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Background: Cerebral hernia is a serious complication after thrombectomy in patients with acute ischemic stroke (AIS). This study
aims to explore the predictive value of emergency preoperative plasma D-dimer levels in cerebral herniation after successful
thrombectomy.

Methods: Between January 2019 and December 2023, patients with AIS who received a successful thrombectomy in our single
comprehensive stroke center were retrospectively enrolled. We conducted a statistical analysis on the data using SPSS 26.0. Receiver
operating characteristic curve (ROC) was used to evaluate the predictive value of D-dimer level for cerebral herniation.

Results: Among 278 enrolled patients, 20 cases (7.19%) experienced cerebral herniation. In patients with cerebral hernia, the score of
the National Institutes of Health Stroke Scale was higher (16.5 vs 12.0, P < 0.001), the Alberta Stroke Plan early CT score was lower
(6.5 vs 8.0, P <0.001), the score of collateral circulation was lower (2.0 vs 3.0, P < 0.001), the proportion of eTICI blood flow grading
of 3 of the occluded vessel was less (35% vs 75.19%), the proportion of pathogenesis of large atherosclerosis was less (5.00% vs
46.51%, P < 0.001), and the level of plasma D-dimer was higher (2.61 vs 0.82). After adjusting for potential confounders, the level of
D-dimer (adjusted OR = 1.131, 95% CI 1.022-1.250, P = 0.017) was significantly correlated with cerebral hernia. Based on the ROC
curve, the sensitivity and specificity of D-dimer in predicting cerebral herniation were 75.0% and 73.3%, respectively, and the area
under the curve was 0.766.

Conclusion: Although our study had certain limitations, we found that elevated emergency preoperative plasma D-dimer level is an
independent predictive factor for the cerebral herniation after successful thrombectomy in patients with AIS, which is of great clinical
significance.
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Introduction

Thrombectomy is one of the most important treatment methods for patients with AIS." Cerebral herniation is a fatal
complication after thrombectomy. Cerebral herniation is often more severe than malignant brain edema and symptomatic
cerebral hemorrhage, which can seriously affect the efficacy of thrombectomy and is one of the influencing factors with
a higher proportion of futile recanalization.” ® The main type of cerebral herniation after thrombectomy for AIS due to
anterior circulation occlusion is cerebral falx hernia.” In clinical practice, it is very necessary to discover laboratory
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indicators that can predict cerebral herniation early before thrombectomy, develop appropriate surgical plans, optimize
postoperative management strategies and continuously improve the efficacy of thrombectomy.

Plasma D-dimer is a product of fibrinogen degradation, and its content is within a certain range in healthy individuals.
However, its content significantly elevates during thrombosis, high fibrinolysis and infection.®® Elevated plasma D-dimer
has been proven to be associated with pulmonary embolism, deep vein thrombosis, acute myocardial infarction and
active cancer.® '? Plasma D-dimer has also been found to be an independent predictor of symptomatic bleeding
transformation after mechanical thrombectomy for anterior circulation large vessel occlusion.'® A retrospective study
by Hisamitsu Y et al'* found that patients with acute cerebral infarction due to large blood vessel occlusion and received
mechanical thrombectomy who had a high value of D-dimer at admission may have a poor prognosis. A retrospective
study by Ohbuchi H et al'®> found that the plasma D-dimer level before mechanical thrombectomy could predict the
success rate and outcome of patients in mechanical thrombectomy in acute cerebral infarction with large vessel
occlusion. A study by Xie T et al'® explored whether the emergency admission plasma D-dimer level could predict
the first pass effect of stent thrombectomy in the treatment of acute ischemic stroke and found that a lower emergency
admission plasma D-dimer level was an independent predictor of the first-pass effect in patients undergoing stent
thrombectomy. In addition, studies have found that elevated plasma D-dimer can predict the presence of acute cerebral
infarction with large vessel occlusion.!” Considering the association between plasma D-dimer and large vessel occlusion
and its independent correlation with symptomatic bleeding transformation after mechanical thrombectomy of occluded
cerebral blood vessels. At the same time, previous studies had confirmed that plasma D-dimer can predict the success
rate, outcome and first pass effect of mechanical thrombectomy for acute cerebral infarction with large vessel occlusion.
It is possible that plasma D-dimer is associated with the formation of cerebral herniation after mechanical thrombectomy.
Therefore, we believe it is necessary to explore the relationship between plasma D-dimer and the formation of cerebral
herniation after mechanical thrombectomy. At present, there is no research using emergency preoperative plasma
D-dimer or other laboratory indicators to predict cerebral herniation after successful thrombectomy. Our study aimed
to explore whether emergency preoperative plasma D-dimer can effectively predict cerebral herniation after successful
thrombectomy.

Materials and Methods
Study Population

Data of patients diagnosed with AIS admitted to our single comprehensive stroke center and received successful
thrombectomy from January 2019 to December 2023 was retrospectively collected. All data is obtained from the clinical
medical record system. This study plan had been approved by the Medical Ethics Committee of Heyuan People’s
Hospital. Considering that this study collected medical record data and conducted retrospective analysis and did not
intervene patients’ treatment plan, the Medical Ethics Committee of Heyuan People’s Hospital approved the exemption
of informed consent for this study.

The inclusion criteria for this study were as follows: (1) preoperative Computed Tomography (CT) angiography or
Magnetic Resonance (MR) angiography confirmed occlusion of large anterior circulation vessels, including the internal
carotid artery, M1 segment of the middle cerebral artery, M2 segment of the middle cerebral artery and A1 segment of the
anterior cerebral artery; (2) At the onset of the disease, National Institute of Health stroke scale (NIHSS) score >6 points;
(3) The Alberta Stroke Program Early CT (ASPECT) score of preoperative cranial CT > 6 points; (4) Age >18 years old;
(5) modified Rankin scale (mRS) score before onset <2 points; (6) Time from onset to femoral artery puncture <24hours;
(7) The patient’s family members signed and agreed to undergo thrombectomy. Exclusion criteria included: (1) Acute
cerebral infarction with posterior circulation occlusion of large blood vessels; (2) Prior to collecting blood samples,
intravenous thrombolysis was administered to the external hospitals; (3) mRS score before onset >2 points; (4) Diseases
that may affect plasma D-dimer levels, such as acute myocardial infarction, deep vein thrombosis, pulmonary throm-
boembolism and active cancer prior to onset; (5) Plasma D-dimer was not tested before emergency thrombectomy; (6)

Instability of vital signs at onset of illness.

5738 s International Journal of General Medicine 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

Detection of Plasma D-Dimer

For all patients that may be diagnosed with AIS, routine coagulation function tests should be performed during
emergency visits. If the patient received intravenous thrombolysis treatment, blood samples should be collected before
intravenous thrombolysis. Peripheral venous blood should be taken from each patient and placed in a blood collection
tube containing sodium citrate as an anticoagulant. Plasma was centrifuged at 3000 rpm for 10 minutes. The detection of
plasma D-dimer was carried out using an automated biochemical detector using immunoturbidimetric assay (Stago Emo
Express, manufacturer: Stago, France). The detection results of plasma D-dimer can be obtained within 30 minutes after
blood collection. According to the current standards of multicenter prospective studies and clinical trials, elevation of
D-dimer was defined as >0.5mg/L.'®

Methods of Thrombectomy

According to the existing guidelines and thrombectomy techniques for the treatment of AIS,'*?" if the patient’s time
from onset to hospital was less than 4.5 hours and there were no contraindications for intravenous thrombolysis, with the
patient or family member’s signed consent, alteplase intravenous thrombolysis treatment can be used. After imaging
evaluation, it was found that there was still a salvageable ischemic penumbra in AIS with anterior circulation occlusion.
After the patient’s family signed and agreed to undergo thrombectomy, treatment was carried out under local anesthesia
and sedation. If the patient’s condition required, tracheal intubation and general anesthesia can be administered. The
neurointerventional physician selected one or more methods for thrombectomy, including stent thrombectomy, thrombus
aspiration, balloon dilation, stent implantation, and intra-arterial use of tirofiban, based on the patient’s location,
pathogenesis and pathway of the lesion. The thrombectomy stents we used included Solitaire AB, RECO and
TREVO. The suction catheters we used included Sofia, ACE Penumbra, and Tianxun distal pathway catheters. The
balloon we used was the Gateway balloon dilation catheter. The carotid artery stent we used was the Protege stent. The
intracranial stent we used was the Apollo intracranial stent. Extended thrombolysis in cerebral infarction (eTICI) blood
flow grading was used to evaluate the situation of occluded vessel recanalization, grades 0 to 2a were defined as
recanalization failure, and grades 2b to 3 were defined as successful interventional recanalization.

Assessment of Cerebral Herniation Formation
Non-enhanced CT examination should be performed immediately and 24 hours after thrombectomy routinely. Non-
enhanced CT or MR should be re-examined based on the patient’s condition from 24 hours to 72 hours after
thrombectomy. If the patient’s condition worsened, cranial CT should be re-examined immediately. Referring to the
definition of cerebral herniation that of existing studies,”’ our study’s diagnosis criteria of cerebral hernia should meet
the following conditions simultaneously: (1) The patient’s symptoms worsen, the NIHSS score increased by >2 points of
all evaluation section, or the NIHSS score increased by >1 point in the consciousness evaluation section, and physical
examination revealed unequal pupil size on both sides; (2) Swelling of brain parenchyma, compression of lateral
ventricle and space occupying effect can be found; (3) The sulcus and gyrus of the brain became shallow or disappeared,;
(4) Middle line displacement of the brain and brain tissue.

Cerebral herniation was evaluated by two neuroradiologists who were unaware of the patient’s laboratory test results
on imaging data. If there was any disagreement between the two evaluators, another experienced neuroradiologist will re-
evaluate the patient’s imaging data and ultimately reached a consensus.

Patient and Public Involvement
Patients or the public WERE NOT involved in the design or conduct, or reporting, or dissemination plans of our research.

Statistical Analysis

Continuous data were expressed as mean + standard deviation or median (interquartile range). Continuous data that
conformed to normal distribution was analyzed using Student’s test, while continuous data that did not conform to
normal distribution was analyzed using Mann—Whitney U-test. The categorical data were expressed in frequency and
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percentage, and statistical analysis was conducted using X> test. The predictive factors (P < 0.05) found in univariate
analysis related to cerebral herniation formation were included into univariate and multivariate logistic regression
analysis to determine independent predictive factors. The forest map of the meaning risk factors of cerebral herniation
in multivariate logistic regression analysis was drawn. Simultaneously, the cutoff value, sensitivity and specificity of the
predictive indicators were determined using the ROC. Statistical analysis was conducted using SPSS 26.0 software.

Results

This study included a total of 278 patients diagnosed with AIS due to anterior circulation large vessel occlusion and
received successful thrombectomy. The research flowchart is shown in Figure 1. The average age of all patients was
66.59 + 11.64 years, with 189 males (66.19%) and 20 patients (7.19%) receiving intravenous thrombolysis. At the time of
onset, the median NIHSS score was 12.00 (IQR 10.00-16.00), and the median ASPECT score was 7.00 (IQR 7.00-9.00).
The average level of D-dimer was 0.90 (IQR 0.46-2.07) mg/L. In terms of the pathogenesis of cerebral infarction, 121
cases (43.53%) were large atherosclerosis (LAA), 91 cases (32.73%) were cardiogenic embolism and 66 cases (23.74%)
were other causes.

Twenty patients (7.19%) experienced cerebral herniation after successful thrombectomy. Patients with cerebral hernia
had a higher NIHSS score (16.5 vs 12.0, P < 0.001), a lower ASPECT score (6.5 vs 8.0, P < 0.001), a higher proportion
of patients receiving intravenous thrombolysis (60.0% vs 3.10%, P = 0.044), a lower collateral circulation score of
American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology (ASTIN/SIR)
(2.0 vs 3.0, P < 0.001), less use of tirofiban in arteries (5% vs 25.19%), less proportion of recanalized blood flow eTICI
grading 3 (35.00% vs 75.19%), less pathogenesis of large atherosclerosis (5.00% vs 46.51%, P < 0.001), and emergency
preoperative plasma D-dimer levels were higher (2.61 vs 0.82, P <0.001). There was no statistical difference between the
two groups in terms of other baseline data. The baseline clinical data of patients with cerebral hernia and those without
cerebral hernia are shown in Table 1.

The indicators with statistical differences in X2 test, Student’s test, or Mann—Whitney U-test were included in
univariate and multivariate logistic regression analysis. After adjusting for potential confounders, preoperative ASPECT
score (aOR = 0.392; 95% Confidence interval (CI) 0.168—-0.915), recanalized blood flow eTICI grading 3 (aOR = 0.275;
95% CI 0.085-0.893), pathogenesis of cardioembolic stroke (aOR = 9.586; 95% CI 1.085-84.668), pathogenesis of other
etiologies (aOR = 12.215; 95% CI 1.172-127.271), and emergency preoperative plasma D-dimer (aOR = 0.131; 95% CI
1.022-1.250) were significantly associated with the formation of cerebral herniation after successful thrombectomy in

475 patients with acute cerebral infarction due to anterior circulation large
vessel occlusion received interventional recanalization treatment at Heyuan
People's Hospital from January 2019 to December 2023

21 patients with eTICI of 0-2a

454 patients received successful thrombectomy

6 patients with mRS score before onset 2 3

6 patients with a history of tumors or cancer

1 patient suffering from acute myocardial infarction
before onset

163 patients without Plasma D-dimer before surgery

278 patients ultimately included in this study

Figure | Research flowchart of our study.
Abbreviations: eTICI, extended thrombolysis in cerebral infarction; mRS, modified Rankin Scale.
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Table | Univariate Analysis of Patients Suffered from Cerebral Herniation After Successful Thrombectomy with AIS Due to Anterior

Circulation Occlusion of Large Blood Vessels

Variables All Patients Cerebral Hernia No Cerebral Hernia | P Value
(n=278) (n=20) (n=258)

Age, years, (mean * standard deviation) 66.59x11.64 69.50x11.00 66.36x11.68 0.256

Gender, Male, n (%) 184(66.19) 15(75.00) 169(65.50) 0.387

Medical History

Hypertension, n (%) 145(52.16) 13(65.00) 132(51.16) 0.233

Diabetes, n (%) 55(19.78) 2(10.00) 53(20.54) 0.254

Cerebral infarction, n (%) 41(14.75) 2(10.00) 39(15.12) 0.534

Coronary heart disease, n (%) 40(14.39) 5(25.00) 35(13.57) 0.160

Atrial fibrillation, n (%) 59(21.22) 7(35.00) 52(20.16) 0.118

Smoking, n (%) 110(39.57) 10(50.00) 100(38.76) 0.322

Drinking, n (%) 63(22.66) 6(30.00) 57(22.09) 0.416

mRS score before onset, (mean * standard deviation) | 0.10+0.42 0.15+£0.49 0.10£0.42 0.559

The situation at the onset of stroke

NIHSS score at onset, median (IQR) 12.00(10.00-16.00) 16.50(12.5-17.75) 12.00(9.00-15.00) <0.001

Preoperative ASPECT score, median (IQR) 7.00(7.00-9.00) 6.50(6.00-7.00) 8.00(7.00-9.00) <0.001

Received intravenous thrombolysis treatment, n (%) 20(7.19) 12(60.00) 8(3.10) 0.044

Location of occluded blood vessels, n (%) 0.814

MI segment of middle cerebral artery 125(44.96) 7(35.00) 118(45.74)

Middle cerebral artery M2 segment 20(7.19) 1(5.00) 19(7.36)

Internal carotid artery 38(13.67) 4(20.00) 34(13.18)

Anterior cerebral artery 1(0.36) 0(0) 1(0.39)

Anterior circulation tandem lesion 94(33.81) 8(40.00) 86(33.33)

Collateral circulation score of ASTIN/SIR, median 3.00(2.00-3.00) 2.00(1.00-2.00) 3.00(2.00-3.00) <0.001

(IQR)

Intraarterial use of tirofiban injection, n (%) 66(23.74) 1(5.00) 65(25.19) 0.041

eTICI grading, n (%) 0.001

2b 59(21.22) 10(50.00) 49(18.99)

2c 18(6.47) 3(15.00) 15(5.81)

3 201(72.30) 7(35.00) 194(75.19)

Time nodes

Time from admission to femoral artery puncture, min, | 121.00(97.75-157.75) 127.50(84.25-142.50) 120.50(97.75-162.00) 0.445

median (IQR)

Time from puncture to recanalization of occluded 95.00(73.75-128.25) 101.50(76.25-130.00) 94.00(72.00-128.00) 0513

blood vessel, min, median (IQR)

Time from onset to recanalization of occluded blood 527.00(393.75-723.50) | 467.00(389.25-596.00) | 535.00(393.75-751.00) | 0.131

vessel, min, median (IQR)

Pathogenesis, n (%) 0.001

Atherosclerotic type 121(43.53) 1(5.00) 120(46.51)

Cardiogenic embolism 91(32.73) 11(55.00) 80(31.01)

Other causes 66(23.74) 8(40.00) 58(22.48)

Plasma D-dimer, median (IQR) 0.90(0.46-2.07) 2.61(1.41-8.65) 0.82(0.44-1.88) <0.001

Abbreviations: AlS, Acute ischemic stroke; mRS, modified Rankin scale; NIHSS, National Institute of Health stroke scale; ASPECT, Alberta Stroke Program Early CT;
ASTIN/SIR, American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology; eTICI, extended thrombolysis in cerebral infarction.

patients diagnosed with AIS due to anterior circulation large vessel occlusion. Univariate and multivariate logistic

regression analyses are shown in Table 2.

According to indicators with statistical differences in the multivariate logistic regression analysis, a forest plot of the

risk factors of cerebral herniation formation is drawn as shown in Supplementary Figure 1. The ROC curve for predicting

cerebral herniation using plasma D-dimer was drawn, with an area under the curve (AUC) of 0.766, a cutoff value of

1.675mg/L, a sensitivity of 75.0%, and a specificity of 73.3%. The ROC curve is shown in Figure 2.
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Table 2 Univariate and Multivariate Logistic Regression Analysis of Patients with Cerebral Hernia

Variables Univariate Analysis Multivariate Analysis
OR 95% CI P Value OR 95% CI P Value

NIHSS score at onset 1.100 1.026—1.180 0.007 1.011 0.903-1.132 0.845

Preoperative ASPECT score 0.295 0.157-0.557 <0.001 0.392 0.168-0.915 0.030

Received intravenous thrombolysis treatment | 2.531 0.999-6.412 0.050

Collateral circulation score of ASTIN/SIR 0.270 0.144-0.505 <0.001 0.423 0.178-1.004 0.051

Intraarterial use of tirofiban injection 0.156 0.021-1.190 0.073

eTICI grading

2b Reference Reference

2c 0.980 0.238-4.030 0.978 1.941 0.360-10.474 | 0.441

3 0.177 0.064-0.488 0.001 0.275 0.085-0.893 0.032

Pathogenesis

Atherosclerotic type Reference Reference

Cardiogenic embolism 16.500 2.089-130.312 | 0.008 9.586 1.085-84.668 0.042

Other causes 16.552 2.022-135.482 | 0.009 12.215 1.172-127.271 | 0.036

Plasma D-dimer, median (IQR) 1.154 1.070-1.245 <0.001 1.131 1.022-1.250 0.017

Abbreviations: NIHSS, National Institute of Health stroke scale; ASPECT, Alberta Stroke Program Early CT; ASTIN/SIR, American Society of

Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology; eTICI, extended thrombolysis in cerebral infarction; Cl, Confidence
interval.

In terms of bone flap decompression surgery, 4 cases (%) of patients in the cerebral herniation group underwent bone
flap decompression surgery, while no patients in the cerebral hernia group underwent bone flap decompression surgery.
There was a statistical difference between the two groups (P < 0.001). In terms of prognosis, patients with cerebral
herniation had higher mRS scores at 3 months after surgery, a lower proportion of mRS scores <2 and mRS scores <1,
and a higher mortality rate. The comparison of bone flap decompression surgery and prognosis of two groups of patients
is shown in Table 3. The distribution of mRS scores at 3 months after surgery for patients with and without cerebral
herniation is shown in Supplementary Figure 2.

We further divided patients into a normal D-dimer group (D-dimer < 0.50mg/L) and an elevated D-dimer group
(D-dimer > 0.50mg/L) based on plasma D-dimer levels. The baseline clinical data of patients in the normal and elevated
D-dimer groups are shown in Supplementary Table 1. The elevated D-dimer group had a higher average age (68.74 vs
61.08, P < 0.001), a higher proportion of coronary heart disease (17.00% vs 7.69%, P = 0.047), a higher proportion of
atrial fibrillation (26.00% vs 8.97%, P = 0.002), a higher NIHSS score at onset (13.00 vs 11.00, P = 0.012), a lower
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Figure 2 ROC curve of predicting cerebral herniation after successful thrombectomy using emergency preoperative plasma D-dimer levels. The corresponding AUC is
0.766.

Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the curve.
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Table 3 Bone Flap Decompression Surgery and Prognostic Differences Between Patients with Cerebral Hernia and Those with No
Cerebral Hernia After Mechanical Thrombectomy for Acute Cerebral Infarction with Large Vessel Occlusion in the Anterior

Circulation
Variables All Patients (n=278) | Cerebral Hernia (n=20) | No cerebral Hernia (n=258) | P Value
Bone flap decompression surgery, n (%) 4(1.44) 4(20.00) 0(0) <0.001
mRS score 3 months after 2.50(1.00-4.00) 6.00(5.25-6.00) 2.00(1.00-4.00) <0.001
thrombectomy, median (IQR)
mRS score 3 months after 139(50.00) 0(0) 139(53.88) <0.001
thrombectomy < 2 points, n (%)
mRS score 3 months after 100(35.97) 0(0) 100(38.76) 0.001
thrombectomy < | points, n (%)
Death within 3 months after 24(8.63) 15(75.00) 9(3.49) <0.001
thrombectomy, n (%)

Abbreviation: mRS, modified Rankin scale.

preoperative ASPECT score (7.00 vs 8.00, P = 0.011), a lower collateral circulation score of ASTIN/SIR (2.00 vs 3.00,
P =0.026), and a higher proportion of cardioembolic mechanisms (38.50% vs 17.95%). After adjusting for variables with
significant differences in univariate analysis, it was found that age (aOR = 1.060; 95% CI 1.030-1.090) was significantly
correlated with an elevation in baseline D-dimer levels (as shown in Supplementary Table 2).

Discussion

With the continuous updating of interventional instruments, the success rate of thrombectomy in AIS due to large vessel
occlusion can reach up to 90%, but the proportion of futile recanalization is still as high as 50% or even higher.?' ** The
formation of cerebral herniation after thrombectomy is one of the important factors affecting futile recanalization. At
present, clinical researches pay less attention to the formation of cerebral herniation after thrombectomy, and there is
a lack of relevant literature on the incidence of cerebral herniation. Our study found that the incidence of cerebral
herniation is 7.19%. After adjusting for potential confounders, this study showed a significant correlation between
emergency preoperative plasma D-dimer level above 1.675mg/L and the formation of cerebral herniation after successful
thrombectomy in AIS due to large vessel occlusion.

A retrospective study by Yao T et al*’

found a significant correlation between elevated plasma D-dimer levels at
admission and adverse outcomes in patients with AIS after admission. Plasma D-dimer levels can serve as a predictor for
short-term adverse outcomes in patients with AIS. Nam KW et al*® detected plasma D-dimer levels at admission and
discharge in patients with AIS and found that plasma D-dimer levels at admission and discharge were associated with

early neurological deterioration. A retrospective study by Qiu K et al'?

found that elevated levels of D-dimer upon
admission were an independent predictor of symptomatic intracerebral hemorrhage after thrombectomy in patients with
AIS and large vessel occlusion. The higher the D-dimer level in patients, the higher the risk of symptomatic cerebral
hemorrhage. In the prediction model of futile recanalization in AIS with large vessel occlusion constructed by Huang

et al,31

the risk of futile recanalization increased with the elevation of plasma D-dimer levels. It is currently clear that the
elevation in plasma D-dimer is associated with early neurological deterioration, symptomatic cerebral hemorrhage and
futile recanalization. However, there is currently no research on predicting the formation of cerebral herniation after
successful thrombectomy in AIS with large vessel occlusion using emergency preoperative plasma D-dimer. Our study
confirmed that the elevation of plasma D-dimer levels is associated with the formation of cerebral herniation after
successful thrombectomy. To our knowledge, our study is the first to propose the prediction of cerebral herniation
formation after successful thrombectomy using plasma D-dimer. This discovery will contribute to the early prediction
and perioperative management of cerebral hernia formation, such as obtaining recanalized blood flow eTICI grading 3
during thrombectomy, guiding early dehydration, reducing intracranial pressure and preparing for craniotomy and bone
flap removal.
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Plasma D-dimer is a degradation product of fibrinogen and a classic biomarker for various thrombotic diseases.’
After brain tissue injury, the coagulation cascade can be enhanced by activating intrinsic coagulation factors and platelet
aggregation. At the same time, high D-dimer levels reflect the formation of microthrombosis in the microcirculation of
occluded blood vessels, which can cause widespread activation of the coagulation system, leading to high fibrinolysis and
coagulation dysfunction. The reason why we only chosed plasma D-dimer as a laboratory indicator to predict the
formation of cerebral herniation was mainly because the waiting time for reporting immune, inflammatory and liver
function indicators is long, which is not suitable for use before emergency thrombectomy. The single indicator of plasma
D-dimer can often be reported within 30 minutes and does not require additional calculations, making it more suitable for
use before emergency thrombectomy.

Our study also found that patients with cerebral hernia had higher NIHSS score, lower preoperative ASPECT score,
lower collateral circulation score of ASTIN/SIR, and a higher proportion of cardioembolic mechanisms at onset. Patients
with elevated plasma D-dimer were founded to have higher NIHSS score, lower preoperative ASPECT score, lower
collateral circulation score of ASTIN/SIR, and a higher proportion of cardioembolic mechanisms at onset. This suggested
that plasma D-dimer can accurately reflect the burden of disease, and an increase in plasma D-dimer is associated with
more severe neurological deficits, larger infarct size, poorer collateral compensation, and larger proportion of pathogen-
esis of cardioembolic stroke. In multivariate logistic regression analysis, we found that lower preoperative ASPECT
score, pathogenesis of cardioembolism, and pathogenesis of other causes were independent risk factors for cerebral
hernia, while recanalization eTICI grading 3 was the protective factor for cerebral hernia. Because the above indicators
were not laboratory test indicators, their objectivity is not as strong as that of emergency preoperative plasma D-dimer
relatively, so we tried to use emergency preoperative plasma D-dimer to predict cerebral hernia after successful
mechanical thrombectomy. For patients with increased plasma D-dimer before emergency surgery, the important clinical
significance is that we should pay special attention to taking corresponding measures to prevent patients from cerebral
hernia and other complications after mechanical thrombectomy. In terms of recanalized blood flow eTICI grading,
patients with grading 3 have a lower proportion of postoperative cerebral herniation, which suggests that neurointerven-
tional physicians should strive to achieve complete reperfusion of occluded blood vessels in patients with high risk of
postoperative cerebral herniation.

Brain herniation indicates an increase in intracranial pressure in patients.’> The higher the plasma D-dimer level, the
more severe the formation of thrombosis and microthrombus. Although there may be a more accurate indicator than
plasma D-dimer to predict cerebral herniation formation after successful mechanical thrombectomy, plasma D-dimer is
an easily obtainable available detection indicator before emergency surgery. The level of plasma D-dimer may also be
correlated with increased intracranial pressure, but further research is needed.

Our research had some limitations. First, this study was a single center, retrospective study, which was not necessarily
of universal significance, and the findings of this study need to be interpreted with caution. Second, the number of cases
of cerebral herniation in this study was relatively limited, which inevitably leaded to bias. However, the sample size of
patients without cerebral herniation was relatively large, which makes our data relatively reliable. Third, we only
included plasma D-dimer levels before emergency thrombectomy and did not dynamically reviewed plasma D-dimer
levels. Fourth, the exclusion of patients with conditions affecting D-dimer levels may have introduced selection bias,
which may to some extent affect the statistical results. Fifth, data on post-thrombectomy management that could
influence cerebral herniation development was not explored. Further research is needed to determine whether emergency
preoperative plasma D-dimer levels are associated with cerebral herniation in patients with AIS after successful
thrombectomy, as well as the specific pathological and physiological mechanisms.

Conclusion

Although our study had certain limitations, we found that elevated emergency preoperative plasma D-dimer level is an
independent predictive factor for the cerebral herniation after successful thrombectomy in patients with AIS, which is of
great clinical significance. Based on D-dimer, which is an easily obtainable laboratory indicator, it can be used in clinical
practice to early predict cerebral herniation after successful thrombectomy, helping to guide the thrombectomy
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programme and precise perioperative management. In the future, multicenter or prospective studies are needed to validate
our finding and provide stronger evidence.
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