
Copyright © 2023 The Korean Neurosurgical Society  726

Clinical Article
J Korean Neurosurg Soc 66 (6) : 726-734, 2023
https://doi.org/10.3340/jkns.2023.0115 pISSN 2005-3711   eISSN 1598-7876

Balancing Bleeding Risk and Thromboembolic  
Complications in Elderly Chronic Subdural Hematoma 
Patients Undergoing Burr Hole Trephination : A Multicenter 
Retrospective Cohort Study and Literature Review

Jin Eun,1 Stephen Ahn,2 Min Ho Lee,3 Jin-Gyu Choi,4 Jae-Sung Park,2 Chul Bum Cho,5 Young Il Kim5

Department of Neurosurgery,1 Eunpyeong St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea 
Department of Neurosurgery,2 Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea 
Department of Neurosurgery,3 Uijeongbu St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea 
Department of Neurosurgery,4 Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea 
Department of Neurosurgery,5 St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Objective : Chronic subdural hematoma (CSDH) patients using antithrombotic agents (AT) at high risk for cardiovascular disease 
are increasing. The authors aimed to analyze the factors influencing outcome by targeting patients using AT and to establish a 
desirable treatment strategy.
Methods : A retrospective analysis was performed on data from 462 patients who underwent burr hole trephination (BHT) surgery 
for CSDH at five hospitals from March 2010 to June 2021. Outcomes included incidence of postoperative acute bleeding, recurrence 
rate, and morbidity or mortality rate. Patients were divided into the following four groups based on their history of AT use : no AT. 
Only antiplatelet agents (AP), only anticoagulants (AC), both of AP and AC. In addition, a concurrent literature review was conducted 
alongside our cohort study.
Results : Of 462 patients, 119 (119/462, 25.76%) were using AT. AP prescription did not significantly delay surgery (p=0.318), but 
AC prescription led to a significant increase in the time interval from admission to operation (p=0.048). After BHT, AP or AC intake 
significantly increased the period required for an in-dwelling drain (p=0.026 and p=0.037). The use of AC was significantly related 
to acute bleeding (p=0.044), while the use of AP was not (p=0.808). Use of AP or AC had no significant effect on CSDH recurrence 
(p=0.517 and p=1.000) or reoperation (p=0.924 and p=1.000). Morbidity was not statistically correlated with use of either AP or AC 
(p=0.795 and p=0.557, respectively), and there was no significant correlation with mortality for use of these medications (p=0.470 
and p=1.000). 
Conclusion : Elderly CSDH patients may benefit from maintenance of AT therapy during BHT due to reduced thromboembolic 
risk. However, the use of AC necessitates individualized due to potential postoperative bleeding. Careful post-operative monitoring 
could mitigate prognosis and recurrence impacts. 
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INTRODUCTION

Chronic subdural hematoma (CSDH) occurs frequently in 

the elderly and is thought to be related to trauma and to use of 

drugs such as antiplatelet agents (AP) or anticoagulants 

(AC)8,20). However, CSDH is a complex disease with diverse 

pathophysiology, not just traumatic causes. As the prevalence 

of cardiovascular disease (CVD) increases with global aging, 

the number of CSDH patients using antithrombotic agents 

(AT) is gradually increasing. Discontinuation of AT when 

CSDH is diagnosed is generally recommended. This aims to 

prevent progression of CSDH or to reduce the bleeding ten-

dency during surgery, even though burr hole trephination 

(BHT) is a simple procedure with low bleeding risk, unlike 

other cranial surgeries. However, there is no definite guideline 

for perioperative use of AT11,26). Through this retrospective co-

hort analysis and review of literature, we suggest a guideline 

for treating CSDH in patients using AT.

MATERIALS AND METHODS

The Catholic Medical Center Central Institutional  

Review Board approved the current study (approval No. 

XC22RIDI0012V).

From March 2010 to June 2021, a retrospective analysis was 

performed on data from 462 patients who underwent BHT for 

CSDH at five hospitals. The patient’s age, sex, hospitalization 

date, and surgery date were assessed; and the histories of hy-

pertension, diabetes, and hyperlipidemia were evaluated. The 

medication history of antiplatelet agent and anticoagulant use, 

as well as the reason for medication, was determined. The 

brain computed tomography (CT) performed on postopera-

tive day 1 was assessed for signs of acute hemorrhage, and the 

outpatient department monitored for recurrence for 6 months 

after the operation. Recurrence was defined as a case with in-

creased subdural hematoma volume on CT within 6 months 

after surgery. Reoperation or conservative treatment was de-

termined in consideration of patient’s neurological condition 

and various other circumstances. Since reoperation was not 

performed in all cases of recurrence, the recurrence rate and 

the reoperation rate were analyzed separately. 

Patients were divided into the following four groups : those 

not taking AT, those taking only AP, those taking only AC, 

those taking both AP and AC.

Timing of surgery was determined by calculating the dura-

tion from admission to the operation after discontinuation of 

medication. Postoperative acute hemorrhage was defined as 

the presence of noticeable acute hemorrhage on brain CT per-

formed within 24 hours after surgery. The duration of in-

dwelling drainage catheter was calculated as the interval be-

tween the day of the surgery and the day the indwelling 

drainage catheter was removed.

To investigate the impact of preoperative AT discontinua-

tion on recurrence and postoperative acute bleeding, patients 

were divided based on a discontinuation period of 1 to 4 days. 

Since the effect of AP medication lasts for 5 days, patients who 

discontinued AP for more than 5 days were excluded from 

further analysis.

Statistical analysis
Data acquired included the median patient age, the length of 

time between discontinuation of AT and surgery, and the length 

the postoperative period requiring drain maintenance. First and 

third quartile were confirmed using interquartile range. The chi 

square test was utilized for assessment of a correlation between 

hematoma density and pattern on the initial brain CT and for 

the presence of acute hemorrhage on postoperative CT with an-

tiplatelet agent usages. The correlations between initial hemato-

ma density and pattern and postoperative acute hemorrhage 

with anticoagulant usage were assessed by Fisher’s exact test. 

The correlations between recurrence and reoperation and med-

ication history of AT were confirmed by chi-square and Fisher 

exact tests. Generalized logistic regression was used for analyz-

ing the period from hospitalization to surgery and the length of 

drain usage. R studio (version 4.1.2; R Foundation for Statistical 

Computing, Vienna, Austria) was used.

RESULTS

Baseline characteristics
The median age of the patients was 75 years (67.00–81.00 

years), and 311 males (67.32%) and 151 females (32.68%) were 

included in the study. Hypertension was present in 262 pa-

tients (56.71%), 140 patients (30.30%) had diabetes, and 84 pa-

tients (18.18%) had hyperlipidemia. Liver disease affected 28 

patients (6.06%), and 24 patients had renal disease (5.19%). A 
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history of ischemic cerebral infarction was confirmed in 37 

patients (8.01%), hemorrhagic stroke in three patients (0.06%), 

and both ischemic and hemorrhagic stroke in one patient 

(0.22%). A history of heart disease was present in 50 patients 

(10.82%), cancer in 31 patients (6.71%), and blood disease in 

10 patients (2.16%). For CSDH, right side operation was per-

formed in 183 cases, left side operation was performed in 201 

cases, and bilateral operation was performed in 78 cases (Ta-

ble 1).

Details on history of AT administration
Regarding medication history, 100 patients were using AP, 

50 for secondary prevention of heart disease, and 37 for sec-

ondary prevention of ischemic stroke. The other patients took 

AP for primary prevention of stroke depending on medical 

histories of issues such as hypertension or diabetes mellitus. 

Seventeen patients were using AC, and four for secondary pre-

vention of ischemic stroke and the others for secondary pre-

vention of heart disease. Two patients were using both an AP 

and an AC together (AP+AC) because of history of both heart 

disease and ischemic stroke. Details regarding the types of AT 

administration are outlined in Table 2.

Timing of surgery
Patients with no medication history of AT required a medi-

an of 1 day (0.00–2.00) of hospitalization before surgery, and 

the same was true for patients taking AP (0.00–3.00). A medi-

an of 2 days (1.00–6.00) of presurgical hospitalization, for pa-

tients taking AC, was the longest interval of pre-surgical hos-

pitalization. Of the two patients using AP+AC, one underwent 

surgery after 2 days and the other after 12 days (Fig. 1). Use of 

AP did not significantly delay BHT (p=0.318), but use of AC 

did significantly delay the operation (p=0.048). In patients 

Table 1. Baseline characteristics

Value

Age (years) 75.00 (67.00–81.00)

Sex

Male 311 (67.32)

Female 151 (32.68)

Medical history

HTN 262 (56.71)

DM 140 (30.30)

HL 84 (18.18)

Liver disease 28 (6.06)

Kidney disease 24 (5.19)

CVA

Ischemic stroke 37 (8.01)

Hemorrhagic stroke 3 (0.06)

Both 1 (0.22)

CHD 50 (10.82)

Cancer 31 (6.71)

Hematologic disease 10 (2.16)

Medication history

Antiplatelet agent on medication 100 (21.65)

Anticoagulant on medication 17 (3.68)

Both on medication 2 (0.43)

CSDH side

Both 78

Left 201

Right 183

Values are presented as median (1Q-3Q) or number (%). HTN : 
hypertension, DM : diabetes mellitus, HL : hyperlipidemia, CVA : cerebral 
vascular accident, CHD : coronory heart disease, CSDH : chronic subdural 
hematoma

Table 2. Medication history of antiplatelet agents and anticoagulants

Value

Antiplatelet agents (n=100)

Aspirin 52

Clopidogrel 15

Cilostazol 8

Aspirin+clopidogrel 11

Aspirin+cilostazol 3

Aspirin+clopidogrel+cilostazol 1

Others 10

Aspirin+ticagrelor 2

Triflusal 3

Sarpogrelate 3

Clopidogrel+cilostazol 1

Ticlopidine 1

Anticoagulants (n=17)

Warfarin 9

Factor Xa inhibitor 7

Thrombin inhibitor 1

Both (n=2)

Aspirin+factor Xa inhibitor 2
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taking AC, further analysis was performed depending on 

type. Being prescribed warfarin was of borderline significance 

(p=0.076) for a longer surgical delay, but there was no clear 

correlation between factor Xa inhibitor or thrombin inhibitor 

prescription (p=0.340 and p=0.558) and hospital stay prior to 

surgery. 

Duration of in-dwelling drainage catheter
The duration of postoperative subdural drainage via in-

dwelling catheter was a median of 2 days (1.00–3.00) in pa-

tients with no medication history of AT, a median of 2 days 

(1.00–3.00) in the AP group, and a median of 3 days (2.00–

3.00) in the AC group. In the association analysis, even though 

there was no difference in median, AP intake significantly in-

creased the drain period (p=0.026), as did AC intake 

(p=0.037) (Fig. 2). 

Postoperative acute hemorrhage
On brain CT performed the first day after surgery, acute 

hemorrhage was confirmed in 21.70% of the drug-free group, 

19.00% of the AP group, 35.29% of the AC group, and all pa-

tients taking both AP+AC. AP intake had no effect (p=0.808), 

but AC intake was significantly associated with acute hemor-

rhage (p=0.044) (Table 3). We performed a subgroup analysis 

of patients taking AP. The period of AP discontinuation prior 

to surgery was not statistically significant with the incidence 

of acute hemorrhage on postoperative (p=0.161). 

Recurrences and reoperations
Recurrence occurred in 17.78% of cases of the no medica-

tion group, and reoperation was performed in 14.29%. Reop-

eration was performed in all cases of recurrence in the AP and 

AC groups, and the rates were 12.00% and 5.88%, respectively. 

Recurrence occurred in both patients taking combined 

AP+AC, and reoperation was performed in one of them. Re-

garding the association with recurrence, intake history of AP 

or AC had no significant effect (p=0.517 and p=1.000, respec-

tively), and there was no effect on reoperation rate (p=0.924 

and p=1.000) (Table 3). Additionally, a statistically significant 

positive correlation was observed between the preoperative 

AP discontinuation period and the recurrence rate (p=0.033; 

odds ratio, 1.658; 95% confidential interval, 1.036–2.673). 

Morbidity and mortality
Morbidity occurred in 4.37% of patients with no medica-

tion history and included cerebral contusion, acute subdural 

hemorrhage, pneumonia, and abscess formation after BHT. 

Morbidity occurred in 5.00% of patients taking AP and in-

cluded epidural hemorrhage, subarachnoid hemorrhage, and 

acute kidney injury after the operation. Morbidity occurred in 

one patient taking AC as acute subdural hemorrhage. There 

was also one case of morbidity as acute subdural hemorrhage 

Fig. 1. The interval between discontinuation of medication and surgery 
by medication group. AP : antiplatelet agents, AC : anticoagulants.
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in patients taking AP+AC. There was no statistical correlation 

between medication history and morbidity for AP or AC 

(p=0.763 and p=0.800, respectively). Mortality was confirmed 

in 2.04% of the no medication group, 3.00% of the AP group, 

and 0% of the AC and AP+AC groups. There was no signifi-

cant correlation between mortality and intake of AP or AC 

(p=0.748 and p=0.992, respectively) (Table 3).

DISCUSSION

CSDH is a frequent disease in the population older than 70 

years and is highly related to trauma, although it cannot be 

explained by a single mechanism. Regarding pathophysiology, 

there is a consensus that CSDH is not caused by acute bleed-

ing directly but by complex interactions of various mecha-

nisms such as association with inflammation, fluid collection 

due to osmotic change, and continuous bleeding12,13,23). BHT is 

the most popular surgical treatment option for CSDH6,22). De-

spite the complex pathophysiology of CSDH, BHT is a simple 

procedure requiring relatively minimal training. Although 

bleeding risk of the procedure is not high as other surgeries, 

most patients suspended their previously taken AT during the 

process of preparing for BHT. Based on this and the high fre-

quency of CSDH in elderly populations with thromboembolic 

risk, this study was conducted to determine the best use of 

perioperative AT.

Use of AT and recurrence of CSDH
There are several retrospective studies that have analyzed 

the relationship between AT, especially AP, and the postopera-

tive course of CSDH. Most of these studies concluded that AT 

use did not affect recurrence of CSDH after the opera-

tion1,5,7,15,25). One report showed a relationship between AP and 

recurrence of CSDH, but the recurrence rate in the article was 

relatively higher than in other articles, suggesting a bias21). An-

other study provided evidence that medication history of AC 

affected recurrence of CSDH; but, in the AT group, a larger 

preoperative hematoma volume was noted, with no effect of 

AP on recurrence27). In separate study, it was observed that 

while AT usage did not have a significant impact on recur-

rence in univariate analysis, an increase in odds ratio was 

identified in univariate regression analysis5). Like the results of 

our study (p=0.517, Table 3), the effect of AT usage on recur-

rence of CSDH is not clear (Table 4). Additionally, preopera-

tive AP discontinuation period and recurrence rate showed a 

positive correlation in this study. This may ref lect the para-

doxical risk of discontinuation of AT previously revealed2).

Management of AT : before BHT (whether and 
when to stop AT)

In existing literature, there are varying opinions on whether 

Table 3. Clinical characteristics according to medication history of antiplatelet agents and anticoagulant

No (n=343) AP (n=100) AC (n=17) AP+AC (n=2) p-value

Timing of surgery 1.00 (0.00–2.00) 1.00 (0.00–2.750) 2.0 (1.00–6.00) 7.0 (4.5–9.5) 0.318*
0.048†

Drain duration 2.00 (1.00–3.00) 2.00 (1.00–3.00) 3.00 (2.00–3.00) 3.00 (3.00–3.00) 0.026*
0.037†

Acute hemorrhage on postoperative CT 74 (21.57) 19 (19.00) 6(35.29) 2 (100.00) 0.808*
0.044†

Recurrence 61 (17.78) 12 (12.00) 1 (5.88) 2 (100.00) 0.517*
1.000†

Reoperation 49 (14.29) 12 (12.00) 1 (5.88) 1 (50.00) 0.924*
1.000†

Morbidity 15 (4.37) 5 (5.00) 1 (5.88) 1 (50.00) 0.763*
0.800†

Mortality 7 (2.04) 3 (3.00) 0 (0.00) 0 (0.00) 0.748*
0.992†

Values are presented as median (interquartile range) or number (%). *p-values for analysis of the effect of antiplatelet agent. †p-values for analysis of 
the effect of anticoagulant agent. No : patients with no medication, AP : patients taking antiplatelet agents, AC : patients taking anticoagulant agents, 
AP+AC : patients taking both antiplatelet agents and anticoagulant agents, CT : computed tomography
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and when to stop antiplatelet medication before surgery for 

CSDH. In a retrospective study of patients taking AT, discon-

tinuation of medication did not affect the clinical outcome19). 

Considering the characteristics of platelets, it is believed that 

the effectiveness of the medications would diminish when AP 

is discontinued for 5 days. However, a review article suggests 

that AP should be stopped 1 week before surgery, as with oth-

er major surgeries17). On the other hand, there are studies sug-

gesting that even when discontinued for more than 3 days, it is 

possible to reduce the occurrence of postoperative acute hem-

orrhage21,25). In our study, there was no significant correlation 

between the duration of AT discontinuation before surgery 

and the occurrence of acute hemorrhage after surgery (Fig. 2). 

Management of AT : after BHT (When to restart 
AT)

A separate study found that early resumption group had a 

higher recurrence rate15). However, there are also important 

retrospective studies concerning thromboembolic complica-

tions after CSDH surgery in patients with history of AT. Most 

Table 4. Review of previous articles concerning the relationship between AT and clinical course of postoperative CSDH patients

Study N Result

Effect of AT use on postoperative clinical features

Wada et al.21) (2014) 681
AP 92

More frequent recurrence of CSDH

Fornebo et al.7) (2017) 763
AT 308

No effect on recurrence
Higher morbidity

Abboud et al.1) (2018) 201
AP 41

No effect on recurrence

Yuksel et al.25) (2020) 117
AP 49 AC 36

No effect on acute hemorrhage

Zhang et al.27) (2020) 546
AT 124
AP 81 AC 43

Larger preoperative hematoma volume in AT
Higher recurrence rate in the AC group
No effect on recurrence (AP)

Choi et al.5) (2020) 230
AP 30 AC 6

No effect on recurrence (univariate)
Increased odds ratio for recurrence (multivariate)

Younsi et al.24) (2022) 654
AT 318

No effect on reoperation, mortality 

Kerttula et al.15) (2022) 301
AT 164

No effect on recurrence

Postoperative resumption of AT

Guha et al.10) (2016) 479
AT 231
AP 164 AC 86

AT patients had more frequent thromboembolic complications
Recommend early resumption of AT

Amano et al.2) (2016) 150
AT 44

AT patients had more frequent thromboembolic complications
Recommend early resuming AT

Fornebo et al.7) (2017) 763
AT 308

Early resumption - No association with recurrence and lower thromboembolic 
complications

Recommend early resumption of AT

Zhang et al.26) (2021) 621
AT 139
AP 104 AC 29
AP+AC 6

Time of resumption of AT - No effect on recurrence 
AT patients had more frequent thromboembolic complications
Recommend early resuming AT

Kerttula et al.15) (2022) 301
AT 164

More recurrence in early resumption group

N : number of patients enrolled in the study, AT : patients taking antithrombotic agents, AP : patients taking antiplatelet agents, CSDH : chronic 
subdural hematoma, AC : patients taking anticoagulant agents, AP+AC : patients taking both antiplatelet and anticoagulant agents
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studies emphasize the importance of early resumption of AT 

after surgical intervention for CSDH2,7,10,26). Resumption tim-

ing of AT after operation did not affect recurrence of CSDH 

in two studies7,26), and patients with history of AT use showed 

more frequent thromboembolic events after the operation in 

three studies2,10,26) (Table 4). In our dataset, it was observed 

that AT was resumed in 25 cases, with a wide range of time-

frames spanning from 2 days to 3 months. However, due to 

limited number of patients and the lack of detailed records re-

garding the exact timing of resumption, we were unable to 

perform an analysis on this aspect.

Paradigm shift to continuous use of AT for CSDH 
patients undergoing BHT

The importance of continuous use of AT is an emerging 

concept in our aging society. Regarding the risk of bleeding 

during surgery, studies on dosing and discontinuation guide-

lines for AP and AC for cardiac surgery and non-cardiac sur-

gery are on-going; and guidelines are currently in place18). Ma-

jor adverse cardiovascular event is a complication of surgery 

using general anesthesia and occurs in close to 5% of patients 

over the age of 45 years25). For patients aged 40 to 70 years at 

high risk for CVD, aspirin is also recommended for primary 

prevention3). In addition, lifelong AP prescription is recom-

mended for secondary prevention in patients with CVD14). A 

more recent large observational study reported that mainte-

nance of aspirin did not increase the risk of bleeding in non-

cardiac surgery16). Based on this, patients with CVD taking as-

pirin are recommended to maintain aspirin therapy alone 

when undergoing non-cardiac surgery9,18). The common belief 

is that maintaining medications, especially aspirin, is more 

helpful than discontinuation. Also, treating patients more ac-

tively rather than delaying surgery out of fear of recurrence of 

CVD and discontinuing medication is preferable.

In our study, patients who took AP or AC had longer post-

operative maintenance of in-dwelling drains than those who 

did not take AT. Although more frequent acute bleeding was 

observed on postoperative CT in patients taking AC, there 

was no effect on recurrence or reoperation. Close observation 

and management of patients immediately after operation are 

essential for bleeding control. Although this study did not 

prove a clear difference between warfarin and other AC, direct 

oral anticoagulant (DOAC) therapy has a lower risk of bleed-

ing than use of warfarin, a vitamin K antagonist; and DOAC 

is beneficial because there are fewer restrictions such as INR 

control4). The use of DOAC is increasing, and the risk of drug-

induced bleeding in patients with CSDH is expected to de-

crease. Related studies are needed in the future.

Limitations of the study
In conducting a multi-center retrospective study, discontin-

uation of AT was performed at the discretion of individual 

surgeons. Also, there was the possibility of non-uniform data 

collection in the multicenter data collection process. Com-

pared to AP, the analysis of AC was limited due to the small 

number of patients taking AC. Also, our dataset lacked infor-

mation on resumption of AT and thromboembolic complica-

tions. To establish guidelines on the discontinuation and re-

sumption of AT medications in CSDH, a larger prospective 

randomized study is necessary. 

CONCLUSION

CSDH usually occurs in elderly patients under high risk of 

cardiovascular events. According to the results of this cohort 

analysis and literature review, maintenance of AT therapy 

might be more beneficial for CSDH patients with BHT con-

sidering its effect in minimizing the risk of thromboembo-

lism. However, unlike AP, AC can increase the risk of acute 

bleeding after surgery. Thus, establishing a patient-specific 

strategy for discontinuation and resumption is necessary. If 

proper attention is given immediately after the operation 

through acute hemorrhage monitoring and establishment of 

postoperative hematoma drainage, there may be no significant 

difference in the patient’s prognosis, recurrence, and need for 

reoperation. 
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