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Abstract

Objective: This study aims to evaluate the diagnostic value of D-dimer for acute aortic dissection (AAD) by the
method of meta-analysis.

Methods: PubMed, Cochrane Library, Web of Science, Embase, China National Knowledge Infrastructure (CNKI), and
Wanfang databases from the establishment of the databases to December 2020 were systematically searched, and

the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) system was used to evaluate the quality of the
literature. STATA 15.0 software was applied to calculate the pooled sensitivity, specificity, diagnostic odds ratio (DOR),

explore the source of heterogeneity.

patients with AAD.

positive likelihood ratio (+LR), negative likelihood ratio (—LR) to draw summary receiver operating characteristics
(SROQ) curve and calculate the area under the curve (AUC). Meta-regression and subgroup analyses were used to

Results: A total of 16 clinical studies were enrolled in this study, including 1135 patients. The results of the meta-anal-
ysis showed that the pooled sensitivity was 0.96 (95% Cl 0.91-0.98), the pooled specificity was 0.70 (95% Cl 0.57-0.81),
and the pooled DOR was 56.57 (95% Cl 25.11-127.44), the pooled +LR was 3.25 (95% Cl 2.18-4.85), the pooled —LR
was 0.06 (95% C1 0.03-0.12), and the AUC was 0.94 (95% Cl 0.91-0.95). Meta-regression and subgroup analysis results
showed that publication year, sample size and cutoff value might be sources of heterogeneity. When the concentra-
tion of D-dimer was less than or equal to 500 ng/ml, the sensitivity significantly increased.

Conclusion: D-dimer has an excellent diagnostic value for AAD. It is a useful tool for detecting suspected AAD
because of the excellent pooled sensitivity. D-dimer < 500 ng/ml increases the potential to identify the suspected
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Introduction

Acute aortic dissection (AAD) is a dangerous cardiovas-
cular disease in which blood passes through the aortic
intimal tear and enters the aortic wall to separate it, form-
ing a true and false cavity [1]. Epidemiological results
show that the annual incidence of AAD is six people per
100,000 people [2]with a high risk of rupture in AAD and
high potential mortality rate [3]. Research reports have
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shown that the mortality rate within 24 h of the onset of
AAD is 35%, and the mortality rate is 50% within 48 h [4].
Therefore, the early diagnosis and treatment of AAD are
essential for patient survival.

At present, computerized tomography (CT), tran-
sthoracic and transesophageal echocardiography,
magnetic resonance angiography (MRA), and digital
subtraction angiography (DSA) are mainly used to help
diagnose AAD [5, 6]. However, these diagnostic tech-
niques are usually time-consuming, limited in some
hospitals that lack large diagnostic equipment, which
are prone to misdiagnosis and missed diagnoses [7].
As AAD symptoms are not specific, it is easy to be
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confused with other chest pain-based diseases such as
acute myocardial infarction. It is impossible for doctors
to perform enhanced CT examinations on all suspected
patients at the time of diagnosis. Therefore, it is urgent
to explore a convenient, fast, effective and safe diagno-
sis method for AAD.

Biomarkers are easy to analyze through blood tests and
become a substitute tool for clinical disease diagnosis. It
is reported that elevated levels of fibrinogen/fibrin deg-
radation products, soluble elastin fragments (sELAF),
tenascin-C [8—10], smooth muscle myosin heavy chain
(sm-MHC) [11] are found when AAD occurs. However,
the detection system and reference range of these poten-
tial biomarkers are not completely effective in diagnosing
AAD. D-dimer is a specific degradation product pro-
duced by plasmin hydrolysis, and the level of D-dimer
can be detected through peripheral blood [12]. In 2014,
the European Society of Cardiology (ESC) included
D-dimer in the guidelines for the diagnosis and treatment
of aortic diseases, and pointed out that if the test result of
D-dimer is negative, patients with low levels of possible
AAD can be ruled out, and imaging examinations are not
required [13]. Many studies have confirmed that D-dimer
levels increase in AAD [14, 15], which is expected to be
a biomarker to assist in the diagnosis of AAD. A meta-
analysis by Asha et al. [15] in 2015 validated a good diag-
nostic value of D-dimer for acute aortic coarctation.
However, there are still more studies published since
2015 [16-18].

The aim of the present meta-analysis is to explore the
diagnostic value of D dimer in acute aortic dissection.
Statistical data such as sensitivity, specificity, positive
likelihood ratio (4LR), negative likelihood ratio (—LR),
diagnostic odds ratio (DOR), summary receiver operat-
ing characteristic (SROC) curve and area under the curve
(AUC) were collected. The related heterogeneity, publi-
cation bias and sensitivity were evaluated to clarify the
accuracy of D-dimer’s diagnosis for AAD, and reduce
misdiagnosis and missed diagnosis of AAD.

Methods

Retrieval strategy

According to the designed flow diagram, literature
retrieval was performed in English databases PubMed,
Cochrane Library, Web of Science, and Embase as well as
Chinese databases China National Knowledge Infrastruc-
ture (CNKI) and Wanfang databases. The search date
starts from inception to December 2020, and the search
language is not limited. Keywords "aortic dissection”,
"D-dimer" and "diagnosis" were used to evaluate the diag-
nostic value of D-dimer for AAD. Two researchers con-
ducted literature searches independently.

Page 2 of 11

Literature selection

Inclusion criteria

(1) AAD was diagnosed; (2) D-dimer level was meas-
ured; (3) Human study; (4) The results of true positives,
true negatives, false positives, and false negatives were
reported or can be calculated.

Exclusion criteria

(1) Articles of review, case report, animal experiment
research and comment type; (2) Repeated publications
(only the research with the most complete data was
selected); (3) Articles with only abstract or with insuffi-
cient important information such as P value, 95% confi-
dence interval information or the diagnostic sensitivity
and specificity cannot be extracted.

Literature evaluation

The quality of the included literature was evaluated by
two investigators using the Quality Assessment of Diag-
nostic Accuracy Studies-2 (QUADAS-2) risk assess-
ment tool [19]. When the results were inconsistent, the
decision was made through consultation or discussion
with the third investigator. The four components of the
QUADAS-2 (case selection, test to be evaluated, gold
standard, case flow and progress) are subject to the risk
of bias evaluation.

Data extraction

The extracted data from the published studies include:
(1) First author, publication year, number of cases, age,
gender, D-dimer concentration, and cutoff value; (2)
True positive, false positive, false negative, and true
negative.

Statistical analysis

The literature data management software Stata 15.0
(Stata Corporation, USA) was used to analyze the data
of the included literature. The I* test was used to test
the heterogeneity across studies. If I* <50%, it was con-
sidered that there was no heterogeneity; otherwise,
it was considered that there was heterogeneity. The
threshold effect was judged based on the typical "shoul-
der-arm" shape in the SROC curve and the correlation
between the logarithm of sensitivity and the logarithm
of 1-specificity. The bivariate mixed-effects model was
used to pool sensitivity, specificity, DOR, +LR, and —
LR. The AUC value of the ROC curve was calculated.
The closer the AUC value is to 1, the higher the diagnos-
tic power is considered. The publication bias is shown
using Deeks’ funnel plot. If P<0.05, it was considered
that there was publication bias. Meta-regression and
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subgroup analysis was used to explore the sources of
heterogeneity. Finally, a sensitivity analysis was used to
assess the robustness of the findings.

Results

Literature search results and basic information of included
studies

The two researchers searched the relevant databases
according to the pre-established literature search strat-
egy, and obtained 457 related documents, including 89
duplicate documents. A total of 280 irrelevant articles
were excluded by reading the title and abstract. After
reading the full text to check the completeness and cor-
rectness of the data, 72 articles were excluded, and 16
studies [16—18, 20-32] that met the inclusion criteria
were included in this meta-analysis. Figure 1 shows the
specific literature screening flow diagram, and the basic
data of included studies and related data of diagnostic
tests are displayed in Table.1.
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QUADAS-2 scores

In the 16 selected studies, there were 1135 cases. After
reading the literature carefully with the baseline charac-
teristics of the included literature mastered, the questions
in each part of the QUADAS-2 tool was answered using
"yes", "'no", or "unclear”, the corresponding risk of bias
was judged as "low", "high" and "uncertain". The results
show that (Fig. 2a, b) the clinical studies included are of
high quality. All cases were drawn continuously or ran-
domly. The gold standard can correctly identify the target
condition. However, the diagnostic cut-off values of some
clinical studies were preset, and more than 50% were cal-
culated through the SROC curve. Therefore, more than
50% of clinical studies had an uncertain bias in the inter-
pretation of D-dimer test results.

Meta-analysis results

The SROC curve did not show the typical "shoulder-arm"
shape (Fig. 3), while the Spearman correlation coefficient
between the log of sensitivity and the log of 1-specificity
was 0.0702(P=0.796), which indicated that there was no
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Fig. 3 SROC curve for the accuracy of D-dimer in the diagnosis of

acute aortic dissection. SROC curve: summary receiver operating

characteristic curve; AUC: area under the curve

threshold effect in this meta-analysis. As the heterogene-
ity across studies did not come from threshold effect, the
following combination analysis could be performed.

Heterogeneity analysis showed that there was hetero-
geneity in the pooled analysis of sensitivity (I*=97.10%,
P<0.01,) (Fig. 4a), specificity (I>=98.66%, P<0.01)
(Fig. 4a), DOR (I?*=93.99%, P<0.01) (Fig. 4b), +LR
(I>=98.52%, P<0.01) (Fig. 4c), and —LR (I*=96.21%,
P<0.01) (Fig. 4c).

The summary analysis results of the bivariate mixed-
effects model showed that, the diagnostic accuracy of
D-dimer detection of AAD was as follows: the pooled
sensitivity =0.96 (95% CI 0.91-0.98) (Fig. 4a), the
pooled specificity=0.70 (95% CI 0.57-0.81) (Fig. 4a),
the pooled DOR=56.57 (95% CI 25.11-127.44) (Fig. 4b),
the pooled +LR=3.25 (95% CI 2.18-4.85) (Fig. 4c), the
pooled —LR=0.06 (95% CI 0.03-0.12) (Fig. 4c), and the
AUC of the SROC curve was 0.94 (95% CI 0.91-0.95).
The results of Fagan’s Nomogram showed that if the pre-
test probability ratio was 20%, the post-test probability
of +LR was 45%, while the post-test probability of —LR
was 1% (Fig. 4d).

Publication bias

The linear regression method was used to test the asym-
metry of the funnel plot. The Deeks’ funnel plot was
symmetrical, P value being 0.13, which indicated no pub-
lication bias (Fig. 5).

Meta-regression and subgroup analysis

To explore the sources of heterogeneity among the
included studies, we conducted meta-regression and sub-
group analysis. Article publication year, research area,
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sample size, and cut-off value were included in the analy-
sis (Fig. 6). The results showed that the publication year,
sample size, and cut-off value of the article led to differ-
ences in diagnostic value (P<0.05), which may be the
source of heterogeneity.

The subgroup analysis results showed that diagnostic
criteria, such as the publication year <2010, Caucasian,
and cut-off value <500 ng/mL have high sensitivity. The
number of cases <60 has high specificity. These results
showed that D-dimer had an excellent diagnostic per-
formance for AAD. Because of its high sensitivity, it is
an extremely useful tool for detecting suspected patients
with AAD. Patients with AAD are more likely to be iden-
tified when the cut-off value was less than or equal to
500 ng/ml, while when the cut-off value was more than
500 ng/ml, it was more beneficial to exclude non-AAD
populations.

Sensitivity analysis

The sensitivity analysis results of D-dimer’s diagnostic
value showed a high degree of goodness of fit and normal
bivariate (Fig. 7a, b). Sensitivity analysis found that two
studies [18, 31] have larger statistical weights (Fig. 7c).
After the outlier detection, these two studies did not
show outliers (Fig. 7d). Further testing was conducted,
after removing the two studies, the pooled sensitivity
remained unchanged, the pooled specificity decreased
from 0.70 to 0.68, the pooled DOR decreased from 56.57
to 49, the pooled+LR decreased from 3.25 to 3.0, the
pooled —LR remained unchanged, and the AUC of the
SROC curve decreased from 0.94 to 0.93. These data
indicated that the pooled effect size of the reanalysis was
relatively robust compared with the pooled results before
the exclusion. The findings of this meta-analysis were
robust.

Discussion
The survival rate of AAD patients depends on their early
diagnosis and timely and effective treatment. Evidences
demonstrate that its early differential diagnosis is difficult
[33, 34]. In recent years, studies have found that there
exists a certain correlation between AAD and D-dimer,
CRP, sm-MHC, sELAF [35-37]. Specifically, CRP is a
prognostic biomarker of AAD [38]. The sm-MHC is not
conducive to the diagnosis of AAD due to narrowed time
window and complicated detection process [12]. The
increase in sELAF level is related to the increase of age,
and the detection time is longer [9]. Some studies have
shown that D-dimer is a biomarker with high sensitivity
and low specificity, which can be used as a tool to identify
suspected AAD [39, 40].

This study conducted a systematic review of the
included 16 clinical studies. The results showed that the
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pooled sensitivity and specificity of D-dimer in the diag-
nosis of AAD were 0.96 and 0.70, respectively. This sug-
gests that the pooled sensitivity was excellent, the pooled

specificity being moderate. The sensitivity and specificity
are strongly influenced by the cut-off value. In the stud-
ies of Akutsu et al. [21] and Suzuki et al. [26], the cut-off
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values were set at 500 ng/ml, with sensitivities above
90% and specificities below 60%. In the studies of SaKa-
moto et al. [16] and Peng et al. [30], the cut-off values
were 5 pg/mL and 2.11 pg/mL, respectively, far above
500 ng/ml, with sensitivities below 90% and specificities
above 90%. In order to detect as many suspected patients
with AAD as possible, the appropriate threshold is cru-
cial. The likelihood ratio is a comprehensive index cal-
culated by pooling sensitivity and specificity. According
to reports, +LR greater than 10 and —LR less than 0.1
have convincing accuracy [41]. The results of this study
showed that the pooled+LR was 3.25 and the pooled —
LR was 0.06, indicating that the probability of a positive
diagnostic test being correctly judged was 3.25 times the
probability of a false positive judgment, and the probabil-
ity of a wrong judgment of negative being 0.06 times the
probability of a correct judgment of negative. The DOR
value ranges from 0 to infinity, and the higher the value,
the stronger the diagnostic ability [42]. The results of this
study showed that the pooled DOR was 56.57, suggest-
ing that D-dimer is a biomarker for the diagnosis of AAD.
Each point on the ROC curve represents the sensitivity
and specificity of the corresponding critical value, which
comprehensively reflects the diagnostic value of the diag-
nostic test for the target disease. The AUC value of the
area between 0.93 and 0.96 is considered to have accurate
diagnostic ability [43]. The AUC of this study was 0.94,
which was close to 1, indicating that D-dimer has a high
clinical value in the diagnosis of AAD. The publication
bias and sensitivity analysis results of this study showed
that the results of the study were reliable.
Meta-regression analysis and subgroup analysis
showed that the publication year, ethnicity, sample size
and cut-off value of the article have a significant impact

Page 8 of 11

on heterogeneity. The reason might be the inconsistent
detection rate of positive results under different sample
sizes and cut-off values. The difference of heterogene-
ity across publication years could be due to other rea-
sons, such as differences in testing methods, population
groups, etc. D-dimer was more sensitive to AAD detec-
tion in Caucasian population than Asian population,
which might be caused by ethnic differences. The cut-oft
value was an significant source of heterogeneity. From
the findings, the sensitivity was excellent and the speci-
ficity was not low when the D-dimer concentration was
less than 500 ng/ml. This facilitates the identification of
suspected patients with AAD.

In the meta-analysis published by Asha et al. [15] in
2015, 4 clinical studies with a cut-off value of 0.50 pg/mL
containing 457 AAD patients were included for analysis.
His results showed that the pooled sensitivity was 0.98,
the pooled specificity was 0.419, the pooled+LR was
2.11, pooled —LR was 0.05 and concluded that a nega-
tive D-dimer result might help rule out AAD in low-risk
patients. Our study included 16 clinical studies with
a total of 1135 AAD patients. Compared with previ-
ous studies, the number of studies and sample size had
increased, and the statistical results were more convinc-
ing. In addition, the research level of the included lit-
erature was relatively high, and the literature had been
blindly extracted to minimize the inclusion bias. At the
same time, the statistical indicators were tested for het-
erogeneity, which improved the internal authenticity of
the research. Moreover, meta-regression and subgroup
analysis were performed to discover and screen the main
factors of heterogeneity, guiding significance for future
research work.

The findings of this meta-analysis have significant
clinical implications. The results of this study suggest
that D-dimer can be used to differentiate AAD from
other diseases with high sensitivity, which indicates
high negative prediction in patients with AAD. D-dimer
levels in patients with AAD are significantly higher
than in other diseases in which chest pain is a promi-
nent symptom (such as acute coronary syndrome),
except acute pulmonary embolism [44, 45]. However,
there are no accepted cut-off values to distinguish AAD
from acute coronary syndrome in current studies [45,
46]. The similarity of AAD to acute coronary syndrome
is a particular problem. Despite improvements in diag-
nostic measures, including imaging and biomarkers,
misdiagnosis of AAD remains common [46]. It remains
a critical topic to explore more appropriate biomark-
ers for the early diagnosis of AAD in current research.
Moreover, D-dimer levels may have a strong correla-
tion with the severity of the patients with AAD [47, 48].
Therefore, the cut-off values of D-dimer may be crucial
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Fig. 6 The results of meta-regression and subgroup analyses

for the differential diagnosis of AAD, as well as the
severity of the disease. The present study provides a lit-
tle hint in this regard. More researches are still needed
on the cut-off values of D-dimer in the future. Unavoid-
ably, there were some limitations in our study. (1) The
diagnostic cut-off value of some clinical researches was
preset, the diagnostic cut-off value was not calculated
by SROC, so the preset diagnostic cut-off value was
not the best diagnostic cut-off value for this clinical

research. There may be a certain degree of bias in the
judgment of positive results. (2) The clinical research
in this project used a variety of methods to detect the
concentration of D-dimer. Because different detection
methods have different detection ranges and time, sen-
sitivity and specificity, there may be a certain bias in the
interpretation of positive results. (3) The research came
from different countries, the demographic character-
istics of the research objects in different regions were
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(b) Bivariate Normality
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different, and the scientific research conditions and
levels were also inconsistent, which affected the accu-
racy of diagnosis. Therefore, a large sample, random,
blinded research design was used to study the correla-
tion between D-dimer and AAD diagnosis and health
economic evaluation was also needed to make the
results more clinically meaningful.

In conclusion, this study revealed the relationship
between D-dimer and AAD patients from the perspec-
tive of meta-analysis. The results showed that D-dimer
had an excellent diagnostic performance in the diagnosis
of AAD. D-dimer is a useful indicator for detecting sus-
pected AAD because of the excellent pooled sensitivity.
D-dimer <500 ng/ml increases the potential to identify
the suspected patients with AAD. The findings of this
study have yet to be confirmed by a more extensive and
rigorously designed multi-center study.
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