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Abstract

Background

The predictive value of biomarkers such as neuron specific enolase (NSE), S100B, neurofi-
lament (NFL), interleukin-6 (IL-6), coagulation factor R, and D-Dimer (DD) after acute Stan-
ford A type aortic dissection (AAAD) with neurological complications has recently gained
much attention from the research community. However, results from these studies are con-
flicting. This meta-analysis is conducted to assess the relationship between the biomarkers
and the risk of neurological complications after AAAD.

Methods

Two reviewers performed a systematic literature search across eight databases (CNKI,
Wan Fang, VIP, CBM, PubMed, Web of Science, Cochrane Library, and EMBASE). The
studies regarding biomarkers in AAAD patients published up to February 2022 were
included. These studies were subjected to rigorous scrutiny and data extraction to deter-
mine the weighted mean difference (WMD) and the 95% confidence interval (CI), which
were analyzed using the RevMan 5.4 and Stata software 14.0.

Results

A total of 12 studies including 360 cases with neurological complications and 766 controls
were incorporated into our meta-analysis. WMD analysis showed that there was a higher
NSE levels in AAAD patients with postoperative neurological complications compared with
controls (WMD = 0.640, 95% CI: 0.205 ~ 1.075, P = 0.004 < 0.005), and the level of S100B
was related to the 6 h and 24 h postoperative neurological complications (6 h: WMD = 0.64,
95% CI: 0.27 ~ 1.02, P = 0.0007 < 0.001; 24 h: WMD = 0.281, 95% CI: 0.211 ~ 0.351, P <
0.001). Moreover, S100B levels at 6 hours after operation were significantly higher than that
at 24 hours (WMD = 0.260, 95% CI: 0.166 ~ 0.354, P <0.001).
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Conclusion

NSE and S100B are both candidate biomarkers to predict postoperative neurological com-

plications in patients with AAAD. Other markers are also valuable when used in conjunction
with clinical judgement. The findings accentuate the necessity of further research to estab-

lish standardized values for these biomarkers in predicting neurological complications.

Introduction

Acute Stanford A type aortic dissection (AAAD) is a life threatening disease, and surgery is the
gold standard treatment. Given the high mortality, it would reach up to 90% in the first 24
hours if left untreated [1, 2]. Total aortic arch replacement is the first choice for saving the
patients’ lives in China [3], but the incidence of postoperative neurological impairment
remains high around 10%-30% [1]. Even with brain protection technologies, such as hypother-
mia, cerebral perfusion, drug protection, and blood gas management, the incidence of postop-
erative neurological injury remains unchanged. Since the mid-1970s, the neurological
complications related to aortic arch surgery have been divided into permanent neurological
dysfunction (PND) and temporary neurological dysfunction (TPD), with the average inci-
dence rate at 7.3% ~ 12.8% and 8.0% ~ 10.3%, respectively. PND is defined as a focal (embolic
stroke) or global (diffuse coma) defect, characterized by sensory or motor disorders or laterali-
zation of focal epileptic activity with corresponding imaging defects and persistent at dis-
charge. TND is defined as a short-term clinical manifestation of short-term global dysfunction
or neurocognitive decline (such as confusion, agitation, delirium, coma or myoclonic move-
ment, no localized cerebral neurological symptoms, etc.) and is associated with long-term
functional defects and decreased quality of life of patients. In addition, spinal cord nerve defi-
ciency is also an important neurological complication, which seriously affects the patients’ life
quality and is life-threatening, bringing huge financial and mental burdens to their families.
Therefore, it is of great significance to find out biomarkers for early prediction of postoperative
neurological prognosis of AAAD patients. Diagnosis and prediction of postoperative neuro-
logical injury can be difficult because high clinical suspicion is required. Inflammatory mark-
ers including NSE and S100B have been researched intensively. S100B is an acidic calcium-
binding protein isolated by Moore from the bovine brain in 1965. It is mainly distributed in
glia and Schwann cells of the central nervous system and peripheral nervous system. When the
cells in central nervous system are injured, S100B seeps from the cytosol into the cerebrospinal
fluid, and then enters the blood through the damaged blood-brain barrier [4]. NSE is one of
the enolases involved in glycolysis pathway. It is a dimer protein found in neural and neuroen-
docrine tissues. It is widely used as a tumor marker of neuroblastoma and small cell lung can-
cer. Like S100B, serum NSE contents are very low under normal conditions. When the central
nervous system is injured, a large number of NSE is released from the cells and then enters the
blood circulation [5]. Therefore, Previous studies have suggested that serum NSE and S100B
are potential candidate markers for predicting neurological complications in patients with
AAAD [5-7]. However, a recent study by Zhang k et al. [8] suggested that S100p and NSE lev-
els showed no significant difference at 8-time points within 3 days after the operation. Here,
we aimed to explore the biomarkers related to the prognosis of neurological function after
AAAD through meta-analysis to provide the evidence-based basis for early clinical prediction
and management.

Furthermore, other markers including NFL, IL-6, DD and coagulation factor R were
expected to be predictors in some studies. These markers were not investigated sufficiently to
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meet the standard of meta, thus this study will conduct a systematic review of published studies
related to them and evaluate the utility of these clinical investigations.

Methods

We conducted this systematic review and meta-analysis in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. The review
was registered on the PROSPERO database (PROSPERO ID = CRD4202201770).

Search strategy

A systematic search of publications listed in the databases (CNKI, Wan Fang, VIP, CBM,
PubMed, Web of Science, Cochrane Library and EMBASE) from commencements to February
2022 was conducted using the following search terms: (“aortic dissection” or “acute type A aor-
tic dissection” or “DeBakey type I aortic dissection” or “thoracoabdominal aortic aneurysm”
or “cardiopulmonary bypass brain injury” or “acute type A aortic dissection” or “open surgical
repair” or “aortic arch replacement”) and (“biomarker *” or “neurofilament protein L” or
“NSE” or “neuron specific enolase” or “S100B” or “interleukin-6” or “IL-6” or “D-dimer”). All
references in the retrieved articles were also scanned to identify other potentially available
studies.

Inclusion and exclusion criteria

The inclusion criteria encompassed the following: (1) cohort study or case-control study; (2)
diagnosis of AAAD or related cardiac surgery by CT / MRI, echocardiography, and blood gas
analysis, etc.; (3) the definition of neurological complications must be clearly; (4) the mean
and standard deviation (SD) of serum biomarkers can be obtained or calculated directly; (5)
published by Chinese or English. Studies were excluded based on the following criteria: (1) not
a cohort study or case-control study (including animal experiment, in vitro experiment, phar-
macoeconomic research, and drug metabolism research); (2) overlapping samples of the same
research center; (3) incomplete data information; (4) other types of aortic dissection; (5) the
article was a case report, meta-analysis, review, or abstract from the conference.

Data extraction

Based on the inclusion and exclusion standards, two researchers independently reviewed the
full text of all included studies and extracted the following relevant information: first author,
publication time, region, sample size, biomarkers levels, type of operation, judgment standard,
and time of neurological complications prognosis, time of blood draw, specificity, sensitivity,
cut-off value, and other observation indexes. The differences between the data extracted by the
two researchers were reviewed by the third researcher.

Quality assessment

We used the Newcastle-Ottawa Scale (NOS) standard to evaluate the quality of each study [9].
Three aspects were assessed: subject selection, inter-group comparability, and exposure factor
measurement. The full NOS score is 9 points, with a score > 6 indicating high quality.

Statistical analysis

RevMan software (version 5.4; Cochrane Collaboration, Oxford, UK) and Stata software (ver-
sion 14.0; Stata Corporation, College Station, TX, USA) were used in our article for all data
processing and analysis. The primary data extracted in this study were sample size, as well as

PLOS ONE | https://doi.org/10.1371/journal.pone.0281352 February 8, 2023 3/12


https://doi.org/10.1371/journal.pone.0281352

PLOS ONE

Biomarkers for prediction of neurological complications after acute Stanford type A aortic dissection

the mean, median, interquartile range (IQR), and SD of biomarkers concentration. In this
study, we extracted the median to represent the mean, and converted the IQR into SD value
through Mean Variance Estimation online software. Due to the same measurement units of
the concentration of the biomarker in the included studies, the weighted mean difference
(WMD) and 95% confidence interval (CI) were selected as the effective size (ES) for statistical
analysis for continuous outcomes. A forest plot was used to show the characteristics of the
results of various studies. P < 0.05 indicated a statistically significant difference. We used the
Q test and I” statistics to analyze the heterogeneity of the included studies. The fixed-effect
model was employed for data combination if P > 0.05 and I’< 50%, indicating no statistical
heterogeneity between the studies. The random-effect model was adopted if the converse was
true. To further investigate the potential influencing factors of heterogeneity, we conducted a
subgroup analysis of the study based on surgery type. Furthermore, a sensitivity analysis was
carried out to assess the stability of the results. Repeated data analyses were performed, with
each done after removing one study at a time. In addition, we also performed a potential publi-
cation bias assessed by visual inspection of the funnel plot, an asymmetric plot suggested a pos-
sible publication bias would be corrected by the shear compensation method.

Results
Characteristics of eligible studies

A total of 5891 related records were initially retrieved through each database. After screening
the titles or abstracts, 5868 studies were excluded because of duplicate data, other types of pub-
lications (animal/reviews/editorial/comments/letter), or non-relevant research. The full-length
papers of the remaining 23 studies were retrieved and assessed for eligibility. Of the retrieved
studies, a total of 12 met our inclusion criteria and were included in our systematic review, 8
were incorporated into our meta-analysis. A PRISMA flow diagram can be seen in (Fig 1).
Table 1 and S1 Table provide a summary of the key characteristics and risk assessment of pub-
lication bias of the included studies. Table 2 exhibits the cut-off values, sensitivity, specificity,
area under the curve (AUC), and other observation indexes for the biomarkers in the 12
included studies.

NSE

Five studies reported that NSE levels at 24 hours after surgery were associated with the
increased risk of postoperative neurological complications (WMD = 7.14, 95% CI: 2.19 ~
12.09, P = 0.005, I* = 98%) (Fig 2A). There was a marked heterogeneity in the data. We con-
ducted a sensitivity analysis by excluding each study in turn for heterogeneity. We found that
the marked heterogeneity came from the studies of Kimura, F and Zou Yi xi which were not
exact AAAD (Table 1). In our subgroup analyses according to the different types of surgery, an
increased risk of postoperative neurological complications should be noted compared with
controls (WMD = 0.75, 95%ClI: 0.24~1.25, P = 0.004<0.005, I* = 0%) (Fig 2B) and analytic het-
erogeneity were very low. Additionally, the funnel plot seemed to be asymmetrical and we cor-
rected it with the shear compensation method (S1A and S1C Fig). After correction with two
virtual studies and iterated for three times, the results showed no much difference from that
before clipping (WMD = 0.640, 95% CI: 0.205 ~ 1.075, P = 0.004 < 0.005) (S1B Fig). It can be
considered that the existing meta-analysis results are relatively stable.
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Fig 1. PRISMA flow diagram depicting study selection algorithm.
https://doi.org/10.1371/journal.pone.0281352.9001

S$100B

Five studies reported that S100B levels at 6 hours after surgery were associated with the
increased risk of postoperative neurological complications (WMD = 0.64, 95% CI: 0.27 ~ 1.02,
P =0.0007< 0.001, I* = 97%) (Fig 3A). There was a statistical heterogeneity among the studies.
We also conducted a sensitivity analysis by excluding each study in turn for heterogeneity.
There were no significant changes (S2A Fig). Additionally, the funnel plot seemed to be asym-
metrical and we corrected it with the shear compensation method (S2B and S2D Fig). After
correction by iterating twice, the results remain unchanged (S2C Fig) which indicated that the
results were stable.

Six studies reported that S100B levels at 24 hours after surgery were associated with the
increased risk of postoperative neurological complications (WMD = 0.26, 95% CI: 0.12 ~ 0.39,
P =0.0002 < 0.001, I* = 94%) (Fig 3B). There was a marked heterogeneity in the data. We con-
ducted a sensitivity analysis by excluding each study in turn for heterogeneity. We found that
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Table 1. Characteristics of all studies included in the review.

First author Year | Country Type of surgery Sample size (n) Design NOS
with neurological Without neurological Score
complications complications

Lang Q [10] 2021 | China AAAD 12 39 Retrospective 6

Zhang K [8] 2021 | China AAAD 15 73 cohort study 7

Wan Z [6] 2021 | China AAAD 15 25 cohort study 7

LvX|[11] 2021 | China AAAD 31 190 Retrospective 8

Peng X [5] 2020 | China AAAD 21 76 cohort study 6

Kimura F [7] 2020 | Japan AAAD Thoracic aortic 12 48 Retrospective 7
aneurysm

Fang M [12] 2015 | China AAAD 169 166 Retrospective 7

Zhang Z [13] 2012 | China CPB 22 10 Retrospective 7

Dalyanoglu H 2012 | Germany AAAD 14 33 Retrospective 7

[14]

ZouY [15] 2011 | China Thoracic abdominal aortic 4 26 cohort study 8
dissection

Chen B [4] 2009 | China CPB 30 32 cohort study 7

LiuX [16] 2007 | China CPB 15 48 cohort study 6

https://doi.org/10.1371/journal.pone.0281352.t001

the marked heterogeneity came from the studies of WAN, Z, Peng Xiao le and Zou Yi xi which
deviated greatly (S3A Fig). When the above studies were removed, the heterogeneity was sig-
nificantly reduced (WMD = 0.33, 95% CI: 0.27 ~ 0.39, P < 0.0001, I = 46%) (Fig 3C). Addi-
tionally, the funnel plot was asymmetric and we corrected it with the shear compensation
method (S3B and S3D Fig). After correction with two virtual studies and iterated four times,
no difference was observed from that before clipping, indicating a stable result (WMD = 0.281,
95% CI: 0.231 ~ 0.331, P < 0.001) (S3C Fig).

Five studies reported that the level of SI00B at 6h increased more significantly than that at
24h after surgery (WMD = 0.36, 95% CI: 0.07 ~ 0.65, P = 0.01 < 0.05, 2 = 93%) (Fig 4A),
There was a marked heterogeneity in the data. We conducted a sensitivity analysis by exclud-
ing each study in turn for heterogeneity. We found that the marked heterogeneity came from
the studies of WAN, Z and Chen Bin which deviated greatly (S4A Fig). When the above studies
were removed, the heterogeneity was significantly reduced (WMD = 0.29, 95% CI: 0.17 ~ 0.40,
P < 0.00001, I* = 0%) (Fig 4B). Additionally, the funnel plot was asymmetric and we corrected
it with the shear compensation method (S4B and S4D Fig). After correction with two virtual
studies and iterated three times, the results could be considered to be stable (WMD = 0.260,
95% CI: 0.166 ~ 0.354, P < 0.001) (S4C Fig). Lastly, the consequence of these studies summa-
rized in Table 3.

Discussion

The incidence of neurologic injury is higher in AAAD than other procedures owing to the
involvement of hemodynamic factors in the form of embolisms caused by surgical manipula-
tion of cervical branches and reduction in systemic blood pressure due to CPB [7]. Therefore,
early therapeutic intervention is essential to minimize the sequelae of these dangerous compli-
cations. This meta-analysis summarizes a total of 8 studies fit the inclusion criteria and con-
firmed that there was a statistically significant association between the biomarkers
concentration and the risk of postoperative neurological complications. Both serum NSE and
S100B were significantly increased in the patients with neurological complications compared
with the control cohorts. The occurrence of postoperative neurological complications is caused
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Table 2. Cut-off value, sensitivity, specificity, AUC and other observation indexes for NSE, S100B, NFL, IL-6, DD and coagulation factor activity R.

Biomarker First author
Type
NSE Wan, Z [6] POCD
Peng X [5] POCD
Kimura,F [7] | PND TND
Dalyanoglu, | PND TND
H [14]
ZouY [15] Spinal cord
injury
S100B Wan, Z [6] POCD
Peng X [5] POCD
ZouY [15] Spinal cord
injury
Zhang Z [13] | Brain
Injury
Chen B [4] POCD
LiuX [16] POCD
NFL Zhang, K PND
etal. [8]
IL-6 Lv, X [11] Delirium
DD Lang Q [10] | PND TND
Fang M [12] | Delirium
coagulation Lang Q [10] | PND TND

factor activity R

Neurological complications

evaluation
standard

MMSE
MMSE
CT MRI
CT

NIHSS
ISCOS

MMSE

MMSE

NIHSS
ISCOS

NIHSS
Newman
Software

testing scale
CT

RASS

CT

RASS
CAM-ICU

CT

Evaluation time

Before surgery, the day after
extubation, and the 7th day after
surgery

Before and 7 days after surgery
Before and 24 hours after surgery
NS

Before surgery, 72 hours after
surgery and at discharge, follow-up
time was 3 months

Before surgery, the day after
extubation, and the 7th day after
surgery

Before and 7 days after surgery

Before surgery, 72 hours after
surgery and at discharge, follow-up
time was 3 months

Before and 2 days after surgery

1 day before surgery and 9 days after
surgery

1 day, 2 days, 7 days after surgery

postoperative

For the first three days after surgery,
assess twice a day in the intensive
care unit (ICU) or general ward

Day 1 to Day 11 after surgery

postoperative

Day 1 to Day 11 after surgery

Time of blood

TO.
T7

TO,
T6,

TO.

NS

TI,
T5,
T9.

TO,
T7

TO,
T6,
T1.
T5,
T9.
TO,
T7.

NS

TO.
T4,
TO,
T7.

T10.

TO,

T10,

T0
TO

TO

draw

T2, T4,

T1.
T9

T9

T2,

T2,
17,
T10

T2,

T3,

T4,

T1,
T9

T2,
T7.
T10

T3,
T9

T2,

T3,
T8,

T4,

T3,
T8, T9

T1, T3.

T8, T9.
T11

T9.
T11

Outcomes

The sensitivity was 92%, the specificity was
67%, and the AUC was 0.77 (95%CI:
0.60~0.94)

NS

The PND cutoff was 43.56 ng/mL (sensitivity
was 100%; specificity was 96.3%), OR is 0.61

NS

The sensitivity was 100%, the specificity was
96.2%, and the cutoff value was 16.84 pg/L

The sensitivity was 48%, the specificity was
87%, and the AUC was 0.71 (95% CI, 0.55-
0.87)

The OR of S-100B> 300 ng/L at 24 h after
surgery was 10. 827

The sensitivity was 100%, the specificity was
96.2%, and the cutoff was 1.4 pg/L

It is more meaningful to evaluate the
prognosis 6 hours after the end of CPB

NS
NS

The AUC of NFL at 12 h after surgery was
0.834 (95%ClI, 0.723-0.951, P<0.001), the
sensitivity was 86.7%, the specificity was
71.6%

The 24h postoperative cut-off value was
266.80 pg/ml, and the sensitivity was 71.0%
with a specificity of 69.8%

OR =0.934 (95% CI: 0.846 ~ 1.031)
OR =2.48 (95% CI: 1.347 ~ 4.564)

OR =2.013 (95%ClI: 1.008~4.021)

MMSE, mini-mental status examination; POCD, postoperative cognitive dysfunction; NIHSS, national institutes of health stroke scale; ISCOS, international

neurological classification of spinal cord injury; CPB, cardiopulmonary bypass; OR, odds ratio; AUC, area under the curve; NS, not stated; T0, before the operation;T1,

when circulation is stopped;T2, when rewarming to 36°C; T3, within 1 hour after the operation; T4, 1 hour after the operation;T5,2 hours after the operation;T6,4 hours

after the operation; T7,6 hours after the operation;T8,12 hours after the operation;T9, 24 hours after the operation;T10,48 hours after the operation; T11,72 hours after

the operation; NOS, newcastle-ottawa scale

https://doi.org/10.1371/journal.pone.0281352.t002

by the synergy of multiple factors and mechanisms, including endogenous factors related to
patients and the disease itself, such as poor perfusion and involvement of vessels on the aorta,
and also exogenous injuries from surgical strategy [17]. S100B is usually not detected in serum,
increases only under stroke, subarachnoid hemorrhage, and cardiopulmonary bypass, and is

thermostable. The serum concentration of S100B is not affected by heparin, protamine, propo-
fol, and hemolysis, so the sample can be taken at any time during the operation, and the high
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A.

with icati without icati Mean Difference Mean Difference
Study or Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Dalyanoglu, H 2012 516 395 14 392 128 33  47% 1240[8.75,33.55) —
Kimura, F 2020 55.4 345 12 278 9 48 53% 27.60(7.91,47.29] r———:
Peng X 2020 464 1.91 2 3 113 76 30.5% 0.93(0.07,1.79) o
Wan, Z2021 185 1.09 15 1.1 075 25 307% 0.64[0.01,1.27) .
ZouY 2011 27.43 174 4 11.39 407 26 289% 16.04[13.73,18.35] -
Total (95% CI) 66 208 100.0%  7.14[2.19,12.09] >
Heterogeneity: Tau®= 20.73; Chi*= 168.38, df= 4 (P < 0.00001), F= 98% 20 10 10 20
Test for overall effect Z= 2.82 (P = 0.005) Favours [experimental] Favours [control]
B.
with Neurological complications without Neurological complications Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Dalyanoglu, H 2012 1.85 1.09 15 1.21 0.75 25 65.2% 0.64[0.01,1.27] -
Peng X 2020 464 191 21 3N 113 76 34.8% 0.93(0.07,1.79] —
Wan, Z2021 5186 395 14 39.2 128 33 01% 1240[8.75,33.55]
Total (95% CI) 50 134 100.0% 0.75[0.24, 1.25] ->
Heterogeneity: Chi*=1.45, df= 2 (P = 0.48), F= 0% B B H 2

Test for overall effect: Z= 2.90 (P = 0.004) Favours [experimental] Favours [control]

Fig 2. (A) Forest plot of NSE predicting neurological complications at 24 hours after operation. (B) Forest plot of the
pooled result after corrected by the different types of surgery according to the sensitivity analysis.

https://doi.org/10.1371/journal.pone.0281352.g002

concentration exists in glial cells and Schwann cells. Like S100B, NSE contents are very low
under normal conditions. When the central nervous system is injured, a large number of NSE
is released from the cells and then enters the blood circulation [5]. Therefore, S100B and NSE
are biochemical indicators to predict neurological function after AAAD.

Meanwhile, most studies predicting neural function state are based on the S100B concen-
tration before and after cardiopulmonary bypass (CPB), but the change in the CPB time and
the CPB-induced neural function remains unclear. Zhang et al. [13] showed that S100B in
patients was at the normal level before operation and increased rapidly after CPB, especially in
the patients with moderate and severe brain injury. S100B in the asymptomatic group and
mild brain injury group reached the peak at 1h after CPB and decreased at 6h after CPB, while
plasma S100B in moderate and severe brain injury group continued to rise and reached the
peak at 6h after CPB, and then S100B concentration gradually decreased, but still higher than
the normal upper limit at 24h after CPB. The results suggest that the level and duration of
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Fig 3. (A) Forest plot of S100B predicting neurological complications at 6 hours after operation. (B) Forest plot of
S100B predicting neurological complications at 24 hours after operation. (C) Forest plot of the pooled result after
corrected by the sensitivity analysis.

https://doi.org/10.1371/journal.pone.0281352.g003
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Fig 4. (A) Forest plot of S100B predicting neurological complications at 6 and 24 hours after operation. (B) Forest plot of the pooled
result after corrected by the sensitivity analysis.

https://doi.org/10.1371/journal.pone.0281352.9004

S100B are positively correlated with the severity of brain injury. In the current meta-analysis,
we found that the level of S100B increased more significantly at 6h than at 24h after operation,
which is consistent with the results from Zhang’s study. Therefore, dynamic observation of
patient S100B levels can not only determine the existence of brain injury and evaluate the
injury degree after the operation, but also provide more suitable blood collection time for fol-
low-up researchers.

In addition, this study also conducted a systematic review of other markers related to
AAAD with postoperative neurological complications comprehensively and rigorously
extracted the data about the time of blood draw, neurological complications evaluation stan-
dard and time, type and outcome to accentuate the necessity of further research to establish
standardized values for these biomarkers in predicting neurological complications. A total of
12 studies fit the inclusion and some studies indicated that blood exposure to the external envi-
ronment during CPB would activate the body’s immune system, leading to perioperative sys-
temic inflammatory response and the release of various pro-inflammatory cytokines, such as
tumor necrosis factor o, interleukin (IL)-1p, IL-6, and IL-8, etc. The inflammatory factors fur-
ther activate indoleamine 2,3-dioxygenase, the rate-limiting enzyme of the kynurenine path-
way (KP), resulting in over-activation of central and peripheral KP, neurotoxicity, cognitive
function, and even neurological complications [5]. LV et al. [11] found that plasma IL-6 is a
potential biomarker for predicting postoperative delirium in patients with AAAD, with a

Table 3. Summary of meta-analysis results.

Biomarker | Time WMD(ug/L)(95%CI), p- |I* | Subgroup based on Sensitivity |I> | Analysis results after correction by trim and

value analysis filling method
NSE 24 hours after operation | 7.14(2.19-12.09)<0.01 98% | 0.75 (0.24-1.25) <0.005 0% | 0.640(0.250-1.075)< 0.005
S100B 6 hours after operation 0.64(0.27-1.02)<0.001 97% | __ I
24 hours after operation | 0.26(0.12-0.39)<0.001 94% | 0.33(0.27-0.39)<0.00001 46% | 0.281(0.231-0.331)< 0.001
6 and 24 hours after 0.36(0.07-0.65) <0.05 93% | 0.29(0.17-0.40)<0.00001 0% | 0.260(0.166-0.354)< 0.001
operation

WMD, weighted mean difference;—, No significant change.

https://doi.org/10.1371/journal.pone.0281352.t003
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preoperative cut-off value of 95.45pg/ml, sensitivity of 61.3%, specificity of 79.4%, and AUC
value of 0.73 (95% CI, 0.632 ~ 0.833), while the 24-hour post-operation cut-off value was
266.80pg/ml, sensitivity was 71.0% and specificity was 69.8% (Table 2). Besides, cerebral small
vessel disease (CSVD) is one of the main causes of stroke, and neurofilament light chain pro-
tein (NFL) is the main component of neurofilament core, which is related to the occurrence of
subcortical small infarcts and new CSVD. (NFL has the highest predictive value for neural
function in patients with AAAD at 12h and 24h after operation, with AUC values of 0.834
(95% CI: 0.723 ~ 0.951, P < 0.001) and 0.748 (95% CI: 0.603 ~ 0.894, P = 0.004), respectively
(Table 2).

Studies revealed that the incidence of cerebral nervous system complications increases,
when the coagulation function is abnormal (hypercoagulable state) [18]. DD is a specific deg-
radation product of cross-linked fibrin, representing the activation of the coagulation and
fibrinolysis system. DD is directly related to disseminated intravascular coagulation (DIC).
Lang et al. [10] took postoperative PND and TND of AAAD patients as the endpoints of a neu-
rological complication study and found that the OR value of DD predicting neurological func-
tion before the operation was 0.934 (95% CI 0.846 ~ 1.031), while Fang et al. [12] took
postoperative delirium as the endpoint of neurological complication study and concluded that
the OR value of DD predicting neurological function before the operation was 2.48 (95% CI
1.347 ~ 4.564). In addition, the R value of coagulation factor activity indicates the time from
putting into the blood sample to the formation of the first fibrin, which is also related to the
patient’s hypercoagulable state (the shortening of the R value indicates the increase of coagula-
tion factor activity and the hypercoagulable state of the blood). Lang et al. [10] also showed in
the same study that the OR value of coagulation factor activity R before the operation for pre-
dicting neurological function was 2.013 (95% CI 1.008 ~ 4.021).

Several limitations of this meta-analysis should be noted:(1) only 12 Chinese and English
studies were included in the study, of which 10 studies were from China and the time duration
was a little long, which may cause publication bias; (2) the types of operation and the defini-
tions of neurological complications were not unified, these may partially result from the source
of heterogeneity; (3) given that all included studies were observational, the possibility of resid-
ual confounding by unmeasured factors cannot be eliminated. This provided associative, not
causal, evidence and mandates caution when interpreting these results.

Conclusions

In summary, this meta-analysis mainly evaluated the role of NSE and S100B in predicting post-
operative neurological complications in patients with AAAD. From the analysis, it was con-
cluded that NSE and S100B were the ideal markers for diagnosing and S100B has a better
predictive effect at 6 hours after the operation than 24 hours. In addition, NFL, IL-6, DD and
coagulation factor R are expected to be biomarkers for postoperative neurological complica-
tions in patients with AAAD.

Supporting information
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S1 Table. Detailed risk assessment of publication bias.
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S1 Fig. Correction of NSE predicting neurological complications at 24 hours after opera-
tion. (A) Funnel plot after subgroup analysis. (B) Analysis results after correction by shear
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compensation method. (C) Funnel plot corrected by trim and filling method.
(TIF)

S2 Fig. S100B predicting neurological complications at 6 hours after operation. (A) Sensi-
tivity analysis plot. (B) Funnel plot. (C) Analysis results after correction by trim and filling
method. (D) Funnel plot corrected by trim and filling method.

(TIF)

S3 Fig. Correction of S100B predicting neurological complications at 24 hours after opera-
tion. (A) Sensitivity analysis plot before correction. (B) Funnel plot after sensitivity analysis.
(C) Analysis results after correction by trim and filling method.(D) Funnel plot corrected by
trim and filling method.

(TIF)

S4 Fig. Correction of S100B predicting neurological complications at 6 and 24 hours after
operation. (A) Sensitivity analysis plot before correction. (B) Funnel plot after sensitivity anal-
ysis. (C) Analysis results after correction by trim and filling method. (D) Funnel plot corrected
by trim and filling method.

(TIF)
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