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Abstract

Background Guidance on managing acute mesenteric ischaemia (AMI) is largely based on expert opinion and
retrospective studies pooling different subtypes of AMI. In clinical practice, management strategy is often selected
based on the patient’s severity of iliness, whereas randomized controlled trials or even adjusted analyses comparing
different strategies are rarely available. We aimed to perform a systematic review and meta-analysis on the effect of
different management options when adjusted for the baseline severity of illness.

Methods A literature search was performed in PubMed, the Cochrane Library, Web of Science and Scopus. Studies
recruiting patients after the year 2000, assessing at least 10 adult patients with reliably confirmed AMI, and comparing
different management approaches were considered for inclusion. Thirteen study questions on different management
strategies in different subtypes of AMI were formulated a priori. We included studies reporting results of adjusted
analyses or reporting any variables reflecting the severity of illness in both study groups under comparison.

Results A total of 3324 publications were identified, 321 were selected for full-text review and 31 included in the
review and analysis. Most of the studies comparing different management strategies of AMI did not report the
severity of illness in the groups under comparison. Any variable that could be considered to reflect the severity of
illness was reported in 26 studies. The available data only allowed one meta-regression analysis comparing initial
endovascular revascularization versus open surgery in arterial occlusive AMI, including four studies that reported
white blood cell count and lactate. The results indicate that the significant advantage of the endovascular approach
suggested in the crude analysis may be abolished when adjusting for the severity of the iliness. Narrative summaries
and raw data are presented for other research questions.

Conclusions The severity of illness plays an important role in the selection of management strategy and largely
determines the outcome of any treatment, yet is generally not considered in available studies assessing the
management of AMI. There is a major gap in the literature precluding appropriate analyses on treatment effects.
Future studies should report subtypes of AMI and the severity of illness for each group.
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Background Methods

Acute mesenteric ischaemia (AMI), a sudden onset
hypoperfusion of the intestines, may occur via various
etiopathogenetic mechanisms. AMI may result from
embolic occlusion, most commonly in the superior mes-
enteric artery (SMA), thrombotic occlusion in the pres-
ence of underlying pathology, such as atherosclerosis or
dissection, or it may have non-occlusive etiology, such
as splanchnic vasoconstriction or spasm, or mesenteric
venous thrombotic occlusion [1, 2]. Although AMI is
an uncommon clinical condition, accounting for only
0.038% [3] to 0.05% [4] of hospital admissions, it is asso-
ciated with high mortality, ranging from 48 to 60% [4].
Management of AMI is widely variable, and clear guid-
ance is often unavailable or based on scarce evidence (2,
5-6). Available systematic reviews and meta-analyses
concerning the management of AMI have focused mainly
on arterial occlusive AMI, comparing endovascular
revascularization with any open surgery or specifically
with open revascularization [7-11]. Importantly, none of
these meta-analyses considered that the selection of man-
agement strategy is often based on the individual clinical
condition of patients, with an endovascular approach
being chosen for less severely ill patients as compared to
open surgery [3], and that this may considerably affect
the results in observational studies providing unadjusted
results. Additionally, while endovascular revasculariza-
tion techniques are commonly well-reported in studies
included in meta-analyses, it is often not clear how many
patients in the included studies under “open surgery”
were not revascularized (12—13).

There are no randomized controlled trials or system-
atic reviews that allow evidence-based recommendations
regarding optimal management strategies in patients
with AMI. Available systematic reviews have not consid-
ered potential selection bias for management strategies
due to patients with different severity of illness at base-
line likely being allocated to a specific treatment [7-13].
Recent data shows large differences in severity of illness
in patients with AMI at different hospitals [3]. For these
reasons, before planning randomized controlled trials for
any management strategy of AMI, an attempt to assess
available studies reporting these treatments in compa-
rable patient groups or groups that are adjusted for the
severity of illness is needed.

In this systematic review and meta-analysis, we aimed
to assess the effect of available management strategies
for different subtypes of AMI in adult patients with simi-
lar severity of illness or adjusted for severity of illness to
allow meaningful comparisons between the study groups.

Thirteen study questions on different management strat-
egies in different subtypes of AMI were formulated a
priori, while the list was kept open for other compari-
sons. We included studies assuring the similarity of study
groups at baseline, reporting results of adjusted analyses,
or reporting any variables reflecting severity of illness in
both study groups under comparison.

Review questions
In adult patients with:

A) occlusive arterial AMI (with similar disease severity
in both study groups or in analysis adjusted for severity
of illness):

1. Is endovascular revascularization compared to open
surgery (including primary bowel resection alone) as
an initial treatment associated with better outcomes?

2. Is endovascular compared to open revascularization
associated with better outcomes?

3. Is revascularization in addition to bowel resection
compared to bowel resection alone, associated with
better outcomes?

B) different subtypes of AMI:

4. Is therapeutic anticoagulation compared to no or
prophylactic anticoagulation associated with better
outcomes?

5. Is antiplatelet therapy, compared to no antiplatelet
therapy, associated with better outcomes?

6. Does the use of intestinal endoscopy influence
treatment decisions and is it associated with better
outcomes?

7. Are there any factors associated with extremely
high hospital mortality independent of the applied
treatment strategy?

C) AMI without peritonitis:

8. Is antibacterial treatment, compared to no
antibacterial treatment, associated with better
outcomes?

D) Occlusive venous AMI:

9. Is revascularization in addition to conservative
treatment compared to conservative treatment only,
associated with better outcomes?
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E) non-occlusive mesenteric ischaemia (with similar dis-
ease severity in both study groups or in analysis adjusted
for severity of illness):

10.Is intra-arterial vasodilation in addition to
conservative treatment compared to conservative
treatment only, associated with better outcomes?

11.Is withholding/cessation of enteral and oral nutrition
(EN) compared to provision of EN, associated with
better outcomes?

F) AMI after achieved reperfusion:

12.Is initiation of EN within the first 48 h compared to
no EN, associated with better outcome?

G) Occlusive arterial AMI:

13.Which criteria should be used for referral to a
specialist center for revascularization and does
ignoring any of these criteria worsen the outcome?

Searches
A literature search was performed in PubMed, the
Cochrane Library, Web of Science, and Scopus.

The search was limited to studies published after
01.01.2001, aiming to identify all studies commenc-
ing patient recruitment after the millennium. This time
limit was set based on the availability and advances in
CT-scan diagnostics [14] and is in line with our previous
systematic review on the incidence and outcome of AMI,
addressing earlier and later studies with a cut-off in the
year 2000 [4]. No language restrictions were applied.

Additional studies were searched by screening the ref-
erences of relevant articles, including systematic reviews
identified through the search.

The final search was performed on the 31st of July
2024, the search strategy is presented in Additional File 1.

Inclusion criteria

— Studies assessing the management of acute
mesenteric ischaemia.

— Acute mesenteric ischaemia diagnosed at either
surgery, Computed Tomography (CT)-angiography,
invasive mesenteric angiography, endoscopy, and/or
histopathological examination.

— Clinical studies in adult patients including at
least 10 adult patients and addressing any type of
management of AMI in comparison to two or more
groups.

— Studies reporting adjusted results or indicators of
severity of illness such as Acute Physiology and
Chronic Health Evaluation (APACHE) II score [15],
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Sequential Organ Failure Assessment (SOFA) score
[16], vasoactive treatment, mechanical ventilation,
laboratory markers such as lactate and inflammation
markers, and clinical signs of peritonitis.

Exclusion criteria

— Studies where AMI was not the studied condition or
was not confirmed as defined above (e.g. only clinical
diagnosis was used).

— Studies did not assure the similarity of study groups
regarding the severity of illness at baseline and did
not report adjusted results or summaries for both
groups in comparison for any of the indicators of
severity of illness.

— DPublications not presenting original data (e.g.
reviews, editorials), case reports, cohort studies with
<10 patients, animal studies, studies in neonates and
children, and studies published only as abstracts.

— Studies that commenced patient recruitment before
the year 2000.

Data extraction

Titles and abstracts of studies identified in the search
were screened independently by two reviewers to identify
studies for full-text review. The full texts of these studies
were independently assessed by two reviewers. For any
disagreements during title/abstract and full-text review,
consensus was reached, involving a third reviewer, if
necessary.

The following information was extracted from the
reviewed full texts: study setting, patient selection, age,
gender, indicators of severity of illness, subtype of AMI,
progression of AMI and localization of AMI if available,
management modality, hospital mortality (or any other
short term mortality if hospital mortality is not available),
total number of interventions related to management of
AMLI, length of hospital stay, stoma or diagnosis of short
bowel syndrome, and parenteral nutrition at discharge,
referral from another hospital.

Regarding treatment outcome, the following infor-
mation was extracted, where available: mortality (all
reported mortality data, e.g. in-hospital or 30-day mor-
tality), reinterventions, hospital length of stay, short
bowel syndrome, and home parenteral nutrition.

Risk of bias (quality) assessment

The Newcastle-Ottawa scale [17] was used to assess
the risk of bias in observational cohort studies and the
Cochrane Risk of Bias 2.0 tool [18] in randomized con-
trolled trials included in the review by two research team
members in parallel assessed the risk of bias for each
study included in the analysis. Decisions were made after
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reaching consensus, or by involving a third reviewer,
when necessary.

Data synthesis and analysis

Clinical data was extracted as reported in included stud-
ies, i.e., as a mean + Standard Deviation (SD) or median
[interquartile range, IQR] for continuous variables and as
number and percentages for categorical variables.

A random-effects model was used to calculate
pooled OR with 95% CI or mean differences (MD), as
appropriate.

Calculation of pooled effect size for studies that report
effect sizes, adjusted for severity of illness, was planned.
If at least three studies reported unadjusted effect sizes,
providing details on the severity of illness for the groups
under comparison, a multiple meta-regression random-
effects model [19] was used to adjust the result for ill-
ness severity. We assessed study heterogeneity by the
Chi-squared tests and I-squared measures. Studies with
an I-squared value below 25% were considered homo-
geneous, 26—50% as low, 51-75% as moderate, and over
75% as high heterogeneity, respectively [20].

A p-value of <0.05 was considered statistically
significant.

The results of the meta-regression were presented in a
forest plot.

Sensitivity analyses, excluding all the studies with a
high risk of bias from the analysis, were planned.

For the management approaches where meta-analysis
was impossible, narrative summaries of available studies
were provided.

Analysis was conducted in R and metafor package [19,
21].

Results

The literature search identified 3288 original publica-
tions, and 36 additional publications were identified from
systematic reviews and reference lists of papers included
in the review. Altogether, 321 studies were selected for
full-text review (Fig. 1).

For five of the papers, full text was not available, and
285 papers were excluded after full-text review (Fig. 1).
Finally, 31 studies were included in the review [3, 22-51].

For none of our research questions, two or more stud-
ies with adjusted effect sizes were identified.

A meta-regression analysis was performed, includ-
ing four studies [3, 22-24] comparing endovascular
revascularization versus open surgery as the initial strat-
egy in patients with occlusive arterial AMI (Question
#1). We assessed mortality as reported in studies, and
adjusted the analysis for white blood cell count and lac-
tate at baseline (Fig. 2). Crude mortality (in-hospital or
30 days) was significantly higher in initial open sur-
gery compared to endovascular revascularization (OR
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3.09; 95% CI 1.75-5.46) whereas the adjustment for the
abovementioned two laboratory variables moved the
results towards a non-significant benefit of endovascu-
lar revascularization (Fig. 2). Figure 2 does not include
an overall pooled estimate; the meta-regression model
assumes that mortality is influenced by white blood cell
count and blood lactate in addition to management strat-
egy. Accordingly, the meta-regression model results in
adjusted estimates for each study that vary based on the
adjusted covariates.

Original data are presented in Supplementary Table S1
(Additional File 2). Analysis of outcomes other than mor-
tality was not possible.

While trying to answer the other research questions,
adjustment for any of the illness severity indicators was
not possible, and thus a narrative overview of the infor-
mation obtained from applicable studies is provided
below.

Endovascular versus open revascularization (Ques-
tion #2, Supplementary Table S2, Additional File 2) was
assessed in four studies. One small single-center study
reported similar disease severity according to propor-
tions of peritonitis, and WBC, CRP and plasma lactate
levels, and no difference in 30-day mortality rates [25].
The second, a large register-based study included a large
number of comorbidity data and the American Society
of Anesthesiologists (ASA) class in the adjusted analysis,
showing lower odds for 30-day mortality after endovas-
cular revascularization (OR 0.4; 95% CI 0.2-0.9) [26]. The
third retrospective study showed no difference between
endovascular and open revascularization in 30-day mor-
tality. The two groups were similar according to ASA
class [27]. The fourth retrospective study compared three
groups (endovascular, open and hybrid treatment) and
showed no difference in the presence of peritonitis or
sepsis on presentation but differences in the white blood
counts (WBC) counts and lactate levels between these
three groups [28]. The proportions and absolute values
for all the abovementioned values were the lowest in the
endovascular group. There was a higher 30-day mortal-
ity (p=0.05 between the three groups) after endovascular
revascularization compared to open and hybrid approach
in univariate analysis. History of diabetes (OR 2.77; 95%
CI 1.37-5.61) and sepsis on presentation (OR 2.32; 95%
CI 1.18-4.58) were identified as independent risk fac-
tors for postoperative major adverse effects, whereas
open revascularization was associated with lower odds of
bowel resection in the adjusted analysis (OR 0.23, 95% CI
0.13-0.61) [28].

Revascularization versus no revascularization (Ques-
tion #3, Supplementary Table S3, Additional File 2)
was assessed in two studies. In a multi-center retro-
spective study, patients who underwent any surgery for
AMI were divided into two groups based on timeliness
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Records screened > Records excluded
(n=3324) (n = 3003)
Reports sought for retrieval »| Reports not retrieved
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o Reports excluded:
Eeggr}se;assessed for eligibility > Not adutt humans (n = 2)
Not AMI (n = 45)

Not acceptable reference standard (n = 27)
Recruitment before year 2000 (n = 26)

Same patients (n = 1)

Not applicable study type (n = 85)

No severity of illness data extractable (n = 99)

Studies included in qualitative
synthesis (n = 31)

Studies included in quantitative
synthesis (n = 4)

Fig. 1 Flow chart

of mesenteric revascularization after presentation [29].
Early revascularization was defined as having both vas-
cular consultation in <12 h of presentation and vascu-
lar surgery performed during patient’s initial operation.
Delayed revascularization was defined as having either
delays to vascular consultation or vascular surgery.
Patients in the early and delayed revascularization group
were mostly comparable in baseline demographic char-
acteristics as well as severity of illness (e.g., proportion
of patients with sepsis and peritonitis, WBC count and
lactate concentration at presentation). Delayed revascu-
larization was a significant predictor of 30-day (OR 2.09;
95% CI 1.4—4.9) and 2-year mortality (hazard ratio (HR)
1.55, 95% CI 1.0-2.3). Delayed revascularization was also

independently associated with increased bowel resection
length (OR 7.47; 95%CI 2.8-19.5; p<0.01) and postop-
erative short bowel syndrome (OR 2.4; 95%CI 1.1-5.0;
p=0.03) in multivariate analyses.

In a small single-center retrospective study by Plu-
mereau et al. [30], revascularization by either endovas-
cular or surgical approach was associated with lower
mortality compared to no revascularization. However,
the sample size was small, and shock was present only in
the no-revascularization group (5/13 patients).

No studies addressing Question #4 (therapeutic versus
prophylactic anticoagulation) and Question #5 (anti-
platelet therapy) in patients with any subtype of AMI,
Question #11 (cessation/withholding of EN in patients
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Fig. 2 Meta-regression on mortality outcome adjusted for white blood cell count and blood lactate in studies comparing endovascular revasculariza-
tion and open surgery (including revascularization and bowel resection alone) as initial treatment for patients with arterial occlusive AMI. Endovascular
revascularization is taken as Reference, OR> 1 indicates higher mortality in the open surgery group. Squares and black lines with numbers indicate crude
odds ratios (OR) with 95% confidence interval (Cl). Green rhombs indicate adjusted OR and 95% Cl. Adjustment was performed using the difference in
the median white blood cell count (WBC) and in the median blood lactate between the groups under comparison in each study. AMESI study [3] results
for this analysis were obtained from the original database. Heterogeneity, I-squared = 0.00%, Chi-squared test P-value =0.304

with NOMI) and Question #13 (referral criteria) were
identified.

Intestinal endoscopy (Question #6) was assessed in two
studies of colon ischaemia [31, 32], futility of treatment
(Question #7) described in three studies [33-35], appli-
cation of antibiotics (Question #8) in one study [36], and
the effect of enteral nutrition after revascularization of
AMI (Question #12) in one study [42] (Additional File 2,
Supplementary Tables S4 and S5).

Only one study [37] was identified on revascularization
in venous AMI (Question #9, Supplementary Table S6,
Additional File 2), where 15 patients received catheter-
directed thrombolysis (CDT) of the SMA as a sequen-
tial treatment of emergency surgery patients with acute
superior mesenteric venous thrombosis and 17 received
systemic anticoagulation. The authors demonstrated
that the CDT group had better outcomes in terms of

thrombolysis success rate (80% CDT versus 29% anti-
coagulation, p=0.001), second-look laparotomy (20%
CDT versus 79% anticoagulation, p =0.002), short bowel
syndrome (6.7% CDT versus 41.2% anticoagulation,
p=0.001) and one-year survival (93.3% CDT versus 52.9%
anticoagulation, p =0.014).

Four studies assessed intra-arterial vasodilation in
NOMI (Question #10, Supplementary Table S7, Addi-
tional File 2). In a small single-center retrospective study,
intra-arterial use of PGE1 was investigated in patients
with NOMI [38] Thirteen conservatively treated and nine
patients with intra-arterial PGE-1 infusion for 5 days had
comparable baseline characteristics with a high burden of
cardiovascular disease in older patients, whereas shock
was present in only one patient in each group. In the
PGE1 group in-hospital mortality was numerically lower,
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compared to patients not receiving intra-arterial vasodi-
lation therapy (22% versus 69%).

In a German two-center retrospective study, according
to different in-house standard procedures, patients with
NOMI were treated conservatively or interventionally by
a standardized local infusion of intra-arterial papaverine
into the splanchnic arteries [39]. There was a significant
difference in 30-day mortality between the conservative
(96.8%; 1/31 survived) and the interventional (65.7%;
12/35 survived) group (HR 2.44; p=0.005, adjusted for
the covariate lactate). The mean of the blood lactate in
the interventional group was 8.8+ 6.8 mmol/l and in the
conservative group 12.7+7.9 mmol/l; p=0.025), there
were no significant differences in other variables includ-
ing SOFA score.

Takiguchi et al. [40]. performed a retrospective analy-
sis of the nationwide inpatient database assessing the use
of vasodilators (intra-arterial or intravenous papaver-
ine and/or PGE1 within 2 days of admission) in patients
with NOML. In a total of 795 patients (159 patients in
vasodilator group versus 636 in control group, follow-
ing matching with a 1:4 propensity matching score), the
authors demonstrated that the risk of hospital mortal-
ity and of abdominal surgery (excluding patients need-
ing surgery within two days of admission) was lower in
the vasodilator group compared to the conservative
group (risk difference —11.6%, p=0.005; and risk differ-
ence —10.2%, p=0.002, respectively). However, in this
study, intravenous PGE1 was adopted most frequently as
vasodilator, and half of the patients who received papav-
erine were administered the drug intravenously. Of note,
patients included in this study were considered mild to
moderate in terms of severity, because patients who
received abdominal surgery for NOMI within 2 days of
admission were excluded from analysis. Consequently,
in-hospital mortality in this study was significantly lower
than reported in most other studies investigating NOML
Thereafter, the same group [41] used the same database
to assess the use of vasodilators (intravenous or intra-
arterial papaverine and/or PGE1) as adjuvant therapy in
the postoperative period in patients with NOMI under-
going abdominal surgery. The authors identified 745
patients (149 in the vasodilator group and 569 in the
control group, following matching with a 1:4 propensity
matching score). The overall disease severity in this study
[41] was significantly higher (approx. four times more
mechanical ventilation and two times more renal replace-
ment therapy) in these patients compared to the previous
reported patient collective [40]. There was no significant
difference in in-hospital mortality (risk difference 3.4%,
p=0.42) and no significant difference in the prevalences
of abdominal surgery, bowel resection>3 days after
admission, or short bowel syndrome.
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In addition to the initially formulated study questions,
we identified three additional research questions during
assessment:

— damage-control strategy (resection with blind
closure, open abdomen) compared to immediate
definitive surgery (anastomosis and abdominal
closure) [43-49] (Additional File 2, Supplementary
Table S8);

— vasopressor use [50] (Additional File 2,
Supplementary Table S9);

— a rectus sheath block in addition to standard
anesthetic management [51] (Additional File 2,
Supplementary Table S10).

Assessment of risk of bias in studies included in this
review is presented in Supplementary Table S11 and
Table S12 (Additional File 3). Planned sensitivity analyses
excluding studies with lower quality, were not performed
as only four studies qualified for analysis.

Discussion

This systematic review aimed to compare different man-
agement strategies applied in patients diagnosed with
acute mesenteric ischaemia of various subtypes, while
considering the severity of illness at baseline. Despite
identifying a relatively large number of potentially appli-
cable studies, planned analyses were not possible due
to missing data on the severity of illness in most of the
studies. Accordingly, the main finding of this systematic
review does not come from the results of meta-analyses
or qualitative/narrative summaries, but from revealing
the fact that reporting in available studies addressing
the management of AMI is inappropriate and requires
urgent improvement. Currently, disease severity as well
as patient selection criteria cannot be properly assessed
in most studies.

A recent systematic review by Shi et al., comparing
endovascular and open surgical revascularization for
occlusive arterial AMI, found no difference in short-
term mortality and suggested the need for future multi-
center randomized controlled trials [52]. In this study the
authors also used meta-regression, attempting to iden-
tify factors impacting mortality related to the manage-
ment while considering the thrombotic etiology and year
of publication [52]. A recent large retrospective study,
published thereafter, where comorbidities and need for
bowel resection (considered accounting for disease sever-
ity) were adjusted for, reported better outcomes with
endovascular compared to open revascularization [53].
Another recent study in patients with mesenteric artery
embolism used adjustment for baseline clinical data and
reported no difference in 30-day mortality between endo-
vascular treatment and laparotomy as primary treatment
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[54]. However, in this study D-dimers >4 mg/L and pro-
calcitonin>0.5 ng/mL were identified as independent
predictors of 30-day mortality in patients with mesen-
teric artery embolism [54].

The only meta-regression analysis that could be per-
formed in the current study also compared endovascular
revascularization and surgery as the initial management
approach in arterial occlusive AMI. This comparison
can be questioned, as open surgery may include bowel
resection alone as well as revascularization, whereas
endovascularly revascularized patients may need bowel
resection later. However, in our opinion, presenting
such an approach is needed to illustrate the relevance of
this concept for future research. Moreover, it needs to
be underlined that reporting in studies has been often
unclear and potentially confusing regarding details in the
open surgery group. For example, the study by Arthurs et
al. [24]. has been included in all meta-analyses compar-
ing endovascular and open revascularization, although
based on data reported in the original paper, only 72% of
patients in the open surgery group were revascularized.

In our analysis, a clear signal for the advantage of the
endovascular approach seems to be abolished by adjust-
ing for just two laboratory variables at baseline, available
in all four applicable studies [3, 22—24]. Such an analysis,
including only four studies, is of low precision, and the
two laboratory variables probably do not adequately rep-
resent disease severity. Nevertheless, our results support
the hypothesis that in these studies, mortality is driven by
patients’ severity of illness rather than the management
strategy and highlight that the current level of detail
when reporting the results is insufficient.

In our review, it was decided not to adjust for age and
comorbidities of AMI patients. These characteristics are
commonly reported in studies, but while they may be
important prognostic factors for mortality and may, in
some cases, also influence the selection of the treatment
strategy (e.g., initiation of end-of-life care, or decision not
to operate if endovascular approach fails), they do not
reflect AMI-related severity of illness.

In clinical practice, patients presenting with peritoni-
tis due to any subtype of AMI are commonly allocated
to initial surgical treatment, whereas patients with mild
symptoms and occlusive arterial AMI undergo endovas-
cular revascularization, when available. Thus, patients
allocated to these two treatments differ in their severity
of illness at baseline, and it is not surprising that crude
analysis comparing endovascular revascularization and
open surgery as initial treatment approaches shows
higher mortality in the open surgery group. Additionally,
patient selection through referral may also play a role,
as most severely ill patients will unlikely be transferred
to a center with competence in endovascular approach.
In the recent AMESI study, mortality in a specialized

(2025) 20:36

Page 8 of 11

intestinal stroke unit with 99% of patients being referred
for mainly endovascular treatment, was six times lower
than in other sites, whereas clinical indices (need for
vasopressors and mechanical ventilation, illness severity
and organ dysfunction scores, and laboratory variables
reflecting inflammation, disordered metabolism and
coagulation) suggested significantly less severe illness at
admission. These findings suggested that direct unad-
justed comparisons of treatment strategies in observa-
tional studies are not appropriate, giving rationale to the
current systematic review. In line with our findings, a ret-
rospective study in patients with AMI has demonstrated
that anatomical factors alone, measured using the Ameri-
can association for the surgery of trauma grading system
for acute mesenteric ischemia, are not sufficient in pre-
dicting outcomes and can only be improved by further
adjusting for disease severity reflected as vasopressor use,
creatinine, and lactate [55].

Available studies show different directions of the treat-
ment effect in adjusted analyses, e.g. for endovascular
versus open revascularization [26, 56] or damage-con-
trol versus immediate definitive treatment [44, 45, 47].
These results may indicate difficulties to properly adjust
the analyses and may also arise from different patient
cohorts being studied. Treatment strategies may appear
to be beneficial in certain populations, whereas any treat-
ment itself is unlikely causing mortality. To address these
questions, meticulous standardized reporting in future
studies without subjective interpretation of results is
required.

Many observational studies only summarize descrip-
tive data without reporting the severity of illness or any
adjusted comparisons. In our opinion, adding more such
studies will unlikely bring any new information nor lead
to progress in identifying optimal AMI management
strategies based on evidence, as the patient selection pro-
cess cannot be assessed. Moreover, presenting descriptive
results and unadjusted analyses may even be misleading.
For example, it is possible that revascularization/reperfu-
sion of a bowel segment with already transmural damage
may impair outcome, but to our knowledge, this has not
been studied specifically. Accordingly, advocating the
endovascular approach for the majority of patients based
on results of crude analyses in studies where the groups
differed at baseline may not be appropriate. The expected
clear advantages of a less invasive (endovascular) over a
more invasive (open surgery) approach could be lost due
to patient selection. Therefore, it is of great interest to
identify patient groups in whom endovascular treatment
alone could be successful.

While observational studies with different baseline
characteristics are problematic, planning randomized
controlled trials in this area is difficult and necessitates
defining a patient group where both tested treatment
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strategies are considered appropriate. Randomizing a
patient without transmural ischaemia to surgery and a
patient with peritonitis to endovascular management
would not be appropriate. Any evidence-based guid-
ance can probably not be achieved without an appropri-
ate description of groups under comparison in future
studies.

It needs to be underlined that there is no consensus
on which markers should be used to describe the sever-
ity of illness. Moreover, the severity of illness can only
be considered as a surrogate marker of the progression/
magnitude of intestinal ischaemia. In case of NOMI,
the severity of illness may reflect the primary pathology
(e.g., septic or cardiogenic shock) rather than bowel dam-
age. Accordingly, markers (e.g., laboratory, radiological)
reflecting the magnitude of intestinal damage are still
most warranted and this research area should be priori-
tized. These markers could provide cut-offs for patient
allocation to various treatment strategies. As a good
start, a recent retrospective study assessed patients with
considered low probability of bowel necrosis and under-
going first-line endovascular revascularization and iden-
tified persistent bowel wall enhancement in CT scan and
C-reactive protein level <100 mg/L as factors associated
with intestinal resection-free survival in patients under-
going endovascular revascularization [57].

Different subtypes of AMI obviously need differ-
ent approaches, but in all cases exact reporting of the
subtypes and the severity of illness is crucial. Accurate
data on arterial occlusive AMI, the most common sub-
type of AMI [3], should contribute to the progress in the
management of less common subtypes of AMI. Radio-
logical and biomarker data differentiating between non-
transmural and transmural ischaemia together with the
known time point of reperfusion are useful for other sub-
types (e.g., venous AMI, NOMI) where the decision on
the presence/absence of AMI and detection of reperfu-
sion is less straight-forward.

Patients with NOMI, usually identified in the ICU,
receive sedation, analgesia and mechanical ventilation,
making interpretation of the clinical abdominal status
much more difficult. Hence, the presence of peritonitis
from a clinical point of view in NOMI patients is chal-
lenging and cannot be obtained from reports. Our study
suggests that at least to some extent, routine biomark-
ers (e.g., WBC, lactate, C-reactive protein) may reflect
the severity of illness, that influences the outcome, and
should thus be reported in all studies assessing any type
of AMI and any management strategy of it. However, a
much broader selection of characteristics is needed to
identify the best set of markers reflecting the severity of
illness in patients with AMI, considering that severity of
illness is used as a surrogate for bowel damage in these
patients.

(2025) 20:36
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The strengths of our study are the novel approach,
uncovering the existing problems, allowing suggestions
for future research, and the rigorous methodology. The
limitations are related to the quality of the available stud-
ies, the interpretation of our meta-regression analysis,
and the descriptive nature of the narrative summaries
that were used to answer most of our research questions.
The research questions may not have covered all the
available AMI management strategies, some comparisons
(e.g., endovascular revascularization versus open surgery)
may not capture all specific management aspects, and
outcomes beyond mortality were not possible to assess.

Conclusions

Patients’ severity of illness is generally not reported in
available studies assessing the management of AMI,
precluding a fair comparison of different treatment
strategies. Since there are no direct markers adequately
reflecting the magnitude of intestinal damage, the sever-
ity of illness as its surrogate plays an important role in
the selection of the management strategy and the evalua-
tion of its effectiveness. Future studies on AMI manage-
ment should always report the subtypes of AMI and the
patients’ severity of illness for each study group.
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