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ARTICLE INFO ABSTRACT

Background: Aortic dissection is a rare and important emergency condition, which
usually involves a high mortality rate. Yet, early diagnosis of the disorder would increase
the survival rate significantly.

Objectives: The present systematic study and meta-analysis aimed at investigating the
efficiency of D-dimer test in diagnosis of aortic dissection.

Materials and Methods: The data used in this study were extracted from PubMed, Scopus,
Elsevier, Springer, and Willey databases. Specificity, D-dimer, Sensitivity, and Aortic
Dissection were the valid keywords used to extract the related articles. Totally, 11 papers
published during 1998 - 2007 were selected. I2 index was used to assess heterogeneity
across the studies.

Results: A total of 596 subjects (averagely 54.5 ones in each study) were examined in the
present research and 11 articles were entered into the final meta-analysis. According to
the findings, the mean of the specificity test was 0.66 (0.54 - 0.78), with I2 index = 74.9%
and p-value = 0.001. Additionally, the mean of the sensitivity test was 0.98 with 12 index
= 606% and p-value = 0.381. Moreover, the mean D-dimer plasma level was 18.6 ug/mL
in patients suffering from aortic dissection.

Conclusion: This study showed the high efficiency of D-dimer test in diagnosis of aortic
dissection. Thus, physicians are recommended to apply this quick and inexpensive
method when a final diagnosis has not been made yet. Early diagnosis of aortic dissection
via D-dimer test would result in implementation of the necessary treatments, eventually
leading to a significant decrease in mortality rate.
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1. Background

Acute aortic dissection is a rare and important emergency
condition, which usually involves a high mortality rate.
In this condition, severe pain emerges suddenly, which
has been described as sharp, tearing, or migratory pain
by patients in different situations (1, 2). Although medical
and surgical emergency treatments may be possible, early
diagnosis of the condition could lead to a significant increase
in the survival rate (3, 4). Sensitive clinical tests are a way
to diagnose acute aortic dissection. Various diagnostic tests,
such as Computed Tomography (CT), Transesophageal
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Echocardiography (TEE), and Magnetic Resonance
Imaging (MRI), have also been used based on the patients’
clinical symptoms. However, these methods are expensive
and limited to access. Hence, physicians usually employ
clinical findings and tests, such as Electrocardiogram
(ECG) and Chest X-Ray (CXR). In order to get to a final
diagnosis in patients suffering from acute aortic dissection,
clinicians are required to perform advanced imaging studies
and screening to determine high-risk patients (5-7).
Acute aortic dissection leads to damage to the vascular
tissue, blood coagulation disorder, and formation of fibrin
(8). D-dimer is the product of fibrin. According to various
studies, patients with acute aortic dissection have high
D-dimer levels (9, 10). Accordingly, recent researches have
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shown that D-dimer plasma level might function as a useful
screening measure to overcome acute aortic dissection
and to save time and money (11-15). Based on different
experiments conducted on D-dimer plasma level and acute
aortic dissection as well as application of sensitivity and
specificity tests, a meta-analysis is required to validate the
obtained data and provide precise results for scientists and
researchers (16-19).

2. Objectives

The present systematic study and meta-analysis aims to
investigate the efficiency of D-dimer test in diagnosis of
aortic dissection.

3. Materials and Methods

In the present systematic review and meta-analysis,
the required data were extracted from PubMed, Scopus,
Elsevier, Springer, and Willey databases. Specificity,
D-dimer, Sensitivity, and Aortic Dissection were the valid
keywords used to extract the related articles.

3.1. Study Selection and Data Extraction

First, all papers related to D-dimer, sensitivity, specificity,
and aortic dissection were collected and a list of some
relevant abstracts was prepared. Then, all papers whose
titles included D-dimer and aortic dissection were entered
into the primary list and other papers that focused on
aortic dissection treatment were excluded from the study.
Afterwards, a checklist was provided to implement the final
assessment with the following items: researcher’s name,
study title, publication year, location of study, sample size,
number of female participants, number of male participants,
sensitivity, specificity, D-dimer, aortic dissection, location
code, age group, risk factors, and subgroups. Next, the
researchers examined the checklist and the papers related to
the topic of the research were entered into the meta-analysis.
At this stage, 60 papers whose keywords were similar to the
main topic were found and 30 papers were qualified based
on the prepared checklist. Finally, qualitative assessment
was done using the checklist, with the main criteria being
sample size, study conduction time, and the relationship
between D-dimer and aortic dissection. Accordingly, 11
papers were entered into the final meta-analysis and their
full texts were closely investigated.

3.2. Statistical Analysis

Since the relationship between D-dimer and aortic
dissection, and sensitivity and specificity was mentioned
in the extracted papers, the sample sizes were closely
anatomized and binomial distribution was used to calculate
the variance in each study. Each study was weighed in the
reverse proportion to its variance. Due to the large difference
in the prevalence rates in various studies (heterogeneity of
studies) and the significance of the heterogeneity index
(12), random effects model was used in the meta-analysis.
Heterogeneity rate was 90.6% in the present study, which
ranked among very diverse studies (12 index lower than
25%, between 25% and 75%, and above 75% signifies low,
medium, and high heterogeneity, respectively).

Meta-regression was used to examine the relationship
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between D-dimer and aortic dissection, and sensitivity
and specificity as well as the reason for heterogeneity of
the results. The relationship between D-dimer and aortic
dissection was determined based on risk factors, age groups,
and sex through analyzing subgroups. All analyses were
performed using STATA 11.1 software.

4. Results

In the present study, 60 articles were found in the
systematic review. After examining the articles, 30
studies were entered into the checklist. Finally, 11 papers
were selected and their full texts became available to the
researcher. The flowchart of the study has been depicted
in Figure 1.

First, 60 articles were entered into the study and were reviewed systematically.

30 articles were omitted.

30 articles were entered into the next stage.

omitted.

19 articles of low quality were U

11 articles with desirable quality were entered intothe process
of analysis.

None of those articles was
omitted.

Eventually, 11 articles were systematically reviewed and went through the
process of meta-analysis.

Figure 1. Flowchart of the Systematic Review and Meta-Analysis
Processes

The selected papers were conducted from 1998 up to 2007.
A total number of 596 subjects (averagely 54.5 subjects in
each study) were examined. Additionally, 36.36%, 36.36%,
18.18%, and 9.09% of the studies were conducted in Asia,
Europe, Australia, and America, respectively. All studies
(cohort, case series, and case control) were conducted in a
sectional approach and the qualified subjects were selected
based on lists. The relationship between D-dimer and aortic
dissection was assessed and sensitivity and specificity
rates were recorded. The lowest specificity rate (40%) was
related to Weber’s study (2006), while the highest rate
(81%) was related to Peres’ study (2004) (Figure 2). The
total specificity rate was 0.66 (0.54 - 0.78), with 12 index
=74.9% and P value = 0.001. Considering sensitivity, the
lowest rate (92%) was related to Hazui’s study (2006) and
the highest rate (100%) was related to Sbarouni’s research
(2007) (Figure 3). The total sensitivity rate was 0.98, with
12 index = 6.6% and P value = 0.381.

The characteristics of the papers examining the
relationship between D-dimer and aortic dissection through
sensitivity and specificity tests have been presented in
Table 1. Considering the heterogeneity of studies (12 =
90.6%), the confidence interval of each individual study
and all studies according to the random effects model has
been depicted in the Forest Plot in Figure 1.

In this study, the meta-regression figure was determined
based on the publication year with regard to specificity. The
results indicated that increase in the year of publication was
accompanied with a lower article specificity. Accordingly,
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Figure 2. Forest Plot of the Specificity Rate regarding the Relationship between D-Dimer and Aortic Dissection with 95% Confidence
Interval based on the Random Effects Model.
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1D ES (95% Cl) Weight

Weber (2003) ——e——  0.69 (0.52, 0.86) 14.63
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Overall (I-squared = 74.9%, p = 0.001) <> 0.66 (0.54, 0.78) 100.00
E

NOTE: Weights are from random effects analysis ;

—.9‘43 o] .9‘43

Lines signify the specificity confidence interval in each study and the midpoint of each segment shows the rate of specificity in each
study. The diamond symbol represents the total specificity rate, which was estimated as 0.66 (0.54 - 0.78), with 12 index = 74.9%
and P value = 0.001.

Figure 3. Forest Plot of the Sensitivity Rate regarding the Relationship between D-Dimer and Aortic Dissection with 95% Confidence

Interval.
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The sensitivity rate was calculated for individual studies separately and for all studies based on the random effects model. The
segments signify sensitivity confidence interval in each study. The midpoint of each segment shows an estimation of the prevalence
rate in each study. The diamond symbol represents the total sensitivity rate, which was 0.98 (0.97 - 0.100), with 12 index = 6.6% and

P value = 0.381.

Table 1. Characteristics of the Studied Articles with Regard to the Relationship between D-Dimer and Aortic Dissection

D-Dimer Test D-Dimer Test Specificity Sensitivity Dissection Diagnosis Year Location Author

) )

7 19 0 100 CT, MRI 1998 Japan Moriyama (3)

30 24 69 100 TTE, CT, MRI 2003 Austria Weber (4)

0 16 67 100 JIEENGITY 2004 Germany Eggebrecht (7)

133 7 81 100 CT, EKG 2004 USA Perez (6)

0 29 0 93 CT 2005 Japan Hazui (5)

1 30 80 100 CT 2005 Japan Akutsu (8)

26 94 54 98 TEE, CT, MRI 2006 France Ohlmann (9)

0 27 40 100 CT, EKG 2006 Austria Weber (10)

0 113 0 92 CT 2006 Japan Hazui (11)

9 13 0 15 CT 2006 Italy Monaco (15)

0 18 62 100 CT, echocardiogram 2007 Greece Sbarouni (14)
144 Int Cardiovasc Res J. 2018;12(4)
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specificity rate was 0.83 in 2005 and 0.40 in 2007 (Figure
4). The meta-regression figure was also calculated based
on the publication year with regard to sensitivity. The
results showed that increase in the year of publication
was accompanied with a decrease in the sensitivity rate.
Accordingly, sensitivity rate was 100% in 2000 and 97%
in 2007 (Figure 5).

Publication bias of the obtained results has been presented
in Figures 6 and 7. According to the results, publication bias
had no roles in these articles, which has been presented as
symmetry in a funnel figure. The size of circles signifies
the weight of studies; bigger circles signify larger sample
sizes and smaller circles represent smaller ones.

Aortic dissection was diagnosed through CT scan in
66.66% and via MRI, ECG, and echocardiogram in 33.33%
of the studies. Furthermore, the mean serum level of
D-dimer was 18.6 ug/mL in patients suffering from aortic
dissection.

5. Discussion
The results of this study showed that the mean specificity
rate was 0.66 (0.54 - 0.78), with 12 index = 74.9% and P

value = 0.001. It seems that specificity rate did not benefit
from high validity in definite diagnosis of aortic dissection.
These findings were also confirmed by other researchers (1,
7). In contrast, some other studies reported specificity rates
above 0.80% (6). The reason for such inconsistency can be
differences in research communities and publication years.

The results of this study revealed that the overall sensitivity
rate was 0.98 (0.97 - 0.100), with 12 index = 6.6% and P
value = 0.381. It seems that the findings of sensitivity tests
were extremely important in definite diagnosis of aortic
dissection. Similar findings were also reported by other
studies (10, 11, 14, 15).

Aortic dissection was diagnosed through CT scan in
66.66% and via MRI, ECG, and echocardiogram in 33.33%
of the cases. Indeed, D-dimer plasma level was measured in
all studies, the reason being the low cost and high precision
of this diagnostic test (5-8, 14). The results revealed that
D-dimer plasma level was 18.6 ug/mL in patients with aortic
dissection, which might be due to vascular tissue damage,
activation of extrinsic coagulation cascade pathway, and
formation of fibrin. Studies have shown the high level of
D-dimer to be a common phenomenon in patients suffering

Figure 4. Meta-Regression of Studies based on the Publication Year.
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Figure 5. Meta-Regression of Studies based on the Publication Year.
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Figure 6. Publication Bias with regard to Specificity in the Relationship between D-Dimer and Aortic Dissection.

Begg's funnel plot with pseudo 95% confidence limits
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The size of the circles shows the weight of studies; bigger circles represent larger sample sizes and smaller circles signify smaller ones.

Figure 7. Publication Bias with regard to Sensitivity in the Relationship between D-Dimer and Aortic Dissection.

Begg's funnel plot with pseudo 95% confidence limits
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The size of the circles shows the weight of studies; bigger circles signify larger sample sizes and smaller circles represent smaller ones.

from aortic dissection. Thus, the high rate of D-dimer could
be a definite symptom of aortic dissection. Similar results
have also been obtained in other studies conducted on the
issue (1, 2).

In the current systematic review, 60 articles were found 30
of which were eliminated and the other 30 were qualified
based on a prepared checklist. After precise assessment, 11
articles were finalized and their full texts became available
to the researchers. The heterogeneity rate of the studies was
90.6%, which is a high value according to the classification
of heterogeneity (values less than 25%, between 25% and
75%, and above 75% represent low, medium, and high
heterogeneity, respectively (20, 21). Thus, the random
effects model was used in further investigations. This
model indicated that the differences in findings could be
attributed to various sampling methods and measurement
parameters regarding the relationship between D-dimer and

146

aortic dissection with respect to sensitivity and specificity.

5.1. Limitations of the Study

One of the main limitations of the present study was
that the majority of samples were not randomly selected,
which caused inefficiency in the subjects selection process.
Another limitation was the small number of variables
investigated in the research. Some studies that had recorded
sensitivity and specificity tests did not include risk factors
and symptoms. Additionally, some studies had just reported
the treatments without mentioning the causes. Some other
studies had not considered the differences among various
diagnostic methods, such as CXR, ECG, MRI, and CT scan,
and the data were presented generally without comparison
of various high-risk age groups. Besides, none of the studies
had suggested the best diagnostic method. Finally, the
prevalence of aortic dissection had not been stated in the

Int Cardiovasc Res J. 2018;12(4)
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five continents, which caused deficiency in equal calculation
of the prevalence rates in all locations. Another limitation of
the research was that due to the lack of true positives, false
positives, true negatives, and false negatives, a binomial
distribution had to be employed to calculate the confidence
intervals and to combine the results. Indeed, specific
analyses could not be utilized for diagnostic studies.

5.2. Conclusion

The study results indicated that the mean D-dimer plasma
level was 18.6 ug/mL in patients suffering from aortic
dissection. Thus, D-dimer could be used as an efficient
laboratory test in patients with equivocal symptoms of
aortic dissection.

5.3. Suggestions

According to the results, D-dimer test is one of the
most efficient methods in diagnosis of aortic dissection.
Hence, physicians are recommended to apply this quick
and inexpensive method in cases without definite final
diagnoses.

5.4. Research Findings in the Clinic

Early diagnosis of aortic dissection by D-dimer test
could result in implementation of necessary treatments,
eventually decreasing the mortality rate.

Acknowledgements

Hereby, the authors would like to appreciate the Deputy
of Research and Technology of [lam University of Medical
Sciences for financially supporting the study.

Authors’ Contribution

All authors: data collection; Hamed Tavan, Iraj Ahmadi
Mohamad Golitaleb: statistical analysis; Kourosh
Sayehmiri,: study design; Samiramis Qavam, Hamed
Tavan: quality assessment; all authors: final revision and
grammar editing.

Financial disclosure
The authors declare that there is no conflict of interests.

Funding/Support
This study was not supported.

References

1. Borji M, Tavan H, Azami M, Otaghi M. The effect of continuous
care model on blood pressure and quality of life in patients
on hemodialysis. Biomedical and Pharmacology Journal.
2016;9(2):689-95.

2. Marill KA. Serum D-dimer is a sensitive test for the detection
of acute aortic dissection: a pooled meta-analysis. J Emerg Med.
2008;34(4):367-76.

3. Moriyama Y, Toyohira H, Koga M, Watanabe S, Saigenji
H, Shimokawa S, et al. Influence of aortic dissection on the

Int Cardiovasc Res J. 2018,;12(4)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

clotting-fibrinolysis system and platelet function. /nternational
Journal of Angiology. 1998;7(1):65-7.

Weber T, Hogler S, Auer J, Berent R, Lassnig E, Kvas E, ef al.
D-dimer in acute aortic dissection. Chest. 2003;123(5):1375-8.
Hazui H, Fukumoto H, Negoro N, Hoshiga M, Muraoka H, Nishimoto
M, et al. Simple and useful tests for discriminating between acute
aortic dissection of the ascending aorta and acute myocardial
infarction in the emergency setting. Circ J. 2005;69(6):677-82.
Perez A, Abbet P, Drescher MJ. D-dimers in the emergency
department evaluation of aortic dissection. Acad Emerg Med.
2004;11(4):397-400.

Eggebrecht H, Naber CK, Bruch C, Kroger K, von Birgelen C,
Schmermund A, et al. Value of plasma fibrin D-dimers for detection
of acute aortic dissection. J Am Coll Cardiol. 2004;44(4):804-9.
Akutsu K, Sato N, Yamamoto T, Morita N, Takagi H, Fujita
N, et al. A rapid bedside D-dimer assay (cardiac D-dimer) for
screening of clinically suspected acute aortic dissection. Circ J.
2005;69(4):397-403.

Ohlmann P, Faure A, Morel O, Petit H, Kabbaj H, Meyer N, et al.
Diagnostic and prognostic value of circulating D-Dimers in patients
with acute aortic dissection. Crit Care Med. 2006;34(5):1358-64.
Weber T, Rammer M, Auer J, Maurer E, Aspock G, Eber B. Plasma
concentrations of D-dimer predict mortality in acute type A aortic
dissection. Heart. 2006;92(6):836-7.

Hazui H, Nishimoto M, Hoshiga M, Negoro N, Muraoka H, Murai
M, et al. Young adult patients with short dissection length and
thrombosed false lumen without ulcer-like projections are liable
to have false-negative results of D-dimer testing for acute aortic
dissection based on a study of 113 cases. CircJ. 2006;70(12):1598-601.
Norozi S, Rai A, Salimi E, Tavan H. The incidence of major
cardiovascular events relied coronary vessels after angioplasty
and stent types complications. Tehran University Medical Journal.
2018;75(10):722-9.

Qavam S, Hafezi Ahmadi MR, Tavan H, Yaghobi M, Yaghobi
M, Mehrdadi A. High-sensitive C-reactive protein in patients
with acute coronary syndrome in statin therapy and its impact on
prognosis. Tehran University Medical Journal TUMS Publications.
2016;74(4):289-96.

Sbarouni E, Georgiadou P, Marathias A, Geroulanos S, Kremastinos
DT. D-dimer and BNP levels in acute aortic dissection. /nt J Cardiol.
2007;122(2):170-2.

Monaco M, Di Tommaso L, Stassano P, Smimmo R, De Amicis
V, Pantaleo A, et al. Impact of blood coagulation and fibrinolytic
system changes on early and mid term clinical outcome in patients
undergoing stent endografting surgery. Interactive cardiovascular
and thoracic surgery. 2006;5(6):724-8.

Sayehmiri K, Tavan H, Sayehmire F, Mohamadi I. Prevalence of
epilepsy in iran using meta-analysis and systematic review. Journal
of Zanjan University of Medical Sciences and Health Services.
2015;23(97):112-21.

Sayehmiri K, Tavan H, Sayehmiri F, Mohammadi I, K VC.
Prevalence of epilepsy in iran: a meta-analysis and systematic
review. [ran J Child Neurol. 2014;8(4):9-17.

Badfar G, Shohani M, Nasirkandy MP, Mansouri A, Abangah G,
Rahmati S, et al. Epidemiology of hepatitis B in pregnant Iranian
women: a systematic review and meta-analysis. Archives of virology.
2018;163(2):319-30.

Sayehmiri K, Abangah G, Kalvandi G, Tavan H, Aazami S.
Prevalence of peptic ulcer in Iran: Systematic review and meta-
analysis methods. J Res Med Sci. 2018;23:8.

Tavan H, Sayehmiri K. Prevalence of peptic ulcer in Iran using the
meta-analysis and systematic review. GOVARESH. 2015;20(4):250-8.
Badfar G, Shohani M, Mansouri A, Soleymani A, Azami M. Vitamin
D status in Iranian pregnant women and newborns: a systematic
review and meta-analysis study. Expert review of endocrinology
& metabolism. 2017;12(5):379-89.

147



