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Abstract
The aim is to investigate the relationship between serum coagulation parameters (PT, APTT, D-D and FDP) before hospi-
talization and recurrence of chronic subdural hematoma (CSDH). 236 patients with CSDH who were diagnosed for the first 
time and had complete medical records were followed up for at least 90 days. Fifty patients (21.2%) had relapsed. Univariate 
analysis was conducted including general data, imaging data and test results. Serum coagulation parameters (PT, APTT, 
D–D and FDP) were detected for all CSDH patients. The study identified several factors that exhibited a significant correla-
tion with chronic subdural hematoma (CSDH) recurrence. These factors included advanced age (p = 0.01), hypertension 
(p = 0.04), liver disease (p = 0.01), anticoagulant drug use (p = 0.01), antiplatelet drug use (p = 0.02), bilateral hematoma 
(p = 0.02), and single-layer hematoma (p = 0.01). In addition, the presence of fibrin/fibrinogen degradation products (FDP) 
exceeding 5 mg/L demonstrated a significant relationship with CSDH recurrence (P < 0.05). Notably, the combined assess-
ment of D-dimer (D–D) and FDP exhibited a significant difference, particularly regarding recurrence within 30 days after 
surgery (P < 0.05). The simultaneous elevation of serum FDP and D–D levels upon admission represents a potentially novel 
predictor for CSDH recurrence. This finding is particularly relevant for patients who experience recurrence within 30 days 
following surgical intervention. Older individuals with CSDH who undergo trepanation and drainage should be closely 
monitored due to their relatively higher recurrence rate.
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Introduction

Chronic subdural hematoma (CSDH) refers to the accumula-
tion of fluid, blood, and degraded blood products between 
the dura and arachnoid membranes that envelop the brain’s 
surface. The global annual incidence of CSDH ranges from 
approximately 1.7 to 20.6 cases per 100,000 individuals, 
with a significant increase in incidence associated with 
advancing age (8 to 58 cases per 100,000 in individuals 
aged 65 years and older) [1, 2]. The mean age of onset is 
reported to be 76.8 years [3]. It is projected that by 2030, 
CSDH removal will become the most common neurosurgical 
procedure performed on adults in the United States.

The occurrence and progression of CSDH are linked to 
the increased permeability of abnormal blood vessels, the 
release of inflammatory mediators, and local coagulation 
mechanisms. Surgical evacuation of the subdural hematoma 
remains the primary treatment for symptomatic patients. The 
recurrence rate of CSDH ranges from 10.9 to 26.3% [3]. 

Zhen Bao and Sen Xu have  equally contributed to his work.

 *	 Tian‑Yu Liang 
	 liangtianyu1111@163.com

1	 Department of Neurosurgery, The Fourth affiliated Hospital 
of Soochow University, Suzhou 215123, Jiangsu, China

2	 The Second Clinical Medical School, Zhejiang Chinese 
Medical University, Hangzhou 310059, China

3	 Department of Neurosurgery & Brain and Nerve Research 
Laboratory, The First Affiliated Hospital of Soochow 
University, Suzhou 215006, Jiangsu, China

4	 Departmen of Intensive Care, Tongxiang First People’s 
Hospital, Jiaochang Road 1918, Tongxiang 314500, 
Zhejiang, China

5	 Intensive Care Unit, Emergency and Critical Care Center, 
Zhejiang Provincial People’s Hospital (Affiliated People’s 
Hospital, Hangzhou Medical College), No.158 Shangtang 
Road, Gongshu District, Hangzhou 310014, Zhejiang, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s11010-024-05019-8&domain=pdf


	 Molecular and Cellular Biochemistry

Recurrence poses a significant financial burden on individu-
als and society as a whole.

Although the precise mechanisms underlying the devel-
opment of CSDH are not fully understood, several potential 
pathogenic processes have been investigated. Despite the 
availability of relatively systematic and standardized surgi-
cal methods and drug therapies for CSDH, the recurrence 
rate after treatment remains relatively high. Therefore, early 
identification of patients prone to CSDH recurrence holds 
great significance.

Several factors have been identified as being associated 
with CSDH recurrence, including male gender, advanced 
age, history of alcohol abuse, diabetes, renal failure, liver 
disease, use of anticoagulant or antiplatelet agents, and spe-
cific imaging findings of the hematoma.

In contrast, hematological parameters such as fibrinogen, 
neutrophils, eosinophils, and serum coagulation-related 
factors have been linked to infarct size, hemorrhage in cer-
ebrovascular diseases (including cerebral hemorrhage or 
cerebral infarction), and the prognosis of affected patients. 
However, studies investigating hematological parameters 
and their relationship with CSDH are scarce [4]. Therefore, 
the present study aims to explore the association between 
serum coagulation parameters (prothrombin time, activated 
partial thromboplastin time, D-dimer, and fibrin/fibrinogen 
degradation products) measured before hospitalization and 
the recurrence of CSDH, to exploring the specific asso-
ciation between coagulation parameters and postoperative 
recurrence in CSDH, in order to provide a new direction for 
clinical research on the pathophysiology of chronic subdural 
hematoma in the future.

Materials and methods

Study population

236 patients with CSDH who underwent trephination and 
subdural drainage for the first time in the Department of 
neurosurgery, Zhejiang provincial people’s hospital from 
September 2019 to February 2022 were retrospectively ana-
lyzed. In addition, their baseline profiles, imaging examina-
tion and blood tests were complete. All patients were con-
firmed by cranial CT or head magnetic resonance imaging 
(MRI) before surgery. Antiplatelet and/or anticoagulant 
agents were discontinued before surgery in all patients. For 
patients with elevated international standardized ratios at 
admission, we routinely administer intravenous fibrinogen 
K before surgery. Antiplatelet or anticoagulant agents are 
usually reapplied 1 month after surgery. The patients were 
informed that their clinical data should be used for medical 
research analysis. After obtaining the consent of the patients, 
CSDH patients with complete data before trepanation and 

drainage were accurately followed up for 90 days, the rel-
evant clinical data of the patients were recorded, and the rel-
evant data were retrospectively analyzed. The present study 
was approved by the ethnic aboard of Zhejiang provincial 
people’s hospital.

Inclusion and exclusion criteria

Inclusion criteria

To be eligible for the study, patients must meet the follow-
ing criteria:

•	 Age above 18 years.
•	 Presence of chronic or subacute, uni- or bilateral subdural 

hematomas confirmed by cerebral computed tomogra-
phy (CT) scan without contrast enhancement. Patients 
diagnosed with CSDH using a different imaging modal-
ity (e.g., magnetic resonance imaging) must undergo an 
additional CT scan.

•	 Absence of clinical (Glasgow Coma Scale score ≤ 12, 
motor deficit < 4/5) and radiological signs of severity 
(midline shift > 5 mm, uncal transtentorial herniation) 
as assessed by the responsible neurosurgeon investigator.

•	 Written informed consent obtained from the patients or 
their next of kin, taking into consideration the patients’ 
cognitive status.

Exclusion criteria

The following criteria will result in noninclusion of patients 
in the trial (any one criterion is sufficient for exclusion):

•	 Clinical signs of severity (Glasgow Coma Scale 
score ≤ 12, motor deficit < 4/5).

•	 Radiological signs of severity (midline shift > 5 mm, 
uncal transtentorial herniation).

•	 Diabetes mellitus (the vascular endothelium is in an 
inflammatory response state when the body is in a 
chronic state of hyperglycemia, and coagulation failure 
is intimately linked to the rise in vascular active sub-
stances brought on by inflammatory reactions, vascular 
endothelial damage, etc.).

•	 Contraindications for methylprednisolone, including 
uncontrolled infectious disease, evolutive viral disease 
(e.g., HIV, hepatitis, herpes, varicella, and herpes zoster), 
known psychiatric disorder, known hypersensitivity to 
methylprednisolone or lactose intolerance.

•	 Previous surgery for CSDH within the past 6 months.
•	 Pre-existing severe dementia, defined by a MMSE 

score < 16 unrelated to CSDH.
•	 Neurological pathology associated with dementia.
•	 Long-term corticosteroid treatment.
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•	 Patients under legal protection (conservatorship, trustee-
ship, and guardianship) or deprived of freedom.

•	 Participation of the patient in other concurrent clinical 
research studies.

Sample collection and testing

Peripheral blood samples were collected from CSDH 
patients who met the inclusion and exclusion criteria fol-
lowing the standard clinical blood collection procedure. 
The blood samples were obtained 1 h prior to the surgical 
operation. The collection vessels used did not contain any 
anticoagulants, and the samples were kept at a temperature 
of 22–25 °C for 30 to 60 min. After this period, the serum, 
which appeared as a light-yellow supernatant precipitate sur-
rounding the clot, was carefully aspirated. The serum was 
then transferred to 1.5 ml frozen storage tubes, and each 
sample was divided into three approximately equal parts of 
about 500 μl. The tubes were properly labeled with the sam-
ple number and type using a marker. Subsequently, the tubes 
were stored in a refrigerator at a temperature of − 80 °C. The 
samples designated for testing were placed in a dry ice trans-
port box and sent to the laboratory for coagulation function 
tests. Throughout the study, all biological specimens were 
tested in duplicate whenever possible, and the average value 
of the test data was recorded as the experimental result.

Sample size

Since there were no previous studies addressing the specific 
question of this manuscript and no information about defin-
ing ideal sample size, we had no idea of the threshold of a 
sample pool. Hence, the present study included 236 patients. 
Initially, more than 240 patients were enrolled in the study. 
However, after applying the exclusion criteria, the final num-
ber of participants was 236.

All patients had their blood coagulation indicators exam-
ined, and samples of patients with various clinical outcomes 
were gathered in accordance with the requirements of the 
experimental design. To guarantee the precision and depend-
ability of the experimental data, this study developed a 
robust and repeatable experimental procedure. To prevent 
the introduction of subjective bias, the data statistics pro-
cedure uses a double-blind experimental design in which 
the sample processing group is unknown to both the data 
analysts and the experimental operators. Strict experimental 
procedures and standardized operating protocols are imple-
mented to ensure consistency and reproducibility of each 
experimental step. Detailed records of the experimental 
process, including data collection, are maintained for sub-
sequent analysis and validation.

Statistical analysis

Statistical differences between the two groups were exam-
ined using Chi-square tests and Fisher exact tests. Further 
subgroup analyses were performed using the Chi-square 
tests and Fisher exact tests; statistical significance was 
defined as P < 0.05. All analyses were performed using the 
statistical software SPSS 20.0 version.

Results

Univariate analysis of baseline characteristics 
of patients with CSDH

236 patients with CSDH who were diagnosed for the first 
time and had complete medical records were followed up 
for at least 90 days. 50 patients (21.2%) had relapsed. Uni-
variate analysis of the general data, imaging data and test 
results of 180 patients with CSDH who were included for 
the first time, as shown in Table 1. There was no differ-
ence in gender, smoking history, alcoholism history, and 
diabetes history. However, they included advanced age 
(≥ 80 years old) (p = 0.01), hypertension (SBP ≥ 140 mmHg 
or DBP ≥ 90 mmHg) (p = 0.041), liver disease [Alanine 
Aminotransferase (ALT) > 40 U/L, Aspartate Aminotrans-
ferase (AST) > 34 U/L, Bilirubin > 1.2 mg/dL] (p = 0.01), 
anticoagulant drug use [Warfarin, heparin, low molecu-
lar weight heparin (LMWH), direct oral anticoagulants 
(DOACs) such as dabigatran, rivaroxaban, apixaban, and 
edoxaban] (p = 0.01), antiplatelet drug use (Aspirin, clopi-
dogrel, prasugrel, ticagrelor) (p = 0.02), bilateral hematoma 
(p = 0.02), and single-layer hematoma (p = 0.01); there was 

Table 1   General information between recurrence group and no recur-
rence group for CSDH patients

CSDH Chronic subdural hematoma

Factors Recurrence 
group (n = 50)

No recurrence 
group (n = 186)

P

Advanced age (≥ 80) 8 15 0.01
Gender (male) 30 118 0.74
Male 30 118
Smoking status 12 50 0.72
Alcohol status 9 40 0.70
Diabetes 12 60 0.30
Hypertension 25 56 0.01
Liver disease 15 18 0.01
Renal failure 11 55 0.37
Stroke 15 55 0.62
Dementia 6 34 0.70
Anticoagulant 10 15 0.02
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a statistically significant difference, as shown in Tables 1 
and 2.

Serum FDP and DD increased simultaneously 
with CSDH recurrence

We conducted a comparison of the recurrence rates of CSDH 
patients based on serum coagulation parameters, including 
prothrombin time (PT), activated partial thromboplastin time 
(APTT), D-dimer (D–D), and fibrin/fibrinogen degradation 
products (FDP). Our analysis revealed no significant dif-
ferences in recurrence rates based on PT, APTT, or D–D 
levels (P > 0.05). However, there was a significant difference 
observed in recurrence rates based on FDP levels (P < 0.05), 
as presented in Table 3.

To further investigate the relationship between D–D and 
FDP, we examined the recurrence rates of CSDH patients 
based on the combination of these two parameters. The com-
bination demonstrated a significant difference (P < 0.05). 
Moreover, the combination showed a significant difference 
specifically in cases of recurrence within 30 days (P < 0.05), 
as presented in Tables 3 and 4.

Discussion

The pathophysiological mechanisms underlying the for-
mation of chronic subdural hematoma (CSDH) have been 
the subject of study for over a century. Through extensive 
research, our understanding of the pathophysiological 

processes involved in CSDH formation has gradually 
improved [5–7]. In the seventeenth century, CSDH was 
initially recognized as a stroke, while in the nineteenth 
century, it was regarded as an inflammatory disease. It 
was not until the twentieth century that CSDH began to be 
recognized as a consequence of traumatic head injury. The 
first documented case of CSDH was reported in 1657 by 
Johan J. Wepfer [8] that described the presence of a large 
bloody cyst in the subdural space of a patient who had died 
from a stroke. Similar findings were reported by Morgagni 
90 years later, further supporting the notion that CSDH 
was associated with strokes. In 1857, Virchow published a 
paper on the histological structure of the outer membrane 
of the hematoma, describing CSDH as a dural hemorrhage. 
He proposed a widely accepted hypothesis at the time, 
suggesting that the disease was caused by an inflamma-
tory response of the dura. However, Virchow’s hypothesis 
focused on chronic inflammatory responses triggered by 
bacterial infections. It is important to note that not only 
infections, but also inflammatory responses can occur as 
a result of injury from any etiology. In the late 19th and 

Table 2   Comparison of imaging data between recurrence group and 
no recurrence group for CSDH patients

CSDH Chronic subdural hematoma

Parameters Recurrence 
group (n = 50)

No recurrence 
group (n = 186)

P

Monolayer hematoma 0.01
Yes 12 86
No 38 100
Bilayer hematoma 0.04
Yes 30 80
No 20 106
Low-density hematoma 0.48
Yes 16 50
No 34 136
Isodensity hematoma 0.59
Yes 15 48
No 35 138
High-density hematoma 0.75
Yes 4 12
No 46 174

Table 3   Comparison of recurrence rate for CSDH patients by serum 
coagulation parameters (PT, APTT, D–D and FDP)

CSDH Chronic subdural hematoma

Parameters Recurrence group 
(n = 50)

No recurrence group 
(n = 186)

P

PT 0.48
 > 16 16 50
 ≤ 16 34 136
APTT 0.59
 > 33 15 48
 ≤ 33 35 138
D–D 0.14
 > 1 25 50
 ≤ 1 25 136
FDP 0.03
 > 5 21 48
 ≤ 5 29 138

Table 4   Comparison of recurrence rate for CSDH patients by the 
combination of D–D and FDP

CSDH Chronic subdural hematoma

Parameters Recur-
rence group 
(n = 50)

No recur-
rence group 
(n = 186)

P

D–D > 1 and FDP > 5 19 (38.0%) 40 (21.5%) 0.02
Recurrence (within 30 days) 10 (20.0%) 10 (5.4%) 0.04
Recurrence (within 31–90 

days)
9 (18.0%) 30 (16.1%) 0.83
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early twentieth centuries, Trotter proposed trauma as a 
possible cause of CSDH, which garnered academic atten-
tion [9]. This viewpoint has been partially supported by 
studies, as it has been reported that over 80% of CSDH 
patients have a history of head trauma prior to the onset of 
symptoms [9]. CSDH can also result from vascular injury, 
inflammatory response, protein and cytokine-mediated cel-
lular damage.

In the course of an intracranial trauma, the effect of exter-
nal head forces can lead to rupture of intracranial blood ves-
sels, resulting in hemorrhage and haematoma. In addition, 
due to the anatomical characteristics of intracranial blood 
vessels and the particular location of brain tissue, some 
intracranial blood vessels are susceptible to tensile or shear 
forces, which also increase the risk of vessel rupture. Fol-
lowing haematoma formation, blood components and break-
down products enter the brain tissue and cause an inflamma-
tory response [10, 11]. This inflammatory response causes 
edema and infiltration of inflammatory cells into the brain 
tissue, which further aggravates the damage to the brain tis-
sue and also promotes re-rupture of the blood vessel and 
hemorrhage, creating a vicious cycle. The blood compo-
nents and decomposition products in the haematoma contain 
a number of proteins, cytokines, etc., which can directly or 
indirectly cause cell damage and apoptosis in the brain tis-
sue, accelerating the formation and expansion of the hae-
matoma [8].

CSDH is a relatively rare but serious intracranial disorder 
that can occur as a result of bleeding disorders (e.g., anti-
coagulant use and platelet dysfunction). These patients may 
have coagulation abnormalities such as platelet dysfunction, 
coagulation factor deficiencies or abnormalities which may 
increase the risk of bleeding and lead to the formation and 
development of hematomas. In addition, some patients may 
be on long-term anticoagulant medication (e.g., warfarin), 
which can also increase the incidence of chronic subdural 
hematomas [6, 8]. The present study aimed to investigate 
the relationship between serum coagulation parameters (PT, 
APTT, D–D, and FDP) and the recurrence of CSDH. The 
results revealed several important findings that shed light 
on the factors contributing to CSDH recurrence and have 
implications for clinical practice.

First, advanced age was found to be significantly corre-
lated with CSDH recurrence. This finding is consistent with 
previous studies that have demonstrated age as a risk factor 
for CSDH recurrence. It is well known that aging is associ-
ated with changes in the brain vasculature, such as increased 
vessel fragility and decreased vascular elasticity, which may 
predispose older individuals to CSDH recurrence [5]. Fur-
thermore, age-related comorbidities, including hypertension 
and liver disease, were also identified as significant factors 
associated with CSDH recurrence. These findings highlight 

the importance of considering age and associated comorbidi-
ties when assessing the risk of CSDH recurrence in clinical 
practice [6].

Second, the use of anticoagulant and antiplatelet drugs was 
found to be significantly associated with CSDH recurrence. 
Anticoagulant and antiplatelet medications are commonly pre-
scribed for various medical conditions, such as atrial fibrilla-
tion and cardiovascular diseases, to prevent thromboembolic 
events. However, these medications can disrupt the balance 
of the coagulation system, leading to increased bleeding ten-
dencies and potentially contributing to CSDH recurrence [7]. 
This finding underscores the need for careful management 
and monitoring of patients on anticoagulant and antiplatelet 
therapy who undergo surgical treatment for CSDH.

Importantly, the study identified elevated levels of fibrin 
degradation products (FDP) as a significant predictor of 
CSDH recurrence. FDP is a marker of fibrinolysis, reflecting 
the breakdown of fibrin clots. The presence of elevated FDP 
levels suggests increased fibrinolytic activity and impaired 
hemostasis, which may contribute to the recurrence of CSDH 
[8, 9]. This finding highlights the potential role of the coagu-
lation–fibrinolysis system in the pathogenesis of CSDH and 
suggests that monitoring FDP levels could aid in identifying 
patients at higher risk of recurrence.

Furthermore, the combination of D–D and FDP levels 
showed a significant difference, particularly in cases of recur-
rence within 30 days. D–Dimer is a specific marker of fibrin 
degradation and reflects the formation and breakdown of blood 
clots [10, 11]. The significant association between D–Dimer 
and CSDH recurrence, especially in the early postoperative 
period, suggests that ongoing fibrinolysis and clot formation 
may contribute to early recurrence. This finding emphasizes 
the importance of closely monitoring patients during the ini-
tial postoperative period to detect early signs of recurrence. 
However, most of the previous studies were from the clinical 
perspective, and the pathophysiological mechanism involved 
in postoperative hematoma recurrence is still in its infancy 
[12–17].

In light of these findings, the management of CSDH 
patients should involve a comprehensive assessment of risk 
factors, including age, comorbidities, and medication use. 
Close monitoring of coagulation parameters, particularly FDP 
and D-Dimer levels, may provide valuable insights into the 
risk of CSDH recurrence. Identifying patients at higher risk of 
recurrence can guide decisions regarding postoperative man-
agement, such as the duration of anticoagulant or antiplatelet 
therapy and the need for closer surveillance.
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Limitations

It is important to acknowledge some limitations of this 
study. First, one limitation of this study is the relatively 
small sample size, with only 236 patients included. A 
larger sample size would provide greater statistical power 
and enhance the generalizability of the findings. The small 
sample size may limit the ability to draw robust conclu-
sions and extrapolate the results to larger populations. This 
study relied on clinical records and data collected during 
routine clinical practices, which have inherent limitations, 
including potential biases, missing data, and the inability 
to establish causal relationships. Employing a prospective 
study design with standardized data collection methods 
could yield more reliable and comprehensive results. Sec-
ond, some confounding factors may bring some bias to 
the final results. Third, hemoglobin, platelet, and serum 
creatinine measurements are lacking, and these parameters 
could provide valuable information regarding the patients’ 
overall health status and potential underlying conditions 
that may influence the recurrence of CSDH. The absence 
of these measurements limits a comprehensive analysis of 
their potential association with CSDH recurrence. Fourth, 
the absence of exploration regarding the indications for 
anticoagulant use, such as atrial fibrillation (AFib), pul-
monary embolism (PE), and deep vein thrombosis (DVT), 
should be considered. Anticoagulant therapy is commonly 
indicated in patients with AFib to prevent stroke and sys-
temic embolism, as well as in patients with PE or DVT 
to prevent clot propagation and recurrence. However, 
this study does not provide information on whether the 
patients included had these indications for anticoagulant 
therapy. The absence of this data limits the understand-
ing of the potential impact of anticoagulant use on the 
recurrence of CSDH and may affect the generalizability 
of the findings to populations with different indications 
for anticoagulation.

Conclusion

This study provides valuable insights into the relationship 
between serum coagulation parameters and the recurrence 
of CSDH. The simultaneous elevation of serum FDP and 
D-D levels upon admission represents a potentially novel 
predictor for CSDH recurrence. This finding is particularly 
relevant for patients who experience recurrence within 
30 days following surgical intervention. Older individuals 
with CSDH who undergo trepanation and drainage should 
be closely monitored due to their relatively higher recur-
rence rate.

Advanced age, comorbidities, and medication use were 
identified as significant risk factors for CSDH recurrence. 
These findings have important implications for risk strati-
fication and the development of tailored management strat-
egies for CSDH patients. Further research is warranted 
to validate these findings and elucidate the underlying 
mechanisms contributing to CSDH recurrence.
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