatively high sensitivity and specificity (although with very wide confidence intervals) for 
venous occlusion may support the hypothesis that in the late phase (often associated with transmural AMI) 
venous thrombosis occurs in several different subtypes of AMI. Relatively large number of potentially useful 
features, while insufficient for standalone diagnosis, suggests that future studies should assess their different 
combinations. Importantly, the best combinations of features distinguishing non-transmural from transmural 
ischemia may differ between subtypes of AMI.
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Limitations and strengths
This systematic review and meta-analysis has several limitations originating from the included studies. Most of 
the included studies are retrospective single-center studies with variable or absent control groups. Definitions of 
AMI vary between the studies, with some studies excluding SBO and some including it under AMI. Reporting 
of diagnostic modality and different radiological features is highly variable and sometimes unclear. Different 
subtypes of AMI and severity/progression of AMI are not reported in many studies. Unclear reporting in 
studies in several cases necessitated interpretation and recalculation of the outcomes that may not have yielded 
correct results in all cases. Even though in all the included studies radiological assessments were performed 
by radiologists, data collection was often done by non-radiologists and retrospectively. Reporting the presence 
or absence of the potential signs of AMI by radiologists is shown to depend on whether or not suspicion of 
AMI has been raised prior to the radiological diagnostics2,57. Accordingly, retrospective re-evaluation of the 
findings may differ from the contemporary clinical diagnosis. Additionally, it may be relevant that included 
studies commonly originate from hospitals with special interests in AMI, and even there the proportions of 
different subtypes of AMI are expected to be highly variable2,98. Our approach in constructing the groups for 
comparisons, mainly with the group of “no transmural AMI” including also patients with no AMI, and inclusion 
of SBO with transmural ischemia in the analysis, may be criticized. Our method for forming comparison groups 
may be questioned, especially since the “no transmural AMI” group includes patients without AMI, and because 
we included SBO with transmural ischemia in the analysis. However, we combined all studies in the meta-
analyses to provide a broad overview and highlight key issues for future research. By this, we continue using the 
approach similar to our research on AMI incidence and biomarkers.

The strengths of our study are the rigorous methodology and the attempt to create subgroups which probably 
need different approaches. At the same time, we provide a broad overview allowing identification of issues that 
need to be considered in planning and reporting future studies.

Conclusions
CTA is the preferred method for diagnosing AMI, offering high diagnostic accuracy. However, no single non-
vascular feature is sufficient to reliably diagnose AMI or its progression to transmural necrosis. A combination 
of various radiological features potentially including those from unenhanced imaging, may provide a promising 
diagnostic approach and should be assessed in future studies. While identification of vascular occlusion on 
CTA helps to determine the etiology of AMI, it is not sufficient on its own to diagnose or rule out AMI due to 
the heterogenous pathophysiologic mechanisms involved. Future studies should provide detailed reporting of 
subtypes of AMI as well as location and progression of AMI.

Data availability
Evidence tables will be made available at reasonable request sent to the corresponding author.

Received: 20 January 2025; Accepted: 17 March 2025

References
	 1.	 Tamme, K. et al. Incidence and outcomes of acute mesenteric ischaemia: a systematic review and meta-analysis. BMJ Open. 12, 

e062846 (2022).
	 2.	 Reintam Blaser, A. et al. Incidence, diagnosis, management and outcome of acute mesenteric ischaemia: a prospective, multicentre 

observational study (AMESI Study). Crit. Care. 28, 32 (2024).
	 3.	 Expert Panels on Vascular Imaging and Gastrointestinal Imaging et al. ACR appropriateness Criteria® imaging of mesenteric 

ischemia. J. Am. Coll. Radiol. 15, S332–S340 (2018).
	 4.	 Bala, M. et al. Acute mesenteric ischemia: updated guidelines of the world society of emergency surgery. World J. Emerg. Surg. 17, 

54 (2022).
	 5.	 Björck, M. et al. (eds) ‘s Choice - Management of the Diseases of Mesenteric Arteries and Veins: Clinical Practice Guidelines of 

the European Society of Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg. 53:460–510 (2017).
	 6.	 Yu, H. & Kirkpatrick, I. D. C. An update on acute mesenteric ischemia. Can. Assoc. Radiol. J. 74, 160–171 (2023).
	 7.	 Olson, M. C. et al. Imaging of bowel ischemia: an update, from the AJR special series on emergency radiology. AJR Am. J. 

Roentgenol. 220, 173–185 (2023).
	 8.	 Schieda, N., Fasih, N. & Shabana, W. Triphasic CT in the diagnosis of acute mesenteric ischaemia. Eur. Radiol. 23, 1891–1900 

(2013).
	 9.	 Mazzei, M. A. et al. Reperfusion in non-occlusive mesenteric ischaemia (NOMI): effectiveness of CT in an emergency setting. Br. 

J. Radiol. 89, 20150956 (2016).
	 10.	 Zeng, Y. et al. Radiological predictive factors of transmural intestinal necrosis in acute mesenteric ischemia: systematic review 

and meta-analysis. Eur. Radiol. 33, 2792–2799 (2023).
	 11.	 Cudnik, M. T. et al. The diagnosis of acute mesenteric ischemia: A systematic review and meta-analysis. Acad. Emerg. Med. 20, 

1087–1100 (2013).
	 12.	 Furukawa, A. et al. CT diagnosis of acute mesenteric ischemia from various causes. AJR Am. J. Roentgenol. 192, 408–416 (2009).
	 13.	 Menke, J. Diagnostic accuracy of multidetector CT in acute mesenteric ischemia: systematic review and meta-analysis. Radiology 

256, 93–101 (2010).
	 14.	 Emile, S. H., Khan, S. M. & Barsoum, S. H. Predictors of bowel necrosis in patients with acute mesenteric ischemia: systematic 

review and meta-analysis. Updates Surg. 73, 47–57 (2021).
	 15.	 Yang, H. & Wang, B. L. Evaluation of the diagnostic value of multi-slice spiral CT in acute mesenteric ischemic diseases: a meta-

analysis of randomized controlled trials. Eur. Rev. Med. Pharmacol. Sci. 23, 10218–10225 (2019).
	 16.	 Whiting, P. F. et al. QUADAS-2: A revised tool for the quality assessment of diagnostic accuracy studies. Ann. Intern. Med. 155, 

529–536 (2011).
	 17.	 Akyildiz, H. et al. The correlation of the D-dimer test and biphasic computed tomography with mesenteric computed tomography 

angiography in the diagnosis of acute mesenteric ischemia. Am. J. Surg. 197, 429–433 (2009).

Scientific Reports |         (2025) 15:9875 10| https://doi.org/10.1038/s41598-025-94846-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	 18.	 Al-Azzazy, M. Z., Hasan, D. I., Sherbeni, M. E. E. & Gameel, A. M. Multidetector CT and CT angiography in mesenteric ischemia. 
Egypt. J. Radiol. Nuclear Med. 43, 337–345 (2012).

	 19.	 Amin, M. A., Nooman, N. A. & Moussa, G. I. Acute and chronic mesenteric ischemia: multidetector CT and CT angiographic 
findings. Egypt. J. Radiol. Nuclear Med. 45, 1063–1070 (2014).

	 20.	 Anglaret, S. et al. Influence of clinical suspicion on CT accuracy of acute mesenteric ischemia: retrospective study of 362 patients. 
Eur. J. Radiol. 138, 109652 (2021).

	 21.	 Aschoff, A. J. et al. Evaluation of acute mesenteric ischemia: accuracy of biphasic mesenteric multi-detector CT angiography. 
Abdom. Imaging. 34, 345–357 (2009).

	 22.	 Assenza, M. et al. Comparison among preoperative single-slice CT and multi-slice CT in simple, closed loop and strangulating 
bowel obstruction. Hepatogastroenterology 54, 2017–2023 (2007).

	 23.	 Atre, I. D. et al. Predictors of transmural intestinal necrosis in patients presenting with acute mesenteric ischemia on computed 
tomography. Abdom. Radiol. (NY). 47, 1636–1643 (2022).

	 24.	 Barmase, M. et al. Role of multidetector CT angiography in the evaluation of suspected mesenteric ischemia. Eur. J. Radiol. 80, 
e582–587 (2011).

	 25.	 Barrett, T., Upponi, S., Benaglia, T. & Tasker, A. D. Multidetector CT findings in patients with mesenteric ischaemia following 
cardiopulmonary bypass surgery. Br. J. Radiol. 86, 20130277 (2013).

	 26.	 Boscak, A. R., Bodanapally, U. K., Elshourbagy, T. & Shanmuganathan, K. Segmental bowel hypoenhancement on CT predicts 
ischemic mesenteric laceration after blunt trauma. AJR Am. J. Roentgenol. 217, 93–99 (2021).

	 27.	 Bourcier, S. et al. Diagnosis of non-occlusive acute mesenteric ischemia in the intensive care unit. Ann. Intensive Care. 6, 112 
(2016).

	 28.	 Calame, P. et al. Evaluating the risk of irreversible intestinal necrosis among critically ill patients with nonocclusive mesenteric 
ischemia. Am. J. Gastroenterol. 116, 1506–1513 (2021).

	 29.	 Canfora, A. Predictive factors of intestinal necrosis in acute mesenteric ischemia. Open. Med. (Wars). 14, 883–889 (2020).
	 30.	 Chai, Y. et al. Evaluation of ischemia and necrosis in adhesive small bowel obstruction based on CT signs: subjective visual 

evaluation and objective measurement. Eur. J. Radiol. 147, 110115 (2022).
	 31.	 Cho, J. W. et al. Clinical manifestations of superior mesenteric venous thrombosis in the era of computed tomography. Vasc 

Specialist Int. 34, 83–87 (2018).
	 32.	 Chuong, A. M. et al. Assessment of bowel wall enhancement for the diagnosis of intestinal ischemia in patients with small bowel 

obstruction: value of adding unenhanced CT to contrast-enhanced CT. Radiology 280, 98–107 (2016).
	 33.	 Cox, V. L., Tahvildari, A. M., Johnson, B., Wei, W. & Jeffrey, R. B. Bowel obstruction complicated by ischemia: analysis of CT 

findings. Abdom. Radiol. (NY). 43, 3227–3232 (2018).
	 34.	 Cruz, C., Abujudeh, H. H., Nazarian, R. M. & Thrall, J. H. Ischemic colitis: spectrum of CT findings, sites of involvement and 

severity. Emerg. Radiol. 22, 357–365 (2015).
	 35.	 Dahlke, M. H. et al. Mesenteric ischemia-outcome after surgical therapy in 83 patients. Dig. Surg. 25, 213–219 (2008).
	 36.	 Emile, S. H. Predictive factors for intestinal transmural necrosis in patients with acute mesenteric ischemia. World J. Surg. 42, 

2364–2372 (2018).
	 37.	 Ferrada, P. et al. Pneumatosis intestinalis predictive evaluation study: a multicenter epidemiologic study of the American 

association for the surgery of trauma. J. Trauma. Acute Care Surg. 82, 451–460 (2017).
	 38.	 Fujii, M. et al. Clinical characteristics of patients with pneumatosis intestinalis. ANZ J. Surg. 91, 1826–1831 (2021).
	 39.	 Grotelueschen, R. et al. Acute mesenteric infarction: the chameleon of acute abdomen evaluating the quality of the diagnostic 

parameters in acute mesenteric ischemia. Dig. Surg. 38, 149–157 (2021).
	 40.	 Henes, F. O. et al. CT angiography in the setting of suspected acute mesenteric ischemia: prevalence of ischemic and alternative 

diagnoses. Abdom. Radiol. (NY). 42, 1152–1161 (2017).
	 41.	 Heye, T., Bernhard, M., Mehrabi, A., Kauczor, H. U. & Hosch, W. Portomesenteric venous gas: is gas distribution linked to 

etiology and outcome? Eur. J. Radiol. 81, 3862–3869 (2012).
	 42.	 Hirao, H. et al. Intestinal fluid CT level could predict pathological small bowel ischemia in small bowel obstruction. Indian J. Surg. 

85, 596–601 (2023).
	 43.	 Hu, P. Z., Wang, W., Nie, W. & Rong, P. F. [Correlation of multi-slice CT findings to clinical staging and prognosis of mesenteric 

blood vessel infarction]. Nan Fang Yi Ke Da Xue Xue Bao. 30, 1392–1394 (2010).
	 44.	 Iacobellis, F. al. CT findings in acute, subacute, and chronic ischemic colitis: suggestions for diagnosis. Biomed. Res. Int. 895248 

(2014).
	 45.	 Jaidee, W. et al. Small bowel transmural necrosis secondary to acute mesenteric ischemia and strangulated obstruction: CT 

findings of 49 patients. Heliyon 9, e17543 (2023).
	 46.	 Jang, K. M. et al. Diagnostic performance of CT in the detection of intestinal ischemia associated with small-bowel obstruction 

using maximal Attenuation of region of interest. AJR Am. J. Roentgenol. 194, 957–963 (2010).
	 47.	 Jiang, M. et al. Nomogram for predicting transmural bowel infarction in patients with acute superior mesenteric venous 

thrombosis. World J. Gastroenterol. 26, 3800–3813 (2020).
	 48.	 Kammerer, S. et al. The role of multislice computed tomography (MSCT) angiography in the diagnosis and therapy of non-

occlusive mesenteric ischemia (NOMI): could MSCT replace DSA in diagnosis? PLoS One. 13, e0193698 (2018).
	 49.	 Karaagac, M. et al. Identifying factors associated with non-mesenterovascular pathology in patients undergoing surgical 

treatment for acute mesenteric ischemia. Ann. Ital. Chir. 95, 57–63 (2024).
	 50.	 Kato, K. et al. Interobserver agreement on the diagnosis of bowel ischemia: assessment using dynamic computed tomography of 

small bowel obstruction. Jpn J. Radiol. 28, 727–732 (2010).
	 51.	 Khripun, A. I. et al. [Computed tomography and CT angiography in diagnosis of acute disorders impairment of mesenteric 

circulation]. Angiol. Sosud Khir. 18, 53–58 (2012).
	 52.	 Kim, H. K., Hwang, D., Park, S., Lee, J. M. & Huh, S. Treatment outcomes and risk factors for bowel infarction in patients with 

acute superior mesenteric venous thrombosis. J. Vasc Surg. Venous Lymphat Disord. 5, 638–646 (2017).
	 53.	 Kirkpatrick, I. D., Kroeker, M. A. & Greenberg, H. M. Biphasic CT with mesenteric CT angiography in the evaluation of acute 

mesenteric ischemia: initial experience. Radiology 229, 91–98 (2003).
	 54.	 Kobayashi, T. et al. Prediction model for irreversible intestinal ischemia in strangulated bowel obstruction. BMC Surg. 22, 321 

(2022).
	 55.	 Kohga, A. et al. CT value of the intestine is useful predictor for differentiate irreversible ischaemic changes in strangulated ileus. 

Abdom. Radiol. (NY). 42, 2816–2822 (2017).
	 56.	 Kwok, H. C., Dirkzwager, I., Duncan, D. S., Gillham, M. J. & Milne, D. G. The accuracy of multidetector computed tomography in 

the diagnosis of non-occlusive mesenteric ischaemia in patients after cardiovascular surgery. Crit. Care Resusc. 16, 90–95 (2014).
	 57.	 Lehtimäki, T. T. et al. Detecting acute mesenteric ischemia in CT of the acute abdomen is dependent on clinical suspicion: review 

of 95 consecutive patients. Eur. J. Radiol. 84, 2444–2453 (2015).
	 58.	 Li, B., Wu, Z. & Wang, J. The target sign: a significant CT sign for predicting small-bowel ischemia and necrosis. Radiol. Med. 129, 

368–379 (2024).
	 59.	 Li, Z. et al. Imaging signs for determining surgery timing of acute intestinal obstruction. Contrast Media Mol. Imaging 1980371 

(2022).

Scientific Reports |         (2025) 15:9875 11| https://doi.org/10.1038/s41598-025-94846-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	 60.	 Millet, I. et al. Assessment of strangulation in adhesive small bowel obstruction on the basis of combined CT findings: implications 
for clinical care. Radiology 285, 798–808 (2017).

	 61.	 Milone, M. et al. Computed tomography findings of pneumatosis and portomesenteric venous gas in acute bowel ischemia. World 
J. Gastroenterol. 19, 6579–6584 (2013).

	 62.	 Mothes, H. et al. The role of computed tomography in the diagnostic pathway of acute mesenteric ischemia: a nested case-control 
study. Acta Radiol. 61, 1444–1451 (2020).

	 63.	 Murao, S. et al. Ischemia prediction score (IsPS) in patients with strangulated small bowel obstruction: a retrospective cohort 
study. BMC Gastroenterol. 23, 133 (2023).

	 64.	 Nakashima, K. et al. Diagnostic performance of CT findings for bowel ischemia and necrosis in closed-loop small-bowel 
obstruction. Abdom. Imaging. 40, 1097–1103 (2015).

	 65.	 Nakhaei, M., Mojtahedi, A. & Brook, O. R. Split-bolus CTA for mesenteric ischemia with a single scan opacifying arterial and 
mesenteric venous systems. Eur. Radiol. 30, 3987–3995 (2020).

	 66.	 Nuzzo, A. et al. Predictive factors of intestinal necrosis in acute mesenteric ischemia: prospective study from an intestinal stroke 
center. Am. J. Gastroenterol. 112, 597–605 (2017).

	 67.	 Ofer, A. et al. Multidetector CT angiography in the evaluation of acute mesenteric ischemia. Eur. Radiol. 19, 24–30 (2009).
	 68.	 O’Leary, M. P. et al. Predictors of ischemic bowel in patients with small bowel obstruction. Am. Surg. 82, 992–994 (2016).
	 69.	 Othman, H. K., Wang, E., Bai, S. & Wang, D. Multivariate analysis of intestinal necrosis in acute superior mesenteric artery 

embolism: a single institution experience. Ann. Vasc Surg. Brief. Rep. Innov. 3, 100193 (2023).
	 70.	 Pankratov, A. A. et al. [CT angiography and endovascular treatment in acute mesenteric ischemia]. Khirurgiia 50–55 (2022).
	 71.	 Pérez-García, C. et al. Non-occlusive mesenteric ischaemia: CT findings, clinical outcomes and assessment of the diameter of the 

superior mesenteric artery. Br. J. Radiol. 91, 20170492 (2018).
	 72.	 Rauf, F., Malik, S. & Faisal, M. Positive predictive value of CT scan in detecting bowel ischemia in adhesive small bowel obstruction 

taking operative findings as gold standard. Pakistan J. Med. Health Sci. 11, 1555–1557 (2017).
	 73.	 Rieser, C. J. et al. Development and validation of a five-factor score for prediction of pathologic pneumatosis. J. Trauma. Acute 

Care Surg. 90, 477–483 (2021).
	 74.	 Salim, S. et al. Clinical implications of CT findings in mesenteric venous thrombosis at admission. Emerg. Radiol. 25, 407–413 

(2018).
	 75.	 Sato, T., Ohbe, H., Fujita, M. & Kushimoto, S. Clinical characteristics and prediction of the asymptomatic phenotype of 

pneumatosis intestinalis in critically ill patients: a retrospective observational study. Acute Med. Surg. 7, e556 (2020).
	 76.	 Schwenter, F. et al. Clinicoradiological score for predicting the risk of strangulated small bowel obstruction. Br. J. Surg. 97, 1119–

1125 (2010).
	 77.	 Scrima, A., Lubner, M. G., King, S., Kennedy, G. & Pickhardt, P. J. Abdominal multidetector computed tomography for suspected 

small-bowel obstruction: multireader study comparing radiologist performance for predicting surgical outcomes. J. Comput. 
Assist. Tomogr. 41, 388–393 (2017).

	 78.	 Sheedy, S. P., Earnest, F., Fletcher, J. G., Fidler, J. L. & Hoskin, T. L. CT of small-bowel ischemia associated with obstruction in 
emergency department patients: diagnostic performance evaluation. Radiology 241, 729–736 (2006).

	 79.	 Stephan, F. et al. Probabilistic prediction of Gastrointestinal ischemia after cardiothoracic surgery. Thorac. Cardiovasc. Surg. 72, 
510–520 (2024).

	 80.	 Straarup, D., Gotschalck, K. A., Mikalone, R. & Thorlacius-Ussing, O. Preoperative findings on non-specific CT in patients with 
primary acute intestinal ischemia: a case-control study. Eur. J. Trauma. Emerg. Surg. 48, 3025–3032 (2022).

	 81.	 Takahashi, R. et al. Clinicopathological evaluation of anoxic mucosal injury in strangulation ileus. BMC Surg. 14, 79 (2014).
	 82.	 Tang, W. et al. Relationship of superior mesenteric artery thrombus density with transmural intestinal necrosis on multidetector 

computed tomography in acute mesenteric ischemia. Quant. Imaging Med. Surg. 11, 3120–3132 (2021).
	 83.	 Treyaud, M. O. et al. Clinical significance of pneumatosis intestinalis - correlation of MDCT-findings with treatment and 

outcome. Eur. Radiol. 27, 70–79 (2017).
	 84.	 Tseng, C. Y. et al. Spontaneous intramural intestinal hemorrhage versus acute mesenteric ischemia by CT evaluation. Intern. Med. 

55, 2337–2341 (2016).
	 85.	 Umapathi, B. A., Friel, C. M., Stukenborg, G. J. & Hedrick, T. L. Estimating the risk of bowel ischemia requiring surgery in 

patients with tomographic evidence of pneumatosis intestinalis. Am. J. Surg. 212, 762–768 (2016).
	 86.	 Verdot, P. et al. Diagnostic performance of CT for the detection of transmural bowel necrosis in non-occlusive mesenteric 

ischemia. Eur. Radiol. 31, 6835–6845 (2021).
	 87.	 Wadman, M. et al. Impact of MDCT with intravenous contrast on the survival in patients with acute superior mesenteric artery 

occlusion. Emerg. Radiol. 17, 171–178 (2010).
	 88.	 Wang, X. et al. Outcomes and clinical characteristics of transmural intestinal necrosis in acute mesenteric ischemia. Scand. J. 

Gastroenterol. 54, 953–959 (2019).
	 89.	 Wang, Y. et al. Predictive risk factors of intestinal necrosis in patients with mesenteric venous thrombosis: retrospective study 

from a single center. Can. J. Gastroenterol. Hepatol. 8906803 (2019).
	 90.	 Wassmer, C. H. et al. A new clinical severity score for the management of acute small bowel obstruction in predicting bowel 

ischemia: a cohort study. Int. J. Surg. 109, 1620–1628 (2023).
	 91.	 Wiesner, W., Hauser, A. & Steinbrich, W. Accuracy of multidetector row computed tomography for the diagnosis of acute bowel 

ischemia in a non-selected study population. Eur. Radiol. 14, 2347–2356 (2004).
	 92.	 Xu, W. X. et al. Prediction and management of strangulated bowel obstruction: a multi-dimensional model analysis. BMC 

Gastroenterol. 22, 304 (2022).
	 93.	 Yikilmaz, A., Karahan, O. I., Senol, S., Tuna, I. S. & Akyildiz, H. Y. Value of multislice computed tomography in the diagnosis of 

acute mesenteric ischemia. Eur. J. Radiol. 80, 297–302 (2011).
	 94.	 Zandrino, F., Musante, F., Gallesio, I. & Benzi, L. Assessment of patients with acute mesenteric ischemia: multislice computed 

tomography signs and clinical performance in a group of patients with surgical correlation. Minerva Gastroenterol. Dietol. 52, 
317–325 (2006).

	 95.	 Zhao, H. et al. Predictors and risk factors for intestinal necrosis in patients with mesenteric ischemia. Ann. Transl Med. 9, 337 
(2021).

	 96.	 Zielinski, M. D. et al. Small bowel obstruction-who needs an operation? A multivariate prediction model. World J. Surg. 34, 
910–919 (2010).

	 97.	 Reintam Blaser, A. et al. Diagnostic accuracy of biomarkers to detect acute mesenteric ischaemia in adult patients: a systematic 
review and meta-analysis. World J. Emerg. Surg. 18, 44 (2023).

	 98.	 Reintam Blaser, A. & Björck, M. Authors’ perspective of the highlights, limitations, and future directions of the acute mesenteric 
ischaemia (AMESI) study. Eur. J. Vasc Endovasc Surg. 68, 149–151 (2024).

	 99.	 Chen, Y. C. et al. Comparison of Ischemic and Nonischemic Bowel Segments in Patients With Mesenteric Ischemia: Multidetector 
Row Computed Tomography Findings and Measurement of Bowel Wall Attenuation Changes. Mayo Clin Proc. 91, 316–328 
(2016).

	100.	 Schneeweiss, S. et al. Improved CT-detection of acute bowel ischemia using frequency selective non-linear image blending. Acta 
Radiol. Open. 6, 2058460117718224 (2017).

	101.	 Obmann, M. M. et al. Dual-energy CT of acute bowel ischemia. Abdom. Radiol. (NY). 47, 1660–1683 (2022).

Scientific Reports |         (2025) 15:9875 12| https://doi.org/10.1038/s41598-025-94846-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	102.	 D’Angelo, T. et al. Dual-energy CT late arterial phase iodine maps for the diagnosis of acute non-occlusive mesenteric ischemia. 
Radiol. Med. 129, 1611–1621 (2024).

	103.	 Singal, A. K., Kamath, P. S. & Tefferi, A. Mesenteric venous thrombosis. Mayo Clin Proc. 88, 285–294 (2013).
	104.	 Terlouw, L. G. et al. The incidence of chronic mesenteric ischemia in the Well-Defined region of a Dutch mesenteric ischemia 

expert center. Clin. Transl Gastroenterol. 11, e00200 (2020).
	105.	 Kärkkäinen, J. M. et al. Interpretation of abdominal CT findings in patients who develop acute on chronic mesenteric ischemia. 

J. Gastrointest. Surg. 20, 791–802 (2016).

Author contributions
ARB drafted and all authors developed and confirmed the study protocol. EK performed literature searches, 
KTL developed data extraction tables, ARB, KTL, AF, KK, MM, MR, JS and KT performed data assessment. 
MK performed analyses, ARB drafted the manuscript, all authors reviewed and approved the final version of 
the manuscript.

Funding
This study was funded by the Estonian Research Council (Grant PRG1255).

Declarations

Competing interests
The authors declare no competing interests.

Conflicts of interest
ARB is holding a grant (PRG1255) from Estonian Research Council. Other co-authors declare no conflicts of 
interest. 

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​9​4​8​4​6​-​w​​​​​.​​

Correspondence and requests for materials should be addressed to A.R.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2025 

Scientific Reports |         (2025) 15:9875 13| https://doi.org/10.1038/s41598-025-94846-w

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-94846-w
https://doi.org/10.1038/s41598-025-94846-w
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Radiological diagnosis of acute mesenteric ischemia in adult patients: a systematic review and meta-analysis
	﻿Methods
	﻿Study population and research questions

	﻿Evidence searches
	﻿Study selection and data extraction
	﻿Study quality assessment
	﻿Data synthesis and analysis
	﻿Results


