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REVIEW ARTICLE

Impact of antithrombotic agents on outcomes in patients requiring surgery for 
chronic subdural haematoma: a systematic review and meta-analysis
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Mazzolenie, Edward Goacherf, Orla Mantleg, Vian Omarh, Githmi Gamagei, Alvaro Yanez Touzetj, Oliver Mowforthb, 
Will Thomask, James Uprichardl, Peter J. Hutchinsonb, Daniel J. Stubbsl,m , Benjamin M. Daviesb; On Behalf Of 
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aNuffield Department of Clinical Neurosciences, University of Oxford, Oxford, UK; bDivision of Neurosurgery, Department of Clinical 
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Bristol, Bristol, UK; eBarts and the London School of Medicine, Queen Mary University of London, London, UK; fSheffield University Teaching 
Hospitals NHS Trust, Sheffield, UK; gKing’s College Medical School, London, UK; hUniversity of Buckingham Medical School, Buckingham, UK; 
iRoyal College of Surgeons of Ireland, Dublin, Republic of Ireland; jSchool of Medical Sciences, Faculty of Biology, Medicine and Health, 
University of Manchester, Manchester, UK; kDepartment of Haematology, Cambridge University Hospitals NHS Foundation trust, Cambridge, UK; 
lDepartment of Haematology, St George’s University Hospitals NHS Foundation Trust, London, UK; mDivision of Anaesthesia, University of 
Cambridge Addenbrooke’s Hospital Cambridge, Cambridge, UK 

ABSTRACT 
A chronic subdural haematoma (CSDH) is a collection of aged blood between the dura and the brain, typ-
ically treated with surgical evacuation. Many patients with CSDH have comorbidities requiring the use of 
antithrombotic medications. The optimal management of these medications in the context of CSDH 
remains unknown, as the risk of recurrence must be carefully weighed against the risk of vaso-occlusive 
events. To better understand these risks and inform the development of clinical practice guidelines, we 
conducted a systematic review and meta-analysis. A systematic review was conducted in accordance with 
the PRISMA guidelines, searching Medline and Embase databases. The study was registered with 
PROSPERO (CRD42023397061). A total of 44 studies were included, encompassing 1 prospective cohort 
study and 43 retrospective cohort studies. Pooled odds ratios (ORs) were calculated for CSDH recurrence 
and vaso-occlusive events in patients taking anticoagulant or antiplatelet medications compared to 
patients not receiving antithrombotic therapy. GRADE was used to assess the quality of evidence. In 
patients on anticoagulant therapy at CSDH diagnosis, the pooled OR for CSDH recurrence was 1.41 (95% 
CI 1.11 to 1.79; I2¼ 28%). For patients on antiplatelet therapy, the pooled OR was 1.31 (95% CI 1.08 to 
1.58; I2¼ 32%). Patients taking antithrombotic medications had a significantly higher risk of vaso-occlusive 
events, with a pooled OR of 3.74 (95% CI 2.12 to 6.60; I2 ¼ 0%). There was insufficient evidence to assess 
the impact of time to recommence antithrombotic medication on CSDH outcomes. We found that base-
line antithrombotic use is associated with the risk of CSDH recurrence and vaso-occlusive events following 
surgical evacuation. The evidence base is of low quality, and decisions regarding antithrombotic therapy 
should be individualised for each patient. Further high-quality, prospective studies or registry-based 
designs are needed to better inform clinical decision-making and establish evidence-based guidelines.
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Introduction

Chronic subdural haematoma (CSDH) is a collection of aged 
blood on the surface of the brain, hypothesized to result from 
either the progression of an acute subdural bleed, and/or due to 
an inflammatory processes at the dural cell border.1 Collections 
can exert mass effect, leading to subacute neurological deterior-
ation. In such instances, surgical evacuation achieves favourable 
outcomes in over 80% of patients.2

Incidence estimates for CSDH range from 1.7/100,000/year to 
48/100,000/year,3,4 with a median age of presentation of 79.5
Demographic shifts mean that case numbers are projected to rise 
significantly in the coming decades.6 While surgical intervention 

is effective,7 elderly patients face a higher risk of perioperative 
morbidity and mortality,8 along with a longer duration of 
inpatient stay.9 Furthermore, the evidence base for the broader 
peri and non-operative aspects of CSDH care, such as pharmaco-
logical therapies and perioperative management, is weak.10

A significant clinical concern is the perioperative management 
of antithrombotic therapy, particularly in the elderly, where at a 
population level over 10% of individuals take either anticoagulant 
or antiplatelet agents.11,12 Recent studies have shown that over 
40% of patients with CSDH undergoing surgery may be taking 
such an agent.13,14 Antithrombotic therapy has been associated 
with both CSDH incidence and recurrence in retrospective 
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cohort studies.15,16 Perioperatively, the management of such 
agents must balance the risk of bleeding (and thus potential 
CSDH recurrence or enlargement) with the risks of vaso-occlu-
sive events (such as venous thromboembolism – VTE). This puts 
great importance on decisions relating to the accelerated reversal, 
recommencement, or withholding of such agents.

Recent national guidelines in the USA17 and UK18 provide 
general recommendations for perioperative management of 
antithrombotic agents; however, both documents emphasise the 
importance of assessing individualised bleeding risk in the con-
text of non-elective procedures. Numerous systematic reviews 
have generated inconsistent conclusions regarding the risk of 
CSDH recurrence and vaso-occlusive events when taking antith-
rombotic medication.19,20 Consequently, there is no consensus on 
the optimal timing of recommencing either anticoagulant or anti-
platelet agents.21

The Improving Care in Elderly Neurosurgery Initiative22

(ICENI) was conceived to produce the first clinical practice 
guideline to guide the broader perioperative care of CSDH from 
the onset of symptoms to recovery. As part of this work, a syn-
thesis of current evidence is required. Literature questions were 
created by several multidisciplinary working groups. These 
groups were formed to discuss the challenges in delivering care, 
highlight uncertainties, and form questions to pose in the scien-
tific literature. Questions were structured as foreground PICO 
(Population, Intervention, Comparison and Outcome) questions, 
to facilitate GRADE evidence assessment. The results of which 
would then inform guideline statements.

Since the publication of the most recent systematic review 
investigating the association between antithrombotic therapy and 
CSDH recurrence,23 primary studies have been published report-
ing on the outcomes of more than 2000 patients.16,24–27

Moreover, the first large analysis has since been published on the 
occurrence of vaso-occlusive events following operative manage-
ment.16 To inform contemporary clinical practice guidelines, we 
therefore performed an up-to-date systematic review and meta- 
analysis of studies reporting the clinical outcomes of patients tak-
ing antithrombotic medications at CSDH diagnosis.

The primary objective of this review was to systematically 
review evidence on key aspects of anti-thrombotic management 
in the perioperative care of cSDH, as identified by our multidis-
ciplinary working groups.

Review questions

Review questions derived from our working groups were as 
follows:
1. In patients with CSDH undergoing surgery (P) do antith-

rombotic drugs (e.g., anticoagulants, antiplatelet agents) (I) 
increase the risk of treatment-related complications (O) 
compared to those who are not taking such drugs(C)?

2. In patients recovering from CSDH surgery (P), does late (I) 
vs early (C) recommencement of anticoagulation increase 
the risk of recurrence or other complications (O)?

3. In patients with cSDH who are not undergoing surgery (P) 
do antithrombotic drugs (e.g. anticoagulants, antiplatelets) 
(I) increase the risk of disease-related complications (e.g. 
expansion (O) compared to those who do not take such 
agents (C)?

4. In patients with cSDH who are not undergoing surgery (P) 
does discontinuation of antithrombotic agents (I) improve 
disease and safety-related outcomes (O) compared to con-
tinuing these agents (C)?

Material and methods

Guidelines and direction

A systematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta- 
analyses (PRISMA) statement (Supplementary Material 1). The 
study was registered with PROSPERO (registration number: 
CRD42023397061).

Definition of key clinical practice questions

Five multidisciplinary working groups were formed to explore 
the entirety of perioperative CSDH care.28 Through facilitated 
discussion, key clinical practice questions were identified and 
expressed using the PICO format (Population, Intervention, 
Comparator, Outcome) and grouped into major themes. 
Coverage of these key themes by existing systematic reviews has 
been reported previously.10

Search strategy

A comprehensive literature search was performed on 1st May 
2022 of 2 databases: Medline, and Excerpta Medica Database 
(Embase), from inception. The exact search strategy for all data-
bases and their results can be found in Supplementary Material 
2. We reviewed the reference lists and bibliographies of included 
articles to attempt to identify additional studies. Papers were lim-
ited to those published in English.

Study screening and selection

Citations were transferred to the online platform Rayyan (Rayyan 
Systems Inc., Cambridge, USA) to facilitate de-duplication and 
paired abstract screening. Duplicates were then removed. A total 
of 11 reviewers screened 6,024 articles. Each article was screened 
by two blinded, independent reviewers. Articles were excluded 
based on the initial screening criteria outlined in Supplementary 
Material 2. Included articles were then categorised dependent on 
their title, journal, and abstracts, according to pre-defined ICENI 
categories (Supplementary Material 2).

A total of 116 articles labelled as category ‘Anticoagulant’ 
were identified. These 116 articles were then rescreened by 
abstract and full text against our specific criteria (Supplementary 
Material 2) by two independent, blinded reviewers (JB, GA). 
Criteria were generated and defined by our working group to 
review multiple issues with anticoagulation in CSDH care. 
However, we only identified evidence for review questions 1 and 
2, as no included studies assessed patients managed non-opera-
tively. We therefore included studies assessing the impact of 
antithrombotic medications in patients following surgical evacu-
ation of CSDH. We excluded studies that were conference 
abstracts, case reports, and mixed populations where it was not 
possible to delineate CSDH-specific outcomes (e.g., a dataset con-
taining both ASDH and CSDH data). Systematic reviews also 
were excluded at this stage; however, each was screened for stud-
ies not identified during the initial search.

If any disagreements occurred at either stage of screening, an 
attempt was made to resolve this between two review authors, 
and if discussion failed to lead to consensus, senior authors 
(BMD, DJS) were consulted for clarification. If any data was not 
present or available in the articles identified, corresponding 
authors were contacted via email to request the data.
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Data extraction and synthesis

Data extraction was conducted independently and in duplicate by 
two authors (JB, GA) using a standardised pre-piloted data collec-
tion proforma. Data extracted included baseline patient demograph-
ics, type of antithrombotic medication, number of vaso-occlusive 
events, CSDH recurrence rate, follow-up duration. CSDH recur-
rence rates and vaso-occlusive events were used as outcome meas-
ures. Vaso-occlusive events were defined to include venous 
thromboembolism (deep vein thrombosis and pulmonary embolus), 
ischaemic stroke, and myocardial infarction. Data were incorporated 
into a Microsoft Excel spreadsheet and exported to R (v4.0.5; R 
Core Team, 2020) for analysis.

Statistical analysis

Baseline demographics and study characteristics were summar-
ised using descriptive statistics. Studies were eligible for inclusion 
in a meta-analysis whenever they reported either the number of 
cases of CSDH recurrence or vaso-occlusive events. A meta-ana-
lysis of binary outcomes was performed to compare the risk of 
CSDH recurrence and vaso-occlusive events between a pooled 
antithrombotic group and a pooled control group. Odds ratios 
(ORs) were computed by assuming a random effects model, and 
summary estimates were presented with a 95% confidence inter-
val (CI). The I2 statistic was used to present between-study het-
erogeneity and funnel plots of effect size against standard error 
were used to assess for the presence of publication bias. 
Calculations and data visualisation were performed using R soft-
ware (v4.0.5; R Core Team, 2020). A P value less than 0.05 was 
considered statistically significant; all tests and CIs were two- 
sided.

Quality of evidence

The assessment of evidence quality was performed according to 
the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) process (Supplementary Material 3). In this 
approach, evidence is initially assumed to be high certainty and 
can be downgraded according to the risk of bias, indirectness, 
imprecision, heterogeneity, and publication bias to obtain an 
overall certainty for each outcome as levels of moderate, low, and 
very low quality. The quality of the included studies was assessed 
by two authors (JB, CG).

Results

Study selection process

Following abstract and full-text screening of 6023 studies accord-
ing to inclusion criteria, 49 total studies were included in the 
analysis (Figure 1).

Study and patient characteristics

A total of 44 primary clinical studies were identified (Supplementary 
Material 4). This included one prospective cohort study and 43 
retrospective cohort studies. Of the primary clinical studies, the 
mean patient age ranged from 62.1 to 84.4 and publication years 
were between 2001 and 2022. Using GRADE, overall evidence qual-
ity was rated low, due to indirectness and imprecision of study out-
comes. Heterogeneity of study characteristics was high, with a wide 
range of follow-up durations and number of patients included 
(Supplementary Material 5). Studies also varied in their definition of 
CSDH recurrence and medication type. Some studies opted for a 
radiological definition of CSDH recurrence, whilst others defined 
recurrence only when repeat operation was necessary.

Figure 1. PRISMA flow diagram for studies included and excluded.
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A total of 8 cohort studies were conducted across multiple 
centres, while 38 were single-centre studies. An evidence summary 
for the included studies is shown in Supplementary Materials 4.

In 23 primary studies, outcomes in patients taking anticoagu-
lant medication at diagnosis were reported, along with a com-
parator group. Similarly, 25 primary studies reported outcomes 
in patients taking antiplatelet medication, against a comparator 
group. Six studies reported antithrombotic patient outcomes 
without dividing patients into antiplatelet or anticoagulant 
groups.

The number of vaso-occlusive events during admission was 
reported in six studies, along with antithrombotic status at 
diagnosis.

Comparative studies in patients who were not undergoing sur-
gical management were not identified. Consequently, of the 
aforementioned PICO questions, evidence was only available to 
address questions 1. Risks associated with taking antithrombotic 
medication, and 2. Risks associated with early versus late recom-
mencement after surgery.

Recurrence following CSDH drainage in patients taking 
anticoagulant medication at CSDH diagnosis

In the 23 studies comparing outcomes in patients taking anti-
coagulant drugs and those not on antithrombotic drugs, 11 found 

Figure 2. A. Odds ratio (OR) of recurrent CSDH after drainage in patients taking anticoagulant medication at diagnosis vs patients taking no antithrombotic drugs at 
CSDH diagnosis. B. Symmetrical funnel plot, demonstrating an absence of publication bias.
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a higher risk of CSDH recurrence in the anticoagulated group, 6 
found a lower risk, and 6 reported no difference in the level of 
risk between both groups.

The pooled OR of CSDH recurrence was 1.41 (95% CI 1.11– 
1.79; I 2 ¼ 28%) for patients on anticoagulation at CSDH diagnosis 
compared to those on no antithrombotic drugs (Figure 2). No pub-
lication bias was identified after plotting a funnel plot of OR values.

Recurrence following CSDH drainage in patients taking 
antiplatelet medication at CSDH diagnosis

In the 25 studies comparing outcomes in patients taking antipla-
telet drugs and those not on antithrombotic drugs, 15 found a 

higher risk of CSDH recurrence in the antiplatelet group, 6 
found a lower risk, and 4 reported a similar risk for both groups.

The pooled OR of CSDH recurrence was 1.31 (95% CI 1.08– 
1.58; I 2 ¼ 32%) for patients on antiplatelets at CSDH diagnosis 
compared to those not taking antiplatelet drugs (Figure 3). No pub-
lication bias was identified after plotting a funnel plot of OR values.

Occurrence of vaso-occlusive events following CSDH 
drainage in patients taking antithrombotic medications at 
CSDH diagnosis

In the six studies reporting the incidence of vaso-occlusive events 
in patients taking antithrombotic drugs and those not, all 6 

Figure 3. A. Odds ratio (OR) of recurrent CSDH after drainage in patients taking antiplatelet medication at diagnosis vs patients taking no antithrombotic drugs at 
CSDH diagnosis. B. A symmetrical funnel plot, demonstrating an absence of publication bias.
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found a higher risk of vaso-occlusive events in the antithrom-
botic group. The pooled OR of vaso-occlusive events was 3.74 
(95% CI 2.12–6.60; I 2 ¼ 0%) for patients on antithrombotic 
medications at CSDH diagnosis compared to those who were not 
(Figure 4). No publication bias was identified after plotting a 
funnel plot of OR values.

A lack of individual-level data on antithrombotic recom-
mencement precluded meta-analysis of risk of recurrence with 
time.

No association between time of medication restart and 
CSDH recurrence risk

A subanalysis was performed on studies (n¼ 10) reporting the 
times when antithrombotic medications were restarted (Figure 5). 
This exploratory analysis revealed no significant association 
between the time of medication restart and CSDH recurrence 
risk.

Discussion

This systematic review and meta-analysis aimed to evaluate the 
impact of antithrombotic medications on treatment-related com-
plications in patients undergoing surgical evacuation of CSDH. 
We identified 44 primary studies reporting outcomes after CSDH 
associated with antithrombotic drug use. The review found that 
patients taking anticoagulants (OR 1.41, 1.11–1.79) or antiplatelet 
(OR 1.31, 1.08–1.58) medications at the time of CSDH diagnosis 
had a higher risk of CSDH recurrence compared to patients not 

on these medications. Furthermore, patients on antithrombotic 
medications had a higher risk of vaso-occlusive events after 
CSDH drainage (OR 3.74, 2.12–6.60). Significant knowledge gaps 
were identified by the absence of evidence for guidance or out-
comes of antithrombotic medications in patients undergoing 
non-operative management.

Notably, however, these findings are considered of low 
strength. The identified evidence base is limited by its quality 
and heterogeneity. Studies are primarily retrospective cohort 
studies, and are either inconsistent or lacking patient level out-
comes (e.g. function or quality of life) to determine the implica-
tions of vaso-occlusive events or recurrence. This is notable for 
CSDH recurrence, with some studies using a radiological defin-
ition,26 and other groups defining a case of recurrence by the 
requirement for revision surgery.29 Variation was also identified 
in the type of antithrombotic medication, the duration of follow- 
up, and the time to restart antithrombotic drugs. There was 
insufficient data to definitively assess the impact of time to 
restart medication on CSDH outcomes, precluding a risk-benefit 
analysis. Only six studies with low event incidence reported the 
occurrence of vaso-occlusive events in patients following CSDH, 
limiting the interpretation of these results. It also remains unclear 
when recurrence events occurred in relation to antithrombotic 
reversal or medication washout, confounding the interpretation 
of our findings.

Despite this, to our knowledge, this is the largest systematic 
review and meta-analysis of antithrombotic-associated complica-
tions in patients following CSDH, reporting outcomes for 16,635 
patients and including the first pooled analysis of vaso-occlusive 
events following operative management.16

Figure 4. A. Odds ratio (OR) of vaso-occlusive events after drainage in patients taking antithrombotic medication at diagnosis vs patients taking no antithrombotic 
drugs at CSDH diagnosis. B. A funnel plot representing the reporting odds ratio values for vaso-occlusive event risk in patients taking antithrombotic risk at baseline.
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The association between antithrombotic medications and 
CSDH recurrence may be attributable to known features 
of CSDH pathophysiology. Although not yet fully understood, 
CSDH is characterised by a hyper-fibrinolytic state,1 with evi-
dence of raised tissue plasminogen activator and fibrinogen deg-
radation products in CSDH fluid following drainage.30 Higher 
levels of plasminogen have also been identified in patients prior 
to recurrence, suggesting markers of hyperfibrinolysis may be 
able to predict those at higher risk of recurrence.31 This hyperfi-
brinolytic state is compounded by the existence of fragile blood 
vessels resulting from local angiogenesis.32 When combined with 
antithrombotic agents, these factors drive the balance of haemo-
stasis further towards a propensity for bleeding, increasing the 
risk of recurrence.

Likewise, association between antithrombotic medications and 
vaso-occlusive events is presumed to stem from their underlying 
co-morbidity, temporary cessation peri-operatively, and the 
known prothrombotic nature of undergoing surgery. Specific 
risks associated with antithrombotic medications may also be 
attributed to drug mechanism of action, such as in the case of 
anticoagulant medications, where warfarin antagonises vitamin 
K-dependent activation of clotting factors, and direct oral antico-
agulants cause downstream inhibition of the coagulation cascade.

However, applying this information in practice is not straight-
forward. The aggregate data answers ‘background’ questions rele-
vant to decision making but not specific ‘foreground’ questions. 
For example, should patients receiving anti-thrombotic manage-
ment continue peri-operatively? Or if stopped, when or how 
should it be restarted? Such questions are directly applicable to 
clinical care. Clearly, these gaps need to be informed by targeted 
research, but in the interim, to help bridge the evidence gap, and 
support practice expert opinion is thus required. This review is 
part of a larger evidence synthesis conducted by the ICENI 
group,22 which aims to develop clinical practice guidelines and 
recommendations for managing patients with CSDH, alongside 
prioritising key knowledge gaps.

Conclusion

Patients undergoing surgery for CSDH and receiving antithrom-
botic or anticoagulant medication have a 31–41% increased odds 
of recurrence but 274% increased odds of vaso-occlusive events. 
There was insufficient data to determine whether medication 

restart time is significantly associated with recurrence risk. 
Further research is required to better contextualise this risk and 
understand if and how it can be mitigated safely.
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