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Abstract
Background  Aortic dissection (AD) is a serious and fatal vascular disease. The earlier the condition of AD patients can 
be assessed precisely, the more scientifically controlled the patient’s condition will be. Therefore, timely and accurate 
diagnosis is significant for AD. Blood biomarker testing as a method of liquid biopsy can improve the diagnostic 
efficiency of AD. This study conducted a systematic review of the current blood diagnostic biomarkers of AD.

Methods  The PubMed, Cochrane Library, Web of Science, and Embase electronic databases were systematically 
searched from inception to January 1, 2023, using the terms “aortic dissection”, “serum”, “plasma” and “diagnosis”. 
Stata 12.0 software was used to perform Random effects meta-analysis was performed using Stata 12.0 software 
to determine the effect sizes and corresponding 95% confidence intervals. Then, a summary receiver operator 
characteristic (SROC) curve was drawn, and the area under the ROC curve (AUC) was calculated.

Results  D-dimer had the best sensitivity and AUC for AD, with values of 0.96 (95% CI: 0.93–0.98) and 0.95 (95% CI: 
0.93–0.97), respectively. The sensitivity and AUC values for D-dimer with a cut-off value of 500 ng/mL were 0.97 (95% 
CI: 0.95–0.99) and 0.94 (95% CI: 0.92–0.96), respectively. In contrast, microRNA had a better specificity value for AD, at 
0.79 (95% CI: 0.73–0.83).

Conclusions  D-dimer and microRNA have good accuracy in the diagnosis of AD, but the specificity of D-dimer is 
worse, and studies of microRNA are insufficient. The combination of different biomarkers can improve the diagnostic 
accuracy. Other blood biomarkers are related to the pathological progression of AD and can be selected according to 
pathological progress.
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Introduction
Aortic dissection (AD) is a serious and fatal vascular dis-
ease characterized by tearing of the intima of the aortic 
wall. Blood in the vascular lumen gradually enters the 
middle of the aortic wall, forms a pressure haematoma, 
rapidly spreads and expands along the long axis of the 
aorta, and eventually forms a dissection haematoma and 
enlarges the true and false lumen. Complications such 
as tamponade, aortic insufficiency, and poor perfusion 
occur when aortic collaterals are involved  [1–5]. The 
incidence of AD is 3.5-6/100,000/year. If AD patients 
are not treated in a timely manner, approximately 24% 
will die within the first 24 h after the onset of symptoms, 
and 50% will die within 48 h after the onset of symptoms  
[6–8]. The clinical features of AD are diverse; however, 
some patients with atypical manifestations are misdi-
agnosed with limb ischaemia, abdominal pain, painless 
poor perfusion, and dyspnoea, or they go undiagnosed, 
which may prolong the diagnosis time of AD patients  
[1, 9, 10]. Aortic dissection, especially the accurate and 
timely diagnosis of acute aortic dissection, is significant 
for the results of drug and surgical treatment; the sooner 
the condition of patients can be accurately diagnosed, 
the more precisely controlled the condition of patients 
can be  [11–13]. Currently, the diagnosis of AD requires 
image review, such as computed tomography (CT), trans-
esophageal echocardiography (TEE) or magnetic reso-
nance imaging (MRI); however, the usage of image review 
is based on clinical symptoms. Atypical clinical symp-
toms of AD may influence the usage of image review, and 
each AD patient may experience delays in the availability 
of image review. Additionally, whether image review is 
used may be limited by issues such as imaging cost and/
or imaging availability [10, 14].

As a method of liquid biopsy, noninvasive and cost-
effective blood biomarker testing has diagnostic accu-
racy for diseases, and the ability to distinguish between 
patients and nonpatients has also attracted an increasing 
amount of attention  [15–19]. Likewise, blood diagnostic 
biomarkers in aortic dissection have received an increas-
ing amount of attention in recent years. Therefore, spe-
cific blood diagnostic biomarkers in aortic dissection are 
needed in the clinical diagnosis, which can distinguish 
AD patients from non-AD patients, especially when dis-
tinguishing AD patients with atypical manifestations 
from non-AD patients. Blood diagnostic biomarkers can 
be used as a reliable diagnostic method to compensate 
for the lack of imaging examinations.

In conclusion, this study systematically reviews exist-
ing research on blood diagnostic biomarkers for AD and 
summarizes the advantages and disadvantages of each 
blood biomarker for diagnosis.

Method
Search strategy
The PubMed, Cochrane Library, Web of Science, 
and Embase electronic databases were systematically 
searched from inception to January 1, 2023, using MeSH 
terms such as “aortic dissection”, “serum”, “plasma” and 
“diagnosis”. Additionally, eligible studies were manu-
ally searched to ensure the comprehensiveness of the 
search. A total of 12,026 studies were initially retrieved. 
After excluding duplicate studies and screening stud-
ies according to the inclusion and exclusion criteria, 90 
studies remained. Finally, studies that did not include 
data for extracting the area under the curve (AUC), diag-
nostic sensitivity and specificity values were excluded. 
Ultimately, a total of 46 studies were included in this sys-
tematic review (Fig. 1).

Study selection
The literature included in this analysis met the following 
criteria: (1) the studies analysed the relationship between 
AD and blood diagnostic biomarkers; (2) the studies pro-
vided sensitivity and specificity values or AUC values, 
at least one of which could be obtained from the study; 
and (3) the studies were population-based studies. The 
exclusion criteria were as follows: (1) duplicate stud-
ies; (2) reviews, editorials, letters, conference abstracts; 
(3) studies with missing data; and (4) non-English stud-
ies. If the same author was included in different studies 
and the findings were from overlapping populations, only 
the first published study or the most complete study was 
included. The Quality Assessment of Diagnostic Accu-
racy Studies-2 (QUADAS-2) criteria were used to assess 
the quality of each included study.

Data extraction
The following data were extracted from each study: first 
author name, publication year, type of disease, name of 
biomarker, size of patient population and nonpatient 
population, sample type, sensitivity, specificity, AUC, cut-
off value and expression of ncRNA.

Statistical analysis
Statistical analysis was performed by Stata 12.0 software. 
The effects and 95% confidence intervals (95% CI) were 
performed by a random effects model  [20], including 
sensitivity, specificity, diagnostic odds ratio (DOR) and 
their 95% CI. The summary receiver operator charac-
teristics (SROC) curve and the area under the curve of 
SROC (AUC) were used to assess the overall perfor-
mance of the diagnostic test, and P < 0.05 (two-sided) was 
considered to indicate a statistically significant difference. 
Heterogeneity of study statistics was assessed by using 
the Q statistic and I2, where I2 > 50% indicated significant 
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heterogeneity. Publication bias was assessed by using 
Deeks’ funnel plot.

Results
Literature search
According to the search results in Fig.  1, there were 
25 and 5 papers analysing the diagnostic accuracy of 
D-dimer and noncoding RNA (ncRNA) for AD, respec-
tively, which summarized the diagnostic effect value and 
the diagnostic effect of the other biomarkers for AD. 
Extracting the information according to the Data Extrac-
tion part of the method and the results are shown in 
Tables 1, 2, 3 and 4. The quality of the included studies 
was regarded as high according to the QUADAS-2 tool 
(Supplement Fig. 1).

Meta-analysis of the diagnostic accuracy of D-dimer for AD
A total of 12,026 records were initially identified through 
systematic searches of the electronic databases, of which 
95 records were retrieved for full-text review, and 24 

papers [21–45] and 30 studies on the diagnostic accu-
racy of D-dimer for AD were eligible based on the inclu-
sion and exclusion criteria (Tables 1 and 2). The random 
effects model was used to perform the meta-analysis [20]. 
The results are shown in Figs. 2 and 3. For the accuracy 
of D-dimer in diagnosing aortic dissection, the summary 
sensitivity, specificity and DOR values were 0.96 (95% 
CI: 0.93–0.98), 0.72 (95% CI: 0.59–0.81), and 56.86 (95% 
CI: 30.87-104.72), respectively (Fig. 2A-B), and the AUC 
was 0.95 (95% CI: 0.93–0.97) (Fig. 2C). Deeks’ funnel plot 
(Fig. 2D) showed that there was no publication bias in the 
included literature. Subgroup analysis of studies  [21, 23, 
28, 37, 39] with a D-dimer cut-off value of 500 ng/mL was 
performed. The summary sensitivity, specificity and DOR 
values were 0.97 (95% CI: 0.95–0.99), 0.53 (95% CI: 0.43–
0.63), and 41.58 (95% CI: 21.52–80.32), respectively, the 
AUC was 0.94 (95% CI: 0.92–0.96) (Fig. 3A-C).

According to the results, the sensitivity of D-dimer for 
the diagnostic accuracy of AD was good, and the sum-
mary sensitivity value was 0.96, but the specificity of 

Fig. 1  Flow chart of research selection in the review
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D-dimer for the diagnosis of AD was poor, and the sum-
mary specificity value was 0.72. The summary specific-
ity value dropped to 0.53 after subgroup analysis with a 
D-dimer cut-off value of 500 ng/ml. Additionally, there 
was research on the diagnostic accuracy of D-dimer 
combined with other biomarkers for AD (Table  2). The 
results showed that compared with testing D-dimer 
only, the combination with other biomarkers can signifi-
cantly improve the specificity, while the AUC and sensi-
tivity values remained above 0.8. According to the data 
in Table 1, the AUC value of D-dimer for the diagnostic 
accuracy of AD ranged from 0.6 to 1.

Due to the observed high heterogeneity in the results 
of the meta-analysis, we conducted a meta-regression 
analysis to investigate the potential sources of hetero-
geneity. Specifically, we examined the publication year 

(before 2017 or after 2017), sample size (greater than 100 
or less than 100), use of 500 ng/mL as a cut-off value, and 
geographical location of the study population (Asian or 
non-Asian) (see Supplementary Fig. 1). Additionally, we 
performed subgroup meta-analyses based on the publi-
cation year, sample size, and geographical location (Sup-
plementary Figs.  2–7). However, these analyses did not 
reveal a significant reduction in heterogeneity.

Meta-analysis of the diagnostic accuracy of noncoding 
RNAs for AD
A total of 12,026 records were identified through system-
atic searches in electronic databases. Of these, 95 records 
were retrieved for full-text review, and 5 papers [24, 26, 
46–48] and 21 studies on the diagnostic accuracy of 
ncRNA for AD were eligible based on the inclusion and 

Table 1  Characteristics of studies about D-dimer included in the analysis
No Author Year Sample Disease Biomarker AUC Sen Spe Youden 

index
No. 
Case

No. 
Control

Cut-off 
value (ng/
mL)

Ref-
er-
ences

1 Forrer 2021 Plasma AAD D-dimer 0.7600 0.9700 0.3800 0.3500 34 150 300  [22]
2 Yang 2020 Plasma TAD D-dimer 0.8770 0.9850 0.6670 0.6520 78 72 NP  [23]
3 Wang 2018 Plasma AAD D-dimer 0.9100 0.8800 0.9400 0.8200 144 219 NP  [25]
4 Dong 2017 Plasma AAD D-dimer 0.6470 0.8110 0.4750 0.2860 37 40 NP  [26]
5 Li 2017 Plasma AAD D-dimer 0.9000 0.9400 0.5680 0.5080 202 588 500  [27]
6 Xiao 2016 Serum AAD D-dimer 0.8910 0.9333 0.6833 0.6166 60 60 1435  [28]
7 Gorla 2017 Plasma AAD D-dimer 0.9100 0.9600 0.6320 0.5920 376 291 500  [29]
8 Gorla 2017 Plasma AAD D-dimer 0.9600 0.9900 0.6700 0.6600 159 72 500  [30]
9 Yoshimuta 2015 Plasma AAD D-dimer NP 1.0000 0.9480 0.9480 9 1227 6900  [31]
10 Peng 2015 Serum AAD D-dimer 0.9300 0.8000 0.9021 0.7021 35 52 2110  [32]
11 Shao 2014 Plasma AAD D-dimer 0.8080 0.6970 0.7740 0.4710 89 279 320  [44]
12 Nazerian 2014 Venous 

blood
AAD D-dimer NP 0.9830 0.3590 0.3420 233 802 500  [40]

13 Okazaki 2014 Plasma AAD D-dimer 0.9000 0.8000 0.9780 0.7780 15 46 8700  [42]
14 Giachino 2013 Plasma AAD D-dimer 0.8700 0.9760 0.3280 0.3040 52 74 500  [37]
15 Ersel 2010 Serum AAD D-dimer 0.7640 0.9660 0.9730 0.9390 30 69 NP  [35]
16 Fan 2010 Plasma AAD D-dimer 0.8950 0.9910 0.4180 0.4090 107 136 260  [36]
17 Sbarouni 2007 Plasma AAD D-dimer NP 0.9400 0.5900 0.5300 18 29 700  [43]
18 Ohlmann 2006 Plasma AAD D-dimer 0.8800 0.9900 0.3400 0.3300 94 94 400  [41]
19 Hazui 2005 Plasma AAD D-dimer 0.9780 0.9310 0.9310 0.8620 29 49 800  [38]
20 Akutsu 2005 Plasma AAD D-dimer NP 1.0000 0.5400 0.5400 30 48 500  [33]
21 Eggebrecht 2004 Plasma AAD D-dimer 0.8650 1.0000 0.7300 0.7300 16 48 626  [34]
22 Weber 2003 NP AAD D-dimer NP 1.0000 0.6857 0.6857 24 35 500  [45]
AUC, area under the curve of receiver operator characteristics. Sen, sensitivity. Spe, specificity. AAD, acute aortic dissection. AD, aortic dissection. NP, not report

Table 2  Characteristics of studies about combined D-dimer and other biomarkers included in the analysis
No Author Year Sample Disease Biomarker AUC Sen Spe Youden index No. Case No. Control References
1 Yang 2020 Plasma TAD D-dimer + hs-CRP + ANGPTL8 0.9270 0.7950 0.9850 0.7800 78 72  [23]
2 Yang 2020 Plasma TAD D-dimer + ANGPTL8 0.9090 0.8330 0.8940 0.7270 78 72  [23]
3 Xiao 2016 Serum AAD Lumican + D-dimer 0.9620 0.8833 0.9500 0.8330 60 60  [28]
4 Giachino 2013 Plasma AAD log2MMP8 + D-dimer 0.8900 1.0000 0.1310 0.1310 52 74  [37]
5 He 2019 Plasma AAD SAA + D-dimer 0.9000 0.8480 0.9380 0.7860 63 87  [39]
6 Ma 2021 Serum AAD CP + D-dimer 0.7070 0.6360 0.9410 0.5770 102 85  [21]
AUC, area under the curve of receiver operator characteristics. Sen, sensitivity. Spe, specificity. AAD, acute aortic dissection
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exclusion criteria (Tables 3 and 4). Sixteen of the 17 stud-
ies analysed the diagnostic accuracy of microRNAs for 
AD, as shown in Table  3; hence, we performed a meta-
analysis of microRNAs. The random effects model was 
used to perform the meta-analysis [20]. The results are 
shown in Fig. 4. For the accuracy of ncRNA in diagnosing 
AD, the summary sensitivity, specificity, and DOR values 
were 0.80 (95% CI: 0.75–0.84), 0.79 (95% CI: 0.73–0.83), 
and 14.73 (95% CI: 10.86–23.78), respectively (Fig.  4A-
B), and the AUC was 0.86 (95% CI: 0.83–0.89) (Fig. 4C). 
Deeks’ funnel plot (Fig. 4D) showed no publication bias 
in the included literature, which indicated that the sen-
sitivity and specificity of microRNA for the diagnostic 
accuracy of AD were good.

Additionally, some papers [27, 46, 48] reported the 
diagnostic accuracy of the combination of two ncRNAs, 
including microRNA and circular RNA (circRNA) 
(Table  4). The results showed that the combination of 
ncRNAs can significantly improve the diagnostic accu-
racy of AD, such as testing miR-26b, miR-29a, miR-25 
and miR-155 only for the diagnosis of AD, for which the 
AUC, sensitivity and specificity values, except the AUC 

value of miR-26b, which exceeded 0.9, and the specific-
ity values of miR-25, which exceeded 0.9, were all less 
than 0.9. However, combining miR-26b, miR-29a, miR-25 
and miR-155 improved the AUC, sensitivity and specific-
ity values, sharply enhancing the diagnostic accuracy of 
ncRNAs for AD.

It is important to highlight that there could potentially 
be an issue concerning the accessibility of microRNA. 
In addition, it is crucial to consider the significance of 
the limited accessibility of these biological indicators, 
as delays in intervention may potentially correlate with 
unfavorable outcomes in AD.

Other diagnostic biomarkers of AD
A total of 18 papers were included in this study, and there 
were 55 studies on the diagnostic accuracy of other bio-
markers (excluding D-dimer and ncRNA) for AD (Sup-
plementary Table  1). The following criteria were used 
to filter studies: AUC value greater than 0.9 and Youden 
index greater than 0.8. Studies No. 1–13 were selected 
to further describe their possible roles in AD pathologi-
cal changes. The biomarkers involved were osteopontin 

Table 3  Characteristics of studies about microRNA included in the analysis
No Author Year Sample Type of disease Biomarker AUC Sen Spe Youden index No. Case No. Control References
1 Dong 2017 Plasma AAD miR-15a 0.7610 0.7570 0.8250 0.582 37 40  [26]
2 Dong 2017 Plasma AAD miR-23a 0.7340 0.8650 0.6250 0.490 37 40  [26]
3 Dong 2017 Plasma AAD let-7b 0.7290 0.7940 0.6920 0.486 37 40  [26]
4 Dong 2017 Plasma AAD hcmv-miR-US-33-5p 0.6570 0.7350 0.6410 0.376 37 40  [26]
5 Wang 2017 Plasma AAD miR-4787-5p 0.8980 NP NP NP 98 56  [24]
6 Wang 2017 Plasma AAD miR-4306 0.8740 NP NP NP 98 56  [24]
7 Tian 2019 Serum AAAD circMARK3 0.9344 0.9000 0.8670 0.767 30 30  [46]
8 Senturk 2019 Serum TAD hsa-miR-143-3p 0.6000 NP NP NP 9 10  [47]
9 Senturk 2019 Serum TAD hsa-miR-22-3p 0.5000 NP NP NP 9 10  [47]
10 Xu 2017 Serum AAAD miR-26b 0.9110 0.8800 0.9000 0.780 25 30  [48]
11 Xu 2017 Serum AAAD miR-29a 0.8990 0.8000 0.9333 0.733 25 30  [48]
12 Xu 2017 Serum AAAD miR-25 0.8810 0.9200 0.7667 0.687 25 30  [48]
13 Xu 2017 Serum AAAD miR-155 0.8630 0.8400 0.8333 0.673 25 30  [48]
14 Xu 2017 Serum AAAD miR-29a 0.8970 0.7813 0.8621 0.643 64 58  [48]
15 Xu 2017 Serum AAAD miR-155 0.8710 0.8438 0.7759 0.620 64 58  [48]
16 Xu 2017 Serum AAAD miR-25 0.8570 0.8125 0.7414 0.554 64 58  [48]
17 Xu 2017 Serum AAAD miR-26b 0.8030 0.6563 0.8276 0.484 64 58  [48]
AUC, area under the curve of receiver operator characteristics. Sen, sensitivity. Spe, specificity. AAD, acute aortic dissection. AD, aortic dissection. NP, not report

Table 4  Characteristics of studies about combined ncRNA included in the analysis
No Author Year Sample Type of 

disease
Biomarker AUC Sen Spe Youden 

index
No. 
Case

No. 
Control

Refer-
ences

1 Wang 2017 Plasma AAD miR-4787-5p + miR-4306 0.9610 NP NP NP 98 56  [27]
2 Tian 2019 Serum AAAD circMARK3 + miR-1273-3p 0.9644 0.9330 0.8670 0.800 30 30  [46]
3 Xu 2017 Serum AAAD miR-26b + miR-29a + miR-

25 + miR-155
0.9950 0.9600 1.0000 0.960 25 30  [48]

4 Xu 2017 Serum AAAD miR-26b + miR-29a + miR-
25 + miR-155

0.9780 0.8906 0.9483 0.839 64 58  [48]

AUC, area under the curve of receiver operator characteristics. Sen, sensitivity. Spe, specificity. AAAD, acute type A aortic dissection. AAD, acute aortic dissection. 
NP, not report
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Fig. 2  Diagnostic accuracy for D-dimer (A) Diagnostic sensitivity and specificity (B) Diagnostic accuracy (C) Receiver operating characteristic curve (ROC) 
(D) Publication bias
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(OPN), ADAMTS1, ADAMTS4, soluble ST2 (sST2), 
aggrecan (ACAN), serum amyloid A (SAA), cerulo-
plasmin (CP), polycystin 1 (PC1), and monocyte-to-
high-density lipoprotein ratio (MHR) (Supplementary 
Table  2). Supplementary Tables  3 and Supplementary 
Table  4 summarize the dysregulated miRNAs, lncRNAs 
and circRNAs and their roles in AD. Supplementary 

Table 5 summarizes other systematic reviews of the diag-
nostic accuracy of D-dimer in AD.

Discussion
This study included 45 papers on blood diagnostic bio-
markers for AD and systematically evaluated their role 
in AD diagnosis. D-dimer had the best diagnostic accu-
racy for AD among them, and the sensitivity of subgroup 

Fig. 3  Diagnostic accuracy for D-dimer of 500ng/mL cut-off value (A) Diagnostic sensitivity and specificity (B) Diagnostic accuracy (C) Receiver operating 
characteristic curve (ROC) (D) Publication bias
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Fig. 4  Diagnostic accuracy for microRNA (A) Diagnostic sensitivity and specificity (B) Diagnostic accuracy (C) Receiver operating characteristic curve 
(ROC) (D) Publication bias
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analysis of D-dimer with a cut-off value of 500 ng/mL 
had the highest value of approximately 0.97 (95% CI: 
0.95–0.99). The diagnostic accuracy of microRNA for 
AD was worse than that of D-dimer; however, its sensi-
tivity, specificity and AUC values for AD were 0.80 (95% 
CI: 0.75–0.84), 0.79 (95% CI: 0.73–0.83) and 0.86 (95% 
CI: 0.83–0.89), respectively. The other studies included 
in this meta-analysis also examined the blood diagnostic 
biomarkers of AD. However, the studies were insufficient 
for analysis, and this study only focused on the pos-
sible mechanisms and functions of AD (Supplementary 
Table 2).

According to the criteria proposed by Jones  [49], an 
AUC value greater than 0.97 was classified as “excellent”, 
an AUC value ranging from 0.93 to 0.96 was classified 
as “very good”, an AUC value ranging from 0.75 to 0.92 
was classified as “good”, and an AUC value less than 0.75 
was classified as “reasonable”. The Youden index, which 
ranges from 0 to 1, can be used to determine the best cut-
off value of biomarkers to distinguish between patients 
and nonpatients  [50]. When the Youden index is equal to 
1, the biomarker can completely separate the patients and 
nonpatients, which cannot be separated when the Youden 
index is equal to 0; therefore, a higher Youden index indi-
cates a better ability to distinguish between patients and 
nonpatients [51]. D-dimer had the highest AUC values, 
both greater than 0.95, which could be classified as “very 
good”. The sensitivity value of D-dimer for the diagnos-
tic accuracy of AD was 0.96 (95% CI: 0.93–0.98), but the 
specificity value was only 0.72 (95% CI: 0.59–0.81), and 
the Youden index was 0.68. After subgroup analysis with 
a D-dimer cut-off value of 500 ng/mL, the AUC, sensitiv-
ity and DOR values did not change significantly; however, 
the specificity value dropped sharply to 0.53 (95% CI: 
0.42–0.60), and the Youden index also dropped to 0.50. 
D-dimer with different cut-off values ​​had different diag-
nostic accuracies in clinical diagnosis. However, because 
of its low specificity, it may cause a large false-positive 
rate.

The AUC value of ncRNA was 0.86 (95% CI: 0.83–
0.89), which could be classified as “good”. Compared 
with D-dimer, the specificity of microRNA was better; 
however, the sensitivity and Youden index were poorer, 
meaning that microRNA as a blood diagnostic biomarker 
of AD may be worse than that of D-dimer, but the speci-
ficity of microRNA can reduce the false-positive rate of 
AD. In conclusion, both D-dimer and microRNA have 
the potential to be used as blood diagnostic biomarkers 
of AD, and they can be used as blood diagnostic biomark-
ers of AD according to their different characteristics.

The combination of blood diagnostic biomarkers can 
improve the diagnostic accuracy of AD. Tables  2 and 
4 summarize the studies on the diagnostic accuracy of 
AD using a combination of different blood diagnostic 

biomarkers. The combination of D-dimer and other bio-
markers can greatly improve the specificity of AD diag-
nosis according to Table 2, which has little effect on the 
diagnostic sensitivity. According to Table  4, the combi-
nation of microRNA and microRNA or circRNA signifi-
cantly increased the AUC, sensitivity and specificity and 
significantly improved the diagnostic accuracy of ncRNA 
of AD, suggesting that we can consider the combination 
of multiple biomarkers to improve the accuracy of diag-
nosis when performing research on blood diagnostic 
biomarkers of AD, such as D-dimer, ncRNA and other 
biomarkers.

The pathological development of AD is a multistage 
process involving changes in different biomarkers. 
D-dimer is a biomarker of coagulation and fibrinolytic 
system activation that can be detected and measured in 
whole blood or plasma and serves as an indirect marker 
of thrombotic activity [52–55]. The pathological devel-
opment of AD is a multistage process involving changes 
in different biomarkers. D-dimer is a biomarker of coag-
ulation and fibrinolytic system activation that can be 
detected and measured in whole blood or plasma and 
serves as an indirect marker of thrombotic activity [52–
55]. Studies have found that D-dimer levels are low in the 
circulatory system in healthy people and are elevated in 
thrombotic diseases  [56]. The activation of coagulation 
and fibrinolysis systems and thrombosis also exist in AD, 
meaning that D-dimer, as a biomarker of AD, can pre-
cisely detect the occurrence and development of AD.

NcRNAs are also involved in the pathological devel-
opment of AD. NcRNAs include long noncoding RNAs 
(lncRNAs), circular RNAs (circRNAs) and microRNAs 
(miRNAs). The major pathological changes in AD are 
degeneration of the vessel medial wall, including pheno-
typic changes and reductions in vascular smooth muscle 
cells (VSMCs), elastin fragmentation and degeneration, 
extracellular matrix (ECM) degradation, and inflamma-
tory cell infiltration. Studies have shown that lncRNAs, 
circRNAs and miRNAs are involved in the pathological 
development of AD in Supplementary Materials, includ-
ing miR-21 in VSMCs, which can promote phenotypic 
transition by targeting SMAD7  [57], and lncRNA-XIST 
can inhibit cell proliferation through the miR-17/PTEN 
axis in VSMCs [58]. NcRNAs can influence biological 
processes through posttranscriptional regulation and 
are differentially expressed in two different states of cells 
or tissues; for example, miR-22-3p [47, 59] and miR-26b 
[48, 60] were downregulated in aortic tissue of AD cases 
and involved in the regulation of VSMC proliferation and 
apoptosis. CircMARK3 [46] was upregulated in AD tissue 
and had the same expression in the circulatory system of 
AD patients. The AUC values of miR-22-3p, miR-26b and 
circMARK3 were 0.5, 0.911, 0.8030 and 0.9344, respec-
tively (2 studies on the diagnostic accuracy of miR-26b), 
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suggesting that the expression of ncRNA in AD tissues is 
the same as that in the circulatory system.

Regarding the other biomarkers examined herein, it 
was surprising that they have been verified to play an 
important role in the pathological progression of AD, 
such as the phenotypic transformation of VSMCs, pro-
liferation, ECM dysfunction and infiltration of inflamma-
tory cells. Although an AUC value greater than 0.9 and 
a Youden index greater than 0.8 were used as screening 
criteria to screen out 9 biomarkers for a more detailed 
description, the role of other biomarkers in Supplemen-
tary Table 1 was verified for the progression of AD, which 
was strikingly similar to the biomarkers in Supplemen-
tary Table  2. IL-6, IL-10 and IL-16 regulate blood ves-
sels by upregulating MCP-1 and activating macrophage 
inflammation [61]. IL-10 is elevated in the plasma of AD 
patients [62]. IL-16 is a regulator of VSMC migration 
and invasion by binding to CD4 and inducing p38MAPK 
phosphorylation, MMP9 expression and Sp-1 binding 
activation [63].

Although the diagnostic accuracy of relevant biomark-
ers of AD has been revealed previously, based on our 
study, the studies to identify the blood biomarkers of AD 
diagnostics were still insufficient. The diagnostic accu-
racy of D-dimer for AD has been extensively studied, and 
D-dimer has been written into the “Chinese Expert Con-
sensus on the Diagnosis and Treatment of Aortic Dis-
section” and has been applied to the diagnosis of clinical 
diseases, including AD [3]. However, the cut-off value of 
500 ng/ml D-dimer did not show the optimal diagnostic 
effect, and a high-quality large-scale prospective cohort 
study is needed to determine the optimal cut-off value of 
D-dimer for the diagnosis of AD.

The present investigation exhibits various limitations. 
Different kinds of aortic dissection may have varying 
impacts on several biomarkers. However, the current 
body of literature lacks sufficient information to com-
plete this subgroup analysis due to the limited inclusion 
of full descriptions pertaining to the many subtypes of 
aortic dissection patients in many publications. The pres-
ent study solely investigated a limited number of other 
biomarkers that exhibited superior diagnostic efficacy, as 
described in the section dedicated to other biomarkers. 
However, a comprehensive analysis of several clinically 
relevant indicators, such as the white blood cell count, 
high sensitive troponin, interleukin 6 and 10, and plasma 
activator inhibitor 1, was not provided.

Conclusion
When combining the AUC, sensitivity, specificity and 
Youden index for the diagnosis of AD, the data of the bio-
markers were ideal, but the diagnostic accuracy of AD 
was insufficient, as only 1 study indicated the diagnostic 
accuracy of biomarkers for AD. Only relying on the data 

provided by 1 study to prove that a biomarker can be 
used as a blood diagnostic biomarker of AD is less rigor-
ous. In conclusion, this systematic review can only prove 
that biomarkers may be used as blood biomarkers of AD.
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