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Abstract \
Objective: The purpose of this meta-analysis is to comprehensively assess the accuracy of serum D-dimer for the diagnosis of |
acute intestinal ischemia.

Methods: Diagnostic studies of D-dimer for accurate diagnosis of acute intestinal ischemia were extracted from 6 databases, and
prospective and retrospective studies that provided adequate data on sensitivity and specificity were included here. Sensitivity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) were calculated. The overall diagnostic
performance of D-dimer was assessed by plotting a summary receiver operating characteristic curve (SROC) and calculating the area
under the curve (AUC).

Results: A total of 1300 patients with suspected acute intestinal ischemia from 12 studies met the inclusion criteria. The combined
sensitivity, specificity, PLR, NLR, and DOR were 0.94 (95% Cl: 0.87-0.97), 0.50 (95% CI: 0.40-0.61), 1.9 (95% Cl: 1.5-2.3), 0.12
(95% Cl: 0.05-0.26), and 16 (95% Cl: 7-39), respectively. The AUC was 0.81 (95% ClI: 0.78-0.84).

Conclusion: The results of this meta-analysis suggested that plasma D-dimer detection might be a useful means of identifying
patients with acute intestinal ischemia of the abdomen.

Abbreviations: AUC = area under the curve, Cl = confidence interval, DOA = diaminoxidase, DOR = diagnostic odds ratio, FN =
false negative, FP = false positive, I-FABP = intestinal fatty acid-binding protein, included in systematic reviews, NLR = negative
likelihood ratio, PLR = positive likelihood ratio, QUADAS = Quality Assessment of Diagnostic Accuracy Studies, SROC = summary

receiver operating characteristic curve, TN = true negative, TP = true positive.
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1. Introduction

Acute intestinal ischemia is potentially fatal when it occurs in the
abdomen, with 67% to 80% mortality as the disease
progresses.''! The numerous causes of acute intestinal ischemia
includes arteriovenous thrombosis, arterial embolism, exogenous
mesenteric vascular compression, and disproportionate mesen-
teric vasoconstriction.”! The delayed diagnosis may lead to
intestinal necrosis, septic shock, and multiple organ failure,
which is life threatening in the acute intestinal ischemia patients.
Clinically, accurate diagnosis of acute intestinal ischemia is very
difficult even for a highly experienced physician. It is often
diagnosed only after being found intraoperatively. Sensitivity and
specificity of spiral computed tomography (CT) for the detection
of acute mesenteric ischemia are 93.3% and 95.9%, respective-
ly.I However, misdiagnosed cases may occur.>®! In recent
years, some researchers have shown that serum markers such
as D-dimer, intestinal fatty acid-binding protein (I-FABP),
D-lactate, diaminoxidase (DOA), and citrulline facilitate the

diagnosis of acute intestinal ischemia, with considerable accura-
oy 3781

The D-dimer is a cross-linked fibrin degradation product !

and a highly effective diagnostic tool for deep vein thrombosis,
pulmonary embolism, aortic dissection, and other vascular
diseases.'*'2I' A number of case—control studies have assessed
the accuracy of plasma D-dimer for the diagnosis of acute
intestinal ischemia in the past decade.['*=35! The reported results


mailto:liweiming49@163.com
mailto:destiny1978@163.com; pyxu778@sina.com
http://creativecommons.org/licenses/by-nd/4.0
http://creativecommons.org/licenses/by-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000006380

Sun et al. Medicine (2017) 96:13

have been inconsistent, with the sensitivity varying from 60% to
100% and the specificity ranging from 40% to 90%. Only 2
systematic reviews and meta-analyses have focused on the
diagnosis of acute intestinal ischemia using plasma markers are
available.>*¢! However, these 2 reports included only a few
studies (3P and 5,1¢! respectively), which limited the reliability
and accuracy of the combined sensitivity and specificity results.
Here, a meta-analysis was used to summarize the diagnostic
studies of acute intestinal ischemia using D-dimer from 6
databases to confirm the accuracy of the diagnosis and to provide
more reliable basis for clinical applications.

2. Methods

2.1. Ethical approval

The Medical Ethics Committee of Second Affiliated Hospital of
Kunming Medical University informed us that ethical approval
was not required. Because the data in the study were
retrospective, which were extracted from different studies.

2.2. Data retrieval strategy

This study comprehensively explored the clinical studies (without
language restriction) from PubMed, Medline (Ovid), Cochrane
Library, the Wily Online Library, Web of Science, and China
National Knowledge Infrastructure (CNKI) databases through
September 28, 2016. The terms for data browsing included free
words and MeSH keywords, including variations of intestine or
mesentery (e.g., “intestines,” “intestinal,” “bowel,” “gut,
“mesentery, “mesaraic,” and “mesenteric”), alone, or in
combination with various forms of ischemia (e.g., “ischemia,”
“ischemic,” and “reperfusion”). These terms were searched
individually and in combination (e.g., using “AND” to perform
combined search between “sensitivity,” “specificity,” “false
positive,” “false negative,” “accuracy,” “predictive value of
tests,” “likelihood ratio,” “reference values,” “roc analysis,” and
“D-dimer,” and “D-D”). Other forms of related literature were
obtained by manually retrieving reference literature and related
reviews.

£l

2.3. Criteria for inclusion and exclusion studies

Only original studies were considered for inclusion in this meta-
analysis, with the following inclusion criteria: original studies
that evaluated D-dimers for the diagnosis of intestinal ischemia;
each of the studies included >10 blood samples; and each of the
studies provided true positive (TP), false positive (FP), true
negative (TN), and false negative (FN) data or sufficient data for
creating 2 x 2 tables. Exclusion criteria of this meta-analysis were
as follows: studies that did not report accuracy or sensitivity of D-
dimers; studies without reference standards for the definition of
acute intestinal ischemia diagnosis; studies with methodological
errors; and studies that did not report cut-off values. Criteria for
the diagnosis of intestinal ischemia were the patients with obvious
clinical symptoms such as acute abdominal pain, frequent
nausea, vomiting, intestinal obstruction, and hypoactive or
absent bowel sounds, which were supported by pathological,
radiological, and intraoperative evidence."*”!

2.4. Data extraction and quality evaluation

Duplicate works were removed from the imported literature
using literature management software. Two investigators
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preliminarily and independently screened the literature based
on the index. Studies whose inclusion or exclusion were contested
were verified after the discussion with a third party researcher.
General information (e.g., first author’s name, gender and age
of the test subjects, and year and country of publication) and
D-dimer-related information (e.g., detection method, cut-off
value, sensitivity, and specificity) of each of the extracted study
were listed in a standard form.

Two investigators independently used a methodological
evaluation tool for diagnostic study, QUADAS (Quality Assess-
ment of Diagnostic Accuracy Studies included in systematic
reviews), to evaluate the quality of the included studies.!>®!
QUADAS is a systematic review tool for diagnostic studies in
evidence-based medicine. It includes 14 items and can give a
maximum score of 14381 (Table S1, http:/links.lww.com/MD/
B629).

2.5. Data analysis

The diagnostic accuracy of this meta-analysis was based on a
previous study by the present team, Sun et al,?”! and studies of
Leeflang et al'®*! and Jones et al'*"! Sensitivity, specificity, PLR,
NLR, positive predictive value, negative predictive value, DOR,
and 95% confidence interval (CI) were calculated based on the
accuracy data (TP, TN, FP, and FN) extracted from each included
study. Meta-Disc 1.4 software (XI Cochrane Colloquium,
Barcelona, Spain) was used to calculate the Spearman correlation
coefficient to evaluate the heterogeneity generated by the
threshold effect. The threshold effect is the difference in sensitivity
and specificity because of different cut-off values used according
to different definitions of positive test results in different studies.
If the analysis showed that the Spearman correlation coefficient
to be strong and positive and P <0.035, the results indicated a
significant threshold effect. Then, the chi-square-based O test and
inconsistency index I* were used to detect the nonthreshold-
induced heterogeneity. If the results of Q test showed that P<
0.05 or I> >50%, the included studies were believed to have
significant heterogeneity. For the included studies with significant
heterogeneity, the DerSimonian Laird method was used to
calculate the estimated value.*!! Meta-regression was used to
explore the source of heterogeneity. The Deek’s funnel plot was
used to detect the publication bias!*?!; P<0.05 was considered
indicative of the presence of publication bias. Despite the analysis
of threshold effect, other analyses were performed using STATA
13.1 software (Stata Corporation, College Station, TX).

3. Results

After removal of duplicate publications, the aforementioned
browsing strategy was used to identify 82 reported studies. By
screening the titles and abstracts, 39 studies were excluded. Then
22 potentially relevant documents remained. For a variety of
reasons, 11 reported studies out of the 22 were excluded? 3!
(Fig. 1). Among the 11 excluded studies,’**~**! 6 did not report
the sensitivity and specificity of D-dimer>>=%; 2 were duplicate
reports’®32L 1 had no definition of diagnostic criteria for acute
intestinal ischemia®'; 1 did not describe the method by which the
D-dimer was detected®; and 1 did not report the cut-off values
of D-dimer®S! Only 12 studies were eventually included in this
meta-analysis,'*"**! with the years of publication ranging from
2004 to 2016 and including 1300 patients with suspected acute
intestinal ischemia. Only 1 of them was a retrospective study,**!
and the others were prospective studies.['321:2%24] Five of the
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Figure 1. Summary of evidence search and selection.

included studies were conducted in Asia,'*'®21723] and the

remaining 7 included studies were conducted in European
countries.' 31517720241 The types of acute intestinal ischemia in
the 12 included studies were reported differently. There were 8
studies of acute mesenteric ischemia,'371529-241 1 study of acute
strangulated intestinal obstruction,!'”! 1 study of acute intestinal
necrosis,'® and 2 studies of mixed type of acute intestinal
ischemia."®'?! Diagnostic criteria for acute intestinal ischemia
included pathological examinations, intraoperative findings,
radiological examination, laboratory test results, and clinical
evaluation (Table 1). Most of the studies included here used an
immunofiltration assay to detect D-dimer!!371%1771%:211; 3 gty dies
used immunoturbidimetry*®?%23! and 2 studies used Latex-
based immune measuring method.****  Supplementary
Table S1, http:/links.lww.com/MD/B629, summarizes the results
of quality evaluation.

3.1. Accuracy of plasma D-dimer for the diagnosis
of acute intestinal ischemia

Different cut-off values used different studies resulted in the
differences of sensitivity and specificity, namely threshold effect.
The Spearman correlation coefficient and P values were used
in this study to evaluate the threshold effect. The Spearman
correlation coefficient of 0.088 and the P value of 0.787
suggested that there was not enough evidence to support the
heterogeneity from the threshold effect. The combined sensitivity
and specificity of D-dimer diagnosis of acute intestinal ischemia
were 0.94 (95% CI: 0.87-0.97) and 0.50 (95% CI: 0.40-0.61),
respectively (Fig. 2). The combined positive likelihood ratio (PLP)
and negative likelihood ratio (NLR) of plasma D-dimer were 1.9
(95% CI: 1.5-2.3) and 0.12 (95% CI: 0.05-0.26), respectively.
The combined diagnostic odds ratio (DOR) of plasma D-dimer
was 16 (95% CI: 7-39; Table S2, http:/links.lww.com/MD/
B629). The area under the curve (AUC) of the summary receiver
operating characteristic curve (SROC) was 0.81 (95% CI:
0.78-0.84; Fig. 3), suggesting a high diagnostic accuracy of
D-dimer for acute intestinal ischemia.

3.2. Meta-regression analysis

According to the forest plots (Fig. 2, S1, http:/links.lww.com/
MD/B629, and S2, http://links.lww.com/MD/B629), the accura-

cy for heterogeneity (sensitivity, specificity, PLR, NLR, and
DOR) was significant. Meta-regression was performed to
investigate the source of heterogeneity, which included continu-
ous variables (QUADAS score and sample size) and dichotomous
variables (the continent, such as Asia and Europe; and D-dimer
detection assay, such as immunofiltration assay and non-
immunofiltration assay). However, there has not been sufficient
evidence to support any association between these variables and
the source of heterogeneity (Table 2 and Fig. S3, http:/links.lww.
com/MD/B629).

3.3. Analyses of sensitivity and publication bias

Sensitivity analysis of the prospective study (a retrospective study
was excluded?!) and only studies of acute mesenteric ischemia
(4 studies of mixed types of acute intestinal ischemia and
nonmesenteric ischemia were excluded'®™'”!) showed similar
findings between the combined results and the total analysis
(Table S2, http:/links.lww.com/MD/B629). Deek’s funnel plot
was used to assess the publication bias, and the results showed no
significant publication bias in this study (P=0.247 [> 0.05];
Fig. S4, http://links.lww.com/MD/B629). The clinical utility of
D-dimer is shown in Fig. S5, http:/links.lww.com/MD/B629.

4. Discussion

Although the presence of acute intestinal ischemia can be verified
intraoperatively, in pathology, and with angiography, rapid and
accurate diagnosis of emergency cases of acute intestinal ischemia
of the abdomen is often very difficult. Detection of plasma D-
dimer concentration is a more feasible alternative method with
minimal invasiveness. Increasing numbers of researchers have
studied the diagnostic feasibility of D-dimer in acute intestinal
ischemia.['3>=3%] However, reports of the diagnostic accuracy and
specificity of D-dimer for acute intestinal ischemia remains
inconsistent; and some studies have not adequately reported the
results.**=3%) Summarizing and integrating the existing evidence
might help clinicians to apply this method for clinical diagnosis
and treatment.

This meta-analysis is the first to determine the diagnostic
accuracy of D-dimer for acute intestinal ischemia. The combined
sensitivity and specificity of plasma D-dimer assay were 0.94
(95% CI: 0.87-0.97) and 0.50 (95 % CI: 0.40-0.61), respectively.
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Figure 2. Forest plot of sensitivity and specificity of serum D-dimer.

In addition, the AUC of 0.81 and DOR of 16 suggested that D-
dimer had high diagnostic accuracy for acute intestinal ischemia.

Heterogeneity is an unavoidable challenge to the result
interpretation in meta-analysis. The I? results of the combined
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Figure 3. Summary operative receiver characteristic curve indicated high
diagnostic accuracy.

sensitivity, specificity, PLR, NLR, and DOR suggested that this
study had significant heterogeneity. In the diagnostic studies,
the threshold effect produced different cut-off values. Here, the
threshold effect is first considered as the primary source of
heterogeneity. The differences in detection methods, the
effectiveness of different reagent kits, and the differences in
testing equipment and operating procedures affect the detection
results of D-dimer. For these reasons, we used Spearman
correlation analysis to detect the threshold effect. The Spearman
correlation coefficient of 0.088 (P=0.787) did not support the
heterogeneity resulting from the threshold effect. Meta-regression
was performed, and some possible causes of heterogeneity,
including race, QUADAS score, sample size, and D-dimer
detection methods, were included. Unfortunately, the results of
meta-regression did not indicate that these variables were the
source of heterogeneity. Importantly, patient’s age was found to
affect the D-dimer concentration. Some recent studies on
pulmonary embolism and deep venous thrombosis!****! used
patient’s age to adjust the cut-off value of D-dimer and showed
that it could increase the sensitivity and specificity of D-dimer.
Some of the studies included did not report the age range in detail.
Some studies did not even reported the age,’'>'*?* and thus, the
subgroup analysis could not be performed. Age-adjusted D-dimer
cut-off values can be used in future studies to evaluate the
diagnostic accuracy of D-dimer for acute intestinal ischemia.
Because acute intestinal ischemia includes both vascular and
nonvascular causes, most previous studies of D-dimer have
focused on the vascular diseases.'®'?! Sensitivity analysis
included only vascular acute intestinal ischemia, and the results
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Table 2
Meta-regression results.
Number Sensitivity Specificity

of studies (95% ClI) (95% ClI) LRT 2 P P value
QUADAS scores 12 0.91 (0.77-0.97) 0.52 (0.36-0.68) 1.13 0 0.57
Sample size 12 0.94 (0.88-0.98) 0.51 (0.41-0.61) 2.89 31 0.24
Ethnicity
European 7 0.95 (0.90-1.00) 0.55 (0.43-0.67) 2.60 23 0.27
Asian 5 0.93 (0.86—1.00) 0.41 (0.26-0.55)
Detecting methods of D-dimer
Immunofiltration assay 7 0.96 (0.91-1.00) 0.46 (0.33-0.60) 1.50 0 0.47
Nonimmunofiltration assay 5 0.91 (0.83-1.00) 0.56 (0.40-0.72)

Cl=confidence interval, LRT =likelihood ratio test, QUADAS = Quality Assessment of Diagnostic Accuracy Studies.

were similar to the meta-analysis of other vascular diseases''®!?],

whereas only 2 of the included studies of nonvascular acute
intestinal ischemia were involved in evaluation of the diagnostic
effect of the D-dimer.""®'”! That was not enough to perform
subgroup analysis. Similarly, the only 2 studies of mixed vascular
and nonvascular-induced acute intestinal ischemia included in
this meta-analysis both included subgroup analysis.'$1°!
Therefore, all data, which was not available for the determination
of diagnostic accuracy of D-dimer for nonvascular acute
intestinal ischemia, will require further studies for verification.

The limitations of this meta-analysis include the following:
first, disunity of diagnostic reference standard for acute intestinal
ischemia (e.g., pathological examinations, intraoperative find-
ings, radiological examinations, laboratory tests, and clinical
assessment). Although the pathological examinations were the
most ideal diagnostic criteria, the implementation under
emergency conditions was almost impossible. Therefore, the
majority of studies used radiological examinations (e.g., CT
angiography), laboratory tests, and even clinical assessment as
the diagnostic criteria for acute intestinal ischemia, which may
have caused overestimation of the diagnostic accuracy of the D-
dimer; second, the studies used D-dimer detection assays and cut-
off values different from each other, which affected the
assessment of diagnostic accuracy; third, more than half of the
studies had small sample size (<100 cases), which could have
caused overestimation of the diagnostic accuracy of D-dimer for
acute intestinal ischemia. Although in the present meta-regres-
sion, sample size was the only variable for the analysis, the results
showed that sample size did not have much impact on the
outcomes. Nevertheless, a large sample, multicenter, high-quality
study may be necessary for further verification; fourth, given
patients ages affecting the D-dimer detection results. However,
most of the studies included here did not include age stratification
analysis and did not even report the age range of the patients, so it
was not possible to perform subgroup analysis in this study.
Thus, it is necessary to consider age an important factor in the
future studies.

Despite the limitations of this meta-analysis, the present data
supported that D-dimer had the sufficient diagnostic value for the
identification of acute intestinal ischemia from acute abdomen in the
emergency department. However, this result will need further
validation in a high-quality, large-sample, multi-center clinical study.
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