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Abstract
Objectives: Acute mesenteric ischemia is an infrequent cause of abdominal pain in emergency department
(ED) patients; however, mortality for this condition is high. Rapid diagnosis and surgery are key to survival,
but presenting signs are often vague or variable, and there is no pathognomonic laboratory screening test.
A systematic review and meta-analysis of the available literature was performed to determine diagnostic
test characteristics of patient symptoms, objective signs, laboratory studies, and diagnostic modalities to
help rule in or out the diagnosis of acute mesenteric ischemia in the ED.
Methods: In concordance with published guidelines for systematic reviews, the medical literature was
searched for relevant articles. The Quality Assessment Tool for Diagnostic Accuracy Studies-2 (QUADAS-2)
for systematic reviews was used to evaluate the overall quality of the trials included. Summary estimates of
diagnostic accuracy were computed by using a random-effects model to combine studies. Those studies
without data to fully complete a two-by-two table were not included in the meta-analysis portion of the project.
Results: The literature search identiﬁed 1,149 potentially relevant studies, of which 23 were included in
the ﬁnal analysis. The quality of the diagnostic studies was highly variable. A total of 1,970 patients were
included in the combined population of all included studies. The prevalence of acute mesenteric ischemia
ranged from 8% to 60%. There was a pooled sensitivity for L-lactate of 86% (95% conﬁdence interval
[CI] = 73% to 94%) and a pooled speciﬁcity of 44% (95% CI = 32% to 55%). There was a pooled
sensitivity for D-dimer of 96% (95% CI = 89% to 99%) and a pooled speciﬁcity of 40% (95% CI = 33% to
47%). For computed tomography (CT), we found a pooled sensitivity of 94% (95% CI = 90% to 97%) and
speciﬁcity of 95% (95% CI = 93% to 97%). The positive likelihood ratio (+LR) for a positive CT was 17.5
(95% CI = 5.99 to 51.29), and the negative likelihood ratio (–LR) was 0.09 (95% CI = 0.05 to 0.17). The
pooled operative mortality rate for mesenteric ischemia was 47% (95% CI = 40% to 54%). Given these
ﬁndings, the test threshold of 2.1% (below this pretest probability, do not test further) and a treatment
threshold of 74% (above this pretest probability, proceed to surgical management) were calculated.
Conclusions: The quality of the overall literature base for mesenteric ischemia is varied. Signs,
symptoms, and laboratory testing are insufﬁciently diagnostic for the condition. Only CT angiography
had adequate accuracy to establish the diagnosis of acute mesenteric ischemia in lieu of laparotomy.
ACADEMIC EMERGENCY MEDICINE 2013; 20:1088–1100 © 2013 by the Society for Academic
Emergency Medicine

A

cute mesenteric ischemia is a rare disease, with
an annual incidence of 0.09% to 0.2% per patient
year, although the disease is thought to be underreported.1–3 Accordingly, acute mesenteric ischemia

is an infrequent cause of abdominal pain in emergency
department (ED) patients; however, mortality for this
condition is high.4–7 Rapid diagnosis and surgical
intervention are paramount to limiting mortality, but
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presenting signs are often vague or variable, and there is
no pathognomonic laboratory screening test.8–11 Even
after the clinical suspicion for mesenteric ischemia is
acknowledged, deﬁnitive diagnosis has traditionally
required invasive and time-consuming subtraction
angiography or specialized computed tomography (CT)
techniques in conjunction with expert radiologic interpretation.12–14 Accordingly, despite a growing clinical
awareness and a rapid advancement of laboratory assays
and radiologic techniques generally, the timely diagnosis
of acute mesenteric ischemia remains challenging.9,15,16
Mortality rates vary in different published series, with
a range of roughly 50% to 100%, likely secondary to
varying disease etiologies (location of infarct, venous vs.
arterial blockage, etc.).17–19 Mesenteric ischemia is typically caused by arterial thrombi to the celiac axis, the
superior mesenteric artery, or the inferior mesenteric
artery, leading to decreased intestinal blood ﬂow and
direct ischemic and secondary reperfusion cellular damage.20 This is occlusive mesenteric arterial ischemia,
which accounts for approximately half of all reported
cases.21 Roughly one-third of cases are nonocclusive
mesenteric arterial ischemia and result from vasoconstriction, low output states, or both.21 Most of the
remaining cases of mesenteric ischemia are the result of
mesenteric venous thrombosis.21 Although mortality
after intervention may vary depending on the precise
etiology, ranging from a reported 32% for mesenteric
venous thrombosis to 77% for arterial thrombosis,19 the
emergency physician must be tasked with considering
the global condition of “acute mesenteric ischemia” as a
cause for the patient’s presentation, rather than speciﬁc
subtypes.
Acute mesenteric ischemia is a different clinical entity
than chronic mesenteric ischemia or ischemic colitis.
Chronic mesenteric ischemia occurs due to gradual stenosis, usually secondary to atherosclerotic disease, of the
arterial supply to the viscera.22,23 Pain, characterized as
intestinal angina, is generally postprandial. Although
debilitating due to pain and weight loss, chronic mesenteric ischemia is not acutely fatal and is not considered
further within this review. Likewise, colonic ischemia
refers to a heterogeneous collection of presentations that
manifest as transmural colonic ischemia, usually due to a
nonocclusive but low blood ﬂow state insufﬁcient to meet
the metabolic demands of the colonic tissues. This may
be due to vasospasm or systemic hypotension, frequently
in the setting of an atherosclerotic arterial supply.24 This
is a distinct clinical entity from acute mesenteric ischemia
as well and is not the topic of this review.
Regardless of the speciﬁc etiology, early diagnosis is
central to successful management of mesenteric ischemia. The intestine does enjoy signiﬁcant collateral circulation throughout its course, and it can tolerate a 75%
reduction in blood ﬂow for up to 12 hours.25 This is
clearly demonstrated in the mesenteric ischemia literature where the relationship between early diagnosis and
intervention and decreased mortality is well established.9,26,27
Despite the acknowledged importance of early diagnosis of mesenteric ischemia, the goal remains difﬁcult
to achieve, which may contribute to the fact that mortality rates for acute mesenteric ischemia have remained
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consistently poor over time.4,6 A major challenge in the
diagnosis of mesenteric ischemia is the wide spectrum
of patient presentations. Symptoms vary from the classic “pain out of proportion to physical exam,” to vague
or insidious abdominal symptoms, to absent abdominal
pain.1,28,29 Another diagnostic challenge is the lack of
adequate laboratory markers. Numerous candidate
plasma markers have been studied, among them serum
lactic acid dehydrogenase, D-dimer, ischemia-modiﬁed
albumin, and urinary and plasma fatty acid–binding
proteins (FABPs).16,30–34 Another diagnostic difﬁculty
involves imaging techniques. At many centers, direct
angiography has been supplanted by multidetector row
CT as the initial imaging technique of choice for the
diagnosis of suspected mesenteric ischemia.
In short, there remains no laboratory test, imaging
technique, or risk stratiﬁcation tool with adequate sensitivity and speciﬁcity to effectively rule out or rule in
patients in whom mesenteric ischemia is a concern. The
primary objective of this meta-analysis was to assess
the diagnostic test characteristics for acute mesenteric
ischemia from elements of patient symptoms, objective
signs, laboratory studies, or imaging studies in ED
patients. A secondary objective was to deﬁne mesenteric ischemia imaging test and treatment thresholds
using the Pauker-Kassirer method based on best estimates of sensitivity, speciﬁcity, diagnostic risks, and
treatment risks and beneﬁts that were derived from this
systematic literature review.35
METHODS
Search Strategy
The design and structure of this systematic review followed the recommendations from the Meta-analysis of
Observational Studies in Epidemiology.36 Three investigators (SWS, JJ, JM) searched the medical literature
from 1966 through December 2011 using PUBMED and
EMBASE using the search term acute mesenteric ischemia. The results from this search were combined with
the MeSH terms diagnosis, labs, emergency department,
computed tomography, and angiography. To identify the
risks of intravenous (IV) dye for CT and IV dye from
angiography for determination of the test threshold
analysis, a PUBMED search was done using the terms
angiography and risk, angiography and complications,
CT and risk, and CT and complications. To identify the
risks and beneﬁts of operative or nonoperative management of acute mesenteric ischemia, a PUBMED clinical
query under “therapy” was done. All search results
were limited to studies of humans and English language. Two authors (MTC, BCH) reviewed the titles of
the abstracts to identify potential articles for inclusion
and reviewed the full manuscripts. These two authors
independently reviewed each of the articles for potential
inclusion. Consensus was achieved via discussion if
there was a difference of opinion between authors
regarding article inclusion. The references for selected
articles were also reviewed to identify other potential
articles for inclusion. Finally, one author (JJ) searched
online for abstracts and articles in Academic Emergency
Medicine and Annals of Emergency Medicine from 1990
to 2011.
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Studies were included if they included adult patients
(≥18 years old) who presented to the hospital or ED
with suspicion of acute mesenteric ischemia and if they
reported sufﬁcient data on diagnostic tests and criterion
standard results to reconstruct two-by-two tables in
whole or in part. Case reports, narrative reviews, and
studies focusing on therapy alone were excluded.
Individual Evidence Quality Appraisal
Two authors (MTC, BCH) used the Quality Assessment
Tool for Diagnostic Accuracy Studies-2 (QUADAS-2) for
systematic reviews to evaluate the overall quality of the
trials included in the meta-analysis.37 Any discrepancies
of the quality assessments were resolved by discussion.
Statistical agreement between the two reviewers was
assessed via kappa analysis using Online Kappa Calculator.38 A priori, the authors considered potential areas of
concern with the assessment of the articles. Both ED and
hospital-based populations were included in the study. If
a trial did not explicitly state that investigators were
blinded to the index test and/or the reference standard,
then these portions of the QUADAS-2 were marked as
“high bias.” For those articles with relevant cohort information regarding symptom or physical examination
prevalence (i.e., only disease-positive patients were studied), formal bias assessment with QUADAS-2 was not
performed. In the absence of disease-negative patients,
true diagnostic accuracy cannot be assessed, and we did
not intend to include these studies in the diagnostic metaanalysis or test–treatment threshold calculations. They
are included for descriptive purposes only.
Data Analysis
Two authors (MTC, BCH) independently abstracted the
data from the included studies. Data abstracted included
setting, patient population, study inclusion criteria, reference standard employed, disease prevalence, and
properties of the respective diagnostic tests. A priori,
we deﬁned disease as acute mesenteric ischemia, as
proven by operative ﬁndings or autopsy ﬁndings. We
deﬁned no disease as the absence of acute mesenteric
ischemia as evidenced by clinical resolution of symptoms without intervention or negative operative ﬁndings. We then computed summary estimates by
combining study patients with and without diagnoses of
mesenteric ischemia using Meta-DiSc39 (Hospital
Universitario Ramon y Cajal, Madrid, Spain) using the
Der-Simonian random-effects model.40 Meta-DiSc was
also used to generate summary receiver operator
characteristic (SROC) curves. SROC curves provide
graphical summaries of diagnostic data performance in
meta-analyses, providing a summary overall diagnostic
odds ratio as well as incorporating interstudy heterogeneity in the graphical output.41
Those studies without data to fully complete a twoby-two table were not included in the calculation of
diagnostic test characteristics (sensitivity, speciﬁcity,
likelihood ratios), although they could contribute to
prevalence analysis via simple pooling of results. Statistical heterogeneity was assessed for pooled estimates
via the Cochrane’s v2 and I2 statistic with 25, 50, and
75% representing low, moderate, and high heterogeneity, respectively.42
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RESULTS
The PUBMED search identiﬁed 1,037 citations, while the
EMBASE search identiﬁed 382 (Figure 1). No additional
studies were obtained after reviewing abstracts and
articles from the two emergency medicine journals.
After initial screening, 87 unique manuscripts were
selected for potential inclusion. After full manuscript
review, a total of 23 studies were included in the ﬁnal
meta-analysis on diagnostic testing.1,21,28–30,32–34,43–57
These 23 studies consisted of 17 prospective
studies1,21,30,32,34,43–45,47–49,51,53–57 and six retrospective
studies.28,29,33,46,50,52 In terms of history and physical examination ﬁndings, 19 studies were able to
contribute prevalence data and estimates of test sensitivity.1,4–7,9,10,28,29,50,58–66 A summary of all studies contributing data can be reviewed in Data Supplement S1
(available as supporting information in the online
version of this paper).
The studies included a variety of patients in both the
hospital and the ED settings with a wide range of inclusion criteria and diagnostic modalities including elements of the history and physical examination,
laboratory tests, and radiographic imaging. A large
number of the studies only included those patients with
diagnoses of mesenteric ischemia, therefore lacking a
control or comparator group. Only one study34
acknowledged the STARD criteria67 for diagnostic studies; however, several studies included in this analysis
were published prior to the release of the STARD criteria in 2003.
The reliability for the authors’ QUADAS-2 assessments of quality ranged from kappas of 0.52 to 0.88.
The quality of the diagnostic studies was highly variable
(Table 1). Only ﬁve studies explicitly stated that they
included ED patients.29,34,47,54,57 Many studies did not
describe the inclusion criteria in detail. Additionally, the
vast majority of studies did not report the precise intervals between the index test and reference standard.
Most of the studies reporting laboratory test results
1,037 Pubmed citations
382 EMBASE citations

87 manuscripts selected
for review after
screening titles and
abstracts
64 manuscripts excluded
•
•
•
23 studies for final
analysis

Figure 1. Article selection.

•

Not available in English (10)
Not primary research (4)
Not topical to acute mesenteric
ischemia (34)
Insufficient data quality (16)
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Table 1
Consensus Bias Evaluation Using QUADAS-2 Methodology
Risk of Bias
First Author, Year (Reference)
Clinical characteristics
Batellier, 1990 (28)
Howard, 1996 (50)
Acosta, 2003 (1)
Huang, 2005 (29)
Laboratory studies
Lange, 1994 (52)
Murray, 1994 (53)
Kanda, 1996 (33)
Delaney, 1999 (48)
Acosta, 2001 (43)
Gearhart, 2003 (49)
Acosta, 2004 (30)
Block, 2008 (32)
Polk, 2008 (55)
Akyildiz, 2009 (44)
Chiu, 2009 (47)
Thuijls, 2011 (34)
Imaging
Kirkpatrick, 2003 (51)
Wiesner, 2004 (56)
Aschoff, 2009 (21)
Ofer, 2009 (54)
Barmase, 2011 (45)
Blachar, 2011 (46)
Yikilmaz, 2011 (57)

Applicability Concerns

Patient
Selection

Index Test

Reference
Standard

Flow
and Timing

Patient
Selection

Index Test

Reference
Standard

HIGH
HIGH
HIGH
HIGH

HIGH
LOW
HIGH
LOW

LOW
LOW
LOW
LOW

HIGH
HIGH
LOW
LOW

HIGH
HIGH
LOW
LOW

LOW
LOW
LOW
LOW

LOW
LOW
LOW
LOW

LOW
HIGH
HIGH
?
?
?
LOW
LOW
LOW
LOW
LOW
LOW

LOW
HIGH
HIGH
LOW
LOW
?
LOW
LOW
?
LOW
LOW
?

?
LOW
LOW
LOW
?
LOW
HIGH
HIGH
?
LOW
LOW
LOW

LOW
LOW
LOW
LOW
LOW
HIGH
HIGH
HIGH
LOW
HIGH
LOW
HIGH

?
LOW
LOW
LOW
?
LOW
LOW
LOW
LOW
LOW
LOW
?

LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW

LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW
LOW

LOW
LOW
LOW
LOW
LOW
HIGH
LOW

LOW
HIGH
LOW
LOW
LOW
LOW
LOW

HIGH
HIGH
HIGH
HIGH
LOW
LOW
LOW

LOW
HIGH
LOW
LOW
LOW
LOW
LOW

LOW
LOW
LOW
LOW
LOW
LOW
LOW

LOW
LOW
LOW
LOW
LOW
LOW
LOW

LOW
LOW
LOW
LOW
LOW
LOW
LOW

HIGH and LOW indicate high and low potential for bias, whereas ? indicates that the data presented in the study was insufficient
to gauge risk of bias.
QUADAS-2 = Quality Assessment Tool for Diagnostic Accuracy Studies-2.

used dichotomous cutoff values for continuous variables
of diagnostic tests (lactate, D-dimer).
Prevalence
A total of 1,970 patients were included in the combined
population of all included studies. The prevalence of
mesenteric ischemia ranged from 8%56 to 60%44,49 in
those studies that included patients with and without
mesenteric ischemia. The summary median age of
patients was 67 years (interquartile range = 63 to
70 years).
History and Presentation
Risk factors and corresponding sensitivity ranges from
the history, clinical presentation, and physical examination are listed in Table 2. Given the lack of a comparator
group without mesenteric ischemia in the studies
included, no data on the speciﬁcity or the likelihood
ratios could be calculated, limiting the diagnostic utility
of these historical features. A history of atrial ﬁbrillation
was frequently present in the setting of mesenteric
ischemia (sensitivity range = 7.7% to 79.3%). Abdominal
pain was also frequently present in patients with mesenteric ischemia, ranging from 60% to 100% prevalence in
the case series.
Physical Examination
Physical examination ﬁndings suggestive of mesenteric
ischemia were diffuse abdominal tenderness (sensitivity

Table 2
Prevalence Ranges of History, Signs, and Symptoms in Acute
Mesenteric Ischemia Patients

Risk Factors

Sensitivity
Range

Medical history
Atrial fibrillation

7.7–79

Coronary artery disease

13–75

Heart failure

5.6–58

Hypercoagulable state
Valvulopathy
Presentation
characteristics
Acute abdominal pain

2.4–29
3.3–11
60–100

Nausea/vomiting

39–93

Pain out of proportion
Diarrhea

45–54
18–48

Rectal bleeding

12–48

Physical examination
Diffuse tenderness
Peritoneal signs
Tachycardia
Distention
Hypotension
Guaiac-positive stool

54–90
13–65
31
18–54
5.2–54
5.9–23

References
1, 4–6, 28, 29, 50,
58–60, 66
1, 4, 5, 9, 29, 30,
58–63, 66
5, 7, 29, 50, 60, 61,
65, 66
4, 5, 29, 58, 60, 64
29, 58, 59
1, 4–6, 9, 29, 50,
58–64, 66
1, 4–6, 29, 50, 58–60,
62, 64, 66
1, 59
1, 4–6, 29, 50, 59, 60,
62, 64, 66
1, 4, 6, 29, 58–60, 64,
66
9, 29, 50, 59
5, 29, 50, 59, 60, 61,
64
5
50, 59, 64
5, 29, 50, 61, 66
9, 59
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range = 54% to 90%), the presence of peritoneal signs
(sensitivity range = 13% to 65%), and abdominal distention (sensitivity range = 18% to 54%). However, none of
the studies reported ﬁndings on all patients with suspected mesenteric ischemia to calculate speciﬁcity or
likelihood ratios, again limiting the diagnostic utility of
these ﬁndings.
Serum Tests
Four studies evaluated the diagnostic accuracy of elevated lactate levels in patients with suspected mesenteric ischemia. The studies used varying cutoffs, which
are reported with each study. Murray et al.53 (D-lactate
≥ 2.0 lg/mL) reported a sensitivity of 89% and a speciﬁcity of 86%, while Block et al.32 (D-lactate ≥ 0.20 mmol/
L) reported a sensitivity of 90% with a speciﬁcity of
23%. This led to a pooled sensitivity for D-lactate of 90%
(95% conﬁdence interval [CI] = 67% to 99%) and a
pooled speciﬁcity of 40% (95% CI = 29% to 51%). The
heterogeneity was low for sensitivity (I2 = 0%, Cochran’s Q v21 = 0.01, p = 0.937) but quite high for speciﬁcity (I2 = 96.5%, Cochran’s Q v21 = 28.3, p < 0.001). It
should be noted that the D-lactate isomer is a product of
bacterial metabolism, as opposed to L-lactate, which is a
product of human anaerobic metabolism. Both isomers
will contribute to metabolic acidosis; however, a speciﬁc
assay is required for the detection of D-lactate. Gearhart
et al.49 (L-lactate ≥ 2.2 mmol/L) reported sensitivity and
speciﬁcity of 78 and 53% respectively, while data from
Lange and Jackel52 demonstrated a sensitivity of 100%
(but with a lower limit of the 95% CI of 83%) and a
speciﬁcity of 42%, using a cutoff of 2.4 mmol/L. These
studies led to a pooled sensitivity for L-lactate of 86%
(95% CI = 73% to 94%) and a pooled speciﬁcity of 44%
(95% CI = 32% to 55%). With regard to L-lactate, high
heterogeneity was noted between trials for sensitivity
(I2 = 87.5%, Cochran’s Q v21 = 7.99, p = 0.005) and low
heterogeneity for speciﬁcity (I2 = 0%, Cochran’s Q
v21 = 0.66, p = 0.416). Data Supplement S2 provides forest plots for D-lactate, and Data Supplement S3 provides
forest plots for L-lactate. SROC curves were not calculated for D- or L-lactate due to too few studies.
Five studies evaluated the diagnostic accuracy of
elevated
D-dimers
in
mesenteric
ischemia
patients.30,32,43,44,47 The studies used varying cutoffs for
deﬁning an elevated D-dimer. All reported sensitivities
of ≥95%, with three reporting sensitivities of 100%. The
overall speciﬁcity of an elevated D-dimer ranged from

18% to 79%. All of the studies reported signiﬁcantly
higher D-dimer levels in patients with mesenteric ischemia compared to those without mesenteric ischemia.
These studies led to a pooled sensitivity of 96% (95%
CI = 89% to 99%) and a pooled speciﬁcity of 40% (95%
CI = 33% to 47%). As seen in Table 3, the positive likelihood ratio (+LR) for an elevated d-dimer was 1.76 (95%
CI = 1.20 to 2.57), and the negative likelihood ratio (–LR)
was 0.12 (95% CI = 0.05 to 0.30). Little heterogeneity
was noted between trials for sensitivity (I2 = 0%, Cochran’s Q v24 = 0.66, p = 0.96), but signiﬁcant heterogeneity was observed between trials for speciﬁcity (I2 = 86%,
Cochran’s Q v24 = 29.02, p < 0.001). Data Supplement S4
provides forest plots for D-dimer, and Data Supplement
S5 provides the SROC curve.
Alpha-glutathione S-transferase (GST) and intestinal
FABPs, two tests not readily available in most EDs,
were also evaluated. The sensitivity of GST ranged from
20% to 100% in the three studies evaluating it.32,48,49
Additionally, the sensitivity of FABP ranged from 64%
to 100% depending on the study and which isomer of
FABP was used.33,34 Data Supplement S6 provides forest plots for GST, while Data Supplement S7 provides
the SROC curve. Data Supplement S8 presents forest
plots for FABP. An SROC could not be calculated for
FABP due to too few studies.
Radiographic Tests
The most common test used for diagnosis of mesenteric
ischemia was CT angiography. No studies meeting our
inclusion criteria were found that assessed magnetic
resonance imaging. Overall, there were eight studies
that investigated the sensitivity and speciﬁcity of CT for
the diagnosis of mesenteric ischemia.21,45,46,51,54,56,57,66
The studies used different types of scanners in their
studies (4-row to 64-row scanners), with one study46
using three different types of scanners (16, 40, and 64
rows) on their study population. Sensitivity ranged from
83% to 100% with a pooled sensitivity of 94% (95%
CI = 90% to 97%), while speciﬁcity ranged from 67% to
100% with a pooled speciﬁcity of 95% (95% CI = 93% to
97%).
As seen in Table 3, the +LR for a positive CT was 17.5
(95% CI = 5.99 to 51.29) and the –LR for a negative CT
scan was 0.09 (95% CI = 0.05 to 0.17). Moderate heterogeneity was noted between trials for sensitivity
(I2 = 59.5%, Cochran’s Q v27 = 17.29, p = 0.016) and
high levels of heterogeneity were noted in terms of

Table 3
Pooled Test Performance Characteristics for Laboratory and Imaging Modalities for the Detection of Acute Mesenteric Ischemia

Diagnostic Study
D-Lactate
L-Lactate
D-dimer
GST
FABP
MDCT

Sensitivity
(95% CI)

Specificity
(95% CI)

90
86
96
68
70
94

40
44
40
85
93
95

(67–99)
(73–94)
(89–99)
(55–80)
(50–86)
(90–97)

(29–51)
(32–55)
(33–47)
(76–92)
(87–97)
(93–97)

+LR (95% CI)
2.64
1.67
1.76
3.39
8.84
17.50

(0.27–25.5)
(1.37–2.05)
(1.12–2.57)
(1.77–6.48)
(0.67–116)
(5.99–51.29)

–LR (95% CI)
0.23
0.20
0.12
0.40
0.28
0.09

(0.06–0.88)
(0.01–2.86)
(0.05–0.30)
(0.11–1.48)
(0.04–2.15)
(0.05–0.17)

Reference Numbers
32,
49,
30,
32,
33,
21,

53
52
32, 42, 44, 47
48, 49
34
45, 46, 51, 54, 56, 57, 66

FABP = fatty acid–binding protein; GST = alpha-glutathione S-transferase; +LR = positive likelihood ratio; –LR = negative likelihood ratio; MDCT = multidetector computed tomography.
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speciﬁcity (I2 = 87.6%, Cochran’s Q v27 = 56.27,
p < 0.001). Data Supplement S9 presents forest plots for
CT imaging, and Data Supplement S10 provides the
SROC curve.
Surgical Mortality
The most common management option of acute mesenteric ischemia is surgical exploration and intervention.
There is a substantial degree of heterogeneity in the
literature with regard to reported postoperative mortality
after surgical intervention for suspected acute mesenteric
ischemia. The operative mortality of mesenteric ischemia
ranged from 26% to 72% with a pooled mortality rate of
47% (95% CI = 40% to 54%). Operative repair of mesenteric ischemia was associated with signiﬁcant morbidity
and adverse event rates in survivors, ranging from 39%
to 64%. However, the mortality rate for missed mesenteric ischemia that is not operated on is considered to
approach 100%
DISCUSSION
Acute mesenteric ischemia remains a difﬁcult diagnosis
to establish on a clinical basis. There are no presenting
characteristics, historical features, or ﬁndings on physical examination that deﬁnitively establish the diagnosis.
Rather, the pretest probability of disease must be gradually informed by the accumulation of mild shifts in likelihood provided by the presence or absence of various
elements in the history and physical. As of yet, there
are no laboratory tests readily available in the ED that
possess enough diagnostic accuracy to establish mesenteric ischemia deﬁnitively. An ideal screening test would
have a very low –LR. In general, a –LR less than 0.1 is
considered an adequate “proof of absence of disease,”
as the posttest odds of disease would be decreased by a
factor of 10.68 A negative D-dimer has a strong –LR,
although the 95% CI was high enough that we cannot
recommend that it is a satisfactorily accurate screening
test to preclude further testing as a standalone result.
Serum lactate, the diagnostic test most frequently associated with mesenteric ischemia, had a lower pooled
sensitivity than D-dimer and a higher –LR. Studies of
these two tests did not consistently establish the interval
between specimen acquisition and the ﬁnal diagnosis of
mesenteric ischemia. As well, neither test was substantially speciﬁc. This is in evidence by the wide CIs about
the SROC (Data Supplement S5). It may also be that
there are different degrees of predictive ability from different degrees of abnormality of the laboratory assay.
In other words, a patient with a very elevated lactate
may carry a higher probability of acute mesenteric
ischemia than a patient who is just over the upper limit
of normal. The heterogeneity of the source data precluded our ability to investigate this further; future prospective work may ﬁnd incremental value in calculating
interval likelihood ratios to evaluate this possibility.
We found substantially less variability with regard to
CT imaging. However, there were outliers in terms of
both sensitivity and speciﬁcity. Wiesner et al.56 performed a retrospective review of abdominal CT interpretations performed for a variety of indications and
with a variety of protocols on a four-slice multidetector
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CT, which may have contributed to their substantially
lower sensitivity than the rest of the ﬁeld. Likewise, Blachar et al.46 performed a retrospective review of images
that were reinterpreted for study purposes in a case–
control format, allowing CT images that were acquired
up to 3 days prior to the diagnosis of mesenteric ischemia. CT scans were performed on a variety of multidetector scanners (ranging from 10-to 64-slice) throughout
the study. The most likely reason for the lower speciﬁcity noted in this study was their use of a diagnostic
standard that stratiﬁed “possibly present” as a positive
result for data interpretation, leading to potential overcalls.
With all studies of diagnostic methods, there is the
potential for systematic bias that would affect the validity of the reported results. Newman and Kohn69 provide
an excellent discussion on the topic in their text, Evidence-Based Diagnosis, for those readers who wish to
pursue a more in-depth discussion. Interested readers
are also referred to the relevant chapter in EvidenceBased Emergency Care: Diagnostic Testing and Clinical
Decision Rules (Evidence-Based Medicine) by Pines
et al.70 Several potential sources of bias are directly
relevant to this collection of studies and are brieﬂy
summarized; an article by Kohn et al.,71 elsewhere in
this issue, provides additional details.

•

•

•

Double criterion standard bias. This exists when
patients suspected to have the disease receive one
diagnostic standard (such as surgical exploration for
mesenteric ischemia), and the remainder undergo
simple clinical follow-up. We noted this in several
studies; however, from an ethical standpoint this is
simply unavoidable.
Incorporation bias exists when the test being studied
affects the likelihood of the ﬁnal diagnosis being
made. This is quite prevalent in the radiology studies, which examined retrospectively the performance
of CT in diagnosing acute mesenteric ischemia.
Incorporation bias has the potential to increase the
reported accuracy of the index test.
Veriﬁcation bias occurs when the sample under
study consists only of patients who got the diagnostic standard and the index test was used to make the
decision to proceed to the diagnostic standard; for
example, a study of CT scan accuracy in patients
undergoing laparotomy for suspected mesenteric
ischemia. This is modestly different than incorporation bias in the construct of the study sample—incorporation bias occurs when the index test helps
deﬁne the reference standard, and veriﬁcation bias
occurs when the study sample is made up only of
patients receiving the reference test. This bias will
also tend to inﬂate the diagnostic performance of the
index test or the prevalence of a baseline condition.

Implications and Test–Treatment Thresholds
Given that the surgical outcomes literature is composed
predominantly of retrospective studies, it is critically
important to understand how cases were selected to
judge bias and applicability. Studies reporting surgical
outcomes may specify patients by procedure (bowel
resection,10 revascularization7), type of vascular
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occlusion (mesenteric venous thrombosis,64 superior
mesenteric artery1,30,59), or ﬁnal diagnosis (ICD-9 codes,
autopsy reports). Studies reporting diagnostic modalities (laboratory or imaging) may report on patient outcomes stratiﬁed by surgical intervention and diagnosis,
but this is unfortunately not universal. In addition,
among the things we do not know with any degree of
certainty is the effect of a false-positive test.
Laparotomy is intuitively a nonbenign process. Multiple studies derived from the blunt and penetrating
trauma populations suggest that undergoing a negative
laparotomy does not result in an increase in morbidity
or short-term complication rate72,73; however, the
trauma population is a substantially different one than
the suspected mesenteric ischemia population in that
the latter are generally older, more frail, with higher comorbid illness burdens. All but a handful of studies
examining surgical outcomes are based in cohorts consisting only of patients with known mesenteric ischemia. Woo et al.74 reported outcomes on patients taken
to the operating room with suspected mesenteric ischemia—the difference in mortality between those with
mesenteric ischemia (48.8% mortality) and without mesenteric ischemia (39.3%) did not meet statistical signiﬁcance, although the retrospective analysis was limited
by sample size. Thuijls et al.,34 in their study of FABP as
a diagnostic marker for mesenteric ischemia, noted a
mortality rate of seven of 21 patients operated on for
conﬁrmed mesenteric ischemia, compared to zero of 24
patients with other diagnoses. Eighteen of the 24
patients went to the operating room, with only ﬁve having nontherapeutic laparotomies. In other words, 13 of
24 patients in the study by Thuijls et al. without mesenteric ischemia still needed to go to the operating room.
Again, sample size is obviously an issue, but this brings
up the point that many patients in this at-risk population will have surgical causes for their acute abdominal
pain, even if they do not have mesenteric ischemia. The
current literature base is insufﬁcient to deﬁnitively
delineate the rate and risk of true negative laparotomy
in this population.
Within these limitations, therefore, the calculation of
test versus treat thresholds for diagnostic imaging is
best conceptually approached as a sensitivity analysis,
dependent upon the assumptions used. The concept of
the test threshold incorporates the risk of harm induced

by false-positive testing (the risk of which is 1 – speciﬁcity) combined with the risk of undergoing the test itself,
over a denominator that consists of the risk of a falsepositive plus the beneﬁt of a true-positive test (sensitivity 9 beneﬁt of the intervention). In this setting, this
would include the risk of an unnecessary laparotomy
combined with the risk of mortality due to contrastinduced nephropathy due to the CT itself, versus the
beneﬁt of accurately diagnosing mesenteric ischemia. It
can be summarized by the following construct:
Ttest ¼ ½ðfalse-postiveÞ % ðRsurgery Þ þ RCT '=½ðfalse-postiveÞ
% ðRsurgery Þ þ ðtrue-positive % Bsurgery Þ':
The treatment threshold accounts for the risk of a
false-negative diagnostic test and the loss of beneﬁt to
the patient for undergoing a needed procedure. The risk
of undergoing the diagnostic test is also incorporated in
this calculus and is summarized thus:
Ttreat ¼ ½ðspecificity % Rsurgery Þ ( RCT Þ=½ðspecificity
% Rsurgery Þ þ ð1 ( sensitivity % Bsurgery Þ':
Using the pooled sensitivity and speciﬁcity for
abdominal CT scanning of 94 and 95%, we must then
calculate a beneﬁt of surgery. Assuming a mortality of
100% in untreated mesenteric ischemia,75 and using the
pooled operative mortality of 47% as previously stated,
the beneﬁt of surgery is 53%. Next to be considered is
the risk of the diagnostic CT itself, which is predominantly related to renal insufﬁciency attributed to contrast exposure. There is an increasing body of literature
that suggests that the risk of renal insufﬁciency in
acutely ill patients is independent of contrast exposure.8,76–78 The issue remains far from settled, but in
these studies the range of renal insufﬁciency in patients
exposed to contrast ranges from 0 to 6%, and the
pooled estimate is 3%. Using an approximation of mortality attributable to renal insufﬁciency of 15%,79 we
obtain a mortality risk due to renal insufﬁciency of
frequency 9 mortality = 3% 9 15% = 0.45%. As stated
previously, the area of greatest uncertainty becomes the
risk of a false-positive study or attributable mortality
risk due to an unnecessary laparotomy. Several manipulations of these variables, and the resultant test–treat
thresholds, are presented in Table 4. Using the pooled

Table 4
The Effect of Varying Assumptions on the Test Threshold (Perform CT Scan) and Treatment Threshold (Go to the Operating Room)
Parameters
CT

Pooled test performance
Low test performance
High test performance
High test risk
Medium negative surgery risk
High negative surgery risk

Sensitivity

Specificity

Surgery Benefit

CT Risk

Surgery
Risk

Test Threshold

Treat Threshold

94
90*
97*
94
94
94

95
93*
97*
95
95
95

53
53
53
53
53
53

0.45
0.45
0.45
4.5*
0.45
0.45

10
10
10
10
20*
50*

1.9
2.4
1.5
10
3.2
6.5

74
61
82
41
86
94

Data are reported as percentages
*Those assumptions that were altered from the pooled test results.
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test characteristic of CT scanning (sensitivity of 94%,
speciﬁcity of 95%), a risk to CT scanning of 0.45%, a
surgery beneﬁt of 53%, and an assumed mortality risk
of a negative laparotomy of 10%, we can derive a test
threshold of 2.1% and a treatment threshold of 74%. In
other words, if the pretest probability of mesenteric
ischemia is below 2.1%, then proceeding to CT scanning may harm more patients than it helps. Additionally, with these assumptions, if the pretest probability of
mesenteric ischemia is above 74%, operative treatment
should be initiated instead of additional diagnostic testing, or patients may experience more harm than good.
This is consistent with studies that demonstrate a differential survival rate with early intervention compared to
delayed intervention.9,26
This study adds breadth to the previous meta-analysis
of the use of CT in the diagnosis of acute mesenteric
ischemia. Menke13 completed a meta-analysis in 2010
that included only studies of newer generation multislice CT scanners. Six studies met criteria.21,44,51,54,56,80
Three studies were prospective, and three were retrospective. All studies were of high quality using QUADAS criteria. The meta-analysis by Menke13 included
619 cases. The meta-analysis showed that CT scan had
a pooled sensitivity of 93.3% (95% CI = 82.8% to 97.6%)
for the diagnosis of acute mesenteric ischemia and a
pooled speciﬁcity of 95.9% (95% CI = 91.2% to 98.2%).
Our meta-analysis, with regard to imaging, added three
additional studies to Menke’s meta-analysis.45,46,57 Our
study added an additional 261 patients for analysis,
which represents a 42% increase over Menke’s 619 case
analysis. Despite the substantial increase in the number
of cases, we found a very similar pooled sensitivity for
the diagnosis for acute mesenteric ischemia at 94%
(95% CI = 90% to 97%), corroborating Menke’s ﬁndings
with a more robust case set.
To our knowledge, this study also represents the ﬁrst
meta-analysis of the sensitivity and speciﬁcity of
D-dimer, lactate, GST, and FABP in the diagnosis of
acute mesenteric ischemia. Acosta and Nilsson31 summarized two papers exploring the utility of both L- and
11,12
D-lactate,
four papers summarizing the results of
30,32,43,47
D-dimer,
two papers addressing GST,48,49 and
three papers concerning FABP.33,34,81 However, Acosta
and Nilsson made no attempt to calculate pooled sensitivities or speciﬁcities of any of the markers, and they
also considered animal studies in the review. Our analysis—with greater power than previous single studies—
suggests that neither D-dimer nor lactate have adequate
sensitivity to rule out disease.
The current study also provides speciﬁc testing and
treatment thresholds. The thresholds have the potential
to change management of suspected acute mesenteric
ischemia in individual cases. For the clinician with less
experience with acute mesenteric ischemia, or experienced clinicians with varying testing strategies, these
numbers suggest discrete decision points for the testing
and treatment of presumed acute mesenteric ischemia.
Until the development of a validated risk stratiﬁcation
or criteria rule to calculate a discrete pretest probability
for acute mesenteric ischemia, clinicians can beneﬁt
from data-driven thresholds to apply to their own “clinical gestalt” calculations of pretest probability.
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Our analysis adds value in that there is scant guideline-based guidance available in the literature. Two
major medical societies touch lightly on the topic of
acute mesenteric ischemia in guidelines. In 2012, the
Italian Society of Endoscopic Surgery released guidelines for the use of laparoscopic surgery in the acute
abdomen.82 In the setting of mesenteric ischemia, this
guideline does not recommend laparoscopy for acute
diagnosis over the use of CT scanning, although it suggests that there may be a role for “second-look” procedures for laparoscopy. Likewise, the American College
of Cardiology, in conjunction with the American Heart
Association and multiple other specialty societies, issued
a guideline in 2006 relating to the management of
peripheral arterial disease, to include acute mesenteric
ischemia.83 With regard to acute mesenteric ischemia,
the recommendations from the guideline consist solely
of reminders to keep acute mesenteric ischemia in the
differential diagnosis for a patient with abdominal pain
out of proportion to examination and a history of cardiovascular disease or one with recent aortic catheter–
based procedures. The guideline also recommends
against using duplex sonography for evaluating for
acute mesenteric ischemia.83 The same societies issued
a joint focused update on the management of peripheral
arterial disease in 2011; however, mesenteric ischemia
was not addressed at all in the focused update.84
IMPLICATIONS FOR FUTURE RESEARCH
Clearly, the current state of the literature leaves substantial room for further investigations in the ﬁeld of
acute mesenteric ischemia. We still lack a screening test
with sufﬁcient sensitivity to forgo further testing in all
but patients with very low pretest probability. Our diagnostic test of choice requires the administration of IV
contrast and ionizing radiation. Many studies characterizing history and physical examination ﬁndings report
data only on patients proven to have the disease, without comparator control groups.
Unfortunately, the low incidence of this condition,
albeit one with high morbidity and mortality, has made it
difﬁcult to perform high-quality research and will continue to hinder future research efforts. Careful research
design and adherence to publication standards such as
the STARD criteria67 will improve the quality of data
returned from future investigations. Future studies
should include comparable well-deﬁned counterfactual
controls, so as to be able to clearly establish whether differential ﬁndings are due to the disease state itself or due
to bias within groups. Laboratory screening studies
should be speciﬁc as to the intervals between symptom
onset, specimen procurement, and ﬁnal diagnosis. In
addition to reporting strict dichotomous cutoff values for
laboratory studies, future studies should consider evaluating ranges of results, so as to determine whether there
is increasing risk of disease with increasing variance
from the normal values. Interval LRs may be a helpful
analytic maneuver for these studies. There may be value
in establishing structured decision rules to concretely
establish the pretest probability of disease; however, any
such structured decision rule should be tested against
overall physician gestalt to gauge comparative accuracy.
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Alternate diagnostic modalities may need to be
explored. Magnetic resonance angiography has not, at
the time of this writing, been tested in a prospective
fashion. Although not as widely available, and not without its own set of risks, as magnetic resonance technology spreads, it may prove a feasible alternative to CT
scanning. The pooled sensitivity of CT scanning (94%,
95% CI = 90% to 97%) was very close to the pooled
sensitivity of D-dimer testing (96%, 95% CI = 89% to
99%), although the speciﬁcity of CT was substantially
higher. Therefore, missed cases are still going to occur,
leading to the question of whether further reﬁnement of
test utility (as represented by interval LRs, examining
the change in likelihood of disease using a “moving target” cut point) or improved imaging modalities will clarify the ideal diagnostic strategy.
LIMITATIONS
We only included studies in English. Although most
international publications provide abstracts in English,
the level of detail required to accurately ascertain potential sources of bias is generally not present in the
abstract format. Most outcomes studies reported only
on those patients who had conﬁrmed diagnoses of mesenteric ischemia. Therefore, we cannot address the
speciﬁcity of the history or physical examination ﬁndings, and it is conceivable that the prevalence of ﬁndings in these samples is biased upward.85 The reference
standard for a positive diagnosis of mesenteric ischemia, as established by the source studies, consisted of
ﬁndings of ischemia in the operating room or at
autopsy, without explicit deﬁnitions of what that consisted of. The reference standard for a negative diagnosis was much less rigorous. In those studies that
included patients who did not go to the operating room,
survival was considered proof of the absence of mesenteric ischemia. In addition, we encountered difﬁculty in
estimating the risk of negative laparotomy in acutely ill
elderly patients who may not have mesenteric ischemia,
but may have other reasons to beneﬁt from laparotomy.
The heterogeneity of populations and outcomes was
substantial—cohort characteristics from inpatients may
differ substantially from patients presenting primarily to
the ED with abdominal pain. Likewise, our estimates do
not incorporate end-of-life and other care preferences.
Most surgical series explicitly excluded those patients
with existing do-not-resuscitate orders or those who
opted for comfort measures only. Even with operative
intervention, the mortality rate for mesenteric ischemia
remains high, and patients and their surrogates may
decide that the suffering engendered from surgery and
recovery would not be of substantive value when
viewed in terms of potential beneﬁt.
During the review process, a concern was raised
whether the lack of a medical librarian was a limitation.
We do not feel that the lack of a medical librarian represents a substantive limitation. The consensus standards
for systematic reviews and meta-analyses do not specify
the use of particular personnel for the conduct of literature reviews.36,86 This is bolstered by the fact that our
literature search strategy identiﬁed further studies than
previous works, as detailed above.

Cudnik et al. • DIAGNOSIS OF MESENTERIC ISCHEMIA

We did not apply the test–treatment threshold paradigm to laboratory tests. No laboratory test holds
enough speciﬁcity to establish the diagnosis of acute
mesenteric ischemia. Rather, the utility of laboratory
ﬁndings, in concert with ﬁndings on history and physical examination, is to help shape the clinician’s pretest
probability of disease, which then can inform the decision to proceed with imaging or immediate surgical
consultation.
We did not stratify pooled results by a variety of possible factors, such as the format of the CT imaging or
various cutoff thresholds of laboratory testing. Different
laboratory assays will have different ranges of normal
versus abnormal by manufacturer, and the evaluation of
interassay agreement is well beyond the scope of this
article. For generalizability, we elected to recognize the
cutoff reported in each study as a valid dichotomous
endpoint. Likewise, the clinician evaluating a patient for
potential acute mesenteric ischemia will not have a
range of choices in terms of which CT scanner he or
she will send the patient to. The heterogeneity of CT
formats in the reviewed literature is certainly a limitation in discerning exact test characteristics. It would be
desirable from an academic standpoint to have substantial numbers of trials and patients evaluated by different
CT scanners of differing quality to know with precision
the diagnostic accuracy of disparate protocols; however,
the practical effect to the clinician needing to make decisions based on the equipment immediately available is
unknown. Certainly, as the quality of CT scanners
improves, the sensitivity for mesenteric ischemia will
likely improve. It will be interesting to see if the epidemiology of diagnosed mesenteric ischemia and subsequent outcomes shift due to this secular trend. Finally,
multiple studies evaluated different etiologies of acute
mesenteric ischemia; while mortality after intervention
may vary depending on the precise etiology, the emergency physician must evaluate the global condition of
“acute mesenteric ischemia” as a cause for the patient’s
presentation, rather than speciﬁc subtypes. Therefore,
we did not stratify results by the ultimate etiology of the
mesenteric ischemia.
Given the amount of heterogeneity in the literature,
what is the clinician to do with the results of this analysis? Mesenteric ischemia is a heterogeneous condition,
with several potential etiologies, but frequently poor
outcomes. Given the range of pooled test performance,
however, the testing threshold remains relatively low
when the disease is suspected. Laboratory tests, as well
as ﬁndings on history and physical examination, may
help inform the pretest probability, but are generally
insufﬁcient as stand-alone results to preclude further
testing. The concept of the test–treatment threshold,
applied with the results of our meta-analysis, will hopefully encourage appropriate testing and decrease timeto-diagnosis for these patients.
CONCLUSIONS
Acute mesenteric ischemia remains a highly mortal condition. Medical history and the characteristics of presenting complaints are not strongly helpful in ruling in
or ruling out the disease. A negative D-dimer may be
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helpful in ruling out acute mesenteric ischemia, but the
data are insufﬁciently strong and the conﬁdence intervals remain too wide at this time to recommend full
exclusion of disease based on this test.
Computed tomography angiography of the abdomen
has excellent test characteristics and likely low attributable risk when compared to the mortality of suspected
mesenteric ischemia. In all but the lowest pretest probability patients, computed tomography is likely indicated
to clarify the diagnostic picture. However, when the
pretest probability is quite high (70% or higher), the
patient may beneﬁt from immediate surgical consultation and consideration of laparotomy. Physicians should
be aware of the protean manifestations of mesenteric
ischemia and maintain a low threshold for entertaining
the diagnosis, as the morbidity and mortality for undiagnosed mesenteric ischemia is substantial.
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