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Editorial on the Research Topic

Chronic subdural hematoma (CSDH) - a well-known unknown

Chronic subdural hematoma (CSDH) is a common neurosurgical condition that

primarily affects the elderly population, characterized by the accumulation of fluid between

the dura mater and the arachnoid membrane of the brain. Despite being a well-known

entity, CSDH remains a subject of controversy, from its name and origin to advanced

therapeutic approaches. Unlike acute subdural hematomas, which typically result from

significant head injury, CSDHs can develop insidiously, making their diagnosis and

treatment challenging (1).

This condition is increasingly prevalent among the frail and elderly populations due

to their common use of anticoagulant and antiplatelet therapy, and age-related vascular

fragility. Additionally, the aging population is more prone to underlying chronic diseases

that may exacerbate the formation of subdural hematomas. As the global population

continues to age, the incidence of CSDH is expected to double over the next decade,

presenting a growing public health concern (2).

Understanding the multifaceted nature of CSDH and its growing incidence in the

elderly is crucial for developing effective management strategies and improving patient

outcomes. Recent research has expanded our understanding of the factors influencing

the recurrence, treatment, and outcomes of CSDH, offering new insights that can shape

future clinical practices. This Research Topic presents 12 pivotal studies that delve into the

nuances of CSDH understanding and management, each contributing valuable evidence

and perspectives to the field, focusing on the current state of CSDH management and

proposing innovative strategies for improving patient outcomes.

The study titled “Effectiveness of tranexamic acid on chronic subdural hematoma

recurrence: a meta-analysis and systematic review” by Pan et al. conducted a meta-analysis

comparing the effectiveness of tranexamic acid (TXA) in reducing CSDH recurrence

rates. Their findings suggest that TXA, an antifibrinolytic agent, can significantly lower

postoperative recurrence rates by 67% compared to standard neurosurgical treatment

alone. Furthermore, the study found no significant differences in the incidence of

thrombosis or mortality between TXA and control groups, with myocardial infarction

being less frequent in the TXA group. These results highlight the potential of TXA as an

adjuvant therapy for CSDH, providing high-level evidence to support its clinical use (Pan

et al.).
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In “Preservation of the middle meningeal artery during

unruptured aneurysm surgery: an independent risk factor for

postoperative chronic subdural hematoma,” by Kim investigated

the association between the preservation of the anterior branch

of the middle meningeal artery (MMA) during unruptured and

surgery and the development of postoperative CSDH. The study

revealed that MMA preservation, advanced age, and male sex are

independent risk factors for CSDH following unruptured aneurysm

clipping. These findings underscore the importance of considering

MMA management during neurosurgical procedures and may

guide surgical planning tomitigate postoperative CSDH risk (Kim).

The “Advances in chronic subrural hematoma and membrane

imaging” by Chen et al. provided a comprehensive review

of the current landscape of CSDH diagnosis and treatment,

with a focus on advanced imaging techniques for assessing

hematomas and subdural membranes. The authors discussed the

potential role of MR and dual-energy CT imaging in predicting

CSDH recurrence, surgical planning, and patient selection for

MMA embolization treatment. As CSDH recurrence remains

a significant challenge despite conventional management, the

development of novel radiographic biomarkers to guide treatment

decisions is a promising avenue for future research (Chen

et al.).

A systematic review and meta-analysis titled “Intraoperative

irrigation of artificial cerebrospinal fluid and temperature of

irrigation fluid for chronic subdural hematoma: a systematic review

and meta-analysis” by Huang et al. conducted comparing the

efficacy of artificial cerebrospinal fluid (ACF) and normal saline

(NS) as irrigation fluids during CSDH surgery. Their findings

suggest that ACFmay reduce postoperative recurrence rates by 47%

compared toNS. Furthermore, they discovered that using irrigation

fluid at body temperature could decrease recurrence rates by 64%

compared to room temperature fluid. These results highlight the

importance of optimizing intraoperative techniques to minimize

CSDH recurrence (Huang et al.).

A “Classification of subdural hematomas: proposal for a new

system improving the ICD coding tools” by Langlois et al. proposed a

new classification system for subdural hematomas that captures the

chronicity and etiology of the condition, factors that significantly

impact management and prognosis. The current ICD coding

system fails to adequately distinguish between acute and chronic

subdural hematomas, hindering administrative, statistical, and

research applications. The authors’ proposed classification system

offers a more comprehensive approach to categorizing subdural

hematomas, which could lead to improved patient care and

research outcomes (Langlois et al.).

Yang W. et al. investigated the correlation between skull

density and CSDH progression in the study titled “Predicting

the progression of chronic subdural hematoma based on skull

density”. Their study revealed that lower minimum skull density,

higher maximum skull density, and higher skull density difference

were significantly associated with CSDH progression. The authors

developed and validated a predictive model incorporating these

factors, which could aid in early assessment of CSDH progression

and guide treatment decisions (Yang W. et al.).

The study titled “Case report: concurrent low-volume subdural

hematoma and ipsilateral ischemic stroke presenting as capsular

warning syndrome: a complex case with anticoagulation dilemma

and dual pathology” by Strahnen et al. presented a complex

case report of a patient with concurrent low-volume subdural

hematoma and ipsilateral ischemic stroke, highlighting the

challenges of managing anticoagulation in such scenarios. The

patient’s presentation with capsular warning syndrome further

complicates the clinical picture. This case underscores the need

for a multidisciplinary approach and the development of tailored

treatment strategies for patients with multiple comorbidities

(Strahnen et al.).

In “Middle meningeal artery embolization for chronic subdural

hematoma: a systematic review,” by Omura and Ishiguro conducted

a systematic review of middle meningeal artery embolization

(MMAE) for CSDH. Their analysis suggests that MMAE alone is as

effective as evacuation surgery in reducing hematoma, although the

effect is not immediate. Additionally, they found that combining

MMAE with evacuation surgery results in lower recurrence rates

compared to evacuation surgery alone. Given the safety profile of

MMAE, the authors recommend considering this procedure for

patients with CSDH, particularly those at high risk of recurrence

(Omura and Ishiguro).

The study titled “Effect of decreased platelets on postoperative

recurrence of chronic subdural hematoma” by Yagi et al. investigates

the role of thrombocytopenia in the recurrence of CSDH post-

surgery. This research highlights a crucial aspect of patient care,

underscoring the need for meticulous perioperative management

of platelet levels to minimize the risk of recurrence. The findings

suggest that lower platelet counts may be a significant risk factor,

prompting the need for targeted therapeutic strategies to mitigate

this risk (Yagi et al.).

In “Nontraumatic subdural hematoma in patients on

hemodialysis with end-stage kidney disease: a systematic review

and pooled analysis,” by Yang L. et al. the authors examine the

incidence and outcomes of non-traumatic subdural hematomas

in a particularly vulnerable patient population. Patients with

end-stage kidney disease (ESKD) on hemodialysis are at increased

risk due to anticoagulation and uremic platelet dysfunction.

This comprehensive review and pooled analysis provide critical

insights into the management of these patients, emphasizing

the importance of tailored therapeutic approaches to improve

outcomes (Yang L. et al.).

The “Success of conservative therapy for chronic subdural

hematoma patients: a systematic review” by Foppen et al. explores

the viability of non-surgical management of CSDH. This systematic

review synthesizes data from multiple studies to evaluate the

effectiveness of conservative treatments such as corticosteroids and

mannitol. The findings support conservative therapy as a feasible

option for certain patient cohorts, particularly those with mild

symptoms or significant surgical risk, potentially reducing the need

for invasive procedures (Foppen et al.).

Finally, the population-based study “Incidence, therapy, and

outcome in the management of chronic subdural hematoma in

Switzerland: a population-based multi-center cohort study” by El

Rahal et al. provides a comprehensive overview of the epidemiology

and management practices of CSDH across multiple centers in

Switzerland. This cohort study offers valuable epidemiological data

and compares the outcomes of various therapeutic interventions,
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thereby contributing to the optimization of treatment protocols and

healthcare policies (El Rahal et al.).

Collectively, these studies advance our understanding

of CSDH by identifying key risk factors, evaluating diverse

patient populations, and comparing therapeutic approaches.

They underscore the importance of individualized patient care

and the need for continued research to refine management

strategies. The exact etiology and pathophysiology of CSDH

remain controversial, and treatment options, including

surgical evacuation, are still debatable. Despite being

one of the oldest and simplest neurosurgical procedures,

establishing clear recommendations or guidelines on

CSDH management may remain a challenging task for the

time being.

We hope this Research Topic inspires further research and

discussion within the neurology and neurosurgery communities,

ultimately leading to enhanced care for CSDH patients.
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Intraoperative irrigation of artificial 
cerebrospinal fluid and 
temperature of irrigation fluid for 
chronic subdural hematoma: a 
systematic review and 
meta-analysis
Yong-Wei Huang 1, Zong-Ping Li 1* and Xiao-Shuang Yin 2*
1 Department of Neurosurgery, Mianyang Central Hospital, School of Medicine, University of Electronic 
Science and Technology of China, Mianyang, Sichuan, China, 2 Department of Immunology, Mianyang 
Central Hospital, School of Medicine, University of Electronic Science and Technology of China, 
Mianyang, Sichuan, China

Purpose: To systematically review the different types of irrigation fluid and the 
different temperatures of irrigation fluid on postoperative recurrence rates in the 
evacuation of chronic subdural hematoma (CSDH).

Methods: We conducted a comprehensive search of electronic databases, 
including PubMed, Embase, the Cochrane Library, the China National Knowledge 
Infrastructure (CNKI), WanFang, the Chinese VIP Information (VIP), and China 
Biology Medicine (CBM), and reference lists of relevant studies to identify all 
eligible studies. Two reviewers independently screened the titles and abstracts 
for inclusion, and the full-text articles were assessed for eligibility based on 
predetermined inclusion and exclusion criteria. Data were extracted using a 
standardized form, and the quality of the studies was assessed using a risk of bias 
tool. Meta-analyses were performed using a fixed-or random-effects model, and 
heterogeneity was assessed using the I2 statistic. The primary endpoint was the 
postoperative recurrence rate.

Results: After stringent screening, a total of 11 studies were identified, 
including six English publications, four Chinese publications, and one Japanese 
publication, involving a population of 29,846 patients. Our meta-analysis 
provides evidence that artificial cerebrospinal fluid (ACF) could decrease 
the post-operative recurrence rate by 47% after the evacuation of CSDH 
when compared to normal saline (NS) [(odds ratio) OR 0.53, 95% confidence 
intervals (CI): 0.31–0.90, p  = 0.02, I2 = 67%]. Besides, the irrigation fluid at body 
temperature could decrease the postoperative recurrence rate of CSDH by 
64% when compared to room temperature (OR = 0.36, 95% CI = 0.22–0.59, 
p  < 0.0001, I2 = 0%).

Conclusion: Our analysis revealed significant difference in the choice of 
irrigation fluid for CSDH surgery. Notably, we  found that irrigation with fluid at 
body temperature demonstrated superiority over irrigation with fluid at room 
temperature, resulting in fewer instances of recurrence. This straightforward 
technique is both safe and widely available, providing an opportunity to 
optimize outcomes for patients with CSDH. Our findings suggest that the use 
of body-temperature NS or ACF of room temperature during operation should 
be considered a standard of procedure in CSDH surgery. Nevertheless, whether 
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the different temperature of ACF could be considered a standard of procedure in 
CSDH surgery still need high-quality RCTs to further identify.

Systematic review registration: https://www.crd.york.ac.uk/prospero/; Identifier 
CRD42023424344.
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Introduction

Chronic subdural hematoma (CSDH) is a condition characterized 
by the accumulation of aged and degraded blood products within the 
subdural space of the brain. This process is driven by inflammatory and 
angiogenetic factors, which can lead to a significant increase in volume 
and subsequent compression of brain tissue, resulting in a range of 
symptoms (1). Common symptoms of CSDH include focal neurological 
deficits, altered mental states, and signs of increased intracranial 
pressure such as headaches, decreased consciousness, and, in severe 
cases, death. Older adults, particularly those aged over 65 years, are at 
heightened risk of developing CSDH due to factors such as brain 
atrophy, increased frequency of anticoagulant therapy, and a higher 
incidence of head trauma caused by falls (2). The growing incidence of 
CSDH is largely attributed to an aging population (3), reaching 58 
patients per 100,000 people in those aged 65 years old or more (4). Data 
from the Nordic countries indicate that the incidence of CSDH has 
almost tripled over the past 20–30 years, with a corresponding doubling 
of surgical procedures (5, 6). As one of the most populous countries in 
the world, China has many elderly people. Therefore, the prevention 
and treatment of CSDH are particularly important.

The most frequent surgical approach for CSDH is evacuation 
through one or two burr holes, followed by the insertion of a 
postoperative drain (7). During surgery, subdural space irrigation is 
commonly performed (4, 8). However, despite these measures, 
recurrence rates of CSDH requiring reoperation remain at 
approximately 10 to 20% (9). Such recurrences are associated with a 
substantial increase in morbidity and mortality (10, 11). Therefore, 
reducing recurrence rates is of great importance, not only to improve 
outcomes for individual patients but also to optimize healthcare 
resource utilization.

Artificial cerebrospinal fluid (ACF) is an irrigating solution that 
mimics the composition of human cerebrospinal fluid (CSF). Its 
efficacy has been demonstrated by over 1,000 medical facilities in 
Japan where ACF has been commercially available (12). ACF has been 
shown to possess hemostatic properties and to reduce cerebrovascular 
permeability, making it a promising irrigation solution for patients 
with CSDH undergoing burr-hole surgery (13, 14). The use of ACF 
during surgery may lead to improved outcomes for these patients. 
Comparative studies have been conducted in recent years to 
investigate the efficacy of normal saline (NS) and ACF as irrigation 
solutions in CSDH burr hole surgery (12, 15–17). These retrospective 
single-center studies have suggested that irrigation with ACF may 
reduce the recurrence rate of CSDH. However, there is a dearth of 
multi-center, prospective, randomized controlled trials in this field. 
Moreover, there has been limited research on the impact of irrigation 

solutions on postoperative complications in patients undergoing 
CSDH surgery. Future research should aim to address these gaps 
in knowledge.

The temperature of the irrigation fluid used during surgery for 
CSDH may impact recurrence rates, as higher solubility with body 
temperature fluid may aid in CSDH clearance and lower the risk of 
coagulation issues (18). Despite these potential benefits, it remains 
common practice to use irrigation fluid at room temperature (19). A 
poll conducted in 2017 among 620 neurosurgeons found that 57% used 
body temperature irrigation, 40% used room temperature, and 3% did 
not use irrigation at all (20). In order to examine the influence of 
irrigation fluid temperature on the rates of recurrence in CSDH 
patients, Bartley et al. (21) conducted a preliminary investigation. Their 
findings revealed that adjusting the irrigation fluid temperature to 
match the body temperature resulted in a reduction of recurrences 
requiring reoperation from 13.4 to 4.5%. To date, the results of 
investigating the impact of the irrigation fluid temperature and different 
irrigation fluids on recurrence rates are limited. And the findings are 
controversial. Hence, we conducted a systematic review and meta-
analysis to assess the efficacy of different irrigation fluids and irrigation 
fluid temperatures in influencing the postoperative recurrence rate.

Methods

Search strategy

This systematic review and meta-analysis adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (22) and was prospectively registered with PROSPERO1 
under the identifier CRD42023424344 (23). The PRISMA checklist can 
be  found in Supplementary Table S1. Our comprehensive search 
encompassed multiple databases including PubMed, Embase, the 
Cochrane Library, Scopus, and the Web of Science, employing the 
following search terms: (“chronic subdural hematoma” or “CSDH”) 
AND (“irrigation” or “fluids” or “artificial cerebrospinal fluid” or “ACF” 
or “normal saline” or “NS” or “temperature”). Additionally, Chinese 
databases such as the China National Knowledge Infrastructure 
(CNKI), WanFang, Chinese VIP Information (VIP), and China Biology 
Medicine (CBM) were searched using the terms: (“慢性硬膜下血肿” 
AND “冲洗”). To ensure inclusiveness, we also searched ClinicalTrials.
gov and WHO-ICTRP. The search was conducted on May 2, 2023. 

1 https://www.crd.york.ac.uk/PROSPERO/
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Language restrictions were not applied, and all relevant articles were 
considered for inclusion. The detailed search strategy is outlined in 
Supplementary Table S2.

Study selections

We included studies that met the following PICO (Population, 
Intervention, Comparisons, and Outcomes) criteria: (1) Population: 
CSDH patients, including unilateral or bilateral; (2) Intervention: 
burr-hole irrigation, burr-hole drainage, or YL-1 type hard-channel 
drilling drainage; (3) Comparisons: ACF vs. normal saline (NS), and 
body temperature vs. room temperature; (4) Outcomes: post-operative 
recurrence rate. We excluded systematic reviews and meta-analyses, 
case reports, reviews, commentaries, and conference abstracts.

Two reviewers (Y-WH and X-SY) independently screened the 
titles and abstracts of all retrieved records. The same two reviewers 
separately reviewed the relevant studies in full text and either included 
or excluded articles based on the eligibility criteria. In cases of 
discordance, the corresponding authors (Z-PL) made the final decision.

Data extraction

Two reviewers (Y-WH and X-SY) independently extracted data 
into separate Excel spreadsheets. The spreadsheets were then cross-
checked against each other and the source material to ensure accuracy. 
We collected the following data: first author name, publication year, 
country, study design, sample size, age, sex, type of CSDH, type of 
surgery, primary outcomes, and follow-up duration. If we found any 
discrepancies, we  resolved them by consulting the corresponding 
authors (Z-PL).

Study outcomes

The primary outcome of this study was post-operative recurrence, 
defined as reoperation of the same side within 6 months after the 
first surgery.

Bias assessment

Two independent reviewers (Y-WH and X-SY) evaluated the risk 
of bias in the included studies using the Newcastle-Ottawa Scale 
(NOS) tool (24) for non-randomized controlled trials (RCTs) and the 
Cochrane Collaboration’s tool (25) for RCTs in a blinded manner. To 
ensure accuracy, the risk of bias summaries were cross-checked, and 
any unresolved discrepancies were resolved by the corresponding 
authors (Z-PL).

Statistical analysis

For binary outcomes, we calculated odds ratios (ORs) and their 
corresponding 95% confidence intervals (CIs). Mean and standard 
deviation (SD) were estimated using sample size, median, and 
interquartile range, employing optional estimating methods from 

McGrath et  al. (26), which can be  accessed at https://smcgrath.
shinyapps.io/estmeansd/. To address clinical heterogeneity, 
we  conducted meta-analyses and subgroup analyses using either 
random-effects or fixed-effects models (27). Heterogeneity was 
assessed using the Cochrane Q test, considering p < 0.1 or I2 > 50% as 
indicators of significant heterogeneity (28). Statistical significance was 
defined as p < 0.05. Funnel plots were utilized to assess publication 
bias. All statistical analyses were performed using Review Manager 
software (version 5.3.3; https://training.cochrane.org/online-learning/
core-software-cochrane-reviews/revman).

Results

Study selection

On May 2, 2023, a total of 1,537 publications were identified 
through the search strategy in English databases. After removing 594 
duplicates, we  screened the remaining 943 publications based on 
article type, title, and abstracts and excluded 936 unrelated 
publications, leaving seven studies. We meticulously evaluated the 
seven publications for potential eligibility (12, 15, 16, 21, 29–31), and 
all met inclusion criteria. Subsequently, we manually searched the 
Chinese database for relevant studies and found four additional 
studies (32–35) that met our inclusion criteria. In summary, 
we  included a total of 11 studies (12, 15, 16, 21, 29–35) in our 
systematic review and meta-analysis (Figure 1).

Characteristics of the included studies

The 11 studies included in this systematic review and meta-
analysis were published between 2012 and 2023. Among them, four 
articles were RCT (30, 31, 33, 34), and the remaining seven articles 
(12, 15, 16, 21, 29, 32, 35) were non-RCTs. The studies were conducted 
in China (n = 4), Sweden (n = 2), and Japan (n = 5), with a total of 
29,846 patients included. One study (29) utilized a 1:1 propensity 
score matching (PSM) method to balance the influence of potential 
confounding factors, resulting in the inclusion of 27,788 patients in 
the analysis. 10 studies (12, 15, 16, 21, 29–34) underwent burr-hole 
surgery with drainage or irrigation. One study (35) underwent YL-1-
type hard-channel drilling drainage. The follow-up period ranged 
from 3 months to 1-year after discharge. The results of the included 
studies are summarized in Table 1.

Effect of ACF on recurrence

Seven studies (12, 15, 16, 29, 31, 33, 34) looked at the effect of 
different irrigation fluids on postoperative recurrence, including 
28,963 patients. Among them, 14,470 cases were in the ACF group 
with 916 patients of recurrence and 14,493 cases in the NS group with 
1,060 patients of recurrence. Meta-analysis showed some heterogeneity 
with I2 = 67%, so a random-effects model was used for the analysis, 
which showed that the CSDH recurrence rate was lower in the ACF 
group than in the NS group (OR = 0.53, 95% CI = 0.31–0.90, p = 0.02) 
(Figure 2). In other words, the CSDH recurrence rate in the ACF 
group was decreased by 47% than that in the NS group.
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Effect of the temperature of irrigation fluid 
on recurrence

Four studies (21, 30, 32, 35) focused on the different temperatures 
of irrigation fluids in influencing postoperative recurrence, including 
883 patients. Among them, 436 cases were in the body temperature 
group with 24 patients of recurrence and 447 cases in the room 
temperature group with 62 patients of recurrence. Meta-analysis 
showed no heterogeneity with I2 = 0%, so a fixed-effects model was 
used for the analysis, which showed that the CSDH recurrence rate was 
lower in the body temperature group than in the room temperature 
group (OR = 0.36, 95% CI = 0.22–0.59, p < 0.0001; Figure 3). In other 
words, the CSDH recurrence rate in the body temperature group was 
decreased by 64% than that in the room temperature group.

Risk of bias assessment and publication 
bias assessment

The NOS has assessed and awarded a median of seven stars to 
seven studies, with an range of 6 to 8 stars. Cochrane Collaboration’s 
tool was used to assess RCTs. The methodological quality of the 

studies included can be  found in Supplementary Table S3 and 
Supplementary Figure S1. Additionally, the probability of publication 
bias was evaluated through funnel plot results, which are displayed in 
Supplementary Figure S2.

Discussion

Chronic subdural hematoma (CSDH) can cause various 
neurological deficits and is an important risk factor affecting the 
quality of life of the elderly. Burr hole drainage is a common 
treatment for CSDH and is considered the preferred method due 
to its simplicity, short surgery time, minimal trauma, and high 
safety for first-time CSDH cases. However, due to various factors 
such as advanced age, brain atrophy, use of anticoagulants, liver 
and kidney dysfunction, and the formation of intrahematomal 
septa, postoperative hematoma recurrence is common in CSDH 
patients. Therefore, adequate intraoperative irrigation and 
postoperative drainage are crucial. Some studies demonstrated 
that irrigation with ACF could decrease the rate of CSDH 
recurrence (12, 15, 16, 29). Nevertheless, some other studies 
showed that no differences in recurrence rate were seen between 

FIGURE 1

PRISMA flowchart of included studies.
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TABLE 1 The baseline characteristics of included studies.

Author Year Nation Study 
design

Participants (n) Male 
(%)

Age (y) Research 
topic

Type of 
CSDH

Type of 
surgery

Primary 
outcomes

Follow-up NOS

Adachi et al.

(12)
2014 Japan non-RCT 120 63.3 76.75 ± 11.43 ACF vs. NS Unilateral

prefrontal burr-

hole and 

overnight 

drainage

Recurrence 6 months 7

Kuwabara et al.

(15)
2017 Japan non-RCT 234 67.1 64.07 ± 14.26 ACF vs. NS

Unilateral or 

bilateral

Burr-hole 

irrigation
Recurrence 3 months 6

Shibahashi 

et al.(29)
2023 Japan non-RCT 27,788 in PSM 68.9 40–90 ACF vs. NS

Unilateral or 

bilateral or 

not specified

Burr-hole Recurrence 1 year 8

Wang et al.(33) 2014 China RCT 160 54.4 36–79 ACF vs. NS Unilateral Burr-hole Recurrence 6 months ※

Wang et al.(34) 2012 China RCT 80 58.8 36–79 ACF vs. NS Unilateral Burr-hole Recurrence 6 months ※

Takayama et al.

(16)
2012 Japan non-RCT 239 66.5 16–94 ACF vs. NS

Unilateral or 

bilateral
Burr-hole Recurrence 3 months 6

Toi et al.(31) 2019 Japan RCT 342 72.5 75.41 ± 2.84 ACF vs. NS
Unilateral or 

bilateral

Burr hole 

drainage
Recurrence 3 months ※

Bartley et al.

(21)
2020 Sweden non-RCT 172 43.8 74.79 ± 12.47

NS (BT) vs. NS 

(RT)

Unilateral or 

bilateral
Burr hole Recurrence 6 months 7

Bartley et al.

(30)
2022 Sweden RCT 541 73.0 75.80 ± 9.80

NS (BT) vs. NS 

(RT)

Unilateral or 

bilateral
Burr hole Recurrence 6 months ※

Huang et al.

(32)
2021 China non-RCT 84 38.6 68.25 ± 8.27

NS (BT) vs. NS 

(RT)
Unilateral Burr hole Recurrence 6 months 7

Zhang et al.

(35)
2021 China non-RCT 86 74.4 66.53 ± 7.12

NS (BT) vs. NS 

(RT)

Unilateral or 

bilateral

YL-1-type 

hard-channel 

drilling 

drainage

Recurrence 6 months 6

※ The Cochrane collaboration’s tool was used for RCTs. 
CSDH, chronic subdural hematoma; PSM, propensity score matching; ACF, artificial cerebrospinal fluid; NS: normal saline; BT: body temperature; RT, room temperature; NOS, Newcastle-Ottawa Scale; RCT, randomized controlled trials.
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ACF and NS (31, 33, 34), and ACF offers sufficient safety as an 
irrigation fluid for CSDH (31). Wang et  al. (33) think that 
adequate intraoperative irrigation and adequate postoperative 
drainage are essential to reduce postoperative recurrence rates, 
and irrigation fluid is not a decisive factor.

In recent years, with the popularity of neuroendoscopic 
surgery, ACF has been increasingly used in the treatment of 
neurosurgical diseases. In intracranial aneurysm clipping, ACF is 
used for intracerebral pool flushing to prevent postoperative 
vasospasm; lateral ventricular puncture followed by ACF 
replacement with lumbar pool drainage for severe infections such 
as meningitis; and ACF replacement for hypertensive ventricular 
hemorrhage, all of which have achieved better efficacy compared 
with traditional therapies. ACF is formulated with reference to the 
concentration of the main biochemical substances in normal CSF, 
and its crystal concentration, osmotic pressure, and pH value are 
close to those of CSF, which is basically consistent with the 
physiological state of CSF circulation and can stabilize the internal 
environment of brain tissues. It has been shown to be  more 
effective than saline in the treatment of various neurosurgical 
diseases and is safe and reliable. In a study utilizing a mouse model, 
it was observed that the choice of irrigation solution employed 
during neurosurgical procedures could significantly impact the 
extent of bleeding at the injury site. The study revealed that ACF 
irrigation was more effective in reducing bleeding as compared to 
NS (13). Calcium is a crucial component necessary for blood 
coagulation and vascular smooth muscle contraction, both of 

which play crucial roles in hemostasis. The prior investigation 
hypothesized that the presence of Ca2+ in ACF could have 
contributed to the observed reduction in bleeding. In another 
study, it was reported that ACF irrigation during burr-hole surgery 
resulted in less damage to CSDH membranes than NS irrigation, 
leading the authors to speculate that ACF could minimize irritation 
and promote post-surgical healing (12). These findings suggest that 
ACF could facilitate hemostasis of the outer hematoma membrane. 
Moreover, ACF irrigation could help prevent recurrence by 
washing out inflammatory mediators from the subdural 
compartment. Excessive inflammation is a primary cause of CSDH, 
and the overproduction of inflammatory mediators has been 
linked to hematoma expansion (36). Nevertheless, there are some 
negative aspects of using ACF, particularly relating to the cost and/
or availability of this irrigation fluid worldwide. ACF is not readily 
available in many neurosurgical centers, but NS most definitely is, 
as are fluid warmers in most operating suites, and heating NS to 
body temperature may have a much higher worldwide impact on 
managing this condition than exploring artificial CSF, particularly 
in developing countries.

Irrigation at body temperature may be  more effective in 
decreasing postoperative recurrence rates than irrigation at room 
temperature, partly due to its superior ability to rinse the subdural 
space of factors that promote hematoma progression. Organic 
materials’ aqueous solubility doubles with every 20°C increase in 
temperature, making irrigation fluid at room temperature less 
effective (18). Moreover, irrigation fluid at room temperature may 

FIGURE 2

Meta-analysis of postoperative recurrence rates between the ACF group and the NS group.

FIGURE 3

Meta-analysis of postoperative recurrence rates between the body-temperature group and the room-temperature group.
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negatively impact coagulation compared to the fluid at body 
temperature. Irrigation at body temperature represents a 
refinement of current surgical practices, easily implemented 
without any patient-related contraindications or increased risk. 
Alternatively, irrigation fluid at body temperature may increase 
hematoma solubility, facilitating evacuation (19).

To our best of knowledge, this is the first meta-analysis 
investigated the effect of ACF and NS as irrigation fluids, as well 
as the effect of different irrigation fluid temperatures, on 
postoperative recurrence rates. The results showed that the ACF 
group had a lower postoperative recurrence rate than the NS 
group, possibly due to ACF’s protective effect on cerebral vascular 
permeability. During surgery, the dura mater may be damaged, 
and the irrigation fluid may come into contact with the surface of 
the brain. The severe swelling around the incision after surgery 
can be alleviated by using ACF, which is similar in composition to 
CSF and can better maintain the stability of vascular endothelial 
cells. This can minimize cerebral vascular permeability and cell 
damage and promote faster hemostasis without interrupting 
normal coagulation, effectively reducing the recurrence of 
CSDH. The results also showed that the temperature of the 
irrigation fluid significantly affected the recurrence rate of CSDH, 
with the use of body temperature being more effective in reducing 
postoperative hematoma recurrence than using room temperature. 
Under room-temperature conditions, the irrigation fluid inhibits 
the clotting process, leading to non-healing and the recurrence of 
the hematoma. In contrast, under body temperature conditions, 
the irrigation fluid increases the solubility of the hematoma, 
thereby promoting its excretion and absorption. Therefore, it can 
effectively suppress hematoma formation. In summary, ACF 
irrigation has a good hemostatic effect and high safety. It is 
superior to NS in CSDH surgical treatment. Additionally, to 
minimize the stimulating effect of irrigation fluid temperature on 
brain tissue, it is recommended to heat the irrigation fluid to body 
temperature during surgery.

However, this study has some limitations. First, there are few 
comparative studies on the effects of ACF and NS on CSDH and 
only four studies on the effect of irrigation fluid temperature on 
CSDH treatment. Second, there is a lack of research on the effect 
of ACF temperature on the prevention of CSDH recurrence. 
Third, the number of included studies in this paper is small, with 
large differences in quality scores among them. There are also 
significant differences in ethnicity, time period, and country of 
origin, with only four RCT studies and seven retrospective case–
control studies. Therefore, large-sample, multicenter, well-
designed RCTs are still needed to supplement and verify the 
results of this study. Lastly, the study by Shinbashi et al. (29) was 
a cohort study using the Japanese patient database from 2010 to 
2019. Maybe there is data duplication with other original studies 
from Japan about different irrigation fluids. But we cannot further 
identify this possibility. Hence, this is a limitation that cannot 
be solved.

Conclusion

Our analysis revealed a significant difference in the choice of 
irrigation fluid for CSDH surgery. Notably, we found that irrigation 

with fluid at body temperature demonstrated superiority over 
irrigation with fluid at room temperature, resulting in fewer instances 
of recurrence. This straightforward technique is both safe and widely 
available, providing an opportunity to optimize outcomes for patients 
with CSDH. Our findings suggest that the use of body-temperature 
NS or ACF of room temperature during operation should 
be considered a standard of procedure in CSDH surgery. Nevertheless, 
whether the different temperature of ACF could be  considered a 
standard of procedure in CSDH surgery still need high-quality RCTs 
to further identify.
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Background: Chronic subdural hematoma (cSDH) is a disease a�ecting mainly
elderly individuals. The reported incidence ranges from 2.0/100,000 to 58 per
100,000 person-years when only considering patients who are over 70 years old,
with an overall incidence of 8.2–14.0 per 100,000 persons. Due to an estimated
doubling of the population above 65 years old between 2000 and 2030, cSDH will
become an even more significant concern. To gain an overview of cSDH hospital
admission rates, treatment, and outcome, we performed this multicenter national
cohort study of patients requiring surgical treatment of cSDH.

Methods: A multicenter cohort study included patients treated in 2013 in a Swiss
center accredited for residency. Demographics, medical history, symptoms, and
medication were recorded. Imaging at admission was evaluated, and therapy
was divided into burr hole craniostomy (BHC), twist drill craniostomy (TDC),
and craniotomy. Patients’ outcomes were dichotomized into good (mRS, 0–3)
and poor (mRS, 4–6) outcomes. A two-sided t-test for unpaired variables was
performed, while a chi-square test was performed for categorical variables, and
a p-value of <0.05 was considered to be statistically significant.

Results: A total of 663 patients were included. The median age was 76 years, and
the overall incidence rate was 8.2/100,000. With age, the incidence rate increased
to 64.2/100,000 in patients aged 80–89 years. Themost prevalent symptoms were
gait disturbance in 362 (58.6%) of patients, headache in 286 (46.4%), and focal
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neurological deficits in 252 (40.7%). CSDH distribution was unilateral in 478 (72.1%)
patients, while 185 presented a bilateral hematoma with no di�erence in the
outcome. BHC was the most performed procedure for 758 (97.3%) evacuations.
CSDH recurrence was noted in 104 patients (20.1%). A good outcome was seen in
almost 81% of patients. Factors associatedwith poor outcomeswere age, GCS and
mRS on admission, and the occurrence ofmultiple deficits present at the diagnosis
of the cSDH.

Conclusion: As the first multicenter national cohort-based study analyzing the
disease burden of cSDH, our study reveals that the hospital admission rate of cSDH
was 8.2/100,000,whilewith age, it rose to 64.2/100,000. A goodoutcomewas seen
in 81% of patients, who maintained the same quality of life as before the surgery.
However, the mortality rate was 4%.

KEYWORDS

neurosurgery, cSDH, chronic subdural hematoma, incidence, therapy, outcome,

multicentric study, management

Introduction

Chronic subdural hematoma (cSDH) is a disease affecting

mainly elderly individuals. The reported incidence is highly

variable depending on the population and the period being studied.

It ranges from 2.0/100,000 person-years in the Swedish population

in 1996 to 58 per 100,000 persons-year when considering only

patients who are >70 years old, with an overall incidence of

8.2–14.0 per 100,000 persons-year (1–3). Due to an estimated

doubling of the population above 65 years between 2000 and

2030, cSDH will become an even more significant concern (3–

5). In addition, the increasing use of oral anticoagulation has

raised the incidence of cSDH (6). The growing number of patients

being affected significantly impinges healthcare costs of cSDH, with

current costs of ∼US$ 10,000 per treatment (7, 8). Despite these

facts, no evidence-based treatment strategy for cSDH has been

established (9). To gain an overview of cSDH hospital admission

rates, treatment, and outcome in Switzerland and to characterize

the Swiss patient collective for future studies, we performed

this retrospective multicenter national cohort study of patients

requiring surgical treatment of cSDH.

Materials and methods

We performed a multicenter retrospective cohort study,

including patients undergoing surgical drainage of cSDH between

1 January 2013 and 31 December 2013. The neurosurgical centers

included in this analysis were Swiss centers accredited for a

residency program of at least 1 year of training. Almost all patients

with cSDH are referred to one of those centers due to the availability

of emergency services. Demographic parameters (sex and age), past

medical history, presenting symptoms, and the use of anticoagulant

and antiplatelet medication were recorded. Imaging at admission

Abbreviations: CSDH, chronic subdural hematoma; GSC, Glasgow Coma

Scale; mRS, modified Rankin scale; BHC, burr hole craniostomy; TDC, twist

drill craniostomy; IQR, interquartile range.

was evaluated according to the localization of the cSDH, and the

midline shift in mm on the level of the foramen of Monro was

graded according to Nakaguchi et al. into homogeneous, laminar,

separated, or trabecular appearance of the cSDH (10). The therapy

was divided into single- or two-burr hole craniostomy (BHC),

twist drill craniostomy (TDC), and craniotomy. The outcome

was assessed using the modified Rankin scale (mRS) during the

outpatient clinical visit, close to 6 months after the treatment of

cSDH. We defined recurrence rate as the need for reoperation

and assessed the timing of recurrence in weeks after primary

surgery and complications. We also evaluated clinical parameters

that might contribute to poor outcomes and recurrence. Data were

entered into a REDCap (2015, Vanderbilt University) database.

Regional ethics committees of all the centers approved the study.

Informed consent for the scientific exploration of clinical and

biological data was consistent with the local ethical standards,

and the Declaration of Helsinki was available to all patients. The

Swiss Ethics Committees approved the study on research involving

humans under the protocol “Swissethics Ec-No: 15-163.”

Statistical analysis

Statistical analysis was performed using SPSS (IBM SPSS

Statistics 25). Incidence rates are presented directly standardized

using a weighted average of the stratum-specific rates. The weights

were obtained using Swiss Population Distribution (Swiss age

standardization). Patients’ outcomes were dichotomized into good

(mRS 0–3) and poor (mRS 4–6) outcomes. A two-sided t-test

for unpaired variables was performed, while a chi-square test

was performed for categorical variables. A p-value of <0.05 was

considered to be statistically significant.

Results

A total of 15 neurosurgical centers are accredited for

neurosurgical residency programs in Switzerland, of which one
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was excluded because of its pure spine surgical focus. Therefore,

we included patients that had been admitted to the neurosurgical

department of the following 14 centers: Cantonal Hospital

Aarau, University Hospital of Basel, University Hospital of Bern,

University Hospital of Geneva, Cantonal Hospital Graubünden,

University Hospital of Lausanne, Cantonal Hospital Lucerne,

Hospital St. Anna Lucerne, Cantonal Hospital Lugano, Cantonal

Hospital Sion, Cantonal Hospital St. Gallen, Cantonal Hospital

Winterthur, University Hospital of Zürich, and Hirslanden

clinic, Zürich.

Patient demographics

We included 663 patients in the study with a median age of 76

years (IQR 67–83 years). Of these, 228 (34.4%) were female patients

with a median age of 77 years (IQR 69–83 years), and 435 (65.6%)

weremale patients with amedian age of 75 years (IQR 67–83 years).

The female-to-male ratio was 1:1.9.

Admission parameters and past medical
history

The parameters of clinical presentation and past medical

history are displayed in Table 1. Gait disturbance was the most

common clinical presentation in 362 (58.6%) patients, followed

by headache in 286 (46.4%) patients, focal neurological deficits in

252 (40.7%) patients, and cognitive deterioration in 246 (39.8%)

patients. Multiple symptoms at presentations were seen in 505

(81.6%) patients, while 103 (16.6%) patients had one symptom, and

11 (1.8%) were asymptomatic. The median number of symptoms

per patient was three (IQR 2–4). Overall median admission GCS

was 15 (IQR 14–15). On admission, the median GSC of patients

with unilateral or bilateral cSDH showed no significant difference

(15, IQR 14–15). The distribution of anticoagulant and antiplatelet

medication use is shown in Table 1. Vitamin-K antagonists were

the most often used anticoagulants, prescribed in 135 (21.8%)

patients. New oral anticoagulants were prescribed in nine (1.5%)

patients. Aspirin was used in 169 (27.3%) patients and clopidogrel

in 26 (4.2%) patients regularly before admission. Concerning

past medical history, the most frequent medical condition was

arterial hypertension in 367 (59.3%) patients, followed by cardiac

arrhythmias in 160 (25.8%), and ischemic heart disease in 148

(23.9%) patients, respectively.

Radiological characteristics

In total, 478 (72.1%) patients presented with a unilateral cSDH,

of which 243 (50.1%) affected the left side and 235 (49.2%) the right

side, whereas in 185 patients, a bilateral hematoma was present.

A median midline shift of unilateral cSDH was 7.0mm (IQR 4–

11mm), compared to 3mm (IQR 0–5 to 6mm) of bilateral cSDH

(p < 0.001). The hematoma was homogeneous in 308 patients

(59.8%), laminar in 75 patients (14.6%), separated in 132 patients

(25.6%), and trabecular in 171 (33.2%) cases.

TABLE 1 Admission parameters and past medical history.

N (out of) %

Clinical presentation

Gait disturbance/fall 362 (618) 58.6

Headache 286 (616) 46.4

Focal neurological deficit 252 (619) 40.7

Cognitive deterioration 246 (618) 39.8

Non-specific deterioration 170 (617) 27.6

Speech disturbance 155 (619) 25.0

Acute confusion 115 (618) 18.6

Drowsiness/coma 109 (618) 17.6

Vomiting/nausea 60 (618) 9.7

Seizure 44 (617) 7.1

Incontinence 30 (615) 4.9

Past medical history

Hypertension 367 (619) 59.3

Arrhythmia 160 (619) 25.8

Ischemic heart disease 148 (619) 23.9

Diabetes mellitus 96 (619) 15.5

Renal insufficiency 78 (619) 12.6

Dementia 78 (619) 12.6

Cerebrovascular accident 75 (619) 12.1

DVT/PE 54 (619) 8.7

COPD 29 (619) 4.7

Hepatic insufficiency 22 (619) 3.6

Medication

Aspirin 169 (618) 27.3

Clopidogrel 26 (618) 4.2

Vitramin-K antagonist 135 (619) 21.8

New OAK 9 (618) 1.5

Gait disturbance is the most prevalent symptom, and hypertension is the most common

comorbidity. Anticoagulation and antiplatelet drugs were administered, respectively, by 31.5

and 22.3% of the patients.

COPD, chronic obstructive pulmonary disease; DVT, deep vein thrombosis; PE,

pulmonary embolism.

Incidence of cSDH

The overall incidence rate was 8.2/100,000 persons, 10.8 for

men and 5.5 for women. Absolute numbers and incidences of cSDH

per age group and sex are displayed in Table 2 and Figure 1. The

highest absolute number of cSDH inmen occurred in the age group

of 70–79 years, whereas in women, it was in the age group of 80–89

years. The incidence of cSDH rose steadily to 131.5/100,000 in men

who were 90 years or older. In women, the highest incidence rate

was in the age group of 80–89 years. Overall, the highest incidence

rate was 64.2/100,000 persons in patients 80–89 years old.
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TABLE 2 Absolute numbers of cSDH per age group and sex.

Absolute numbers Incidences

Age group Male Female Total Male Female Total

0–9 0 0 0 0 0 0

10–19 1 1 2 0.2 0.2 0.2

20–29 0 2 2 0 0.4 0.2

30–39 3 2 5 0.5 0.4 0.4

40–49 7 8 15 1.1 1.3 1.2

50–59 42 13 55 7.2 2.3 4.8

60–69 84 33 117 19.4 7.3 13.2

70–79 141 78 219 51.1 23.6 36.1

80–89 133 80 213 106.4 38.7 64.2

≥90 24 11 35 131.5 22.6 52.4

Total 435 228 663 10.8 5.5 8.2

The overall incidence rate is 8.2/100,000 people in Switzerland. However, in men, the

incidence of cSDH rises steadily to 131.5/100,000 in men who are 90 years or older.

Treatments

The most often used surgical technique as primary treatment

for cSDH was BHC. BHC was performed for 758 (97.3%) cSDH

cases, of which 166 (21.9%) were 1-BHC, and 592 (87.1%) were

2-BHC. There were 20 patients (2.6%) who were treated by

craniotomy, and one was treated using TDC. Additionally, data

on drains was available for 600 patients, and 756 patients were

operated for cSDH. Subdural drains were inserted during 261

(33.2%) evacuations, and subgaleal drains were inserted during 452

(57.2%) evacuations. In 43 evacuations, no drains were inserted

postoperatively. Data for recurrent hematoma was available for

518 (78.1%) patients, of which 104 patients (20.1%) experienced

a recurrence after a median of 2 weeks (IQR 1–4 weeks). There

were 17 patients (2.6%) who experienced a second recurrence after

a median of 3 weeks (IQR 1–10) after surgical drainage of the

first recurrence.

Outcome

Before the onset of symptoms related to the cSDH,

approximately half of the patients presented with an mRS of

0 (n = 339, 55.1%). In total, 119 patients had an mRS of 1

(19.3%), 70 patients had an mRS of 2 (11.4%), 64 patients had

an mRS of 3 (10.4%), 22 patients had an mRS of 4 (3.6%), and

one patient had an mRS of 5 (0.2%). After treatment of cSDH,

247 patients presented with an mRS of 0 (42.6%), 151 patients

had an mRS of 1 (26%), 70 patients had an mRS of 2 (12.1%),

54 patients had an mRS of 3 (9.3%), 26 patients had an mRS of

4 (4.5%), five patients had an mRS of 5 (0.9%), and 27 patients

(4.7%) presented an mRS of 6 (p < 0.001) (Figure 2). Median

time of outcome assessment was 2 months (IQR 1–6 months)

postoperatively. Factors associated with poor outcomes were age,

GCS on admission, mRS on admission, and the occurrence of

multiple deficits present at the diagnosis of the cSDH. Factors

not showing significant association with poor outcome were

midline shift, neither in uni- nor in bilateral cSDH, sex, the use

of antiplatelet medication or oral anticoagulation, uni- or bilateral

cSDH, or the side of cSDH.

Discussion

To the best of our knowledge, this is the first study to evaluate

hospital admission rates of cSDH based on a multicenter national

cohort including all age groups and all reference treating hospitals.

We have shown that the treatment of patients with chronic

subdural hematoma in Switzerland was relatively uniform, with a

high rate of burr hole evacuation and a high rate of postoperative

drainage placement.

Incidence

Our study yielded a hospital admission rate of cSDH

of 8.2/100,000 person-years. This aligns with previous studies

reporting an incidence of 8.2–14 per 10,000 person-years (1–

3, 11). Previous studies have assessed the incidence in confined

areas or defined patient collectives (1, 2, 12, 13). The definition

of the incidence of cSDH is challenging since many more patients

probably present a mild course with spontaneous resolution

without presentation to medical care (12). Others might present

subdural hygroma with or without transformation into a classical

cSDH or are hospitalized without surgical care. Reports about

the rate of spontaneous resolution or conservatively treated cSDH

are scarce primarily since clinically silent cSDH is not in the

physician’s attention and symptomatic cSDH is generally treated

surgically (14–17). Medically treated patients are limited to small

case series. In a recent study by Baiser et al., only 29% of newly

diagnosed cSDH required surgical drainage (17–20). Transferred

to our results, this would mean a 3-fold increase in the incidence

of cSDH in Switzerland. Nevertheless, in the recent trial of

dexamethasone for chronic subdural hematoma in symptomatic

patients, 94% underwent surgery to evacuate their hematomas (21).

This illustrates the difficulties in assessing the incidence of cSDH. A

new finding of this study is the reported peak incidence of 131.5

per 100,000 person-years in men ≥ 90 years. Our study shows a

steady incidence increase with increasing age up to 89 years. Higher

incidences with increasing age have been reported earlier, without

reaching an incidence rate of >130/100,000 person-years.

Treatment

The preferred primary treatment of choice was BHC (n= 758).

Only a minority of patients were treated by craniotomy (n= 20) or

TDC (n = 1). The type of surgical treatment was at the discretion

of the treating surgeon. The amount of performed BHC aligns

with the results of a previous systematic review by Weigel et al.,

which states that BHC has a comparable low morbidity rate as

TDC but a much lower recurrence rate (22). BHC is also the most

common form of treatment in other countries. In 2009, Santarius

et al. concluded that the drain’s subdural insertion reduces the
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FIGURE 1

Incidence rate of cSDH per age group and sex. The highest incidence rate for women is in the age group 80–89 years, while for men, it is in the
70–79 years age group.

recurrences rate from 24 to 9.3% and the mortality from 18.1

to 8.6% (23). In our series, we inserted a total of 713 drains

(261 subdural and 452 subgaleal). The rate of drain placement in

Switzerland (>90%), either subdural or subgaleal, is interestingly

high compared to the 80% rate found in the international

survey by Soleman et al., and this might be attributable to the

randomized controlled trial done by Santarius et al. in 2009, which

showed a significant benefit in reducing recurrence rates following

the use of drains after a burr hole evacuation of cSDH (23).

Moreover, Soleman et al. (24) concluded in a recent RCT that

subperiosteal drain insertion led to lower recurrence rates, fewer

surgical infections, and lower drain misplacement rates compared

to subdural drains (25). Häni et al. concluded in a prospective trial

that the placement of subgaleal drains rather than subdural drains

did not increase the risk of cSDH recurrence. The outcome was also

assessed and comparable in both groups (26).

Outcome

We dichotomized the outcome of our patients into favorable

outcomes, with an mRS of 0–3, and poor outcomes, with an mRS

of 4–6. Higher age, lower GCS and higher mRS on admission,

and occurrence of multiple deficits were associated with poor

outcomes (Figure 3). This confirms the data observed by Santarius

et al. in 2009, where mRS on admission and neurological deficits

were strong predictors of a bad outcome. GCS on admission

indirectly reflects the patient’s neurological status, confirming the

significance of these factors and may favor an early surgery before

the appearance of neurological deterioration.

No difference was found between the side of the hematomas

(right/left) and the outcome of patients, with 31 patients having

a bad outcome with left-sided hematomas and 37 with right-

sided hematomas. No difference was found between subdural
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FIGURE 2

Clinical status of patients according to the modified Rankin scale before (left) and after (right) surgical treatment of their chronic subdural
hematoma. The bars represent all assessed patients at respective time points and are set to 100%. We evaluated 615 patients, and 580 were
pre-operatively available for the postoperative follow-up assessment. The median time of follow-up assessment was 2 months.

FIGURE 3

Clinical status of patients according to the modified Rankin scale in absolute numbers. The top row represents 615 preoperative assessed patients,
and the bottom row 580. Good outcomes (mRS < 3) are seen in almost 81% of patients treated surgically. The outcome was influenced by age, GSC
on admission, mRS on admission, and occurrence of multiple neurological deficits at the sickness onset.

vs. subgaleal drains. Santarius et al. conducted their randomized

controlled study based on the insertion of subdural drains with

the conclusion of a lower recurrence rate. Zhang et al. showed no

difference between subdural and subgaleal drains in a retrospective

study of 570 patients, which was confirmed by the recent Swiss

study conducted by Häni et al. (26, 27). In our cohort, 104 patients

(20.1%) experienced a recurrence after a median of 2 weeks (IQR

1–4 weeks) and 17 patients (2.6%) experienced a second recurrence

after a median of 3 weeks (IQR 1–10) after surgical drainage of the

first recurrence. The usefulness of routine follow-up CT to predict

symptomatic recurrence is also questionable and has been recently

studied. Schucht et al. showed no benefit for routine follow-up

CT after surgery for cSDH, and repeated surgery was fewer in the

clinically followed patients (28).

Modern treatment strategies have recently been explored

to manage chronic subdural hematoma (CSDH), including

middle meningeal artery (MMA) embolization (29, 30). MMA

embolization has shown promising results as an option for

recurrent or refractory CSDH (31). Link et al. showed in 2018 that

MMA embolization may reduce the recurrence rate and the need
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for repeated surgeries (32). More extensive research is needed to

validate these findings and assess the long-term outcomes.

An additional facet of CSDH management has involved

the application of corticosteroids, notably dexamethasone

(20). Conclusions drawn from systematic reviews suggest that

glucocorticoids may be safe and effective in diminishing the

chances of recurrence when used supplementary to surgical

intervention. Furthermore, they could serve as independent

treatment options to avoid the need for surgical procedures

(33–35). Nonetheless, the findings from a randomized, multicenter,

placebo-controlled study, which sought to evaluate the impact of

dexamethasone on patients suffering from symptomatic chronic

subdural hematoma, painted a different picture. The results

demonstrated that dexamethasone led to fewer positive outcomes

and a higher frequency of undesirable events than placebo at the

6-month mark. As a result, this treatment has since been curtailed

in routine medical practice weighing the potential benefits against

the risks (21).

This new insight into the effectiveness of dexamethasone

underscores the importance of continuous research to evaluate and

refine our treatment strategies for cSDH.

Mortality

In our study, the mortality rate at 15 weeks was 4%, equating

to 27 patients. The rate was lower than the rate reported by

Lukasiewicz et al. in 2016, on 759 patients, which was 17% at 30

days, but consistent with the 4%mortality rate found byAlmenawer

et al. in a systematic review and meta-analysis of 34,829 patients in

2014 (11). Compared to the recent randomized controlled studies

performed in the UK, our cohort’s mortality rate was lower. The

reported rate by Santarius et al. in 2009 was 8.6% in the drainage

group and 18.1% in the non-drainage group, and in the recent study

performed by Hutchinson et al., the mortality rate reported was

8.8% in the dexamethasone group and 5% in the placebo group

at 6 months. Schucht et al. reported a mortality rate of 5.4% of

patients in a recent randomized control trial (28). Lukasiewicz et al.

considered only the patients treated by craniotomy and probably

included acute subdural hematomas explaining the high mortality

(36). In our study, the preferred primary treatment was BHC (n

= 758). Only a minority of patients were treated by craniotomy

(n= 20).

Limitations of the study

Our study is limited by the retrospective design. Conservatively

treated patients were omitted, and only some might have been

treated in private hospitals, minimally impacting our data.

Moreover, the study was conducted in a high-income country,

which is a factor to consider.

Conclusion

As the first multicenter national cohort-based study analyzing

the disease burden of cSDH, our study reveals that the hospital

admission rate of cSDH was 8.2/100,000. It increased with age up

to 64.2/100,000 persons in patients aged 80–89 years. The mortality

rate was 4%, which is lower than the literature reports. Good

outcome was seen in almost 81% of the patients but was negatively

influenced by higher age, lower GCS on admission, higher mRS on

admission, and occurrence of multiple neurological deficits present

at the diagnosis of the cSDH.
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Background: The original treatment may aggravate when hemodialysis (HD) 
patients have nontraumatic subdural hematoma (NSDH). End-stage kidney 
disease patients are at increased risk for NSDH, but its risk factors and outcomes 
are not sufficiently explored at present.

Methods: Electronic databases, including PubMed, EMBASE, and Web of Science 
were searched by using various combinations of the keywords “Hemodialysis,” 
“Renal Insufficiency,” “Extracorporeal Dialysis,” “Subdural Hematoma,” “Subdural 
Hemorrhage,” “Subdural Hematomas,” and “Subdural Hemorrhages” in 
accordance with the PRISMA guidelines. Sixteen papers were selected. Relevant 
patient data were extracted, aggregated, and analyzed.

Results: A total of 74 patients were analyzed, including 37 male, 26 female, and 
11 with no gender data, with a mean age of 56  years (range, 16–81  years). There 
were 43 patients with hypertension, 36 patients with diabetes, 16 patients who 
used oral anticoagulants before dialysis, and 10 patients with atrial fibrillation. 
The diagnosis of subdural hematoma (SDH) was made by computed tomography 
(CT) (n  =  51), carotid arteriography (n  =  7), surgical exploration (n  =  3), and autopsy 
(n  =  2). Forty cases underwent surgical treatment, including craniotomy and burr 
hole (or twist drill) drainage. The 1  year mortality rate of NSDH was 45.9%. The 
mortality rate after conservative treatment (61.8%) was higher than that after 
surgical intervention (32.5%). The mortality rate of NSDH in dialysis patients with 
atrial fibrillation and in those who used oral anticoagulants before hemodialysis 
(HD) was 90 and 81%, respectively.

Conclusion: NSDH is rare in HD, and mortality is high if NSDH occurs in dialysis 
patients. Surgical intervention reduces the mortality from NSDH in patients on 
HD (p  <  0.02). Patients with atrial fibrillation and those who were taking oral 
anticoagulants before dialysis have a higher NSDH mortality (p  <  0.01).
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end-stage kidney disease, nontraumatic subdural hematoma, hemodialysis, kidney 
failure, kidney replacement therapy
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Introduction

Subdural hematoma (SDH) is a common neurosurgical condition 
characterized by progressive and recurrent bleeding caused by 
traumatic tearing of blood vessel(s) (1, 2). Patients with SDH exhibit 
different clinical symptoms depending on its location in the skull. 
SDH is classified as acute, subacute, and chronic depending on the 
time of development. Risk factors for developing SDH include age, 
head injury, anticoagulant or antiplatelet drug use, low intracranial 
pressure, and hemodialysis (HD) (3–5).

Chronic kidney disease is a chronic structural or functional 
abnormality of the kidney with various causes, and is currently a 
global public health problem. It eventually progresses to end-stage 
kidney disease (ESKD) (6), which is the final stage of chronic kidney 
disease and is generally irreversible.

In recent years, the incidence and mortality of ESKD have 
increased rapidly (7). The primary modality for treating ESKD is 
kidney replacement therapy (KRT), including HD, peritoneal dialysis 
(PD), or kidney transplantation. In ESKD patients, the accumulation 
of toxins leads to various complications.

Patients with ESKD have a 3–10 times higher risk of stroke than 
the general population (8). Because brain atrophy is common in 
patients with ESKD, the length of the pontine vein that is prone to 
tearing increases the incidence of SDH (9). Patients with long-term 
HD have a 10-fold higher risk of developing SDH than the general 
population (5, 10). This may be related to HD changes in intracranial 
pressure, cerebral blood flow, and subdural pressure (11). The 
occurrence of nontraumatic SDH (NSDH) in ESKD patients 
undergoing HD has rarely been reported and was mainly presented in 
the form of case reports or a small case series. To explore the 
pathophysiology and risk factors for the development of NSDH in 
HD, we conducted a systematic review and summary analysis of the 
published literature.

Methods

The analysis and generation of inclusion criteria were based on the 
Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) (12).

We searched reports in English up to April 2023 in PubMed, 
EMBASE, and Web of Science, using Boolean operators “OR” and 
“AND” in combination OR alone with the following keywords: 
using various combinations of the keywords “Hemodialysis,” 
“Renal Insufficiency,” “Extracorporeal Dialysis,” “Subdural 
Hematoma,” “Subdural Hemorrhage,” “Subdural Hematomas,” and 
“Subdural Hemorrhages.”

First, relevant studies were screened by title and abstract. Second, 
the assessment was done after downloading the full text. Prospective 
studies, retrospective studies, and case reports were included. 
Traumatic SDH, incomplete data, non-English language reports, PD, 
duplicate articles, reviews, commentaries, or editorials were 
excluded. This process was carried out independently by three 
assessors (LY, ZL, and XD). Any disagreements were settled by 
consensus. All data were collected by two authors (LW and XW). 
Given that the majority were retrospective studies and individual 
patient data were not always available, a formal meta-analysis could 
not be performed.

Statistical analysis

Statistical analysis was performed using SPSS 24.0. Univariate 
analysis was performed using Fisher’s exact test, and categorical 
variables were compared using chi-square tests. Differences were 
considered statistically significant at p values lower than 0.05.

Results

By searching the keywords in the title and abstract, 105 duplicates 
were removed, and a total of 240 papers were obtained. Forty-one 
articles were obtained by filtering the titles and abstracts. The full-text 
versions of the 41 articles were evaluated. After excluding traumatic 
SDH, incomplete data, duplicate data papers, etc., a total of 16 papers 
were finally obtained (13–28). The PRISMA flow diagram for the 
selection is shown in Figure 1.

Patient population

Sixteen papers were analyzed, with sample sizes ranging from 1 to 
41 patients (Table 1). The 16 papers included 13 case reports or mini 
case papers (up to four patients), one article mentioning NSDH in an 
HD patient, and two retrospective case series (11–41 patients). A total 
of 74 patients were identified, namely 26 female, 37 male, and 11 with 
no gender data, with a mean age of 56 years (range, 16–81 years).

Kidney failure and anticoagulants

Except for one case of acute anuretic kidney failure undergoing 
HD, the remaining 73 patients were on chronic HD with unexplained 
causes of chronic kidney failure. In 14 articles, heparin anticoagulation 
was used during HD in 72 cases. For two females in two case reports, 
the authors did not mention whether heparin anticoagulation was 
used during HD. A total of 16 patients received oral anticoagulants 
before HD, while 45 cases were not anticoagulated, and the use of 
anticoagulants was not described in the remaining patients.

Clinical symptoms and past complications

Two retrospective studies analyzed a total of 3,718 patients with 
chronic maintenance HD, including 52 patients with NSDH whose 
clinical symptoms at presentation were not described. The main 
clinical symptoms of 22 patients in 14 articles were headache (n = 14), 
consciousness disturbance (n = 5), hemiparesis (n = 3), vomiting 
(n = 2), and nausea (n = 1).

Of all 74 patients, 43 cases had hypertension, 36 cases had diabetes 
mellitus, 14 cases had ischemic heart disease, 10 cases had atrial 
fibrillation, three cases had chronic-disease anemia, and one case had 
thrombosis, and in five cases no previous diseases were mentioned.

Auxiliary examinations

Hemoglobin level was reported in 59 patients in eight articles, 
with a mean of 106.4 g/L. Prothrombin time was reported in 55 
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patients in five articles, with an average of 11.74 s. The mean platelet 
in 55 patients in five articles was 181.27 × 109/L.

The diagnosis of SDH was made by computed tomography (CT) 
in 51 cases, carotid arteriography in seven cases, surgical exploration 
in three cases, and autopsy in two cases. Twenty-three cases were acute 
SDH, 16 cases were chronic SDH, and the nature of SDH was unclear 
in 35 cases.

Treatment and outcome

Thirty-four cases underwent conservative treatment, such as 
antihypertensive therapy, anti-epilepsy, and change of anticoagulant 
for HD, including one case where conservative treatment was followed 
by burr hole and one case where it was followed by craniotomy. Forty 
cases underwent surgical treatment, including craniotomy and burr 
hole (or twist drill) drainage. The 30 days mortality rate of conservative 
treatment was 61.8%, while the 30 days mortality rate of surgical 
treatment was 30%. At 1 year, 40 patients survived.

Risk factors for death

Table 2 presents the data on survival and death of the patients 
with NSDH who underwent HD within 1 year. In the survivor group, 
27 (67.5%) of 40 patients underwent surgical intervention, while in 
the death group, 13 (38.2%) of 34 cases underwent surgical 
intervention. Aggressive surgical intervention for NSDH on HD was 
able to reduce the risk of death (p < 0.02). Patients with atrial 
fibrillation or those who were taking oral anticoagulants before HD 
had increased mortality from SDH (p < 0.01). Age, sex, hypertension, 

diabetes, and type of SDH did not change the outcome of 
NSDH on HD.

Discussion

Stroke and ESKD are two major risk factors for human health. 
There is a high risk of stroke in patients with ESKD undergoing 
dialysis and a high mortality rate in the event of stroke. SDH usually 
occurs in injured elderly patients, with high morbidity and mortality 
rate. Fall, age, antiplatelet drugs, and low intracranial pressure are risk 
factors for the development of SDH (3, 4). Among them, fall and age 
are common clinical risk factors. In the absence of trauma, SDH is 
thought to occur spontaneously and may be associated with systemic 
hypertension, cerebral atrophy, coagulation dysfunction, and use of 
anticoagulant drugs. Some studies have shown that dialysis modality 
may affect the incidence of SDH in ESKD (29–32). HD alters 
hemodynamics, and the use of anticoagulants such as heparin puts 
HD patients at a higher risk of SDH than PD patients (33). Some 
studies have shown that HD patients have a higher rate of SDH (5, 
10, 34). In two of the studies we collected, 52 out of 3,718 patients 
developed SDH, with an incidence of 1.4% and an annual incidence 
of 189 per 100,000/year. By contrast, previous studies have reported 
an incidence of SDH between 8.2/100,000 and 48/100,000/year (29). 
The high incidence of NSDH in HD may be related to heparin and 
other anticoagulants, antiplatelet drugs, atrial fibrillation, and 
cardiovascular diseases (14). It has also been shown that the increased 
risk of HD bleeding is due to the uremic state itself and impaired 
platelet function (14, 33). Although the incidence of NSDH is higher 
in HD patients, there are few literature reports, and the previous 
reports were mainly case reports. With insufficient data on the risk 

FIGURE 1

PRISMA flow diagram for the selection of literature.
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TABLE 1 Summary of the included studies.

Author 
and Year

No. of 
Patients

Age/
Average 

Age (years)

Sex Study 
Design

Symptoms Symptom 
duration (h)

Type of 
SDH

Oral 
Anticoagulants 
before HD

Anticoagulants 
for HD

Dose of 
anticoagulants 
for HD

SDH-detection 
method

Treatment 
modalities

Prasad et al., 

2022 (13)

1 27 F Case Report Consciousness 

disturbance

NA Chronic NA NA NA CT Levetiracetam; vitamin 

K; burr hole

Fayed et al., 

2021 (14)

41 56.3 F (n = 18), 

M (n = 23)

Retrospective 

case series

NA NA Acute (n = 15); 

Chronic (n = 7)

Warfarin (n = 10) Heparin 500 IU at the start of 

HD; 500 IU every hour

CT No surgery (n = 19); 

surgery (n = 22)

Uchio et al., 

2021 (15)

1 81 F Case Report Vomiting; nausea NA Acute NA NA NA CT Fasting and 

antihypertensives

Power et al., 

2010 (16)

11 71.3 NA Retrospective 

case series

NA NA NA NA Heparin 500 IU at the start of 

HD; 500 IU every hour

NA No surgery (n = 8); 

surgery (n = 3)

Mesquita et al., 

2008 (17)

1 65 M Case Report Hemiparesis 0.2 Acute NA Heparin NA CT Valproic acid; 

vancomycin; 

craniotomy

Sengul et al., 

2005 (18)

1 26 F Case Report Headache; vomiting; 

hemiparesis

1 Acute NA Heparin NA CT Twist drill

Zingale et al., 

1999 (19)

1 77 M Case Report Consciousness 

disturbance

NA Chronic NA Heparin NA CT Burr hole

Kopitnik et al., 

1989 (20)

1 48 M Case Report Consciousness 

disturbance

NA Chronic NA Heparin NA CT Burr hole

Inzelberg et al., 

1989 (21)

1 28 F Case Report Hemiparesis 1 Chronic Warfarin Heparin NA CT Dexamethasone; 

antibiotic

Sayre et al., 

1987 (22)

1 29 M Case Report Consciousness 

disturbance

NA NA NA Heparin 1,100 IU CT Craniotomy

Isiadinso et al., 

1976 (23)

4 65 M Retrospective 

case series

Headache NA Chronic NA Heparin NA Carotid arteriography Craniotomy

Bechar et al., 

1972 (24)

2 27.5 F, M Case Report Headache NA Chronic and 

acute

Sintrom Heparin NA Carotid arteriography Craniotomy

Talalla et al., 

1970 (25)

3 29.3 F (n = 2), M Retrospective 

case series

Headache NA Acute (n = 1); 

Chronic (n = 2)

Warfarin (N = 2) Heparin 1,500 IU (n = 2) Surgical exploration 

(n = 1); carotid 

arteriography (n = 1); 

autopsy (n = 1)

Burr hole and 

craniotomy (n = 1); 

craniotomy (n = 1)

Zarowny et al., 

1970 (26)

1 46 M Case Report Headache 1.5 Acute Anticoagulant Heparin NA Surgical exploration Burr hole

Del et al., 1970 

(27)

1 28 F Case Report Headache NA NA NA Heparin 45–60 mg CT Regional 

heparinization

Leonard et al., 

1969 (28)

3 64.3 M Retrospective 

case series

Headache (n = 2); 

consciousness 

disturbance

NA Acute (n = 2); 

Chronic (n = 1)

NA Heparin NA Autopsy (n = 1); 

surgical exploration 

(n = 1); CT (n = 1)

Discontinuation of 

dialysis (n = 1); 

craniotomy (n = 2)

SDH, subdural hematoma; CT, computed tomography; h, hour; NA, not available.
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factors and outcomes, we conducted a systematic review of previous 
HD patients with NSDH.

The onset of NSDH is relatively insidious, and the common 
clinical symptoms are headache, consciousness disturbance, and 
hemiparesis. In our report, the symptoms included headache 
(n = 14), consciousness disturbance (n = 5), hemiparesis (n = 3), 
vomiting (n = 2), and nausea (n = 1). The diagnosis of NSDH was 
mainly made by imaging, among which 51 cases were found by CT 
examination and seven cases were found by carotid arteriography. 
However, before the development and popularization of CT, NSDH 
was usually detected at autopsy or surgical exploration. In our 
retrospective analysis, two cases were found by autopsy and three 
cases by surgical exploration. The treatment of NSDH is similar to 
that of traumatic SDH. Treatment of SDH usually depends on the 
patient’s symptoms, neurological examination, thickness of blood 
in the SDH, midline shift, and other factors (35–37). Surgical 
intervention for SDH is the preferred treatment for patients with 
symptoms and/or midline displacement >1 cm, or with 
supratentorial hematoma greater than 30 mL. For subacute or 
chronic SDH, only external drainage is usually required. However, 
the burr hole or twist drill should be  wide enough to allow 
continuous free drainage to prevent recurrence of the hematoma. 
There were no reports of recurrence after burr hole or twist drill in 
our study. For acute SDH, craniotomy is usually required to 
determine the site of bleeding. The timing of surgery is critical for 
acute SDH in patients receiving anticoagulant therapy. Some studies 
have shown that mortality from early surgery is nearly twice as high 
as that from late surgery due to coagulopathy and inadequate 
preparation for surgical intervention (38). In our study, there were 
19 cases of acute SDH craniotomy and five cases of death.

In past retrospective studies, it has been reported that the 
30 days mortality rate for SDH patients with ESKD requiring 
dialysis is 19% (34). Two SDH surveys of ESKD patients in Taiwan 
and the United States have reported mortality rates of 35–39% (5, 
39). The 30 days mortality rate for conservative treatment was 
61.8%, and the mortality rate for surgical treatment was 30%. The 
one-year mortality rate was 45.9%. This is broadly consistent with 
previous reports. We further analyzed the risk factors for death after 

the development of SDH in HD patients. Surgical intervention, 
atrial fibrillation, and oral anticoagulants before HD can change the 
outcome of SDH. Surgical intervention after the occurrence of 
NSDH in HD can reduce patient mortality (p < 0.02). Consistent 
with other studies (39, 40), we confirmed that atrial fibrillation is 
associated with an increased risk of death from NSDH in HD 
(p < 0.01). At the same time, our study showed that oral 
anticoagulants prior to HD increased the risk of death from NSDH 
(p < 0.01). It is possible that the use of oral anticoagulants in the 
management of atrial fibrillation may exacerbate uremic bleeding 
(41, 42). However, variables such as age, hypertension, and diabetes 
do not change the outcome of NSDH occurring in HD.

There are limitations to our study. First, the vast majority of the 
studies reviewed were retrospective and observational, and such 
studies are prone to selection and publication bias. Therefore, the 
strength of our data and the validity of our conclusions are limited. 
Second, not every data variable could be extracted due to the design 
of the study and the heterogeneity of the published data. Nevertheless, 
we were the first to conduct a comprehensive and systematic review 
of the literature on the occurrence of NSDH in HD patients and to 
assess the incidence of NSDH in HD and the risk factors for death.

Conclusion

NSDH is rare in HD patients, but has the potential to be a serious 
complication, with a possible mortality rate of 39–45%. If NSDH 
occurs on HD, conservative treatment is associated with a twofold 
increased risk of death compared with surgical intervention. Patients 
with atrial fibrillation or those who were taking oral anticoagulants 
before dialysis have a greater risk of death when NSDH occurs during 
dialysis. Given the significance of our findings, prospective studies 
may be  needed to help accurately determine the incidence, risk 
factors, and outcomes of this complication to develop effective 
prevention and treatment strategies for this population.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

LY and HL: conceptualization. XW and HL: methodology and 
supervision. ZL, XD, and LW: data curation. LY and ZL: writing – 
original draft preparation. HL: writing – review and editing and 
project administration. All authors contributed to the article and 
approved the submitted version.

Funding

This work was supported by the Foundation Program of the 
Sichuan Provincial Health Commission (no. 21PJ181).

TABLE 2 Risk factors affecting the survival rate of SDH on HD.

Survival 
(n  =  40)

Death 
(n  =  34)

p

Age (years) 52.2 (n = 35) 62.4 (n = 24) NS

Male Sex 20/36 (55.6%) 17/27 (62.9%) NS

Acute subdural 

hematomas

16/28 (57.1%) 7/14 (50%) NS

Surgical treatment 27/40 (67.5%) 13/34 (38.2%) 0.02

Diabetes mellitus 19/33 (57.6%) 12/22 (54.5%) NS

Hypertension 21/34 (64.7%) 15/21 (71.4%) NS

Atrial fibrillation 1/33 (3%) 9/22 (40.9%) 0.001

Oral anticoagulant 

medication before 

HD

3/36 (8.3%) 13/25 (52%) 0.001

SDH, subdural hematoma; HD, hemodialysis.
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Success of conservative therapy 
for chronic subdural hematoma 
patients: a systematic review
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Mariam Slot 1,2, W. P. Vandertop 1,2 and D. Verbaan 1,2

1 Department of Neurosurgery, Amsterdam UMC Location University of Amsterdam, Amsterdam, 
Netherlands, 2 Amsterdam Neuroscience, Neurovascular Disorders, Amsterdam, Netherlands

Background: Conservative therapy for chronic subdural hematoma (cSDH) is an 
option for patients who express no, or only mild symptoms, thereby preventing 
surgery in some. Because it is not clear for whom conservative therapy is 
successful, we aimed to estimate the success rate of conservative therapy and to 
identify which factors might influence success.

Methods: We systematically searched MEDLINE and EMBASE databases to 
identify all available publications reporting outcome of conservative therapy 
for cSDH patients. Studies containing >10 patients were included. The primary 
outcome was the success rate of conservative therapy, defined as “no crossover 
to surgery” during follow-up. In addition, factors possibly associated with success 
of conservative therapy were explored. Bias assessment was performed with 
the Newcastle Ottowa Scale and the Cochrane risk-of-bias tool. We calculated 
pooled incidence and mean estimates, along with their 95% confidence intervals 
(CIs), using OpenMeta[Analyst] software.

Results: The search yielded 1,570 articles, of which 11 were included in this 
study, describing 1,019 conservatively treated patients. The pooled success rate 
of conservative therapy was 66% (95% CI: 50–82%). One study (n  =  98) reported 
smaller hematoma volume to be associated with success, whilst another study 
(n  =  53) reported low hematoma density and absence of paresis at diagnosis to 
be associated with success.

Conclusion: Conservative therapy is reported to be successful in the majority of 
cSDH patients who have either no, or only mild symptoms. Hematoma volume, 
low hematoma density and absence of paresis could be factors associated with 
success. However, further research is warranted in order to establish factors 
consistently associated with a successful conservative therapy.

Other: No funding was acquired for this study. The study was not registered nor 
was a study protocol prepared.
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Introduction

Chronic subdural hematoma (cSDH) is a frequently occurring 
disease mainly affecting elderly patients. Risk factors are brain atrophy, 
anticoagulation or antiplatelet therapy, male gender and (minor) head 
trauma (1, 2). The incidence of cSDH is projected to triple by 2040, 
making its occurrence in daily neurological and neurosurgical practice 
even more common (3, 4).

There is no consensus concerning the optimal treatment strategy. 
For patients with severe symptoms (e.g., depressed level of 
consciousness, hemiparesis, Intractable headache), surgical therapy is 
the mainstay of treatment. The most frequently used surgical modality 
is burr hole craniostomy with subdural or subgaleal drainage and in a 
minority of cases (15%), a craniotomy or twist-drill craniostomy is 
performed (5). Surgical evacuation is not without disadvantages as it 
exposes these, often elderly and frail, patients to concomitant risk of 
complications such as post-operative intracranial haemorrhage, 
pneumocephaly, seizures, delirium and pneumonia (up to 15%) (6–8). 
Hematoma recurrence is another well-known complication that arises 
in the weeks following surgery in approximately 13% of 
patients (9–11).

Patients who experience relatively mild, or no symptoms, or who 
are unfit for surgery, can be treated conservatively (wait-and-watch) 
(12). The frequency of non-surgical therapy as primary treatment has 
been rising over the last 30 years, but despite this rising frequency, 
studies regarding the efficacy and outcome are limited (13). Therefore, 
vital elements such as success rate (i.e., the ability to avoid surgery 
with good clinical outcome) and factors associated with success have 
not yet been established.

The absence of clarity results in uncertain and unsubstantiated 
decisions regarding optimal treatment and follow-up strategy, leading 
to considerable practice variation (14–16). In order to elucidate these 
gaps, we reviewed the literature. The primary aim of this study is to 
(1) determine the reported success rate of conservative therapy and 
(2) identify factors possibly associated with success.

Methods

Search strategy

For this systematic review, we followed the guidelines stated by the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) checklist. We searched MEDLINE and EMBASE databases 
with the following terms: “chronic subdural hematoma,” “chronic 
subdural hygroma,”, “conservative treatment,” “non-surgical,” and 
“observative and observational treatment.” For the detailed search 
strategy, see Supplement 1. The search was last executed on May 30th, 
2023. No other data filters were applied.

Study selection

Two independent reviewers (MF and HVB) first individually 
screened the titles and abstracts and subsequently full-text for 
eligibility. Studies were included if (1) they contained patients 
diagnosed with a cSDH; (2) age was >18 years old; (3) initial 
treatment strategy was conservative. Conservative therapy was 

defined as: “wait-and-scan” or “wait-and-watch.” Studies were also 
included if only a subgroup received conservative therapy and data 
of this group could be reliably extracted. For example, if a subgroup 
received placebo or no treatment (in placebo controlled drug studies 
or observational studies). Studies were excluded if (1) initial 
treatment consisted of surgery, middle meningeal artery 
embolization, medication, epidural blood patch or abstinent therapy; 
(2) studies contained less than 10 patients; (3) no distinct data of the 
conservative group could be distilled (also if the success percentage 
of the conservative group could not be determined due to a missing 
denominator); (4) wrong publication type (letter to editors, editorials 
or studies with repeated study population); (5) the language was 
other than English; (6) it was explicitly described that cSDH occurred 
after decompressive craniotomy or craniectomy; (7) the hematoma 
was located infratentorial or other than along the convexity (for 
supratentorial hematomas); (8) the full-text version was not available. 
A third adjudicator (DV) was consulted in the case of any 
discrepancies between the two initial reviewers regarding the in-or 
exclusion of studies.

Outcomes

The primary outcome was success of conservative treatment. 
Conservative therapy was deemed successful if surgical evacuation for 
the cSDH was not required during follow-up. Other outcomes 
included factors associated with success of conservative therapy, 
mortality, Glasgow Outcome Scale (GOS) score, time until complete 
hematoma resolution in the success group (confirmed by CT-scan), 
and time to, and criteria for, crossover to surgery.

Data collection

Two reviewers (MF and HVB) independently collected the 
variables of interest. Extracted data items included: article information 
(title, author, year of publication, study design), study in-and exclusion 
criteria, the total number of patients treated conservatively, criteria for 
crossover to surgery, clinical characteristics [age, sex, head trauma, use 
and possible cessation of anticoagulation or antiplatelet therapy, 
Glasgow Coma Scale (GCS) or Markwalder Grading Scale (MGS)], 
radiological parameters (hematoma laterality, presence and amount 
of midline shift, hematoma thickness and volume), GOS, mortality, 
follow-up time, percentage of successfully treated patients, time from 
diagnosis of the cSDH to crossover to surgery and time until complete 
hematoma resolution as confirmed by CT imaging.

Risk of bias assessment

Two authors (HVB and DV) independently assessed the 
methodological quality of the included articles using the revised 
Cochrane “Risk of Bias” tool for Randomized Clinical Trials (RoB 
2.0) and the Newcastle-Ottawa Scale (NOS) for observational studies 
(17, 18). Any discrepancies were discussed until consensus was 
reached. The RoB 2.0 assesses bias based on five domains: (1) 
Randomization process; (2) Deviation from intended interventions; 
(3) Missing outcome data; (4) Measurement of the outcome; (5) 
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Selection of the reported result. Each study is assigned “low concerns 
of bias” or “some concerns of bias” per domain. The overall bias grade 
is based on the scores per domain conform RoB 2.0 criteria (19). The 
NOS can assign up to nine points across three domains for studies 
with minimum risk of bias. The domains are as follows: (1) Selection 
of study groups (maximum of four points); (2) Comparability of 
groups (maximum of two points); (3) Ascertainment of exposure and 
outcomes (maximum of three points). However, in the case of some 
studies—particularly those focusing only on chronic subdural 
hematoma and not on other types of SDH—an unexposed cohort 
(i.e., a group without the condition) simply could not exist. For these 
studies, a maximum of three points could be awarded in the first 
domain, as it was not possible to include a non-exposed cohort. This 
adjustment resulted in a maximum overall score of eight, rather than 
nine, for these studies. We converted the NOS ratings to Agency for 
Healthcare Research and Quality (AHRQ) terms—poor, fair, good—
in line with standard conventions. For studies that could obtain nine 
points “good quality” was awarded if they had three or four points in 
the first domain, one or two points in the second domain and two or 
three points in the third domain. For studies that could obtain eight 
points “good quality” was awarded if they had two or three points in 
the first domain, one or two points in the second domain and two or 
three points in the third domain.

Statistical analysis

For continuous variables, means and 95% confidence intervals 
(CI) were calculated for all patients treated with conservative therapy. 
For dichotomous outcomes, a pooled estimate with 95% CI was 
calculated. All statistical analyses were performed using 
OpenMeta[Analyst] (CEBM, Brown University, 2012) (20).

Results

Search

The initial search yielded 1,570 studies. After removing duplicates 
and screening the title and abstract 329 full-text articles were assessed 
for eligibility. Upon reviewing the full-text articles, a total of 11 studies 
were included (Figure 1) (21).

Study characteristics

Of the 11 included studies, six were retrospective cohort studies, 
two prospective cohort studies, one a pilot RCT, one a RCT and one a 

FIGURE 1

PRISMA flow diagram of study selection process (21). DC, decompressive craniectomy.
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TABLE 1 Included studies, study characteristics and outcomes.

Study Study 
type

N Success (%) Time till 
crossover

Time till 
complete 
resolution 

on CT

Mortality Follow-up Glasgow 
outcome 
scale (%)

Bender et al. (27) R 60 48 (80) NA NA NA 30 months NA

Hirashima et al. (25) RCT 29 2 (6.9) NA NA NA 6 months NA

Prud'homme et al. (24) Pilot RCT 10 7 (70) NA 24 weeks 0 (0) 6 months NA

Kim et al. (23) R 16 13 (81.3) 39 days 17 weeks (4–

96 weeks)

0 (0) Until nearly complete 

hematoma resolution

5 (100)

Chan et al. (28) R 12 5 (41.7) NA NA NA 6 months 5 (17)

4 (83)

Asan et al. (29) R 163 133 (85.6) NA NA NA 23 days NA

Hou et al. (30) P 26 26 (100) NA 10 weeks 0 (0) 73 days NA

Ban et al. (31) P 67 11 (16.4%) NA NA NA 6 months NA

Rauhala et al. (13) R 223 170 (76.2) 24 days NA NA Minimally 24 months 

or until death

NA

Petralia et al. (32) R 315 293 (93.0) NA NA NA 1 month NA

Wang et al. (22) Post-hoc 

RCT 

analysis

98 75 (76.5) 25 days NA 0 (0) 6 months 5 (67)

4 (10)

3 (23)§

Total n* 1,019 783/1,019 (76.8%) 25 days (n = 79) 14.7 weeks (n = 49) 0/150 (0.0%) 4.6 months (n = 780) 5 (66)

4 (16)

3 (17)

Pooled estimate (95% CI) 66.0% (49.7–82.3) 0.0 (0.0–2.0)

R, retrospective cohort study; P, prospective cohort study; RCT, randomized controlled trial; NA, not available; CI, confidence interval. *Averages were calculated were possible. For the 
outcomes time till crossover, time till complete resolution and follow-up no 95% CI could be calculated since measures of dispersion were not provided. §The GOS was determined 8 weeks 
after diagnosis in 88 patients.

post-hoc analysis of a previous RCT. The date of publication ranged 
from 1974 to 2022. Two cohort studies provided a direct comparison 
between patients treated successfully with conservative therapy and 
patients for whom conservative therapy had failed (22, 23). In the pilot 
RCT the effect of dexamethasone was compared to placebo and in the 
RCT the effect of etizolam was compared to no treatment (24, 25). The 
study of Wang et al. (22), was a post-hoc analysis of an RCT in which 
the effect of atorvastatin vs. placebo was investigated (22, 26). The 
mean follow-up duration of all studies was 4.6 months. See Table 1 for 
study characteristics.

Risk of bias assessment

The AHRQ quality was “poor” in seven of the nine included 
cohort studies. The quality was “good” in the studies by Hirashima 
et al. (25) and by Rauhala et al. (13). The risk of bias per domain, as 
assessed by the NOS, is summarized for each study in Table 2. Among 
the two randomized studies, one had a low risk of bias, while the other 
raised some concerns (Figure 2).

Patient characteristics

All studies contained a total of 1,019 patients treated with 
conservative therapy. The mean age was 66.8 years (95% CI: 64.5–69.2, 

n = 71,) and the population was predominantly male (82%, 95% CI: 
70.9–90.6%, n = 191) (Table 3). The Glasgow Coma Scale was reported 
for 369 patients, of which 353 had scores between 14-15 (95.7%) (23, 
28, 30, 32). The Markwalder Grading Scale was reported for 196 
patients, with 136 scoring between 0 and 2 (69.4%) (22–24, 27, 28). 
The mean midline shift was 4.6 millimeters (95% CI: 2.0–9.8 
millimeters) in 124 patients and the mean hematoma thickness was 
15.9 millimeters (95% CI: 13.7–18.0) in 124 patients (22–24). In 114 
patients, hematoma volume was reported and had a mean of 55.2 
milliliters (95% CI: 38.8–72.4 milliliters) (22, 23).

Outcomes

The success rate of conservative therapy was 66.0% (95% CI: 49.2–
82.3%), ranging from 6.9–100% (Table 1). Factors associated with 
crossover to surgery were evaluated in three studies (Table 4) (22, 23, 
25). Larger hematoma volume was a predictor of crossover to surgery 
in one study (OR 1.019, 95% CI: 1.002–1.037) (22). In another study, 
hematoma volume was lower in the success group, albeit not 
significant (43.2 milliliters vs. 62 milliliters, p = 0.146) (23). In one 
study, paresis at diagnosis was associated with crossover to surgery 
(OR 6.35, 95% CI: 1.04–38.7) and low hematoma density was 
negatively associated with crossover to surgery (OR: 0.125, 95% CI: 
0.01–0.85) (25). Criteria for crossover to surgery were provided in 
eight studies. The mean period between diagnosis and crossover to 
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surgery was 25 days (n = 79) (13, 22, 23). Time until complete 
resolution of the cSDH was reported in three studies and with a mean 
of 14.7 weeks (n = 46) (23, 24, 30). Mortality was (95% CI: 0.0–2.0%) 
in 150 cases (22–24, 30). The GOS was reported for 116 patients, of 
whom 77 had a good recovery (66.4%, GOS 5), 19 had a moderate 
disability (16.4%, GOS 4) and 20 patients had a severe disability 
(17.2%, GOS 3) at the end of follow-up (22, 23, 28).

Discussion

This systematic literature review shows that the mean success rate 
of conservative treatment for cSDH patients with no, or only mild 
symptoms is reported to be 66%. Hematoma volume, low hematoma 
density and absence of paresis at diagnosis could be factors associated 
with success of conservative therapy.

This study demonstrates that the success rate of a wait-and-scan, 
or a wait-and-watch, strategy can be quite high in a selected group of 
patients with cSDH. Although success is primarily defined as “no need 
for surgery,” true success should of course be defined as good clinical 
outcome. However, specific and reliable data are usually lacking. 
Nevertheless, the range of successful conservative strategy varied 
greatly in all studies. This could largely be  attributed to study 
heterogeneity regarding indication for conservative therapy and 
applied in-and exclusion criteria. Studies including patients with larger 
hematomas reported a higher crossover rate, whereas studies with 
smaller hematomas tended to report a lower crossover rate (31, 32).

Interestingly, conservative therapy can also be successful in patients 
with noteworthy clinical expression of their cSDH (e.g., patients with a 
Markwalder score of 1 or 2). This raises the question of whether it would 
be justified, and potentially beneficial, to postpone and withhold surgery 
in more patients than currently is being practiced in standard care. If so, 
an unnecessary number of patients could well be exposed to anesthetic 
and surgical risks by not considering conservative therapy more often. 
Vice versa, evaluating the success rate of conservative therapy in 
asymptomatic patients (e.g., patients with a Markwalder score of 0) 
would also be interesting as the success rate is potentially higher for 
these patients than found in this study. In a recent study by Parry et al. 
(33) the crossover to surgery rate was determined in a highly 
pre-selected asymptomatic cohort of 106 cSDH patients (all Markwalder 
score 0) receiving conservative therapy. Only one patient (0.9%) 
required neurosurgical intervention within three months after 
diagnosis. In our study we could not determine success rate stratified 
per Markwalder scale, as it was not reported in such detail. More 
prospective research is required to provide insight into this matter.

In our study we also assessed potential factors associated with 
success of conservative therapy. Yet, there was a lack of consistency, 
as none of the described factors were associated with success across 
multiple studies. In fact, hematoma volume was associated with 
success in the study by Wang et al. (22), but not in the study of Kim 
et  al. (23). Hence, factors associated with success have to 
be investigated more thoroughly before they can aid clinical decision 
making in the future. Nowadays, physicians are still unable to 
identify which hematomas will resolve spontaneously and which 

TABLE 2 Risk of bias and quality assessment for observational studies with NOS-scale.

Study Selection Comparability Exposure Quality

Bender et al. (27) ★ ★★ Poor

Hirashima et al. (25) ★★ ★★ ★★★ Good

Kim et al. (23) ★★ ★★ Poor

Chan et al. (28) ★★ ★★★ Poor

Asan et al. (29)* ★★★★ ★★ Poor

Hou et al. (30) ★ ★★ Poor

Ban et al. (31) ★★ ★★★ Poor

Rauhala et al. (13) ★★★ ★ ★★★ Good

Petralia et al. (32) ★ ★★ Poor

The last column indicates AHRQ quality standards. *Was only study that could be assigned nine stars due to its methodology.

FIGURE 2

Risk of bias and quality assessment of randomized studies with the Risk of Bias 2.0.
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TABLE 3 Demographical, clinical and radiological characteristics of patients per study.

Study Age Male (%) Head 
trauma (%)

AC/AP use 
(%)

GCS MGS Unilateral 
(%)

Midline 
shift (%)

Midline 
shift (mm)

Hematoma 
thickness 

(mm)

Hematoma 
volume 

(ml)

Bender et al. (27) NA NA NA NA NA 0–3 NA NA NA NA NA

Hirashima et al. (25) 68.1 (8.6) 22 (75.9) 25 (100) NA NA NA 15 (51.7) NA NA NA NA

Prud'homme et al. (24) 69.4 (8.8) 10 (100) 7 (70) 8 (80) NA 0–2 NA NA 8.0 (3.4) 20.4 (6.1) NA

Kim et al. (23) 64.7 (16.9) 11 (68.8) 13 (81.2) 3 (18.8) >8 0–2 13 (81.2) 12 (75) 7.3 (4.6) 14.2 (3.0) 46.2 (17.4)

Chan et al. (28) 79.5 (58–95) 7 (58.3) NA 6 (50) 14 0–2 12 (100) NA 2 (1–4) 13 (7.8–21) 41.4 (25–65)

Asan et al. (29) NA NA NA NA NA NA NA NA NA NA NA

Hou et al. (30) 64.4 (9.6) 19 (73.1) 26 (100) 0 (0) 15 NA 17 (65.4) NA <5 mm NA NA

Ban et al. (31) NA NA NA NA NA NA NA 67 (100) >10 mm NA NA

Rauhala et al. (13) NA NA NA NA NA NA NA NA NA NA NA

Petralia et al. (32) NA NA NA NA 14–15 NA NA NA <3 mm NA NA

Wang et al. (22) 67 (26–89) 88 (89.8) NA NA NA 0–2 61 (62.2) NA 2.7 (3.5) 15.3 (5.4) 63.8 (33.9)

Total n (%) 71 157/191 (78.1) 71/81 (95.5) 17/64 (26.6) 118/181 (65.7) 79/83 (95.2) 124 124 114

Pooled estimate (CI)¥ 66.8 (64.5–69.2) 82.0 (70.9–90.6) 87.7 (76.6–99.6) 36.1 (1.6–70.7) 71.8 (54.5–89.0) 89.5 (66.2–100) 4.6 (2.0–9.8) 15.9 (13.7–18.0) 55.2 (38.0–72.4)

NA, not available; AC, anticoagulant; AP, antiplatelet; GCS, Glasgow Coma Scale; MGS, Markwalder Grading scale; mm, millimeter; ml, milliliter. ¥For dichotomous and continuous variables a 95% confidence interval was calculated.
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TABLE 4 Indications for conservative therapy, antithrombotic strategy and indications for crossover to surgery.

Study Indication conservative therapy AC/AP strategy Criteria for crossover Factors associated 
with success or 
crossoverInclusion Exclusion

Bender et al. (27) NA NA NA NA NA

Harishima et al. (25) If patient could walk and eat without help Massive hematoma, impeding sign of brain herniation, 

severe headache, vomiting, paresis or complications 

(cardiopulmonary, hepato-renal or metabolic)

NA Increase in hematoma size and aggravation 

of symptoms

Low density hematoma*, 

paresis at diagnosis**

Prud'homme et al. (24) MGS 0-2 Cranial surgery in last year, if AC therapy could not 

be stopped for 6 months

NA Sudden increase in hematoma volume, 

midline shift >10 mm, deterioration of level 

of consciousness

NA

Kim et al. (23) Hematoma that exerts mass effect, mild 

symptoms

GCS < 8 NA Newly or progressive neurological deficits No significant factors found

Chan et al. (28) MGS 0-2, GCS 14-15 No immediate surgery indication, cSDH secondary to 

underlying hematological disorder or malignancy

Stopped during period 

of conservative therapy

Any worsening of symptoms, GCS 

decrease, new focal neurological deficits or 

radiological hematoma progression

NA

Asan et al. (29) NA NA NA NA NA

Hou et al. (30) Head trauma in 3 months prior to cSDH, 

midline shift >10 mm, GCS 15, no 

evidence of intracranial hypertension

Coagulopathy or AC/AP use, predisposing diseases to cSDH Patients with AP/AC 

use excluded from study

Enlargement of cSDH, progressive 

aggravation of the neurologic deficit and 

signs of intracranial hypertension

NA

Ban et al. (31) >20 years old, asymptomatic CSDH due to underlying condition, shift <10 mm or no 

mass effect

NA Occurrence of symptoms and/or increase 

in hematoma thickness

NA

Rauhala et al. (13) No significant neurological symptoms NA Discontinued at 

diagnosis

Increase in cSDH size NA

Petralia et al. (32) GCS 14-15, shift <3 mm No other intracranial bleeds (<20cm3) NA NA NA

Wang et al. (22) No risk of cerebral herniation, MGS/

GCS < 3

Antiplatelet medication Excluded patients with 

AP, no comment on 

patients with AC

Neurologic function deterioration, 

radiological hematoma progression 

or > 1 cm shift

Hematoma volume*

The most notable in-and exclusion criteria per study are provided. *Associated with crossover to surgery;**Negatively associated with crossover to surgery. AC, anticoagulant therapy; AP, antiplatelet therapy.
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will progress to become symptomatic. This implies that every patient 
is to be  followed with similar caution since it is not possible to 
distinguish potential surgical candidates from patients who are not.

An important limitation of this review is the risk of selection bias 
in the included studies. Most studies were retrospective and all 
included patients were presented to a neurological or neurosurgical 
department. Thus, some asymptomatic patients (those not seeking 
medical attention) are missed. This arguably resulted in an 
underestimation of the true success rate. Also, the indication for 
crossover to surgery differed between most studies and was rather 
subjective and inevitable since specific criteria for crossover are not 
available. This certainly influenced the primary outcome of this study. 
Although to what extent this resulted in over-or underestimation of 
the crossover rate is not clear, since preference of the attending 
physicians regarding treatment strategy was not objectified. Finally, 
the lack of data for other aspects of conservative therapy, especially 
data concerning clinical outcome, precluded assessing the overall 
effect of conservative therapy. Therefore, no definite conclusions 
about clinical outcome or indication of conservative therapy can 
be drawn.

In order to provide more high-quality evidence regarding the 
effect of conservative therapy for cSDH patients additional research 
is required. Ideally, such future studies are prospective and 
multicenter, and a joint venture of neurological and neurosurgical 
departments due to the nature of this disease and its treatment 
paradigm. Furthermore, rigorous data regarding clinical outcome 
are to be incorporated in future studies. With regard to outcomes 
of conservative therapy of future studies we recommend using the 
results of the Delphi-survey of the CODE-CSDH project when 
available (34). This consortium aims to establish core outcomes for 
cSDH, thereby preventing heterogeneity in this field of 
research (35).

Conclusion

Success of a wait-and-scan, or a wait-and-watch, strategy is 
reported to be quite high in the majority of a selected group of patients 
with cSDH. We  could not establish any consistent factors that 
influence success of conservative therapy. Due to the high risk of 
selection bias in existing literature, the absence of high-quality 
methodological studies and the scarcity of available data, further 
research regarding outcome of conservative therapy is necessary to 
establish its definite place and value in cSDH treatment.
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Background: Chronic subdural hematoma (cSDH) is one of the most common 
diseases in neurosurgery. Middle meningeal artery embolization (MMAE) is 
reportedly an option to prevent recurrence or avoid surgery in patients with 
cSDH. This study was performed to review the evidence on MMAE for cSDH and 
evaluate its safety, efficacy, indications, and feasibility.

Methods: We systematically reviewed the literature according to the PRISMA 
guidelines using an electronic database. The search yielded 43 articles involving 
2,783 patients who underwent MMAE.

Results: The hematoma resolution, recurrence, and retreatment rates in the 
MMAE-alone treatment group (n  =  815) were 86.7%, 6.3%, and 9.6%, respectively, 
whereas those in the prophylactic MMAE with combined surgery group (n  =  370) 
were 95.6%, 4.4%, and 3.4%, respectively. The overall MMAE-related complication 
rate was 2.3%.

Conclusion: This study shows that MMAE alone is, although not immediate, as 
effective as evacuation surgery alone in reducing hematoma. The study also 
shows that combined treatment has a lower recurrence rate than evacuation 
surgery alone. Because MMAE is a safe procedure, it should be considered for 
patients with cSDH, especially those with a high risk of recurrence.

KEYWORDS

embolization, chronic subdural hematoma, middle meningeal artery, recurrence, 
endovascular

Introduction

Chronic subdural hematoma (cSDH) is a common disease with an incidence of up to 58.1 
per 100,000 person-years in patients aged > 65 years (1). cSDH is commonly treated by surgical 
evacuation through burr hole(s) to relieve the symptom caused by the mass effect of the 
hematoma. However, the recurrence rate ranges from 10% to 20% (2, 3). The use of antiplatelet 
drugs or anticoagulants, multiple recurrences, and advanced age are known risk factors for 
cSDH recurrence (4, 5).

The pathophysiology of cSDH involves the formation of neomembranes with fragile 
neovascularization, perfused mainly by distal branches of the middle meningeal artery (MMA) 
that have formed by inflammatory remodeling of the dura matter (6, 7). Therefore, endovascular 
MMA embolization (MMAE) has recently emerged as an alternative or adjunct modality to 
conventional surgical treatment to prevent the recurrence of cSDH.
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This study was performed to review all published cases of MMAE 
for cSDH and assess the safety, efficacy, and indications of 
the procedure.

Methods

Study design

This systematic review follows the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (8).

Literature search

An electronic literature search of the PubMed database was 
performed on 28 May 2023 using the following key terms: chronic 
subdural hematoma, meningeal artery, and embolization. All articles 
published from January 1976 to May 2023 were identified. Two 
reviewers (Y.O. and T.I.) independently screened the articles based on 
their title and abstract. One reviewer (Y.O.) then reviewed the full text 
of all relevant articles in detail to further assess the eligibility of 
the studies.

Inclusion and exclusion criteria

The following inclusion and exclusion criteria were used for the 
systematic review.

Inclusion criteria

 • Original research involving more than five cases of MMAE 
published in any peer-reviewed journal.

 • English language.
 • Sufficient post-embolization outcome data (at least one post-

MMAE clinical and/or radiological follow-up and reporting of 
the rescue surgical treatment rate).

 • Adult patients (>18 years old) treated for the first time by MMAE 
for cSDH.

Exclusion criteria

 • Review articles, meta-analyses, comments, letters, and editorials.
 • cSDH due to a vascular malformation (e.g., dural arteriovenous 

fistula, arteriovenous malformation) or intracranial tumor, or the 
presence of intracranial hypotension.

 • Studies from the same author with duplicate patients.

Data extraction and analysis

Data extraction was performed by one reviewer (Y.O.) using a 
predefined data extraction form. The following data were collected and 
analyzed: study design, sample population and size, patients’ baseline 
characteristics, antithrombotic therapy use, management strategy 
(including surgical and endovascular treatment), endovascular treatment 

success, outcome, follow-up duration, complications, cSDH recurrence 
rate, and the need for subsequent surgery.

Several definitions of resolution after MMAE were used among 
the studies, including complete resolution, near complete resolution 
(reduction of ≥90%), suboptimal resolution (reduction of ≥50%), and 
partial reduction, the latter two of which were ambiguous. Among 
these definitions, there were further differences in measurement 
methods, with some researchers using the hematoma volume for 
measurement and others using the hematoma thickness. In this study, 
we focused on the necessity of rescue surgery and defined resolution 
as radiological improvement.

Some reports included in this review defined recurrent cSDH as 
only symptomatic re-accumulation after surgical intervention, while 
others defined recurrent cSDH as also asymptomatic re-accumulation 
after surgical intervention. Both were included in recurrent cSDH in 
this review.

In MMAE for cSDH treatment, there are differences in the 
purpose of treatment and the characteristics of patients between 
MMAE as a sole treatment and MMAE as prophylaxis, in which 
surgery is performed before and after MMAE. In this study, 
we compared the data between reports in which all patients were 
treated with MMAE alone and reports in which all patients were 
treated with MMAE combined with surgery.

MMAE treatment success was defined as the successful embolization 
of the target vessel. All patients who failed to achieve embolization, 
including MMAE abort, were considered treatment failures. 
Complications of treatment were counted after excluding those 
considered to be complications related to surgery (evacuation), those with 
unknown details, and those with an unknown relationship to MMAE.

Results

Study characteristics

Our search strategy yielded 245 articles. Of these, 202 articles were 
excluded based on the exclusion criteria of the present review. A flow 
diagram of this study shown in Figure 1.

Forty-three articles were included in the final analysis, including 
2 prospective uncontrolled studies, 1 prospective randomized study, 
and 40 retrospective studies involving 7 to 530 patients per series.

Patient demographics and clinical and 
radiographic characteristics

A total of 2,783 patients underwent MMAE in the selected studies 
(Table 1). Their mean age was 71.2 years, and 71.1% were male. The 
available data showed that 90.6% of patients had symptomatic cSDH 
and that 19.9% had bilateral cSDH. Concurrent antiplatelet or 
anticoagulant use at the time of cSDH treatment was reported in 
50.3% of patients.

Characteristics and outcomes of MMAE for 
cSDH

In total, 3,027 MMAE procedures were performed on 2,783 
patients. The MMAE treatment success rate was 98.8%. In principle, 
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treatment for bilateral cSDH was considered two embolization 
procedures, but some studies counted it as one treatment. This is 
clearly indicated in Table 2.

MMAE was performed as the sole treatment in 69.1% of patients 
and prophylactically after or before surgical evacuation in 30.7%. The 
details in six (0.2%) patients were not reported.

Among all cases, 23.7% were recurrent cSDH after previous 
surgical evacuation, and 52.7% were treated as upfront MMAE.

The embolic agents included particles, liquid agents, and coils and 
were used alone or in combination. Details are shown in Table 1. The 
mean follow-up duration ranged from 20 days to 5 years.

Following MMAE, the rates of cSDH resolution, recurrence, and 
surgical rescue at the last follow-up were 83.8%, 6.2%, and 6.4%, 
respectively.

In most studies, no serious complications occurred after 
MMAE. The rate of severe complications associated with MMAE 
was 1.0% (28 of 2,783 patients), including 10 cases of cerebral 
infarction, 5 cases of visual loss, 4 cases of facial palsy, 2 cases of 
cerebral hemorrhage, 3 cases of MMA arteriovenous fistula, 1 case 

of MMA rupture, 1 case of aortic dissection, 1 case of femoral 
artery occlusion, and 1 case of catheter entrapment. The rate of 
overall complications associated with MMAE was 2.3% (58 of 
2,783 patients), including seizures, headache, renal dysfunction, 
transient neurological symptoms (diplopia and aphasia), and 
puncture site hematoma. Two overall treatment-related mortalities 
due to cerebral hemorrhage and femoral artery occlusion 
were observed.

Rescue surgery rate in MMAE-alone 
treatment group and prophylactic MMAE 
group

The hematoma resolution, recurrence, and retreatment rates in 
the MMAE-alone treatment group (n = 815) were 86.7%, 6.3%, and 
9.6%, respectively, whereas those in the prophylactic MMAE with 
combined surgery group (n = 370) were 95.6%, 4.4%, and 3.4%, 
respectively. The percentage of symptomatic patients in the 

FIGURE 1

PRISMA flow chart of our systematic review. CSF, cerebrospinal fluid.
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TABLE 1 Studies and patient characteristics in this review.

Study Year Study design No of 
patients

No of 
embolizations

Age (mean) Male (%) Unilateral/
Bilateral

Symptomatic 
cSDH (%)

Antithrombotic 
therapy (%)

Kim et al. (5) 2017 Retrospective 20 20* 73.7 14 (70.0) 14/6 20 (100) 9 (45.0)

Ban et al. (9) 2018 Retrospective 72 72* 69.5 48 (66.7) 53/19 45 (62.5) 29 (40.3)

Waqas et al. (10) 2019 Retrospective 8 8 63.6 5 (62.5) 7/1 8 (100) 8 (100)

Saitoh et al. (11) 2019 Retrospective 8 8* 79 8 (100) 6/2 NR 2 (25.0)

Okuma et al. (4) 2019 Retrospective 17 17* 76.4 12 (70.6) 13/4 17 (100) 11 (64.7)

Nakagawa et al. (12) 2019 Retrospective 20 20* 78.3 14 (70) 12/8 20 (100) 4 (20.0)

Link et al. (13) 2019 Retrospective 49 60 69 32 (65.3) 38/11 NR 39 (77.5)

Yajima et al. (14) 2020 Retrospective 18 18* 78.5 16 (88.9) 15/3 NR 3 (16.7)

Shotar et al. (15) 2020 Retrospective 89 89* 74 68 (76.4) 74/15 89 (100) 71 (79.7)

Rajah et al. (16) 2020 Prospective 46 46* 71.7 31 (67.3) 40/6 44 (100) 14 (31.8)

Ng et al. (17) 2020
Prospective 

randomized
19 22 77.4 10 (52.9) 16/3 19 (100) 7 (31.8)

Mureb et al. (18) 2020 Retrospective 8 8 75.4 7 (87.5) 8/0 NR NR

Joyce et al. (19) 2020 Retrospective 121 151 77.5 99 (81.8) 91/30 NR 66 (54.3)

Fan et al. (20) 2020 Retrospective 7 7 NR NR 7/0 7 (100) NR

Wei et al. (21) 2021 Retrospective 10 20 63.3 10 (100) 0/10 10 (100) NR

Tiwari et al. (22) 2021 Retrospective 10 13 71.4 NR 7/3 10 (100) 6 (60.0)

Tanoue et al. (23) 2021 Retrospective 15 15 78 10 (66.7) 15/0 15 (100) 1 (6.6)

Schwarz et al. (24) 2021 Retrospective 41 44 73.3 33 (75.0) 38/3 44 (100) 19 (43.1)

Petrov et al. (25) 2021 Retrospective 10 15 66 7 (70.0) 5/5 10 (100) 0 (0)

Lee et al. (26) 2021 Retrospective 22 31 63.9 16 (72.7) 13/9 31 (100) 4 (18.2)

Kan et al. (27) 2021 Prospective 138 138* 69.8 98 (71.0) 122/16 NR 72 (52.2)

Gomez-Paz et al. (28) 2021 Retrospective 23 27 74 10 (43.5) 19/4 20 (87.0) 13 (56.5)

scovile et al. (29) 2022 Retrospective 208 208 NR 115 (55.3) NR NR 106 (52.0)

Saway et al. (30) 2022 Retrospective 100 100* 73 68 (68.0) 64/32 97 (97) 66 (66.0)

Samarage et al. (31) 2022 retrospective 37 37* 76.9 25 (67.6) 23/15 26 (70) 17 (45.9)

Salie et al. (32) 2022 Retrospective 52 52 74.2 38 (73.1) 52/0 47 (90.4) 37 (71.2)

Onyinzo et al. (33) 2022 Retrospective 50 50 79.6 42 (84.0) 50/0 NR 35 (70.0)

Mir et al. (34) 2022 Retrospective 56 56* 73 43 (76.8) 51/5 NR 23 (41.1)

Magidi et al. (35) 2022 Retrospective 61 61* 62.5 48 (78.7) 39/22 NR 34 (55.8)

(Continued)
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Study Year Study design No of 
patients

No of 
embolizations

Age (mean) Male (%) Unilateral/
Bilateral

Symptomatic 
cSDH (%)

Antithrombotic 
therapy (%)

Khorasanizadeh et al. 

(36)

2022 Retrospective 78 94 72 50 (64.1) 62/32 65 (83.3) 52 (66,7)

Housley et al. (37) 2022 Retrospective 44 48 73.3 25 (56.8) 40/4 NR 21 (47.7)

Fuentes et al. (38) 2022 Retrospective 322 322 NR 228 (70.8) NR NR 58 (18.0)

Enriquiz-Marulanda 

et al. (39)

2022 Retrospective 36 45 76 28 (62.2) 27/9 43 (95.6) 34 (75.5)

Dofuku et al. (40) 2022 Retrospective 9 9 85 6 (66.7) 9/0 9 (100) 5 (55.5)

Catapano et al. (41) 2022 Retrospective 66 84 70 51 (77.3) 48/18 50 (75.8) 32 (48.5)

Carpenter et al. (42) 2022 Retrospective 23 23* 80 15 (65.2) 13/10 NR 20 (87.0)

Wali et al. (43) 2023 Retrospective 8 8 80.5 6 (75.0) 3/5 NR NR

Shehabeidin et al. (44) 2023 Retrospective 97 97 78 71 (73.2) NR NR 50 (51.5)

Seok et al. (45) 2023 Retrospective 9 13 77.3 8 (88.8) 13/0 13 (100) 7 (77.7)

Salem et al. (46) 2023 Retrospective 530 636 71.9 38 6(72.8) 424/106 NR 281 (53.0)

Martinez-Gutierrez 

et al. (47)

2023 Retrospective 57 66 66 45 (78.9) 48/9 NR 28 (49.5)

Liu et al. (48) 2023 Retrospective 53 53 68.1 42 (79.2) 53/0 NR 20 (38.7)

Krothapalli et al. (49) 2023 Retrospective 116 116 NR 80 (68.9) 116/0 NR 80 (69.0)

2,783 3,027 71.2 1,968 (71.1) 1,748/435 759 (90.6) 1,384 (50.3)

cSDH, chronic subdural hematoma; NR, not reported. *Treatment of bilateral cSDH counted as one treatment.

TABLE 1 (Continued)
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TABLE 2 Details and outcomes of MMAE.

Study No of 
patients

No of 
embolizations

Mean 
follow-
up

Embolization 
material (n)

MMAE 
alone 

(%)

Prophylactic 
MMAE (%)

Upfront-
MMAE 

(%)

Recurrent 
cSDH (%)

Complications 
(%)

Resolution 
(%)

Recurrence 
(%)

Rescue 
surgery 

(%)

Kim et al. (5) 20 20* 3 months† PVA (20) 20 (100) 0 (0) 0 (0) 20 (100) 0 (0)‡ 19 (95.0) 1 (5.0) 0 (0)

Ban et al. (9) 72 72* 6 months† PVA (72) 27 (37.5) 45 (62.5) 27 (37.5) 0 (0) 0 (0) NR 1 (1.4) 1 (1.4)

Waqas et al. 

(10)
8 8 3.3 months Onyx (8) 8 (100) 0 (0) 6 (75) 2 (25.0) 0 (0) 8 (100) 0 (0) 0 (0)

Saitoh et al. 

(11)
8 8* 28.9 months

NBCA (7) 

NBCA+PVA (1)
1 (12.5) 7 (87.5) 0 (0) 8 (100) 0 (0) NR 1 (12.5) 1 (12.5)

Okuma et al. 

(4)
17 17* 26.3 months

NBCA (11) 

Embosphere (3) 

both (3) coil (1)

2 (11.8) 15 (88.2) 2 (11.8) 11 (64.7) 0 (0) NR 0 (0) 0 (0)

Nakagawa et al. 

(12)
20 20* 24 weeks† NBCA (20) 0 (0) 20 (100) 0 (0) 20 (100) 0 (0) NR 0 (0) 0 (0)

Link et al. (13) 49 60 >6 weeks PVA (49) 50 (83.3) 10 (16.7) 42 (70.0) 8 (13.3) 0 (0) 41 (91.1) 4 (8.9) 4 (8.9)

Yajima et al. 

(14)
18 18* 18.1 months NBCA (18) 2 (11.1) 16 (88.9) 2 (11.1) 15 (83.3) 0 (0) NR 0 (0) 0 (0)

Shotar et al. 

(15)
89 89* 3 months†

Microspheres with 

or without coil 

(81) coil (5) 

NBCA (5)

0 (0) 89 (100) 0 (0) 22 (21.2) 6 (6.6) NR 7 (7.7) 4 (2.2)

Rajah et al. 

(16)
46 46* 8 weeks

Onyx (43) NBCA 

(1)
42 (91.3) 4 (8.7) 37 (80.4) 5 (10.9) 0 (0) 38 (86.5) 5 (11.4) 5 (11.4)

Ng et al. (17) 19 22 3 months
PVA and/or coil 

(21)
0 (0) 22 (100) 0 (0) 0 (0) 0 (0) NR 1 (4.5) 1 (4.5)

Mureb et al. 

(18)
8 8 89 days PVA (8) 8 (100) 0 (0) 8 (100) 0 (0) 0 (0) 8 (100) 0 (0) 0 (0)

Joyce et al. (19) 121 151 90 days†

Coil (6) liquid (30) 

particles (38) 

liquid + coil (2) 

particles + coil 

(72) particles + 

liquid (1)

134 

(88.7)
17 (11.3) 79 (52.3) 55 (36.4) 3 (2.0) 130 (94.2) 9 (7.4) 9 (7.4)

Fan et al. (20) 7 7 4–6 months
Absolute alcohol 

(7)
0 (0) 7 (100) 0 (0) NR 0 (0) 7 (100) 0 (0) 0 (0)

Wei et al. (21) 10 20 112 days Coil (10) 0 (0) 20 (100) 0 (0) 0 (0) 0 (0) NR 0 (0) 0 (0)

(Continued)
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TABLE 2 (Continued)

Study No of 
patients

No of 
embolizations

Mean 
follow-
up

Embolization 
material (n)

MMAE 
alone 

(%)

Prophylactic 
MMAE (%)

Upfront-
MMAE 

(%)

Recurrent 
cSDH (%)

Complications 
(%)

Resolution 
(%)

Recurrence 
(%)

Rescue 
surgery 

(%)

Tiwari et al. 

(22)
10 13 160 days

Embospheres and/

or coil/gel-form 

(8)

13 (100) 0 (0) 7 (53.8) 6 (46.2) 0 (0) 12 (92.3) 0 (0) 0 (0)

Tanoue et al. 

(23)
15 15 28 days†

NBCA (13) 

Embosphere (2)
15 (100) 0 (0) 15 (100) NR 0 (0) NR 3 (20.0) 3 (20.0)

Schwarz et al. 

(24)
41 44 321 days PVA (44) 0 (0) 44 (100) 0 (0) NR 0 (0) 40 (90.9) 2 (4.5) 2 (4.5)

Petrov et al. 

(25)
10 15 111 days Squid (15) 15 (100) 0 (0) 9(60) 6 (40.0)

0 (0) 10 (100) 0 (0) 0 (0)

Lee et al. (26) 22 31 >2 weeks Liquid (11) PVA 

(9) PVA and coil 

(11)

31 (100) 0 (0) 28 (90.3) 3 (13.6) 1 (3.2) 15 (48.4) 2 (6.5) 2 (6.5)

Kan et al. (27) 138 138* 94.9 days PVA + coil (70) 

PVA (38) liquid 

(37) coil (5) liquid 

+ coil (2)

138 

(100)

0 (0) 92 (66.7) 42 (33.3) 3 (2.2) 134 (87.0) 10 (7.2) 9 (6.5)

Gomez-Paz 

et al. (28)

23 27 3 months PVA + coil (27) 27 (100) 0 (0) 27 (100) 0 (0) 0 (0) 27 (100) 1 (3.7) 3 (11.1)

Scovile et al. 

(29)

208 208 6 months† Particles; PVA, 

Embosphere (154) 

liquid; NBCA, 

Onyx (54)

192 

(92.1)

16 (7.9) 133 (63.9) 59 (28.3) 11 (5.3)‡ 126 (60.6) NR 10 (4.8)

Saway et al. 

(30)

100 100* 1.9 months Onyx (29) 

Particles (58) 

particle and coil 

(13)

0 (0) 100 (100) 0 (0) 10 (10.0) 1 (1.0) 100 (100) 2 (2.0) 2 (2.0)

Samarage et al. 

(31)

37 37* NR NBCA (38) PVA 

(9) Onyx (3) 

combination (17)*

19 (51.4) 18 (49) 19 (51.4) NR 3 (8.1) 18 (48.6) 5 (13.5) 5 (13.5)

Salie et al. (32) 52 52 100 days Particle coil Liquid 

combination (NR)

0 (0) 52 (100) 0 (0) NR NR 47 (90.4) 3 (5.8) 2 (3.8)

Onyinzo et al. 

(33)

50 50 3.4 months PVA and/or coil 

(50)

19 (38.0) 31 (62.0) 19 (38.0) NR 0 (0) 13 (59.0) 1 (4.5) 1 (4.5)

(Continued)
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Study No of 
patients

No of 
embolizations

Mean 
follow-
up

Embolization 
material (n)

MMAE 
alone 

(%)

Prophylactic 
MMAE (%)

Upfront-
MMAE 

(%)

Recurrent 
cSDH (%)

Complications 
(%)

Resolution 
(%)

Recurrence 
(%)

Rescue 
surgery 

(%)

Mir et al. (34) 56 56* 90 days PVA and/or coil 

(NA) Onyx (NA) 

NBCA (NR)

56 (100) 0 (0) 35 (62.5) 21 (37.5) 2 (3.6) 35 (62.5) 1 (1.8) 1 (1.8)

Magidi et al. 

(35)

61 61* 3 months† NBCA (61) 61 (100) 0 (0) 31 (50.8) 30 (49.2) 2 (3.3) 59 (96.7) 3 (4.9) 2 (3.3)

Khorasanizadeh 

et al. (36)

78 94 114 days PVA and coil (82) 

coil (12)

80 (85.1) 14 (14.9) 72 (76.6) 8 (8.5) 2 (2.1) 67 (78.8) 8 (8.5) 8 (8.5)

Housley et al. 

(37)

44 48 12–60 weeks Onyx (48) 48 (100) 0 (0) 48 (100) 0 (0) NR 38 (79.2) 2 (4.2) 2 (4.2)

Fuentes et al. 

(38)

322 322 5 years NR 322 

(100)

0 (0) 286 (88.8) 36 (11.2) NR NR NR 55 (17.1)

Enriquiz-

Marulanda 

et al. (39)

36 45 72 days PVA + coil (43) 

coil (2)

35 (77.7) 10 (22.2) 35 (77.7) NR 1 (2.2) 28 (71.8) 1 (2.6) 5 (11.1)

Dofuku et al. 

(40)

9 9 103 days NBCA (9) 0 (0) 9(100) 0 (0) 9 (100) 0 (0) NR 0 (0) 0 (0)

Catapano et al. 

(41)

66 84 180 days† Onyx (66) PVA or 

coil or both (13) 

NBCA (5)

53 (63.1) 31 (36.9) 53 (63.1) NR 1 (1.2) 67 (91.8) 3 (3.6) 3 (3.6)

Carpenter et al. 

(42)

23 23* 4.1 months PVA (23) 0 (0) 23 (100) 0 (0) NR 6 (26.0) NR 2 (9.1) 2 (9.1)

Wali et al. (43) 8 8 >3 months PVA and helical 

coil (8)

7 (87.5) 1 (12.5) 7 (87.5) 0 (0) 0 (0) 8 (100) 0 (0) 0 (0)

Shehabeidin 

et al. (44)

97 97 4.2 months 

(Onyx) 

3.0 months 

(PVA)

Onyx (49) PVA 

(48)

48 (53.3) NR 48 (53.3) NR 0 (0) NR 18 (18.6) 13 (13.4)

Seok et al. (45) 9 13 4.7 months PVA and Gelform 

(8)

8 (61.5) 5 (38.5) 8 (61.5) 4 (30.8) 0 (0) 12 (92.3) 1 (7.7) 1 (7.7)

Salem et al. 

(46)

530 636 121 days coil and particles 

(248) liquid (228)

468 

(74.3)

162 (25.8) 318 (50.4) 150 (23.9) 16 (3.0) ‡ 490 (87.5) 36 (6.8) 36 (6.8)

(Continued)

TABLE 2 (Continued)
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MMAE-alone group and prophylactic MMAE group was 94.0% and 
97.7%, respectively. These results are shown in Table 3.

Discussion

The standard treatment for cSDH is still surgical treatment, 
however cSDH has a high recurrence rate (10%–20%) after a single 
surgical evacuation (2, 3).

The medical treatment options for cSDH have been extensively 
investigated, these studies had no remarkable effectiveness in 
preventing recurrence of cSDH (2, 3, 50–52) and an optimal treatment 
strategy for preventing cSDH recurrence has not yet been established.

The pathophysiology of cSDH involves formation of inflammatory 
membranes and self-sustaining neoangiogenesis and fibrinolysis, 
leading to a high prevalence of rebleeding from fragile capillaries (6, 
7). These vessels are derived from the dura matter and perfused 
mainly by the distal branches of the MMA; therefore, MMAE could 
be an interesting paradigm for the treatment of cSDH.

During the past few years, the number of reports on the efficacy 
of MMAE has rapidly increased. In the present systematic review, the 
cSDH resolution, recurrence, and rescue surgical treatment rates at 
the last follow-up after MMAE in all patients were 83.8%, 6.2%, and 
6.4%, respectively.

MMAE can be divided into two main categories according to the 
purpose of treatment: curative MMAE with the expectation of 
hematoma reduction to avoid surgical intervention (or in place of 
surgical hematoma removal) and prophylactic MMAE as a preventive 
treatment for recurrence in combination with hematoma evacuation.

MMAE as a sole treatment for cSDH

The three initially reported indications for MMAE alone were 
failure of conservative treatment or asymptomatic or mildly 
symptomatic patients (to avoid surgery), advanced age and use of 
antiplatelet or anticoagulant drugs (as an alternative treatment 
considering the invasiveness of surgery), and prevention of recurrence 
in patients with recurrent disease after surgical treatment (53).

In an evaluation of the efficacy of MMAE alone, Housley et al. (37) 
compared the outcomes of 48 propensity-matched patients with cSDH 
who underwent either surgery alone or MMAE alone as initial treatment. 
There was a significant hematoma reduction in the surgery group 
immediately after surgery; after 12 weeks of treatment, however, there was 
no significant difference in hematoma reduction between the two groups. 
Furthermore, the recurrence rate was significantly lower in the MMAE 
group (22.9% vs. 4.2%) (37). Kim (5) compared the outcomes of 23 
patients who received conventional treatment and 20 patients who 
received MMAE among 43 patients who developed recurrent cSDH after 
surgical treatment. The MMAE group showed better prevention of 
recurrence and earlier brain re-expansion despite the fact that patients of 
advanced age were significantly more likely to use antithrombotic drugs 
in the MMAE group (5). These studies show that the effect of MMAE 
alone for reducing a hematoma is equivalent to evacuation surgery alone 
in long-term follow-up, and the effect of preventing recurrence may 
surpass the effect of evacuation surgery alone.

Some studies showed a good hematoma reduction effect of 
MMAE alone, even for massive cSDH. Gomez-Paz et al. (28) reported T
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that patients with massive cSDH with a midline shift of ≥5 mm were 
treated with upfront MMAE and showed good improvement in 
symptoms and imaging findings under careful follow-up.

In the present review, surgical evacuation was needed in 9.6% of 
patients in the MMAE-alone group, suggesting that some patients 
developed hematoma enlargement or neurological deterioration even 
after MMAE. Therefore, careful follow-up is important, especially in 
the early postoperative period after patients undergo MMAE alone.

Some reports also suggested that MMAE alone is superior to 
surgery alone in terms of cost-effectiveness because of the reduced 
need for additional therapeutic intervention in the treatment of cSDH 
(54, 55).

MMAE combined with evacuation for cSDH

In this study, prophylactic MMAE showed a favorable hematoma 
reduction rate, recurrence rate, and reoperation rate. The major 
advantage of MMAE is its effect in preventing recurrence. In this 
review, the reoperation rate was 1.4% to 4.9% in the MMAE with 
surgical treatment group and 11.6% to 18.8% in the conventional 
surgical treatment group (9, 15, 32, 33).

Okuma et  al. (4) reported the following predictive factors for 
refractory cSDH after burr-hole surgery: use of antiplatelet drugs or 
anticoagulants, blood coagulation disorder, hepatic dysfunction, 
hemodialysis, terminal malignancy, advanced age (>80 years), cerebral 
atrophy, large preoperative hematoma volume (>150 mL), niveau 
formation, post cerebrospinal fluid shunt placement, no placement of 
a drain during surgery, postoperative residual air (>20%), and multiple 
recurrences. The authors also stated that such predictive factors have 
the potential to be good indications for prophylactic MMAE.

The selection of appropriate cases with respect to the indication 
for prophylactic MMAE is important from the standpoint of medical 
economics. Further investigation of the indications for prophylactic 
MMAE is warranted.

Complications of MMAE

The rate of MMAE-related complications in this review was 2.3%. 
Although serious complications such as cerebral infarction, visual loss, 

and facial palsy rarely occurred, their development suggests the 
possibility of stray embolic material entering high-risk anastomosis 
sites. Because of the potential for anastomosis in MMAs that involve 
the retinal artery and vasa nervorum of the facial nerve, embolization 
can lead to serious and permanent complications such as blindness 
and facial nerve palsy (29). During the embolization procedure, the 
microcatheter should be positioned distal to the branch, and attention 
should be paid to the findings of reflux during embolic agent injection 
(44). In addition, in patients with a high risk of migration of embolic 
material to a compromised anastomosis, it is important to perform a 
provocation test using lidocaine and abort the embolization based on 
the result of this test, if necessary (16). Although MMAE is a safe and 
easy procedure, close attention is needed when working with high-risk 
anastomoses to prevent complications during MMAE.

Factors that predict a good outcome after 
MMAE

With the increase in reports of MMAE for treatment of cSDH, 
there has also been an increase in reports regarding factors that affect 
the efficacy of MMAE. Salem et al. (46) evaluated various factors in 
530 patients treated with MMAE; they found that an MMA main 
trunk diameter of <1.5 mm and anticoagulant medication use were 
factors associated with higher retreatment rates and that the use of 
liquid embolic material was a factor associated with lower retreatment 
rates. Some reports have suggested that the use of liquid embolic 
material is as effective and safe as the use of particles (29, 44, 49).

In addition, distal (midline) penetration of the embolizing 
material has been cited as a factor that shortens the time to hematoma 
clearance (31, 41). Among all anticoagulants, only factor Xa inhibitors 
were reported to be associated with retreatment (38).

Limitations

This review had three main limitations. First, most of the reports 
were retrospective, and they contained various indications for MMAE 
and definitions of resolution. Thus, the statistical examination was 
limited, leaving potential for important selection bias. Second, the 
content of the articles was mixed, with some studies limited to MMAE 
(whether upfront MMAE, prophylactic MMAE, or MMAE for 
recurrence after surgery), others comparing MMAE with surgery, and 
still others focusing on the clinical course or radiographic findings. 
Third, some studies lacked information on the timing of MMAE and 
surgical treatment and did not clearly indicate whether complications 
in cases of combined surgery and MMAE were caused by surgery or 
MMAE. These factors made statistical evaluation difficult in this 
review. Further prospective randomized trials are required to establish 
the clear indications for MMAE as an initial treatment or combined 
treatment with evacuation surgeries.

Conclusion

This study shows that MMAE alone is, although not immediate, 
as effective as evacuation surgery alone in reducing hematoma. The 
study also shows that combined treatment has a lower recurrence rate 
than evacuation surgery alone. Because MMAE is a safe procedure, it 

TABLE 3 Comparison between reports of MMAE-alone treatment and 
reports of prophylactic MMAE treatment.

MMAE alone Prophylactic MMAE

Total no of patients 797 370

Total no of embolization 815 386

Age (mean) 68.8 74.6

Antithrombotic therapy 

(%)
271(34.3) 229 (64.9)

Symptomatic cSDH (%) 109 (94.0) 256 (97.7)

Recurrent cSDH (%) 205 (25.9) 61 (35.9)

Resolution (%) 353 (86.7) 194 (95.6)

Recurrence (%) 31 (6.3) 17 (4.4)

Rescue surgery (%) 78 (9.6) 13 (3.4)

MMAE, middle meningeal artery embolization; cSDH, chronic subdural hematoma.
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should be considered for patients with cSDH, especially those with a 
high risk of recurrence.
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Classification of subdural 
hematomas: proposal for a new 
system improving the ICD Coding 
Tools
Anne-Marie Langlois , Charles J. Touchette , David Mathieu  and 
Christian Iorio-Morin *

Division of Neurosurgery, Department of Surgery, Université de Sherbrooke, Sherbrooke, QC, Canada

Background: The International Statistical Classification of Diseases (ICD) classifies 
subdural hematoma (SDH) as traumatic or non-traumatic. In clinical settings, 
however, SDH is typically described as either acute or chronic.

Objective: The goal of this study was to assess how the ICD Coding Tools 
captures the clinical terminology and propose an improved classification that 
would increase the system’s usefulness in administrative, statistical and research 
applications.

Methods: We performed a retrospective analysis of patients who presented to 
our center with an ICD diagnostic code for either traumatic or non-traumatic 
SDH. A qualitative analysis of patients’ charts was performed to identify elements 
relevant to management and prognosis, following which a meeting between 
expert investigators was held to elaborate a new classification of SDH. Imaging 
from all patients was then reviewed and cases were reclassified according to our 
proposed system.

Results: A total of 277 SDH cases were included. Themes documented in the 
charts included chronicity, etiology, side, and symptoms. We  created a new 
classification which distinguishes acute SDH (aSDH) from membrane-associated 
SDH (mSDH). aSDH were further divided into traumatic aSDH (taSDH) and non-
traumatic aSDH (ntaSDH), while mSDH were divided into acute on chronic (a/
cSDH), subacute (sSDH) and chronic (cSDH) categories.

Conclusion: The ICD coding system correctly identifies taSDH and ntaSDH. 
However, it remains non-specific for mSDH. We  propose this new SDH 
classification system to better capture chronicity and etiology – factors felt to 
impact management and prognosis.

KEYWORDS

subdural hematoma, trauma, intracranial hemorrhage, ICD, chronic subdural hematoma

Introduction

Subdural hematoma (SDH) is among the most frequent reasons for neurosurgical consult 
(1, 2). Acute SDH (aSDH) typically results from the traumatic laceration of a bridging vein, 
leading to a subdural accumulation of blood (3). Large aSDH are a neurosurgical emergency 
and require prompt evacuation through a craniotomy (4, 5), with or without bone flap 
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removal (6). Small, asymptomatic aSDH, on the other hand, are 
usually observed. While most will resolve spontaneously, a 
proportion of aSDH may progress into chronic SDH (cSDH) (3, 7). 
cSDH have a completely different pathophysiology and prognosis. 
They usually result from repeated bleeding from the SDH outer 
membrane, which results from an inflammatory reaction to the 
initial aSDH. Anticoagulant and fibrinolytic factors within the 
hematoma promote these recurrent bleeds, preventing membrane 
thrombosis and driving cSDH growth. Acute rebleeding within the 
cSDH can occur spontaneously and patients usually present with 
non-specific symptoms of imbalance, headaches, confusion with or 
without focal neurologic deficits. Surgical evacuation is the 
mainstay of treatment of cSDH, and typically consists of burr-hole 
evacuation (3).

The International Statistical Classification of Diseases and Related 
Health Problems is a diagnostic tool that allows for the standardized 
reporting and classification of all diseases. As a WHO-sponsored 
effort, it is the most widely used framework for reporting medical 
diagnoses for administrative, financial, statistical, and research 
purposes. In its latest revision (ICD-11), SDH is classified as either 
traumatic (code NA07.6) or nontraumatic (code 8B02). The origin and 
rationale for this mechanistic distinction is unclear (2, 3, 8).

When designing the Tranexamic Acid in Chronic Subdural 
hematomas (TRACS) study (9), we queried our hospital database for 
cSDH incidence and were unable to reliably distinguish aSDH from 
cSDH using the ICD diagnostic codes, which were in their 10th 
version at the time yet remained identical to the current ICD-11 
categories. This same challenge was reported in 2016 by a group from 
Denmark (8). Among the 936 cases of SDH they reviewed, cSDH 
represented 57% of overall cases, of which 56% had been recorded 
under code S06.5 and 54% under code I62.0 using the previous 
ICD-10 diagnostic codes. They concluded that the ICD classification 
did not allow for proper distinction between cSDH and aSDH, as 
cSDH were practically equally classified under both traumatic and 
nontraumatic codifications (8). In January 2022, the 11th version of 
the ICD Coding Tools, the ICD-11, was adopted, however the 
classification of SDH remains unchanged apart from its attributed 
diagnostic codes, i.e., traumatic (code NA07.6, previously S06.5) or 
nontraumatic (code 8B02, previously I62.0) SDH.

Because the pathophysiology, management and prognosis of SDH 
depend not on the mechanism of the injury as much as on the 
existence of a chronic outer membrane, we propose a new classification 
of SDH that would better capture this element, with the goal of 
improving the classification’s usefulness in administrative, statistical 
and research applications.

Methods

We reviewed all cases of SDH seen at our center between 2016 
and 2017, at which time the ICD-10 codes were in use. Patients 

were included in the study if they had been assigned the ICD-10 
diagnostic codes for either traumatic (S06.5) or nontraumatic SDH 
(I62.0) upon admission or throughout their hospital stay. The list 
of all patients included was then crossed with the TRACS 
screening log to validate that no cases were missed by the medical 
archivists. A qualitative analysis of the diagnoses written on the 
consult was performed to identify elements deemed relevant to 
management and prognosis by the treating physicians. After the 
cases were reviewed, a meeting was held between the investigators 
to elaborate a classification that would capture the diagnoses used 
in the patient charts. Then, imaging from all patients was reviewed 
and cases were reclassified according to our proposed  
system.

This study was approved by our Research Ethics Board (Comité 
d’éthique de le recherche du CIUSSS de l’Estrie-CHUS, FWA 00005894 
and IRB00003849) under the protocol 14-213. Because of the 
retrospective and administrative nature of the study, consent from 
patients was not required.

Results

Elements relevant to SDH management

A total of 285 patients were screened and 277 met the inclusion 
criteria for analysis (Figure  1). Upon chart review, themes most 
commonly documented in the diagnostic summary of the initial 
consultation were:

 • Acute vs. subacute vs. chronic vs. acute on chronic vs. subacute 
on chronic vs. hygroma.

 • Right-sided vs. left-sided vs. bilateral.
 • Symptomatic vs. asymptomatic.
 • Primary vs. recurrent vs. secondary (ex: in the setting of TBI, 

aneurysmal SAH or ICH).

Typical diagnoses included “right aSDH secondary to severe TBI,” 
“right, asymptomatic cSDH,” “symptomatic recurrence of left cSDH” 
or “bilateral, symptomatic, acute on chronic SDH.” The concept of 
traumatic vs. non-traumatic was not specified in the final diagnosis in 
most cases, even though a trauma might have been described in the 
history of present illness. Trauma was mostly documented in cases 
of aSDH.

FIGURE 1

Flow diagram of patient selection.

Abbreviations: SDH, subdural hematoma; cSDH, chronic subdural hematoma; 

aSDH, acute subdural hematoma; mSDH, membrane-associated subdural 

hematoma; taSDH, traumatic acute subdural hematoma; ntaSDH, non-traumatic 

acute subdural hematoma; a/cSDH, acute on chronic subdural hematoma; sSDH, 

subacute subdural hematoma.
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Proposed classification

In light of the elements identified above, we  propose a new 
classification detailed in Table 1. The system starts by assessing the 
chronicity of the lesion, which appeared as the most important factor 
in determining management. New, acute lesions are classified as aSDH 
whereas we suggest the name membrane-associated SDH (mSDH) to 
refer to SDH resulting from the bleeding of a membrane (the entity 
considered as the classical chronic SDH). Etiology is then described 
for aSDH, while imaging aspect is used to further detail mSDH. The 
presence of symptoms and the side of the lesion were not felt to add 
much to the system and were thus not used in the classification.

The aSDH entity is defined as a hyperdense subdural collection 
that is assumed to be new (6). We divided this entity with the traumatic 
(taSDH) and non-traumatic (ntaSDH) subcategories since we believe 
the mechanism of injury between those two categories is very different 
and might have prognostic implication within the aSDH category (6, 
10). Traumatic aSDH therefore encompasses all aSDH resulting from 
an immediate trauma and this code can be  viewed as a form of 
SDH-complicated TBI. Non-traumatic aSDH captures cases secondary 
to processes other than TBI, such as spontaneous ICH or aneurysmal 
SAH contaminating the subdural space. The radiological evolution of 
the aSDH (resolution versus conversion to mSDH) is expected to 
be similar with both traumatic and non-traumatic aSDH, while the 
patient’s prognosis in these cases will likely depend on the mechanism 
(i.e., severe TBI versus ICH versus SAH).

On the other hand, mSDH refers to a known or assumed aSDH 
that, instead of resolving, went on to develop an organized outer 
membrane which is now the main driver of the pathology (3). The 
prognosis of mSDH is probably independent of the initial aSDH and 
rather depends on the vascularity of the membrane, the occurrence of 
rebleeding and patient factors such as age (1–3, 11, 12), comorbidities 
(7, 11, 12), and the need for antithrombotic and anticoagulant 
medications (3, 13, 14). As will be  discussed below, a traumatic 
incident can sometimes be identified, although many patients might 
have suffered only a minor fall or hit that was never documented. In 
our opinion, further classifying mSDH into traumatic or 
non-traumatic subcategories would be unreliable and irrelevant as it 
would not inform management or prognosis. In our qualitative chart 
review, mSDH were usually further described as acute on chronic (a/
cSDH), subacute (sSDH), or purely chronic (cSDH). SDH were 
classified as acute on chronic if there were hyperdense components 
within the hypodense subdural collection; as subacute if the collection 
was isodense in relation to the brain parenchyma; and finally as purely 
chronic when the collection was homogeneously hypodense in relation 
to the brain parenchyma. While we  have no evidence that this 
subclassification has any prognostic implication, it could relate to the 
mode of presentation and is typically documented in CT scan reports. 
As such, we  decided to include these categories in our proposed 

classification as it allows the continuing use of current clinical 
terminology. Figure 2 presents representative examples of lesions from 
each category.

Finally, some chronic subdural collections identified in the charts 
were proven to be  hygromas. Hygroma is defined as a subdural 
collection of CSF (3, 15, 16). Hygroma does not exist in the current 
ICD classification, yet is a well described entity with a completely 
benign course and usually no need for surgical intervention (3). 
Because it is part of the differential diagnosis of mSDH, we believe it 
would be relevant to add it to a future ICD classification as a separate 
entity, although it is not formally part of our proposed classification.

Comparison between ICD-10 and our 
proposed classification

Among the 285 patients in our cohort, 229 (80%) were initially 
classified as traumatic SDH (code S06.5) and 56 (20%) as 
non-traumatic SDH (code I62.0) as per the ICD-10 classification. In 
Table 2, we present a cross comparison of the ICD classification and 
our proposed system.

Among the SDH initially classified as traumatic (n = 229) 
according to ICD-10 codes, 57.6% were reclassified as taSDH, 2% as 
ntaSDH, and 37.6% as mSDH. In contrast, patients admitted under the 
non-traumatic SDH code (n = 56) were reclassified as taSDH in 5.4% 
of cases, as ntaSDH in 17.9% of cases and as mSDH in 64.2% of cases. 
Upon patient chart and imaging review of all SDH recorded under 
either traumatic or non-traumatic codes, 6 were reclassified as 
hygromas, 1 as a spinal SDH and 7 as no SDH. It is interesting to note 
that the case of spinal SDH resulted from a spinal dural fistula, which 
developed in the context of a traumatic spinal subarachnoid 
hemorrhage. While the pathogenesis of spinal SDH is unknown, it is 
indeed proposed that it can often result from a spinal SAH caused by 
trauma or any increase in intra-abdominal or intra-thoracic pressure 
such as was the case here (17). However, considering it remains a rare 
entity which does not enter the differential diagnosis of mSDH, 
we opted to simply exclude this entity from our classification.

When starting from our proposed classification and analyzing the 
official admission code, 97.8% of all taSDH (n = 135) had accordingly 
been recorded under traumatic upon admission, while 71.4% of 
ntaSDH (n = 14) were coded under non-traumatic ICD codes. 
Regarding the 122 cases of mSDH identified upon review (n = 122), 
70.5% had been initially classified as traumatic and 29.5% as 
non-traumatic. Interestingly, among these cases of mSDH, 44.3% were 
subclassified as a/cSDH, 33.6% as sSDH and 22.1% as cSDH. Table 3 
presents the sensitivity, specificity, positive predictive value and 
negative predictive value of the traumatic ICD code to detect taSDH 
and the non-traumatic ICD code to detect mSDH.

Discussion

Membrane-associated subdural hematoma remains a common 
disease which typically occurs in older patients often resulting from 
less severe injury than acute subdural hematoma. Both entities vary 
greatly in their clinical presentation, preferred management approach 
and overall prognosis. In this study, we showed that chronicity, lesion 
side, presence of symptoms and etiology are the most reliably 
documented factors in the charts of SDH patients. We postulated that 

TABLE 1 Proposed classification for SDH.

I. Acute Subdural Hematoma (aSDH)

 i. Traumatic (taSDH)

 ii. Non-traumatic (ntaSDH)

II. Membrane-associated subdural hematoma (mSDH)

 i. Acute on chronic (a/cSDH)

 ii. Subacute (sSDH)

 iii. Purely chronic (cSDH)
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TABLE 3 Performance of ICD-10 codes to detect taSDH and mSDH.

Using 
ICD-10 

traumatic 
code to 
detect 
taSDH

Using 
ICD-10 

traumatic 
code to 
detect 
mSDH

Using 
ICD-10 
non-

traumatic 
to detect 
mSDH

Sensitivity 98% 70% 30%

Specificity 30% 2% 79%

Positive predictive value 61% 39% 92%

Negative predictive value 92% 8% 61%

these data inform management more than the concept of trauma and 
designed a classification that would capture this information.

When comparing our patients’ diagnosis between our 
classification and the previous ICD-10 diagnostic codes, it is notable 
that the ICD coding remained adequate for classifying taSDH (97.8% 
sensitivity) and to a certain extent ntaSDH (71.4% sensitivity). 
Nonetheless, it remains inaccurate in classifying mSDH (29.5% 
sensitivity) and its subcategories, acute on chronic, subacute and purely 
chronic. In fact, all patients initially coded as traumatic by the ICD 
codes were later almost equally reclassified as either taSDH and mSDH 
according to our classification. These findings suggest that ICD is 
unable to adequately differentiate acute from membrane-associated 
SDH – a conclusion also reached by the Danish team in 2016 (8). And 
while the ICD Coding Tool appears sensitive to identify taSDH and 
ntaSDH, the categories are contaminated by mSDH, which are 
distributed between the traumatic and non-traumatic categories, 
making this classification non-specific (Table 3). This remains true for 
the newer ICD-11 Coding Tools, which encompasses an identical 
classification of SDH with simply updated diagnostic codes.

Between 2013 and 2017, an annual average of 138 publications 
using the term chronic subdural hematoma were indexed in PubMed 
(18), making this a widely accepted and described entity. The 
inability of the ICD classification to capture mSDH within the larger 
and heterogeneous SDH spectrum is a significant problem. From an 
administrative standpoint, it can lead to inaccuracy in hospital 
patient record and identification of disease burden in a given 
population. From a research standpoint, it hinders retrospective 
identification of mSDH, forcing researchers to manually review each 
case of SDH to confirm chronicity. This adds complexity, time and 
cost to retrospective projects and renders power calculations for 

prospective studies such as TRACS (9) either extremely fastidious, 
or unreliable.

Conclusion

We propose this new SDH classification system to better capture 
chronicity and etiology – factors felt to impact management and 
prognosis. Depending on its acceptance and validation by the 
scientific community, this system could be submitted as an update to 
the future ICD classification and solve the currents issues 
we highlighted with ICD-10 as well as the newer ICD-11.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

FIGURE 2

Representative cases for each diagnosis within our new classification.

TABLE 2 Distribution of SDH cases under ICD-10 and our proposed classification.

ICD-10

Acute SDH Membrane-associated SDH

Hygromas TOTAL
Traumatic

Non-
traumatic

Total
Acute on 
chronic

Sub-
acute

Purely 
chronic

Traumatic 132 (97.8%) 4 (28.6%) 86 (70.5%) 39 (72.2%) 33 (80.5%) 14 (51.9%) 5 (83.3%) 227 (82%)

Non-traumatic 3 (2.2%) 10 (71.4%) 36 (29.5%) 15 (27.8%) 8 (19.5%) 13 (48.1%) 1 (16.7%) 50 (18%)

TOTAL 135 (100%) 14 (100%) 122 (100%) 54 (100%) 41 (100%) 27 (100%) 6 (100%) 277 (100%)

*Note that the 1 case of spinal SDH and the 7 cases of no SDH were not included in the table above.
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Predicting the progression of 
chronic subdural hematoma 
based on skull density
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Shanghai, China, 6 Department of Nursing, Huashan Hospital, Shanghai Medical College, Fudan 
University, Shanghai, China, 7 Department of Neurosurgery and Neurocritical Care, Huashan Hospital, 
Shanghai Medical College, Fudan University, Shanghai, China

Objective: The objective of this study was to investigate potential correlations 
between skull density and the progression of chronic subdural hematoma (CSDH).

Methods: Patients with unilateral CSDH were retrospectively enrolled between 
January 2018 and December 2022. Demographic and clinical characteristics, as 
well as hematoma and skull density (Hounsfield unit, Hu), were collected and 
analyzed.

Results: The study enrolled 830 patients with unilateral CSDH until the resolution 
of the CDSH or progressed with surgical treatment. Of the total, 488 patients 
(58.80%) necessitated surgical treatment. The study identified a significant 
correlation between the progression of CSDH and three variables: minimum skull 
density (MiSD), maximum skull density (MaSD), and skull density difference (SDD) 
(p  <  0.001). Additionally, in the multivariable regression analysis, MiSD, MaSD, and 
SDD were independent predictors of CSDH progression. The MiSD + SDD model 
exhibited an accuracy of 0.88, as determined by the area under the receiver 
operating characteristic curve, with a sensitivity of 0.77 and specificity of 0.88. 
The model’s accuracy was validated through additional analysis.

Conclusion: The findings suggest a significant correlation between skull density 
and the CSDH progression.

KEYWORDS

chronic subdural hematoma, skull density, midline shift, surgery, progression

1. Introduction

Chronic subdural hematoma (CSDH), characterized by a collection of blood products in 
the subdural space, is likely to become the most common neurosurgical disease in adults by the 
year 2030 (1). The annual incidence of CSDH is approximately 13.3 per 100,000 patients in the 
general population, with significantly greater rates occurring in older adults at up to 58 per 
100,000 (2). Surgical evacuation of the subdural hematoma is the main treatment modality for 
symptomatic patients (3). Research has indicated that the implementation of middle meningeal 
artery (MMA) embolization has yielded favorable outcomes in select individuals (4).
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Anatomical considerations support the pathogenesis of CSDH 
and rationale for MMA embolization, as the blood supply to CSDH 
originates from MMA, which traverses the dura mater to establish 
connections with delicate vessels within the outer membrane of the 
hematoma (5). Recent research has revealed the existence of significant 
anastomosis among CSDH, dura, and skull (6). This suggests that 
there is a substantial interconnection between the blood supply of the 
skull and the dura mater, which may have a crucial role in the 
development of CSDH.

A significant correlation between the Hounsfield unit (Hu) values 
of the skull and bone mineral density has been previously established 
(7). Furthermore, it was reported that patients exhibiting lower bone 
mineral density are at a heightened risk of experiencing recurrent 
CSDH (8). As a result, we have formulated the hypothesis that skull 
density is correlated with the progression of CSDH.

2. Materials and methods

2.1. Participants and study settings

The studies involving humans were approved by the Ethics 
Committee of the Evaluation of Biomedical Research Projects of 
Huashan Hospital. The study was conducted in accordance with the 
local legislation and institutional requirements. Written informed 
consent for participation was not required from the participants or the 
participants’ legal guardians/next of kin in accordance with the 
national legislation and institutional requirements. The study 
evaluated all inpatient and outpatient individuals diagnosed with 
CSDH at Huashan Hospital, a university teaching hospital affiliated to 
Fudan University, from January 2018 to December 2022. The 
recruiting criteria were as follows: (1) patients presenting primary 
unilateral CSDH as diagnosed by computed tomography (CT) and (2) 
age ≥ 18 years. The exclusion criteria were as follows: (1) Patients with 
a history of tumor, intracerebral arteriovenous malformation, 
arachnoid cyst, ventriculoperitoneal shunts, immunodeficiency or 
thrombocytopenia, (2) Patients on immunosuppressants at admission, 
(3) Patients with bilateral or middle meningeal artery embolization, 
(4) Patients who were lost to follow-up. The patients were classified 
into two groups: recovery and progression. Recovery was defined as 
the resolution of CDSH on CT without surgical intervention. 
Hematoma progression was characterized by a significant decline in 
neurological function (such as worsening headache, progressive limb 
paralysis, or altered levels of consciousness) or by the observation of 
hematoma enlargement and/or midline shift (>1 cm) on follow-up CT 
scans (9). The patients were followed for a period of six months.

2.2. Data collection

The study collected demographic information, clinical 
characteristics, hematoma density, and skull density of enrolled 
patients. The collected data encompassed gender, age, etiology, clinical 
symptoms, medical history, therapeutic records, and CT data. The 
following CT data were acquired from the initial diagnosis: initial 
midline shift (IMS) and initial hematoma thickness (IHT). The 
following CT data were acquired at the time of peak midline shift 
(MS) and/or maximal hematoma thickness (HT). The CT data 

comprised MS, HT in the axial plane, minimum hematoma density 
(MiHD), maximal hematoma density (MaHD), minimum skull 
density (MiSD), and maximal skull density (MaSD). The present study 
employed millimeters (mm) as the unit of measurement for both MS 
and HT. Hu was utilized to determine the density value for CT data. 
The MS was operationally defined as the line extending from the 
septum pellucidum, perpendicular to the midline, between the most 
anterior and posterior parts of the falx cerebri (10). HT was measured 
from the brain surface, perpendicular to the tangent line of inner 
compact bone. Hematoma density difference (HDD) was computed 
as the difference between the MaHD and the MiHD. Skull density was 
measured at the level of maximum hematoma thickness. Skull density 
difference (SDD) was calculated as the difference between MaSD and 
the MiSD. The data measurement method on CT is depicted in 
Figure 1. To ensure accuracy, three neurosurgeons from the university 
faculty confirmed all radiologic findings. The clinical data was blinded 
using the picture archiving and communication system (PACS).

2.3. Statistical analysis

Continuous data with a normal distribution were expressed as 
mean ± standard deviation (–X ± SD). The student’s unpaired t-test or 
Chi-square test was used to compare variables between the groups. 
Enumeration data were described in frequency or percentage. 
Univariable and multivariable logistic regression models were 
employed to assess the patient parameters. Receiver operating 
characteristic (ROC) curve analysis was subsequently adopted to 
discriminate the capacity of this model. The Youden index was used 
to identify sensitivity and specificity based on the coordinate points of 
the highest combination of these two parameters on ROC curve. The 
model’s capacity for discrimination, accuracy in prediction, and 
clinical utility were evaluated through the utilization of a ROC curve, 
calibration plot, and decision curve analysis. To mitigate overfit bias, 
one thousand bootstrap resamples were utilized. SPSS 20.0 software 
(The IBM SPSS software Company) was used for statistical analysis, 
and p < 0.05 were considered statistically significant. The visualization 
figures were produced by Darwin1 (accessed on October 4, 2023) and 
genescloud2 (accessed on October 4, 2023), while the pattern diagram 
was generated by Figdraw3 (accessed on October 4, 2023).

3. Results

3.1. Demographic and clinical 
characteristics of patients

For statistical analysis, a cohort of 830 patients diagnosed with 
unilateral CSDH was included. The mean age of the cohort was 
68.53 ± 12.99 years, with 669 (80.60%) males. The incidence of CSDH 
was highest among patients aged 61 to 80 years, accounting for 65.18% 
of cases. The most commonly observed clinical symptom was 

1 https://darwin-online.yizhun-ai.com/

2 https://www.genescloud.cn

3 https://www.figdraw.com/static/index.html
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headache (45.33%), followed by dyskinesia (37.63%) and impaired 
awareness (5.71%). The relevant data is presented in Table 1.

Among the cohort of 830 patients, a majority of 514 individuals 
(61.93%) reported experiencing head trauma within the preceding 
three months, while 316 (38.07%) did not report any such incidents. 
Of the total, 89 patients (10.72%) were undergoing long-term 
antithrombotic treatment at the time of CSDH confirmation through 
neuroimaging, while the remaining 741 (89.28%) were not receiving 
such therapy. The patients were subsequently categorized into two 
groups based on their recovery status, with 342 (41.20%) individuals 
classified as belonging to the recovery group and 488 (58.80%) to the 
progression group. The relevant data is presented in Table 1.

3.2. Varied characteristics of recovery and 
progression patients

The analysis revealed no statistically significant differences in 
sex, anticoagulation therapy and antiplatelet therapy between the 
two groups, with p values of 0.09, 0.98 and 0.50, respectively. 
However, age, history of head trauma, and all CT characteristics 
exhibited significant differences between the recovery and 
progression patients, with a p value of less than 0.001. The detailed 
data can be found in Table 2.

The present study conducted a further analysis of the relationship 
between skull density parameters (MiSD, MaSD, SDD) and CT data 
of hematoma (MS, HT, MiHD, MaHD, HDD). The results indicated a 
positive correlation between SDD and CT data of hematoma (MS, HT, 
MiHD, MaHD, HDD), albeit with a small correlation coefficient. 
Specifically, the correlation coefficient between SDD and MS was 
found to be the highest (0.63). In contrast, MiSD displayed a strong 
inverse correlation with CT data of hematoma (MS, HT, MiHD, 
MaHD, HDD), exhibiting correlation coefficients of −0.89, −0.97 
and −0.98, respectively. The elliptical shape appears more elongated 
(approaching a straight line), suggesting a linear relationship. The 
results suggest a linear correlation between MiSD and hematoma CT 
data. These findings are presented in Figure 2.

3.3. Skull density related to CSDH 
progression

Following the univariable and Correlation analyses, a 
multivariable logistic regression analysis was conducted to examine 
the variables that displayed statistical significance. The results 
indicated that MiSD, MaSD, and SDD were significant independent 
predictors of CSDH progression in the multivariable model (p < 0.001), 
as presented in Table 3.

FIGURE 1

The data measurement method on CT. (A–D) Show the measurement method of MS, HT, hematoma density and skull density, separately. MS, midline 
shift; HT, maximal hematoma thickness.
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The independent predictors derived from the multivariate logistic 
regression model were utilized in constructing the ROC model. While 
the multivariate analysis did not demonstrate a significant 
enhancement in efficacy, it did exhibit a potential for improving 
sensitivity as illustrated in Figure  3A and Table  4. The variables’ 
cut-off, sensitivity, specificity, Youden index, and AUC values are 
presented in Table 4.

3.4. Internal validation, calibration, and 
decision curve analysis

The accuracy of the MiSD+SDD model was confirmed through a 
bootstrap method involving 1,000 resamples, resulting in an AUC of 
0.87 (Figure 3B). Furthermore, the predicted probabilities generated 
by the MiSD+SDD model exhibited a strong correlation with the 
clinical outcomes (Figure  3C), and the decision curve analysis 
demonstrated the potential clinical utility of the model (Figure 3D).

4. Discussion

This is the first study to investigate the association between skull 
density and CSDH progression. Our findings indicate that MiSD, 
MaSD, and SDD are all independent risk factors for the progression 
of CSDH. Furthermore, MiSD and SDD were utilized to construct a 
model for the assessment and validation of CSDH progression, which 
is a crucial step in identifying this condition.

With the development of population aging, the prevalence of 
CSDH is expected to escalate annually, ultimately emerging as a 
prominent disease posing a significant threat to the elderly population 
(11). The preferred method of treatment for CSDH is surgical 
evacuation of the hematoma via Burr-hole with drainage (12). Despite 
the widespread acceptance of the aforementioned surgical approach, 
several alternative options including bedside twist drill craniotomy 
with placement of a subdural drain or subdural evacuation port 
system, endoscope-assisted evacuation and MMA embolization have 
been increasingly implemented. Bedside subdural evacuation port 
system placement has gained popularity due to its ability to eliminate 
the requirement for general anesthesia and the need for availability of 
an operating room. Consequently, patients with multiple comorbidities 
are more inclined to undergo this procedure (13). The utilization of 

TABLE 1 Demographic and clinical characteristics of patients.

Variable N  =  830

Sex (male) 669 (80.60%)

Age (years, mean ± SD) 68.53 ± 12.99

<60 166 (20.00%)

61 ≤ Age < 80 541 (65.18%)

≥81 123 (14.82%)

Neurological deficits

Headache 524 (45.33%)

Dyskinesia 435 (37.63%)

Impaired awareness 66 (5.71%)

Aphasia 61 (5.28%)

Amnesia 51 (4.41%)

Seizure 19 (1.64%)

History of head trauma

Yes 514 (61.93%)

No 316 (38.07%)

Antithrombotic drug

Yes 89 (10.72%)

No 741 (89.28%)

Group

Recovery group 342 (41.20%)

Progression group 488 (58.80%)

TABLE 2 Varied characteristics of patients in recovery and progression 
group.

Variables

Recovery 
group

Progression 
group

P
N  =  342 
(41.20%)

N  =  488 
(58.80%)

Sex (male) 0.09

Female 76 (22.22%) 85 (17.42%)

Male 266 (77.78%) 403 (82.58%)

Age (years, mean ± SD) 66.86 ± 14.35 69.70 ± 11.83 0.002

<60 87 (25.44%) 79 (16.19%)

61 ≤ Age < 80 205 (59.94%) 336 (68.85%)

≥81 50 (14.62%) 73 (14.96%)

History of head trauma

Yes 240 (70.18%) 274 (56.15%) < 0.001

No 102 (29.82%) 214 (43.85%)

Anticoagulation therapy 0.98

Yes 9 (2.63%) 13 (2.66%)

No 333 (97.37%) 475 (97.34%)

Antiplatelet therapy 0.50

Yes 25 (7.31%) 42 (8.61%)

No 317 (92.69%) 446 (91.39%)

CT characteristics

IMS (mm, mean ± SD) 3.74 ± 2.16 3.98 ± 2.86 0.17

IHT (mm, mean ± SD) 9.45 ± 5.42 9.57 ± 4.91 0.74

MS (mm, mean ± SD) 5.70 ± 2.20 12.63 ± 2.94 < 0.001

HT (mm, mean ± SD) 18.89 ± 6.34 26.28 ± 5.40 < 0.001

MiHD (Hu, mean ± SD) 22.43 ± 8.88 25.24 ± 10.43 < 0.001

MaHD (Hu, mean ± SD) 40.04 ± 10.29 52.77 ± 9.28 < 0.001

HDD (Hu, mean ± SD) 17.61 ± 8.98 27.53 ± 10.21 < 0.001

MiSD (Hu, mean ± SD) 701.70 ± 118.17 565.09 ± 151.37 < 0.001

MaSD (Hu, mean ± SD) 1378.63 ± 157.68 1500.60 ± 193.99 < 0.001

SDD (Hu, mean ± SD) 676.93 ± 126.66 935.51 ± 204.10 < 0.001

IMS, Initial Midline shift; IHT, Initial Hematoma thickness; MS, Midline shift; HT, 
Hematoma thickness; MiHD, Min Hematoma density; MaHD, Max Hematoma density; 
HDD, Hematoma density difference; MiSD, Min skull density; MaSD, Max skull density; 
SDD, Skull density difference.
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endoscope-assisted evacuation in conjunction with MMA 
embolization has the potential to effectively reduce the recurrence of 
CSDH by improving hematoma evacuation, removing membranes, 
coagulating at-risk blood vessels, strategically placing surgical drains, 
assessing embolization efficacy, coagulating fragile membranes, and 
eliminating acute clot (14). The formation of subdural hematoma 
involves the MMA and its branches, and MMA embolization has been 
found to have a therapeutic effect (15). Despite surgery being the 
primary treatment for CSDH, the recurrence rate post-surgery varies 
significantly, and drug therapy is also a viable treatment option for 
CSDH (16). Nonetheless, the absence of concrete evidence-based 
guidelines for surgical indications (17), coupled with divergent reports 
that suggest a case-by-case approach to surgery (18, 19).

Underscores the need to determine the CSDH progression, as this 
will significantly influence the available treatment options. Our study 
showed that antithrombotic therapy is not associated with CSDH 
volume progression, which is consistent with the results of others (20). 
Although there were statistically significant differences in age and of 
trauma between the two groups, we  focused on the correlation 
between skull density and the progression of hematoma. It was found 
that the vessels of the dura exhibited significant anastomoses with the 
vessels of the skull (6). Furthermore, postoperative recurrence was 
found to be associated with skull density (8). Empirical evidence has 
demonstrated that patients with MMA embolization display extensive 
anastomosis among subdural hematoma, dura, and skull, as depicted 
in Figures 4A,B. The pattern diagram in Figure 4C provides a detailed 
illustration of the anastomosis among hematoma, dura, and skull. 

Consequently, it is hypothesized that skull density is linked to the 
progression of CSDH.

Various radiological measures, including the midline shift, brain 
atrophy, hematoma density, and maximum width of the hematoma, 
are utilized to assess the extent and space-occupying effect of different 
intracranial masses (10, 11). Previous studies have shown a significant 
correlation between Hu values and bone mineral density (21). 
Furthermore, it was reported that patients with lower bone mineral 
density were at a higher risk of CSDH recurrence (8). The present 
study reveals that patients with CSDH progression exhibit lower 
MiSD, higher MaSD and SDD. The findings indicate a negative 
correlation between MiSD and hematoma progression. Furthermore, 
in the multi-variable regression analysis, MiSD, MaSD, and SDD 
emerged as significant independent predictors of CSDH progression. 
The accuracy of the MiSD+SDD model, as estimated by the area under 
the ROC, was 0.88 (with a sensitivity of 0.77 and specificity of 0.88). 
The validation analysis confirmed the high accuracy of the model.

The treatment options for CSDH display variations in terms of 
indication, timing, and type of surgical intervention, duration of 
drainage, concomitant membranectomy, and the necessity of MMA 
embolization (22). We found that patients with CSDH progression 
exhibit lower MiSD (Cut-off 634 Hu), higher MaSD (Cut-off 1,597 
Hu) and SDD (Cut-off 830 Hu). The findings of this study may have 
significant implications for the early assessment of CSDH progression 
and the determination of the necessity for surgical intervention. The 
use of MMA embolization shows promise in preventing re-bleeding 
and recurrence (23). The meningeal branch of the MMA is highly 

FIGURE 2

Correlation analysis between skull density and hematoma density. ***p  <  0.001, otherwise p  >  0.05. The data in the figure represent the correlation 
coefficients. The elliptical shape appears more elongated (approaching a straight line), suggesting a linear relationship.

TABLE 3 Multivariable logistic regression analysis of predictors of CSDH progression.

Factor B SE Wald df Sig. Exp (B) (95% CI)

MiSD −0.0039 0.0007 30.8587 1 < 0.001 0.996 (0.995–0.997)

MaSD 0.0080 0.001 142.7102 1 < 0.001 1.008 (1.007–1.009)

SDD 0.0091 0.001 190.6521 1 < 0.001 1.009 (1.008–1.010)

B, regression coefficient; SE, standard error; Wald, Wald score; df, degrees of freedom; Sig., level of significance; MiHD, Min Hematoma density; MiSD, Min skull density; MaSD, Max skull 
density; SDD, Skull density difference.
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extensive, encompassing various regions such as the orbital, frontal, 
top, occipital, posterior fossa, and base of the middle cranial fossa, 
depending on the blood supply location (24). The literature states that 
the meningeal arteries provide blood supply to both the skull and dura 
mater (25). A study has indicated that the distal penetration of the 
liquid embolic agent may be linked to a faster clearance of hematoma 
(26). The findings imply that the branch of the MMA supplying the 
skull was subjected to embolization. Our investigation revealed a 
correlation between skull density and the progression of CSDH. This 
finding holds significant value in terms of facilitating the early 
detection of hematoma progression and the timely implementation of 

MMA embolization as a treatment approach. However, additional 
research is required to ascertain the potential correlation between 
skull density and the effectiveness of MMA embolization in mitigating 
the recurrence of CSDH.

Nonetheless, it is crucial to note that the interpretation of these 
findings is subject to three significant caveats. Firstly, as with prior 
retrospective case–control studies, the ability to establish causal 
inference is constrained. Secondly, despite the confirmation of all 
radiologic findings by three faculty neurosurgeons who were blinded 
to the clinical data using PACS, the measurement may have been 
influenced by individualistic differences, leading to potential selection 

FIGURE 3

ROC curves analysis and evaluation of the model. (A) The ROC curves for the MiSD, MaSD, SDD and MiSD+SDD. (B) The ROC curve for the MiSD+SDD 
model generated using bootstrap resampling (1,000 times). (C) Calibration plot. The closer the blue calibration curve and the red standard curve are, 
the better the calibration ability of the model is suggested. (D) Decision curve analysis for the MiSD+SDD model. The red line is from the MiSD+SDD 
model, the gray line indicates progression, and the horizontal line indicates recovery. The graph depicts the expected standardized net benefit per 
patient relative to the prediction of progression. The standardized net benefit increases as the model curve is extended. MiHD, Min Hematoma density; 
MiSD, Min skull density; MaSD, Max skull density; SDD, Skull density difference.

TABLE 4 Prognostic accuracy of CSDH progression.

Variables Cut-off Sensitivity Specificity Youden index AUC

MiSD (Hu) 634 0.73 0.71 0.44 0.76

MaSD (Hu) 1,597 0.39 0.96 0.35 0.69

SDD (Hu) 830 0.69 0.89 0.58 0.86

MiSD + SDD - 0.77 0.88 0.65 0.88

AUC, area under the curve; GCS, Glasgow Coma Scale; MiHD, Min Hematoma density; MiSD, Min skull density; MaSD, Max skull density; SDD, Skull density difference.
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bias. Lastly, while our model was validated using bootstraps with 1,000 
resamples, further prospective multicenter studies are necessary to 
externally validate our results.

5. Conclusion

The findings of the study indicate that lower MiSD, higher MaSD 
and higher SDD are significantly correlated with CSDH progression. 
To enhance the predictive accuracy of CSDH progression and facilitate 
treatment decision-making, we constructed a MiSD+SDD model and 
validated it through 1,000 bootstrap resamples. This model holds 
promise for clinical application.
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FIGURE 4

Vascular anastomosis of hematoma, dura and skull. (A,B) Middle meningeal artery embolization revealed extensive anastomoses vessels between dura 
and skull (indicated by arrows). (C) Hematoma-dura-skull relationships, emphasizing the “vascular anastomosis” principle.
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Effect of decreased platelets on 
postoperative recurrence of 
chronic subdural hematoma
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Introduction: Chronic subdural hematoma (CSDH) is commonly treated using 
simple burr hole surgery. However, postoperative recurrence occurs at a relatively 
high rate of 10–20%. A decrease in platelet count (PC) may be associated with 
recurrence via a hemostasis disorder; however, this association has not been 
well-studied. Therefore, this study aimed to investigate the association between 
PC and postoperative CSDH recurrence.

Methods: We retrospectively reviewed the data for CSDHs in 488 cerebral 
hemispheres of 431 patients who underwent burr hole surgery at our institution 
between January 2013 and December 2022. The association between 
preoperative PC and postoperative CSDH recurrence was investigated. We used 
the first quartile of PC, PC  <  170  ×  103/μL to define a threshold for decreased PC.

Results: In total, 459 cerebral hemispheres with CSDHs in 405 patients were 
followed up postoperatively for at least 3  months or until CSDH disappeared. 
CSDH recurred in 39 (8.5%) cerebral hemispheres. The recurrence rate was 
gradually increased in parallel with a decreasing PC. Among 109 CSDHs with a 
decreased PC (<170  ×  103/μL), 15 (13.8%) recurred, whereas only 24 (6.9%) of 350 
CSDHs without a decreased PC recurred (p  =  0.03). In univariable logistic analysis, 
eosinophil-rich blood (≥100/μL eosinophils in peripheral blood) and a decreased 
PC were significant risk factors. Multivariable analysis showed that eosinophil-rich 
blood (adjusted odds ratio, 2.51; 95% confidence interval, 1.26–4.99; p  =  0.009) 
and a decreased PC (adjusted odds ratio, 2.15; 95% confidence interval, 1.07–
4.35; p  =  0.03) were independent risk factors for recurrence.

Conclusion: Our study showed that a decrease in PC was associated with 
postoperative CSDH recurrence. Patients with CSDH and a decreased PC require 
careful postoperative follow-up.

KEYWORDS

chronic subdural hematoma, postoperative recurrence, eosinophil, platelet, burr hole 
surgery

1 Introduction

Chronic subdural hematoma (CSDH) is a common disease that is being treated surgically 
more frequently worldwide (1). For symptomatic CSDH, a simple surgery such as burr hole 
irrigation or drainage of CSDH is widely performed as a standard treatment. However, 
postoperative recurrence occurs at a relatively high rate of 10–20%; subsequently, these patients 
require additional surgery (2).
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The progression and recurrence of CSDH have recently been 
considered to be associated with recurrent hemorrhage, fibrinolysis, 
inflammation, and angiogenesis (3, 4), Various risk factors have been 
reported, which include old age, male sex, diabetes mellitus, 
anticoagulant therapy, eosinophil-rich blood, and blood type A (5–7). 
However, the risk factors for postoperative recurrence of CSDH have 
not been fully established.

Platelets play a pivotal role in hemostasis, and a decrease in 
platelet count (PC) leads to a bleeding tendency (8). The hemostasis 
disorder may facilitate the progression and recurrence of CSDH via 
recurrent hemorrhage. However, the effect of PCs on postoperative 
CSDH recurrence has not been well-studied and remains unclear. 
Moreover, the number of platelets required to suppress postoperative 
recurrence is unknown.

This retrospective, exploratory study investigated the association 
between a decreased PC and postoperative CSDH recurrence.

2 Materials and methods

2.1 Study design

This study aimed to evaluate the effect of a decreased PC on 
postoperative recurrence of traumatic or spontaneous CSDH after the 
first burr hole surgery. Thus, we reviewed 488 cerebral hemispheres 
with CSDHs in 431 patients who were treated with burr hole surgery 
at our institution between January 2013 and December 2022. CSDH 
was diagnosed using computed tomography or magnetic resonance 
imaging. Four CSDHs in four patients who underwent middle 
meningeal artery embolization in combination with burr hole surgery 
were excluded. Peripheral blood was obtained at admission for 
examination, including preoperative platelet and eosinophil counts 
{median [interquartile range (IQR)], 0 day (0–1 day)}. The distribution 
of PCs is shown in Figure 1. Its median [IQR] was 208 [172–250] (103/
μL) and the mean ± standard deviation was 214 ± 70 × 103/μL. However, 
these preoperative blood examinations were not performed in the 
seven CSDH surgeries in six patients; thus, they were excluded from 
the study. The remaining 477 CSDHs in 421 patients were included in 
the study (Supplementary Figure S1).

2.2 Definition of clinical characteristics

Hypertension was defined as systolic blood pressure of ≥140 mmHg 
and/or diastolic blood pressure of ≥90 mmHg or the current use of 
antihypertensive drugs. Diabetes mellitus was defined as a glycosylated 
hemoglobin A1C level of >6.5% or treatment with hypoglycemic 
medications. The use of antiplatelet or anticoagulant drugs was recorded. 
An activated partial thromboplastin time of ≥40 s or a prothrombin 
time with an international normalized ratio of >1.4 was defined as 
coagulopathy. An eosinophil count of ≥100/μL in the peripheral blood 
was defined as “eosinophil-rich” (7). A PC of <100 × 103/μL was defined 
as thrombocytopenia, whereas PC of <170 × 103/μL was defined as a 
“decreased PC,” based on the first quartile value of PCs. The preoperative 
CSDH volume was calculated according to the XYZ/2 method (7, 9). 
When the CSDHs on both sides were operated on simultaneously or the 
CSDH in one hemisphere was operated on within 7 days before or after 
surgery on the other side, the CSDH in each hemisphere was recorded 

as having contralateral surgery. The baseline and clinical characteristics 
of patients are presented in Table 1.

2.3 Surgical procedure and perioperative 
management

Surgery with burr hole irrigation was performed under local 
anesthesia. CSDH was evacuated and the hematoma cavity irrigated 
with normal saline or artificial cerebrospinal fluid (Artcereb irrigation 
and perfusion solution for cerebrospinal surgery, Otsuka 
Pharmaceutical Factory Inc.) (10). A drainage tube was typically 
placed in the hematoma cavity and removed within 2 days after 
surgery. However, in three CSDH cases (0.6%), a drainage tube could 
not be placed because of the narrowing of the hematoma cavity after 
the evacuation of the CSDH. Because of the severely decreased PC, 
platelet transfusion was performed before four surgeries for five 
CSDHs, according to the decision of the attending physicians. To avoid 
postoperative thromboembolic complications (11, 12), antithrombotic 
therapy at presentation was continued or discontinued for only few 
days postoperatively (it was reinitiated soon after confirming no 
postoperative acute bleeding).

FIGURE 1

Distribution of preoperative platelet counts in 477 chronic subdural 
hematomas.

TABLE 1 Baseline and radiographical characteristics of 477 chronic 
subdural hematomas in 421 patients.

Total (n  =  477)

Mean age, years 78.8 ± 9.3

Male sex 327 (68.6%)

Hypertension 201 (42.1%)

Diabetes mellitus 112 (23.5%)

Use of antiplatelet drugs 67 (14.0%)

Use of anticoagulant drugs 65 (13.6%)

Coagulopathy 43 (9.0%)

Eosinophil-rich 197 (41.3%)

Platelet transfusion 5 (1.0%)

Hematoma volume (mL) 124.2 ± 42.4

Contralateral surgery 86 (18.0%)

Data are presented as the mean ± standard deviation or number (%).
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2.4 Postoperative CSDH recurrence and 
acute bleeding

Postoperative recurrence of CSDH was defined as symptomatic 
(causing severe headache, dementia, impaired consciousness, or 
neurological deficits such as gait disturbance or weakness in the 
extremities) ipsilateral enlargement of the CSDH, indicating the 
need for repeated surgery between 7 days and 3 months 
postoperatively. Postoperative early subdural hemorrhage before 
postoperative day 6 was considered a surgical complication but not 
a recurrence. On one hemisphere with CSDH, an acute subdural 
hematoma was found the day after the burr hole surgery; it was 
completely evacuated and removed via the same burr hole. Because 
the hematoma was not associated with a bleeding tendency, such as 
thrombocytopenia in PC, use of antithrombotic drugs, or 
coagulopathy, this acute hemorrhage was not considered as a 
postoperative CSDH recurrence. Patients with no recurrence were 
followed up postoperatively for at least 3 months or until resolution, 
as indicated by the disappearance of CSDH on computed 
tomography. Postoperative recurrence within 3 months was recorded 
in each hemisphere with CSDH.

2.5 Statistical analyses

Statistical analyses were conducted using SPSS version 28 (IBM 
Corp., Tokyo, Japan). Categorical variables are expressed as numbers 
(percentages) and numerical data as mean ± standard deviation or 
median (IQR). Fisher’s exact test and Student’s t-test were performed 
for intergroup comparisons. A receiver operating characteristic (ROC) 
curve was created from the PC for postoperative CSDH recurrence, 
and area under the curve and 95% confidence interval (CI) were 
analyzed. Logistic regression analysis was performed to investigate the 
risk factors for CSDH recurrence. Odds ratios (OR) were calculated 
using univariable and multivariable models. Variables with a p value 
of <0.10  in univariable analyses were applied for multivariable 
analysis. A decrease in PC was assessed as a continuous variable and 
categorical variable in models 1 and 2, respectively. Statistical 
significance was set at a p value of <0.05.

3 Results

3.1 Postoperative recurrence

In total, 459 cerebral hemispheres with CSDHs in 405 patients 
were followed up. CSDHs recurred in 39 (8.5%) cerebral hemispheres; 
18 CSDHs in 16 patients were not followed up after surgery and were 
not included in the following analyses (Supplementary Figure S1).

3.2 Association of PCs and postoperative 
recurrence

Platelet count was significantly lower in 39 CSDHs with 
recurrence than in 420 CDSHs without recurrence (189 ± 69 × 103/μL 
vs. 216 ± 69 × 103/μL, p = 0.02). The recurrence rate was gradually 
increased in parallel with a decrease in the PC (Figure 2).

An ROC curve of PCs for the CSDH recurrence was created as 
shown in Supplementary Figure S2. According to the distribution of 
PC, its first quartile was 170 × 103/μL, based on which the threshold 
for the decreased PC (<170 × 103/μL) was defined. Thereafter, the value 
of decreased PC was confirmed to predict the CSDH recurrence well 
by ROC analysis. Of 109 CSDHs with a decreased PC, 15 (13.8%) 
recurred; only 24 (6.9%) of 350 CSDHs without a decreased PC 
recurred (p = 0.03). The sensitivity and specificity were 38.5 and 77.6%.

3.3 Logistic analyses for the CSDH 
recurrence

Logistic analyses of postoperative recurrence were performed in 
459 cerebral hemispheres with CSDHs (Table 2). In the univariable 
model, a decrease in the PC significantly increased the risk of 
recurrence; a decreased PC (<170 × 103/μL) was a significant risk factor. 
In addition, eosinophil-rich blood was associated with the CSDH 
recurrence. Next, multivariable analysis was performed with the 
variables with a value of p < 0.10 in the univariable analysis. When PC 
was assessed as a continuous variable in model 1, a decrease in PC was 
associated with CSDH recurrence in model 1 (per 5 × 103/μL decrease: 
OR, 1.36; 95% CI, 1.05–1.76; p = 0.02) When PC was assessed as a 
categorical variable in model 2, decreased PC was an independent risk 
factor for the recurrence (adjusted OR, 2.15; 95% CI, 1.07–4.35; 
p = 0.03). In addition, eosinophil-rich blood was an independent risk 
factor in both model 1 (adjusted OR, 2.63; 95% CI, 1.31–5.27, p = 0.007) 
and model 2 (adjusted OR, 2.51; 95% CI, 1.26–4.99, p = 0.009).

3.4 Relationship between PC and 
eosinophil-rich blood

The PCs in the groups with (197 CSDHs) and without eosinophil-
rich blood (280 CSDHs) were compared to evaluate the relationship 
between PCs and eosinophil-rich blood. No significant difference was 
observed between the groups (non-eosinophil-rich vs. eosinophil-
rich: 211 ± 76 × 103/μL vs. 217 ± 60 × 103/μL; p = 0.38).

FIGURE 2

Relationship between recurrence of chronic subdural hematoma and 
platelet count (n  =  459).
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3.5 Thrombocytopenia and platelet 
transfusion

Regarding 16 surgery for 17 CSDHs with coexisting 
thrombocytopenia, platelet transfusions were performed before four 
surgeries for five CSDHs to suppress perioperative acute bleedings. In 
contrast, platelet transfusion was not administered for the remaining 
12 surgeries for 12 CSDHs. PCs were significantly lower in the surgery 
with platelet transfusion than in that without transfusion (42 ± 18 × 103/
μL vs. 79 ± 13 × 103/μL; p = 0.001).

In three of the four surgeries with platelet transfusion, PC did not 
increase over 100 × 103/μL after platelet transfusion. In only one 
CSDH, PC increased over 100 × 103/μL after the platelet transfusion. 
The effect of platelet transfusion was not sustained for a long time; on 
5 or 6 days after surgery, the PC was not significantly different from 
those before the platelet transfusion (52 ± 22 × 103/μL vs. 42 ± 18 × 103/
μL; p = 0.52).

One (20%) of the five CSDHs with platelet transfusion and 4 
(33.3%) of the 12 CSDHs without platelet transfusion recurred, 
respectively. No significant differences were found between them 
(p > 0.99).

4 Discussion

Our study focused on the effect of PC values on postoperative 
recurrence of CSDH after burr hole surgery. Decrease in PC was 
shown to affect the postoperative recurrence of CSDH, and that risk 
was gradually increased in parallel with decrease in the PC. CSDH 
with preoperatively decreased PC (<170 × 103/μL) recurred with 
double the frequency of those without a deceased PC (13.8 vs. 6.9%).

Continuous bleeding and exudation play pivotal roles in CSDH 
formation and progression. Ito et al. (11) reported a new hemorrhage 
accounting for 6.7% (range, 0.2–28.6%) of the hematoma content in 
6–24 h. Bleeding is considered to be  mediated by inflammation, 
angiogenesis, and fibrinolysis (5, 7, 12, 13). Numerous newly formed 

capillary vessels in the outer membrane of the CSDH tear easily and 
are permeable under focal inflammation, which can result in 
re-bleeding and exudation. Hemostatic disorders may facilitate CSDH 
progression and recurrence.

Platelets play a pivotal role in hemostasis; poor PC results in a 
bleeding tendency, and thrombocytopenia is associated with a high risk 
of intracranial hemorrhage (14). Therefore, a sufficient PC may 
be needed to prevent recurrence. In contrast, platelets have the potential 
to facilitate inflammation and may drive the regrowth of CSDH (13, 15). 
In patients with cancer, platelet transfusion was reported to increase 
perihematomal edema after intracerebral hemorrhage (15). Although 
platelets may have a two-sided effect on the postoperative recurrence of 
CSDH, the hemostatic effect of platelets may be more closely associated 
with the recurrence of CSDH, according to our findings. In the present 
study, antithrombotic therapy was not associated with the CSDH 
recurrence. Hemostatic disorder by decrease in PC may influence the 
CSDH stronger than inhibited hemostasis by antithrombotic agent. 
However, it may be attributed to mechanisms other than hemostatic 
disorder; in addition, deceased PC may reflect an unidentified factor. 
Further study is needed to elucidate the mechanisms.

A PC of 150–450 × 103/μL is considered normal in adults (16). It 
can be affected by various conditions, including infection, cancer, 
leukemia, myelosuppression, liver cirrhosis, and malignancy (14–16). 
A PC > 100 × 103/μL is believed to be needed for safe cranial surgery; 
even in emergency surgeries, a PC should be >80 × 103/μL (8, 17). In 
the recurrence of CSDH, the effect of a decreased PC has not been well 
investigated and remains controversial (7, 18–21). The present study 
focused on PCs and CSDH recurrence and showed that CSDH 
recurrence was increased with a decrease in the PC. Moreover, even if 
a PC was within the normal range, CSDH with a greater PC recurred 
less frequently than CSDH with a lower PC. To facilitate the use of PCs 
in clinical settings, a PC value <170 × 103/μL was defined as a 
“decreased PC” that might effectively predict recurrence. Threshold 
for decreased PC might be  higher considering normal PC value 
(150–450 × 103/μL) and other clinical conditions: in patients with 
cancer PC <60 × 103/μL is associated with bleeding; in those with 

TABLE 2 Univariable and multivariable logistic regression analyses for the chronic subdural hematoma recurrence in 459 cerebral hemispheres with 
CSDHs.

Univariable Multivariable model 1 Multivariable model 2
Factor

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Age (per 10-year increase) 0.85 0.61–1.19 0.36

Male sex 2.21 0.95–5.14 0.07 1.64 0.68–3.94 0.27 1.69 0.70–4.04 0.24

Hypertension 0.66 0.33–1.32 0.24

Diabetes mellitus 1.50 0.73–3.07 0.27

Antiplatelet drugs 1.52 0.64–3.61 0.35

Anticoagulant drugs 1.91 0.83–4.39 0.13

Coagulopathy 1.66 0.60–4.55 0.33

Eosinophil-rich 2.40 1.22–4.71 0.01* 2.63 1.31–5.27 0.007* 2.51 1.26–4.99 0.009*

Platelet count (per 5 × 103/μL decrease) 1.36 1.05–1.76 0.02* 1.39 1.06–1.84 0.02* − − −

Decreased platelet (<170 × 103/μL) 2.17 1.09–4.30 0.03* − − − 2.15 1.07–4.35 0.03*

Platelet transfusion 2.74 0.30–25.11 0.38

Hematoma vol (10 mL per increase) 1.07 1.00–1.16 0.06 1.06 0.98–1.15 0.15 1.06 0.98–1.15 0.16

Contralateral surgery 0.82 0.33–2.03 0.67

OR, Odds ratio; CI, Confidence interval. *Indicates statistically significant (p < 0.05). Decreases in the PC are assessed as continuous and categorical variables in model-1 and -2, respectively.
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aplastic anemia, spontaneous fecal blood loss could occur at PC 
<10 × 103/μL and remarkably increased at PC <5 × 103/μL (22). 
However, bleeding risks because of a decrease in PC depend on the 
underlying disease. In anemic women with term singleton 
pregnancies, increased postpartum hemorrhage at PC <150 × 103/μL 
was reported, where the threshold of PC was close to the one defined 
in the present study (23). During CSDH progression, continuous 
bleeding and exudation occur, which might be different from acute 
bleedings, resulting in higher threshold for decreased PC.

In an aging society, the use of antithrombotic agents increases 
(24). In addition to hemostasis disorder caused by a decreased PC, 
antithrombotic agents inhibit hemostasis and may theoretically be a 
risk factor for CSDH recurrence. In meta-analyses by Wang et al. and 
Poon et al., the use of antiplatelet and anticoagulant drugs increased 
the risk of recurrence (25, 26). In a meta-analysis review of 
randomized trials, Bakheet et al. (27) showed that the incidence of 
subdural hematoma was greater in patients using dual antiplatelet 
drugs than in those using aspirin alone. In contrast, in a retrospective 
study with a large sample size, Yu et al. (28) reported that antiplatelet 
therapy did not affect the recurrence rate of CSDH. In a systematic 
review by Nathan et al. (6), the use of anticoagulant medication was 
concluded to be associated with an increased re-bleeding risk with 
CSDH, but antiplatelet medication was not. In a multicenter, 
prospective cohort study with a large sample size, Poon et al. showed 
that neither antiplatelet nor anticoagulant drug use was associated 
with CSDH recurrence. In the present study, neither antiplatelet nor 
anticoagulant drug use was associated with CSDH recurrence. The 
effect of these drugs on CSDH recurrence remains controversial; it 
may be smaller than that of a decreased PC based on our findings. 
Further studies are needed to elucidate this issue.

The present study showed that eosinophil-rich blood was another 
independent risk factor for postoperative CSDH recurrence, as 
we have previously reported (7). In contrast, PCs were not associated 
with eosinophil-rich blood. A decreased PC and increased eosinophil 
count may relate to different mechanisms of CSDH recurrence, 
including hemostasis disorders and inflammation. We suggest that 
preoperative examination of platelet and eosinophil counts is 
important for predicting postoperative recurrence by assessing both 
hemostasis disorders and inflammation.

This study had some limitations. First, this study was 
retrospectively conducted at a single institution. Second, not all 
patients were included or evaluated. However, most patients were 
included in the analysis, and the selection bias might be small. Third, 
PCs were assessed at admission; however, changes were not evaluated 
during the postoperative course. However, the PC at admission might 
be  affected by a patient’s general and homeostatic condition and 
effectively predict CSDH recurrence. Fourth, the effect of platelet 
transfusion on recurrence was not evaluated because of the small 
number of patients. However, the effect of platelet transfusion on the 
CSDH is considered limited because the increase in the PC from 
platelet transfusion is minimal and not sustained for a long period.

5 Conclusion

Our study showed that a decrease in the PC affected the 
postoperative recurrence of CSDH, and the risk was gradually 
increased in parallel with a decrease in the PC. CSDH with a 
preoperatively decreased PC (<170 × 103/μL) recurred with double the 

frequency of those without a decreased PC. Therefore, CSDH patients 
with decreased PCs might require careful follow-up.
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Case report: Concurrent 
low-volume subdural hematoma 
and ipsilateral ischemic stroke 
presenting as capsular warning 
syndrome: a complex case with 
anticoagulation dilemma and 
dual pathology
Daniel Strahnen *, Angeliki Stathi , Jürgen Beck , Roland Roelz  
and Ioannis Vasilikos 

Department of Neurosurgery, University Medical Center Freiburg, Freiburg, Germany

Background: The simultaneous emergence of low-volume subdural 
hematoma and ipsilateral ischemic stroke in an atrial fibrillation patient who is 
under anticoagulation therapy is a rare and intricate clinical case. This report 
accentuates the diagnostic and treatment complexities associated with these 
consecutive neurological conditions.

Case presentation: An 83  years-old male patient initially presented with 
acute dyspnea, raising the suspicion of pulmonary embolism. After exclusion 
of pulmonary embolism through CT angiography, the patient experienced a 
sudden onset of left-sided hemiparesis without prior history of head trauma but 
with chronic intake of apixaban due to atrial fibrillation. Subsequent cranial CT 
tomography revealed a small right parietal subdural hematoma. After reversal 
of the anticoagulation therapy, surgical evacuation of the subdural hematoma 
was successfully performed. However, in the postoperative period, the patient 
developed new neurological symptoms that could not be  explained by the 
reduced size of the subdural hematoma on a follow-up CT scan. Cranial MRI 
revealed the coexistence of acute ischemic stroke in the right corona radiata. 
The recent surgical procedure precluded guideline-recommended stroke 
treatment.

Discussion: This case underscores the complexities of diagnosing and treating 
concomitant small volume subdural hematoma and ischemic stroke, especially 
if the latter occurs in the corona radiata resulting in fluctuating symptoms 
known as “capsular warning syndrome.” Reversal and secondary discontinuation 
of anticoagulant therapy for surgical intervention highlight the inherent risk of 
thrombotic events in anticoagulated patients. The development of tailored 
treatment strategies requires a multidisciplinary approach, and further research 
and guidelines are required in similar complex scenarios.

Conclusion: The presence of both a small subdural hematoma and an ipsilateral 
ischemic stroke presenting as capsular warning syndrome in an anticoagulated 
patient highlights the intricacy of their care. This case calls for a comprehensive 
and collaborative strategy to address complicated clinical scenarios.
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Introduction

Subdural hematoma and ischemic stroke are separate neurological 
emergencies, each with distinct diagnostic criteria and therapeutic 
considerations. The simultaneous occurrence of both conditions in a 
single patient, although infrequent, poses a significant clinical 
complexity. The potential risk for subsequent stroke is introduced as 
antithrombotic medications are often discontinued when surgical 
evacuation of the subdural hematoma is indicated.

Subdural hematomas stem from blood accumulation between the 
dura mater and arachnoid membrane, which vary in acuity from acute 
to chronic (1). Diagnosis of subdural hematomas relies on 
comprehensive neurological assessment and neuroimaging studies, 
including computed tomography (CT) or magnetic resonance imaging 
(MRI), to determine the size, location, and chronicity (2). Hematoma 
management is dictated by the characteristics of the hematoma and 
its clinical presentation. Smaller asymptomatic hematomas may 
be monitored conservatively, while larger or symptomatic hematomas 
often require surgical evacuation. Different methods for surgically 
evacuating subdural hematomas are available; however, there is no 
conclusive evidence indicating the superiority of a specific approach 
(3). Unfortunately, surgical intervention frequently mandates the 
discontinuation of antithrombotic medications, which poses a clinical 
dilemma and may increase the risk of subsequent thrombotic 
events (4).

Rapid and accurate diagnosis is imperative for ischemic stroke, 
which arises from the occlusion of the cerebral arteries. Diagnostic 
procedures involve clinical assessment and imaging tests like CT or 
MRI, as well as advanced methods such as CT angiography or 
magnetic resonance angiography to identify vascular occlusions or 
stenoses (5). The management of ischemic stroke has significantly 
progressed with the essential administration of intravenous 
thrombolysis and endovascular thrombectomy when appropriate. The 
goal of these interventions is to re-establish blood flow to the affected 
brain tissue, but they may entail specific risks and require a cautious 
approach, particularly in patients with prior utilization of 
antithrombotic medication (6). Capsular warning syndrome (CWS) 
is a unique entity characterized by recurrent transient ischemic attacks 
(TIAs) that typically present with motor or sensory symptoms, 
heralding a significant risk of imminent stroke, often within the initial 
days following the first TIA episode. Considering the critical nature of 
CWS, it is essential to underscore the urgency for prompt identification 
and rapid intervention in cases of recurrent TIAs. Timely 
antithrombotic treatment plays a pivotal role in clinical practice, given 
the substantial risk of recurrent stroke in the short term following a 
TIA episode, as an immediate and robust response was shown to 
be necessary to prevent the progression to irreversible cerebrovascular 
events by swift diagnostic and therapeutic measures (7, 8). Despite the 
urgency associated with CWS, there remains a notable gap in the 
literature regarding the definitive effectiveness of various treatment 

strategies, such as single antiplatelet therapy (SAPT), dual antiplatelet 
therapy (DAPT), intravenous thrombolysis (IVT), and anticoagulants, 
in preventing progression to irreversible stroke. This uncertainty 
stems from the fact that current management guidelines are largely 
based on observational studies rather than randomized controlled 
trials (RCTs), rendering treatment approaches speculative to a certain 
extent (7, 8). Therefore, our case report not only contributes to the 
body of knowledge on the rare co-occurrence of CWS and SDH and 
its complex clinical management but also serves as a critical reminder 
of the urgency required in the clinical management of TIAs. By 
highlighting these aspects, especially considering the need to halt 
antithrombotic medications during surgical evacuation of the 
hematoma, we aimed to reinforce the importance of early recognition 
and intervention in such cases, which could be pivotal in mitigating 
the risk of adverse outcomes in patients presenting with 
recurrent TIAs.

This study examines the diagnostic complexity and treatment 
choices encountered by healthcare providers when handling this 
distinct clinical situation.

Case description

An 83 years-old male patient with a medical history of atrial 
fibrillation was undergoing apixaban anticoagulation therapy. The 
only known preexisting conditions were alcohol abuse and chronic 
folic acid deficiency. He was admitted to an external hospital for acute 
dyspnea and was diagnosed with suspected pulmonary embolism. 
However, computed tomography (CT) angiography of the thorax 
negated the diagnosis of pulmonary embolism as the cause of the 
patient’s dyspnea. The plasma clotting was normal during the 
initial assessment.

Further examination was necessary after the patient experienced 
sudden left-sided hemiparesis that fluctuated in severity following 
elimination of a pulmonary embolism. There was no sign of a 
traumatic event at any point during clinical presentation. A 
non-contrast cranial CT scan was conducted, which indicated a 
low-volume subdural hematoma localized to the right parietal 
hemisphere (Figure  1A). Importantly, no evidence of other 
intracranial pathologies was detected in the initial CT scan. In 
addition, the patient reported no relevant headaches, nausea, 
or vomiting.

Owing to the severity of the patient’s neurological findings, he was 
transferred to our tertiary referral hospital for specialized care. A 
twist-drill craniostomy was performed, and a subdural drain was 
inserted parietally in the right hemisphere due to the size of the 
subdural hematoma and its neurological symptoms. In preparation for 
the surgical procedure, 3,500 international units of prothrombin 
complex concentrate were administered to safely reverse the effects of 
anticoagulation therapy.
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After the patient underwent successful surgery, he was transferred 
to the standard ward for postoperative monitoring. Nevertheless, the 
following morning, the patient displayed new neurological symptoms, 
such as dysarthria and exacerbated left-sided hemiparesis. A 
subsequent cranial CT scan verified the correct positioning of the 
subdural drain and revealed a decrease in the size of the subdural 
hematoma (Figure 1B). Sudden onset of dysarthria and worsening 
hemiparesis on the left side during the postoperative phase necessitated 
further imaging. Follow-up cranial CT revealed a decrease in the size 
of the subdural hematoma; however, this could not explain the 

aggravated neurological symptoms. An MRI scan of the brain revealed 
the coexistence of an ischemic stroke in the hyperacute phase of the 
right corona radiata in the supply area of the right anterior choroidal 
artery. It exhibited increased brightness on diffusion-weighted imaging 
(DWI) and reduced apparent diffusion coefficient (ADC) values 
(Figure 2). Further neurological assessment revealed moderate stenosis 
of the left middle cerebral artery in the distal M1 segment. A pivotal 
clinical challenge that has emerged is the lack of clear guidelines on the 
timing of antithrombotic restart following the occurrence of SDH. This 
challenge was further compounded by the high risk of very early stroke 

FIGURE 1

Non-contrast axial computed tomography showing a subdural hematoma in the parietal lobe (identified by an arrow) prior to (A) and following 
insertion of a subdural drain (asterisk) through a twist-drill craniostomy (B).

FIGURE 2

Axial diffusion-weighted magnetic resonance images (A) show an elevation in signal, while apparent diffusion coefficient values (B) are decreased in 
the right corona radiata (indicated by an arrow).
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(within 24 h) in our patient, who presented with recurrent TIAs 
suggestive of CWS. Given this high risk, the immediate initiation of 
secondary prevention is a critical consideration. However, considering 
the recent surgery and the absence of large intracranial artery 
occlusion, no antithrombotic treatment was initiated.

This limitation highlights the challenges posed by the sequential 
occurrence of these two neurological conditions and their associated 
therapeutic decisions (see Figure 3).

Discussion

The patient’s history of atrial fibrillation and apixaban use was a 
crucial factor in this case. The reversal of anticoagulation treatment to 
prepare for subdural hematoma evacuation emphasizes the inherent 
risk of thrombotic events in these patients. While atrial fibrillation 
mandates anticoagulation for stroke prevention, such anticoagulation 
also presents potential obstacles during surgical procedures.

It is important to note that while the patient initially presented 
with symptoms indicative of lacunar syndrome, specifically pure 
motor hemiparesis, subsequent investigations revealed that these 
symptoms were not the result of a lacunar infarct. This distinction is 
critical, as lacunar syndromes are commonly associated with small 
deep cerebral infarctions; however, as demonstrated in our case and 
supported by the existing literature, they do not always signify lacunar 
infarcts. This phenomenon, where lacunar syndromes are not 
attributed to lacunar infarcts, has been documented in the medical 
literature, with studies indicating that such cases account for 
approximately 16.6% of lacunar syndrome presentations (9). In the 
context of our case, understanding this distinction is pivotal for 
guiding our diagnostic and therapeutic approaches. The initial 
presentation of pure motor hemiparesis could have led to a 
presumptive diagnosis of a lacunar infarct; however, further 
investigations pointed towards a different pathology, underscoring the 
importance of thorough clinical and radiological assessment in cases 
with such presentations. This case highlights the need for clinicians to 
be aware of the diversity in the presentation of lacunar syndromes and 
the potential for non-lacunar pathologies to present with similar 
symptoms. This reinforces the importance of comprehensive 
diagnostic processes in stroke-like presentations, particularly in 
complex cases with coexisting pathologies, as observed in our patient.

Furthermore, the symptoms of our patients were characterized by 
episodic sudden onset weakness with partial resolution of symptoms in 
between. His symptoms and signs were becoming persistent despite the 

addition of surgical evacuation of the subdural hematoma. The history 
we describe is classical of capsular warning syndrome (CWS). Capsular 
warning syndrome is a rare clinical syndrome characterized by recurrent 
and frequent transient episodes of focal neurological deficits with a high 
risk of infarction (10). The exact physiological mechanism of CWS 
remains unclear, but it is most commonly believed to be a result of 
hemodynamic insufficiency in diseased small penetrating vessels (11). 
As many as 71% of patients with CWS eventually develop permanent 
infarction, little has been published about its prognosis, management 
strategies, and treatment outcomes. Studies have shown that the mean 
duration of recurrent TIA episodes in CWS varies from 6 to 24 min, and 
the internal capsule remains the most frequently involved location of 
established infarct on MRI in 50%–70% of cases (12).

In contemplating the intricate interplay between intracranial 
pressure (ICP) dynamics and stroke aetiology, one intriguing 
hypothesis arises: could hemodynamic alterations driven by elevated 
ICP contribute to the occlusion of small penetrating arteries, thereby 
leading to lacunar stroke? Theoretically, increased ICP may affect 
cerebral perfusion, particularly in small vessels, which are critically 
dependent on stable perfusion pressures. Such hemodynamic 
instability could potentially result in reduced blood flow or even 
trigger vasoconstriction, potentially predisposing patients to lacunar 
infarcts. However, it is important to recognize that current scientific 
literature does not provide substantial direct evidence linking 
increased ICP specifically to lacunar stroke via these mechanisms. This 
gap highlights the necessity for more targeted research exploring how 
fluctuations in ICP might influence the pathophysiology of lacunar 
stroke. Investigating this relationship could yield pivotal insights into 
stroke mechanisms, and foster the development of nuanced prevention 
and treatment strategies. Our case adds to this discussion by presenting 
a scenario where such hemodynamic considerations might be relevant, 
underscoring the need for further exploration of this complex and 
potentially significant aspect of stroke pathophysiology.

Regarding the possible limitations of the present case, as with any 
case report, the findings presented here are based on the unique 
clinical presentation and management of a single patient, which may 
not be broadly applicable to other patients with similar conditions. 
The rarity and complexity of the patient’s presentation, involving 
simultaneous subdural hematoma and ischemic stroke during 
anticoagulation therapy, may limit the applicability of our findings to 
more common clinical scenarios. The diagnostic and treatment 
approaches employed in this case were constrained by available 
resources and may not reflect the full spectrum of options available in 
different clinical settings. For example, it could be argued that the 

FIGURE 3

Approximate timeline of events. LAE, lung artery emboly; CT, computer tomography; SDH, subdural hematoma; MRI, magnetic resonance imaging.
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worsening of hemiparesis was just another fluctuation in the context 
of CWS; therefore, a FLAIR negative MRI indicating a <4 h stroke 
might have been convincing evidence for separate events, whereas the 
CT scan, as in our case, was not sensitive enough in the acute phase 
in such locations. In addition, the potential influence of unreported 
or unidentified confounding variables, such as genetic predispositions 
or other comorbidities, cannot be ruled out in this case.

As this case report sheds light on the complexities involved in 
managing concurrent low-volume subdural hematoma and ipsilateral 
ischemic stroke in a patient undergoing anticoagulation therapy, it 
opens several avenues for future research. First, large-scale studies are 
needed to better understand the incidence and outcomes of such dual 
pathologies, which will aid in the development of more refined 
management protocols. Additionally, the role of anticoagulation in 
patients with coexisting conditions that warrant and contraindicate its 
use presents a significant clinical challenge. Research focused on the 
optimization of anticoagulation strategies in such scenarios is crucial. 
Furthermore, the potential genetic, physiological, and pharmacological 
factors that contribute to the development of such concurrent 
pathologies warrant further investigation. Lastly, long-term follow-up 
studies are essential to assess the outcomes and quality of life of 
patients treated for simultaneous occurrence of stroke and subdural 
hematoma, particularly in the context of anticoagulation therapy. By 
addressing these research gaps, we hope to enhance clinical decision 
making and improve patient outcomes in similarly complex cases.

Conclusion

This case report highlights the challenges in managing patients with 
both low-volume subdural hematoma and ischemic stroke. Additional 
research and guidelines are necessary to manage such cases. A 
multidisciplinary approach comprising neurologists, neurosurgeons, and 
neuroradiologists is essential to customize treatment strategies for each 
patient’s specific needs. Furthermore, it is crucial to carefully consider 
approaches that address both coagulopathy management and optimal 
care of acute neurological conditions.

In conclusion, this case highlights the complex clinical challenges 
of managing a patient on anticoagulation therapy with a small subdural 
hematoma and ipsilateral ischemic stroke that was not initially visible 
on a CT scan. These challenges require a comprehensive and 
collaborative approach that encompasses the diagnostic, therapeutic, 
and preventive aspects.
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Effectiveness of tranexamic acid 
on chronic subdural hematoma 
recurrence: a meta-analysis and 
systematic review
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Objectives: Our objective was to compare the effectiveness of TXA in improving 
recurrence in patients with chronic subdural hematoma (CSDH).

Methods: Eligible randomized controlled trials (RCTs), prospective trials and 
retrospective cohort studies were searched in PubMed, Cochrane Library, 
Embase, and CNKI from database inception to December 2023. After the 
available studies following inclusion and exclusion criteria were screened, the 
main outcome measures were strictly extracted. Reman v5.4. was used to assess 
the overall recurrence rate. A random-effects model was used to assess pooled 
ORs, with the Mantel–Haenszel estimation method applied. Cochran Q (Chi-
square) test and I2 statistics were used to assess inter-study heterogeneity. 
Funnel plots were used to evaluate publication bias.

Results: From the 141 articles found during initial citation screening, 9 literatures 
were ultimately included in our study. Our NMA results illustrated that patients 
with newly diagnosed Chronic subdural hematoma revealed a significantly 
improved recurrence rate when patients were treated with Tranexamic acid (OR: 
0.33; 95% CI 0.26–0.41; p  <  0.00001) compared with standard neurosurgical 
treatment. There was no significant difference in the incidence rates of 
thrombosis (OR: 0.84; 95% CI 0.63–1.12; p  =  0.23) and mortality (OR: 1.0; 95% CI 
0.57–11.76; p  =  0.99), Occurrence of myocardial infarction was significantly less 
frequent in TXA users than in nonusers (OR: 0.18; 95% CI 0.04–0.82; p  =  0.03).

Conclusion: TXA can effectively improve the recurrence rate of CDSH. It 
provides a high level of evidence-based medicine for clinical treatment. In 
addition, multicenter randomized controlled trials, with dose adjustments, 
are still needed to determine whether TXA intervention improves neurological 
function or prognosis.
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tranexamic acid, chronic subdural hematoma, recurrence, meta-analysis, systematic 
review
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Introduction

Chronic subdural hematoma (CSDH) is frequently a result of 
head trauma, particularly among the elderly. Studies report an 
incidence rate as high as 20.6 per 100,000 individuals annually (1), 
With the aging global population, a marked increase in CSDH cases 
is anticipated (2). The enlarged subdural space, a consequence of 
cerebral atrophy common in the elderly, often coexists with the use 
of oral anticoagulants in this demographic (3). Head trauma typically 
leads to the rupture and subsequent bleeding of bridging veins. An 
initial collection of liquefied hematoma develops in the subdural 
space, encapsulated by a geomembrane rich in capillaries after about 
three weeks. This membrane is susceptible to recurrent bleeding, 
which in turn compresses the brain tissue, manifesting as headache, 
dizziness, and a range of neurological symptoms (4–6).

Surgical intervention through trepanation significantly mitigates 
these symptoms; however, CSDH frequently recurrence (33%) and is 
associated with a grim prognosis (7). The mechanisms underlying 
reoccurrence remain enigmatic, though prevailing theories implicate 
inflammation (8, 9), angiogenesis (10, 11), and hyperfibrinolysis (12, 
13). Therapeutics developed following these theories, including 
statins and glucocorticoids, have proven effective at reducing 
postoperative recurrence by targeting inflammation and angiogenesis 
(14, 15). Nonetheless, recurrence rates remain disconcertingly high, 
necessitating the discovery of novel treatment targets.

Hyperfibrinolysis leads to the excessive breakdown and 
liquefaction of blood clots, impeding their reabsorption (16). 
Tranexamic acid (TXA), an antifibrinolytic agent, is postulated to 
inhibit the rapid dissolution of blood clots, thereby potentially 
preventing the recurrence of chronic subdural hematoma (CSDH) and 
reducing the need for multiple surgical interventions (17). Currently, 
the therapeutic efficacy of TXA following CSDH surgery is under 
investigation by numerous researchers through clinical trials. 
However, the outcomes are still subject to debate, (18–20), pointing to 
a pressing requirement for rigorous evidence-based medical research. 
In this context, our study synthesizes the existing data to assess 
whether TXA administration effectively curtails the recurrence rates 
of CSDH in affected patients.

Materials and methods

Systematic review

Systematic reviews are conducted by searching PubMed, Embase, 
Cochrane libraries, and CNKI providing broad access to literature, 
regardless of year or language. The Medical Subject Headings (Meshi) 
and the search terms were combined with Boolean logical operators 
using “Chronic subdural hematoma,” “Tranexamic acid,” “Prospective 
cohort studies,” “Randomized controlled trials,” “Retrospective cohort 
studies,” and other relevant synonyms.

Selection criteria

All eligible citations were evaluated, and citations that did not 
meet the inclusion criteria or were repeatedly included were excluded. 

Read the full text carefully to further evaluate the relevance of the 
article. In addition, the references in the included articles are evaluated 
for further exploration of relevant research. All references In Endnote 
X9 (Research Soft, Philadelphia, United States).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) All enrolled 
patients were diagnosed with Chronic Subdural Hematoma; (2) 
Comparative studies include randomized controlled trials or 
prospective studies; (3) At least 16 patients were included in each 
trial; (4) report key outcome indicators. The exclusion criteria 
were as follows: (1) recurrent Chronic Subdural Hematoma (2) 
age under 18 years. The primary outcome measure was the 
recurrence rate in patients with Chronic Subdural Hematoma. 
We considered mortality, thrombosis and myocardial infarction 
as secondary outcomes. Recurrence was defined as the onset of 
symptomatic Chronic Subdural Hematoma during the study 
period, requiring a new intervention (based on radiologically and 
through clinical assessment).

Data extraction and quality assessment

Two authors (Wani Pan and Jinyang Hu) independently extracted 
and Summarized data eligible for inclusion and exclusion Standards. 
Analyze demographic characteristics and data from all included 
articles. Relevant data such as study name, author, year of publication, 
country, region, and basic characteristics were extracted as 
baseline data.

Study quality was assessed using the software Review Manager 
(Version 5.4), which is a tool for evaluating the risk of bias in the 
included studies.

Statistical analyses

Revan v5.4. was used to assess the overall recurrence rate. A 
random-effects model was used to assess pooled ORs, with the 
Mantel–Haenszel estimation method applied. Cochran Q (Chi-square) 
test and I2 statistics were used to assess inter-study heterogeneity. The 
heterogeneity was considered to be moderate if I2 values were > 25%. 
significance was determined using 95% CIs or p < 0.05 (22).

Results

Study identification and patient 
characteristics

After a systematic review of the literature, 141 literatures were 
initially screened, and after further screening, 9 literatures were finally 
included. Figure  1 shows the process of document selection. The 
included studies were published between 2012 and 2023. Table  1 
summarizes the main characteristics and pharmacological 
interventions of the participants in the 9 included trials. Patients in 
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FIGURE 1

PRISMA flow chart.

TABLE 1 Characteristics of included studies.

Publication Study 
design

Treatments 
and sample 
size

Mean age Gende 
(male, %)

Basic 
treatment

Doses Treatment 
duration

Recruiting 
area

Xie et al. (22) Prospective TXA = 25 versus 

SNT = 25

40–81 (60.4) versus 

38–80 (61.6)

13 (26) Burr hole 1,500 mg 

once daily

1 weeks China

Wan et al. (23) RCT TXA = 41 versus 

SNT = 49

72.02 ± 11.79 versus 

69.57 ± 13.69

60 (66.7) Burr hole or 

craniotomy

500 mg twice 

daily

3 weeks Singapore

Yamada and 

Natori (24)

RCT TXA =72 versus 

SNT = 82

78.2 ± 9.2 versus 

78.8 ± 10.8

100 (64.9) Burr hole 750 mg three 

times per day

12 weeks Japan

Wakabayashi 

et al. (25)

RCT TXA =50 versus 

SNT = 49

None None Burr hole 750 mg per 

day

4 weeks Japan

Shibahashi et al. 

(26)

Prospective TXA =6,564 

versus 

SNT = 6,564

40–89 (75.6) versus 

40–89 (75.5)

9,067 (69.1) Burr hole 750 mg per 

day

Started oral TXA 

within 2 days 

after surgery

Japan

Miyakoshi et al. 

(27)

Retrospective TXA =465 

versus SNT = 465

81.3 (7.3) versus 81.1 

(6.9)

606 (65.2) Burr hole 750 mg per 

day

2 weeks Japan

de Paula et al. 

(20)

RCT TXA =24 versus 

SNT = 26

75.8 ± 11.8 versus 

72.6 ± 11.9

31 (62) Burr hole 750 mg three

times per day

12 weeks Germany

Yang et al. (28) Prospective TXA =41 versus 

SNT = 114

72 (65–83) versus 

71.5 (60–79)

35 (77) Burr hole 750 mg per 

day

7 weeks Korea

Workewych 

et al. (29)

RCT TXA =11 versus 

SNT = 13

70.18 (12.03) versus 

70.85 (9.31)

70.9 (46) Burr hole 500 mg three 

times per day

8 weeks Canada

TXA, tranexamic acid, RCT, randomized controlled study, None, not reported. SNT, standard neurosurgical treatment.
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TABLE 2 Recurrence rates included in the study.

Publication Recurrence rates (%) OR or HR (95%CI) p-value

Control Intervention

Xie et al. (22) 32 8 Not reported <0.05

Wan et al. (23) 10.2 4.8 0.51 (0.11–2.47) 0.221

Yamada and Natori (24) 9.8 1.4 Not reported 0.083

Wakabayashi et al. (25) 5.7 10.9 Not reported <0.05

Shibahashi et al. (26) 6.1 1.9 Not reported <0.001

Miyakoshi et al. (27) 16.8 6.8 0.38 (0.26–0.56) <0.05

de Paula et al. (20) 8.3 3.8 Not reported 0.5

Yang et al. (28) 7 2.4 Not reported <0.05

Workewych et al. (29) 15 18 Not reported 1

FIGURE 2

Risk of bias graph: the judgments about each risk of bias item are presented as percentages across all included studies.

each study were patients with CSDH. Five articles were RCTs, and 3 
articles were prospective studies,1 article was retrospective. Treatment 
time varied from 1 to 12 weeks, 7 articles used burr holes,1 article was 
treated by drilling or craniotomy, and the remaining 1 article was 
conservative treatment. We  summarize the main data from the 
included trials in Table 2. The results showed that all trials reported 
recurrence rates, with an overall recurrence rate of approximately 
12.3% (5.7–32%) in the intervention group and 6.4% (range 1.4–18%) 
in the control group.

Risk of bias quality assessment

Of the nine trials included, some trials were described in 
detail Random sequence generation with a low risk (23–29), 
Blinding of outcome assessment resulted in an unclear risk in 
some of the included studies, which may have led to detection bias 
(22). Some studies were scored high risk or unclear risk because 
of incomplete outcome data (24, 25). Individual bias and 
population bias at study level quality were, respectively, 
summarized in Figures 2, 3.

The details of surgical treatment

Specific surgical protocols were not descripted in the included 
literature, Here, we describe in detail the procedure for trepanation 
and drainage of chronic subdural hematoma. First, select the 
appropriate anesthesia method after the clear indication of surgery. 
According to the preoperative imaging location, scalp and 
subcutaneous tissue were cut at the thickest part of the hematoma, 
the dura was cut after drilling, and the drainage tube was quickly 
inserted and then fixed by subcutaneous suture. Warm saline 
repeatedly flushes the hematoma cavity until the outflow liquid is 
basically clear. Finally, connect the drainage tube with an external 
drainage bag (30).

Meta-analysis for recurrence rate and 
secondary outcomes

Meta-analysis of patients with newly diagnosed Chronic subdural 
hematoma revealed a significantly improved recurrence rate when 
patients were treated with Tranexamic acid compared with standard 
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neurosurgical treatment alone (OR: 0.33; 95% CI 0.26–0.41; 
p < 0.00001) Heterogeneity among studies was low (I2 = 6%, p = 0.39; 
Figure 4). There was no significant difference in the incidence rates 
of thrombosis (OR: 0.84; 95% CI 0.63–1.12; p = 0.23) and mortality 
(OR: 1.0; 95% CI 0.57–11.76; p = 0.99), Occurrence of myocardial 
infarction was significantly less frequent in TXA users than in 
nonusers (OR: 0.18; 95% CI 0.04–0.82; p = 0.03; Table 3). The funnel 
plot shows that there are some asymmetrical scattering points in the 
inverted funnel plot, which indicates that there may be  some 
publication bias (Figure 5).

Discussion

As the global population ages and the use of anticoagulants 
becomes more prevalent, the incidence and societal impact of 
CSDH are anticipated to rise, presenting an escalating public health 
concern (31). The definitive management of chronic subdural 
hematoma is a topic of ongoing discourse. Surgical intervention 
remains the sole established treatment option, yet it is associated 
with substantial recurrence and mortality rates, estimated at 10%, 
particularly in the elderly and frail demographic (32, 33), The 

FIGURE 3

Risk of bias summary: the judgments about each risk of bias item for each included study.

FIGURE 4

The efficacy of the experimental group was compared with that of the control group.
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TABLE 3 Comparison of mortality, thrombosis, and myocardial infarction in the tranexamic acid group vs. the control group.

A

Publication Thrombosis Weight Risk radio 
(95%CI)

TAX Control

Events Total Events Total

Shibahashi et al. (26) 7 6,564 6 6,564 7.00% 1.17 [0.39, 3.47]

Miyakoshi et al. (27) 63 465 79 465 92.40% 0.80 [0.59, 1.08]

de Paula et al. (20) 1 24 0 26 0.60% 3.24 [0.14, 75.91]

Total 71 7,053 85 7,055 100% 0.84 [0.63, 1.12]

Test for overall effect: Z = 1.19 (p = 0.23).

B

Publication Mortality Weight Risk radio 
(95%CI)

TAX Control

Events Total Events Total

Miyakoshi et al. (27) 24 465 25 465 98.10% 0.96 [0.54, 1.70]

de Paula et al. (20) 1 24 0 26 1.90% 3.38 [0.13, 87.11]

Total 25 489 25 491 100% 1.00 [0.57, 1.76]

Test for overall effect: Z = 0.01 (p = 0.99).

C

Publication Myocardial infarction Weight Risk radio 
(95%CI)

TAX control

Events Total Events Total

Shibahashi et al. (26) 2 6,564 11 6,564 100% 0.18 [0.04, 0.82]

de Paula et al. (20) 0 24 0 26 – –

Total 2 6,588 11 6,590 100% 0.18 [0.04, 0.82]

Test for overall effect: Z = 2.22 (p = 0.03).

FIGURE 5

Funnel plot for detecting and displaying system heterogeneity.

underlying mechanisms contributing to these postoperative 
outcomes remain elusive.

Several studies have shown that inflammatory factors and 
chemokines (IL-6, IL-8, IL-10, MCP1, and TNF-α) are mediators of 
CSDH development and play a crucial role in hematoma enlargement 
(34, 35). Additional findings suggest high VEGF levels also increase 
micro angiogenesis and enhance vascular permeability (10). In 
addition, in the hematoma of patients with CSDH, the activation of 
plasmin’s leads to a significant increase in thrombosis regulatory 
protein, and then forms a state of high fibrinolysis, which promotes 
blood vessel leakage leading to promote CSDH progression (36). 
Based on the understanding of inflammation, angiogenesis, and 
hyperfibrinolysis in the development of CSDH, Several related studies 
have investigated the role of various medical adjuncts, such as 
atorvastatin (37, 38), dexamethasone (15, 39, 40), TXA (4, 12, 14, 18, 
20, 40–43), etc. in reducing their postoperative recurrence rate. 
However, to date, there is no established best adjuvant treatment.

Currently, low doses of atorvastatin have been used by many 
neurosurgeons to promote CSDH absorption and improve prognosis 
and neurological recovery (38). Compared with atorvastatin, 
dexamethasone can improve recurrence better (14). Some scholars 
have found that dexamethasone treatment is associated with a lower 
recurrence rate of CSDH, but no effect of dexamethasone on 
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improving neurological prognosis and reducing mortality has been 
observed (43). In addition, dexamethasone increased the risk of 
all-cause death from CSDH (relative risk = 1.96), and adverse events 
with dexamethasone are generally severe even when given at 
megadose (44). Recent studies have shown that TXA is less effective 
than dexamethasone, but more effective than atorvastatin (14). This 
offers great potential for TAX to treat CDSH as an adjuvant or 
combination therapy. Importantly, TXA has favorable security. The 
most common side effects were mild gastrointestinal symptoms and 
headache (4), and TXA may promote the formation of thrombosis, 
then the risk of vascular embolism, however, previous trials have 
shown that this adverse effect is not clinically significant at doses of 
1-2 g, which was higher than the dose regimen used in our trials (45). 
Besides, drug–drug interactions rarely occur in TXA (42), providing 
a better potential option for older.

To the authors’ knowledge, no conventional meta-analysis has 
evaluated the efficacy of TXA in reducing CSDH recurrence. This is the 
first meta-analysis that investigates the role of TXA in reducing the 
recurrence rate of CSDH. Our results suggest that TXA can significantly 
reduce the recurrence rate of CDSH (OR: 0.33; 95% CI 0.26–0.41; 
p < 0.00001), and improve the clinical prognosis of patients. However, 
there are some drawbacks to our study. First, there are not enough 
randomized controlled trials or prospective studies of TXA interventions, 
so the evidence based on their efficacy is limited. Second, we did not 
analyze the side effects of TXA, which could affect clinical treatment 
strategies. Finally, the low quality of some trials may potentially threaten 
the validity of our analysis. In the future, multicenter randomized 
controlled trials are still needed to evaluate TXA as a single or 
combination intervention to improve neurological function or prognosis.

Conclusion

In summary, our results show that TXA can effectively improve 
the recurrence rate of CDSH. It provides a high level of evidence-
based medicine for clinical treatment. In addition, multicenter 
randomized controlled trials, with dose adjustments, are still needed 
to determine whether TXA intervention improves neurological 
function or prognosis.
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Chronic subdural hematoma (cSDH) is projected to become the most common 
cranial neurosurgical disease by 2030. Despite medical and surgical management, 
recurrence rates remain high. Recently, middle meningeal artery embolization 
(MMAE) has emerged as a promising treatment; however, determinants of 
disease recurrence are not well understood, and developing novel radiographic 
biomarkers to assess hematomas and cSDH membranes remains an active area 
of research. In this narrative review, we  summarize the current state-of-the-
art for subdural hematoma and membrane imaging and discuss the potential 
role of MR and dual-energy CT imaging in predicting cSDH recurrence, surgical 
planning, and selecting patients for embolization treatment.

KEYWORDS

chronic subdural hematoma (cSDH), dual energy (CT), neurosurgery, embolization 
(therapeutic), neuroimaging (anatomic and functional)

Introduction

Chronic subdural hematoma (cSDH) is a common neurosurgical condition that has been 
growing in incidence (1, 2), likely due to the aging global population and increased use of 
antithrombotic medications. By 2030, the incidence of cSDH is expected to surpass that of 
intracranial tumors to become the most common cranial neurosurgical disease (3). The 
clinical and radiographic presentation of cSDH is highly heterogeneous, and conventional 
treatment modalities result in high rates of disease recurrence (4). In recent years, middle 
meningeal artery embolization (MMAE) has shown promise as a surgical adjunct or 
standalone treatment to prevent cSDH recurrence (5), and multiple large, randomized trials 
are currently underway. In this review, we highlight the current landscape of cSDH diagnosis 
and treatment, with a particular focus on imaging biomarkers that may be valuable in guiding 
patient selection for cSDH treatments.
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Epidemiology

The overall population incidence of cSDH has been reported to 
be approximately 10 per 100,000 persons in the general population 
and as high as 100 per 100,000 persons among the elderly population 
(6). Over time, cSDH incidence has grown, and its incidence is 
expected to continue increasing over the next two decades (1, 2). With 
conventional management, cSDH has a high rate of recurrence (4). 
Overall, patients with cSDH have a lower median survival time 
compared to non-cSDH patients with comparable health 
comorbidities (7). Once diagnosed, cSDH is associated with an excess 
mortality risk for up to 20 years (8). Whether these differences in 
patient outcomes are due to cSDHs themselves or associated 
comorbidities that may have facilitated the formation of cSDH (e.g., 
kidney disease, liver disease, cancer, or anticoagulation use) is unclear, 
as are details regarding neurological prognosis due to the heterogeneity 
of presenting symptoms.

On a societal level, cSDH incurs a significant financial burden. 
In a study of the National Inpatient Sample of hospitalizations in 
the United States (9), the median cost of hospitalization was $20,341 
for non-surgical patients and $35,366 for patients requiring surgery. 
The total number of hospitalizations for cSDH in the United States 
is projected to be as many as 60,000 per year by 2030 (3), which 
could reflect a direct healthcare cost of nearly 2 billion dollars 
per year.

Pathophysiology and subdural 
membranes

The pathogenesis of cSDHs, particularly their relationship with 
head trauma, is not well understood. On the one hand, some cSDH 
patients start with traumatic acute SDHs that persist and “mature” 
into a chronic state. On the other hand, a majority of cSDHs arise 
as a “de novo” disease following a minor head injury without a prior 
acute SDH stage (10). Moreover, many cSDH patients do not have 
a clear history of trauma. Regardless of the inciting event, it is 
believed that cSDH formation is initiated by an injury and irritation 
of the dural border cell layer and is considered to be an angiogenic 
and chronic inflammatory disease. Minor trauma to the dural 
border cell layer triggers a variety of reparative, angiogenic, and 
inflammatory factors similar to wound healing. The resultant 
granulation tissue organizes into (neo) membranes. The membranes 
consist of a thick external membrane that fully develops in 1 week 
and a thin internal membrane that develops in 3 weeks. The external 
membrane houses leaky, immature capillaries formed by 
angiogenesis and is considered crucial in the development and 
growth of cSDH. The immature capillaries are abnormally 
permeable due to their large gaps and sparse basal membrane. This 
allows for the continuous exudation of erythrocytes, leukocytes, 
and plasma into the subdural space, leading to gradual hematoma 
expansion. The fragile immature capillaries in the external 
membrane rupture intermittently, resulting in foci of hyperdense 
blood within cSDH that are seen on CT. Over time, cSDH volume 
accumulates, and the resulting mass effect can present with 
neurological symptoms. The external membrane is histologically 
classified into four types based on the maturity and intensity of the 
inflammatory reaction (11, 12):

 - Type 1: Non-inflammatory. This type of membrane contains 
immature fibroblasts and collagen fibers, with minimal cell 
infiltration and neo-capillaries.

 - Type 2: Inflammatory. This type of membrane is associated with 
marked inflammatory cell infiltration and neo-vascularization.

 - Type 3: Hemorrhagic-inflammatory. This type of membrane has 
multiple layers associated with inflammation and many new 
vessels along the sides of the hematoma cavity, with hemorrhage 
into the membrane.

 - Type 4: Scar-inflammatory. This type features inflammatory cell 
infiltration, neo-vascularization, and hemorrhage in the outer 
membrane of cicatricial tissue.

The pathophysiology of cSDHs is depicted pictorially in Figure 1. 
Further details regarding the pathophysiology of cSDHs are reviewed 
elsewhere (13, 14).

Conventional treatment modalities

Conventionally, cSDHs are either managed by surgical evacuation 
(for larger and more severely symptomatic cSDHs) or conservative 
medical management. While some cSDHs resolve without surgical 
intervention, many conservatively managed patients will go on to 
require eventual surgical drainage (15). Surgical procedures are 
usually required for patients presenting with neurological symptoms. 
Surgical methods range from burr-holes or twist-drill hole evacuation, 
with or without adjunct MMAE to craniotomy with membranectomy. 
Surgical evacuation can rapidly resolve mass effects and alleviate 
clinical symptoms; however, it carries high recurrence rates of up to 
20% (4), suggesting that drainage alone is insufficient in addressing 
the chronic and recurrent nature of the cSDH disease. Furthermore, 
attempting an evacuation is bound to fail in hematomas consisting 
exclusively of solid membranes. Large craniotomies with 
membranectomy may yield lower rates of recurrence (16) due to the 
removal of leaky cSDH membranes; however, this major procedure 
carries substantial morbidity and mortality risk, and may not 
be appropriate for all cSDH patients, as many of whom are older and 
have comorbid coagulopathies (17).

Pharmacological treatments for cSDH are currently limited. 
Dexamethasone, an anti-inflammatory agent, has been extensively 
explored for cSDH given that aberrant inflammatory responses are 
thought to underlie cSDH pathophysiology; however, its efficacy data 
are mixed and overall do not support its routine use (18, 19). 
Atorvastatin has shown some promise in a phase II clinical trial, where 
it facilitated hematoma resorption and potentially reduced the need 
for eventual surgery by 50% among non-surgical cSDH patients (20). 
Larger trials are needed to further confirm the efficacy of atorvastatin 
for the treatment of cSDH. Other agents, such as tranexamic acid 
(pro-coagulant) and bevacizumab (anti-angiogenic agent), are also 
being investigated (21–23).

Architectural classification and 
diagnostic criteria on non-contrast CT

Chronic SDHs commonly occur along the cerebral convexities, 
cranial base, and/or interhemispheric fissure, and their locations vary. 
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The radiographic appearances of cSDHs can also be complex, ranging 
from iso- to hypodense, homogeneous to mixed densities, and single 
compartment to loculated.

Given their highly variable radiographic appearances, cSDHs do 
not have standardized diagnostic criteria. One accepted definition is the 
presence of predominantly iso- or hypodense subdural fluid collections, 
which is associated with the chronicity of blood products and may 
distinguish cSDHs from acute traumatic SDHs (18, 19). This definition, 
however, has limitations, as cSDHs can be difficult to distinguish from 
subdural hygromas based on radiodensity alone (24). Clinical diagnostic 
criteria are also challenging to establish, as patients present with a 
variety of focal neurological symptoms such as weakness, gait instability, 
and seizures. Given that clinical onset can be insidious, a time criterion 
for chronicity has limited value in a real-world setting. Surgical 
exploration can yield insight into the composition of cSDH fluids; 
however, not all patients will require or are appropriate for surgery. 
Thus, more sophisticated non-invasive imaging tools are needed to 
establish more precise criteria for identifying and diagnosing cSDHs.

Measurements of cSDHs are not standardized. Many clinicians and 
treatment trials use axial cuts on CT to determine maximal cSDH 
thickness. However, this measurement can be exaggerated due to the 
curvature of the cranium, especially near the vertex for cSDHs along the 
cerebral convexities. The mid-line shift is also a commonly used metric; 
however, it does not provide direct volumetric information regarding 
cSDHs. Other methods for measurements include subdural width at the 
center slice, corrected width, and cSDH length. Given the heterogeneity 
of cSDH morphology, geometry, and location, volumetric analysis likely 
provides more accurate information regarding cSDH size; however, 
imaging segmentation of cSDHs can be time- and resource-intensive 
and is not routinely employed in clinical practice. Artificial intelligence 
applications are available (25), and they may be employed to allow for 
rapid quantification of cSDH volumes in clinical use.

The internal architecture of cSDHs can be complex, and multiple 
classification schemes exist. The most widely cited classification system 
was published by Nakaguchi et al. (26), and here, cSDHs are categorized 
into four types—homogenous, laminar, separated, and trabecular. The 
classification was mostly developed as a radiographic tool to characterize 
the natural progression of cSDHs and predict cSDH recurrence 
following treatment using non-contrast CT. Homogenous and laminar 
subtypes are thought to be  “younger,” and the separated subtype is 
thought to be  associated with chronicity. The associations of these 
subtypes with the risk of cSDH recurrence are discussed in a later section.

Imaging of cSDH membranes

Imaging cSDH membranes and analyzing their morphology have 
always been challenging in clinical practice. Hence, the majority of 
patients are triaged and treated based on the imaging information and 
morphology of the hematoma that is obtained on a non-contrast head 
CT. However, for cSDHs that appear heterogeneous, compartmentalized, 
or septated, or for those that have recurred after treatment, membrane 
imaging by contrast MRI or contrast DECT (Figures 2, 3) may yield 
valuable information to guide treatment and is recommended (27, 28).

Contrast MRI

Contrast-enhanced MRI has long been established as a 
non-invasive imaging modality for the demonstration of membranes 
and their morphology (29). Imaging of the membranes not only 
provides information about the morphology but also the extent of 
distribution over the cerebral lobes, thus determining the location 
and extent of craniotomy during surgical treatment (27). Incomplete 

FIGURE 1

Illustrations of the current understanding of cSDH pathophysiology as well as the hypothesized role of middle meningeal artery embolization. Panel 
(A) demonstrates that pathophysiological events in cSDH formation and resolution following middle meningeal artery embolization. Panel 
(B) demonstrates the macro-anatomy of cSDHs.
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resection of membranes, especially those that are in hard-to-reach 
sections over the inferior temporal or frontal lobes, is associated 
with recurrences (26). Hence, localization and assessment of the 
extent of membrane distribution over the cerebral hemispheres are 
important before embarking on a craniotomy. Contrast MRI has the 
additional capability of providing precise information about the 
liquid and solid components of cSDH, in addition to its ability to 
better delineate CT-isodense cSDH (30). Spreer et al. (29) observed 
enhanced external membranes in 16 out of the 17 contrast MRI 
scans and demonstrated that external membranes can be visualized 
in an overwhelming majority of patients, independent of the stage 
of hematoma (Figure 2). Enhancing internal membranes that were 
demonstrated in 9 out of the 17 scans were all in the late stages of 
hematoma (Figure 3). Contrast MRI also demonstrates the transition 
zones between the external and internal membranes that would 

manifest as triangular spandrel-like thickening (31). The transition 
zones are found to have abundant newly formed capillaries in 
histologic studies (32). Hence, meticulous and complete resection of 
transition zones during membranectomy is essential for reducing 
recurrences (27). In long-standing hematomas, progressive fibrosis 
reinforces the external membrane, transforming the hematoma into 
a completely solid structure (12, 33). Contrast MRI’s ability to 
identify hematomas consisting exclusively of solid membranes can 
help mitigate unnecessary burr-hole or twist-drill evacuation 
procedures as these treatments are invariably going to fail (30). 
Instead, craniotomy with membranectomy should the preferred 
surgical approach in patients with solid cSDH membranes. 
Non-contrast CT in such patients with solid membranes tends to 
demonstrate low-density areas mimicking the liquid component of 
hematoma (34).

FIGURE 2

Representative case of a separated type of cSDH, with contrasted MR and dual-energy CT showing enhancement of the external membrane of a 
subdural hematoma (yellow arrows). NCCT, non-contrast CT; DECT, dual-energy CT.
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Dual-energy CT

Similar to contrast MRI, contrast dual-energy CT (DECT) 
facilitates the visualization and localization of membranes and helps 
assess the composition of hematomas by providing information about 
the liquid component of the hematoma. It also provides information 
about the thickness and complexity of the membranes, helping assess 
the maturity and grading of the membranes (28). It was demonstrated 
that iodine maps from 5-min delayed post-contrast DECT facilitate 
the segregation of membranes (Figures 2, 3). Iodine maps capture 
iodine and help in demonstrating the tissues that are enhanced with 
iodinated contrast, utilizing the concept of water-iodine base pairing 
in basis material decomposition (BMD) (35). Furthermore, the iodine 
map transforms and references all the remaining tissues that are not 
enhanced, including the brain parenchyma and hematoma, to water, 
providing the spectral contrast between the contrast-enhanced 
membranes and the adjacent tissues (35).

Classification of membranes

Studies using contrast-enhanced MRI and DECT have shown 
progressive thickening of the external membrane, followed by the 
development of internal membranes in the late stage. Internal membrane 
enhancement on MRI and DECT was defined as advanced cSDH with 

mature membranes (28, 29). Based on the evolution of these changes in 
the membrane morphology, they are graded on DECT depending on the 
pattern of membrane enhancement: Grade I-enhanced external 
membrane, Grade II-early phase of internal membrane formation with 
“spandrel sign,” and Grade III-enhanced external membrane and 
completely formed internal membrane (28) (Figure 4). The formulated 
DECT membrane grades on DECT correlated with the degree of 
hyperdense component in the hematomas (36). Hematoma density has 
been reported to be associated with cSDH recurrence risk after burr-hole 
irrigation (37). Nakagawa et al. (38) used a similar grading system based 
on DynaCT images obtained during middle meningeal embolization. 
They demonstrated more frequent recurrences in patients with higher 
membrane grades.

Functional assessment of cSDH 
membranes

Functional information obtained from the membranes is shown 
to correlate with recurrences after burr-hole evacuations. An invasive 
procedure involving the injection of technetium-99 m human serum 
albumin and measuring the radioactivity level in evacuated hematoma 
at the burr-hole site has shown that exudation rates from the 
membranes are an important predictor of hematoma recurrences and 
are correlated with hematoma size (39). The study showed a higher 

FIGURE 3

Representative case of a trabeculated cSDH, with contrasted MR, dual-energy CT, and DynaCT obtained during endovascular embolization showing 
the enhancement of the external membrane (yellow arrows), internal membrane (blue arrows), and “spandrel sign” (white arrows). Spandrel sign is 
defined as triangular thickened granulation tissue that forms the transition zone between the external and internal membranes. NCCT, non-contrast 
CT; DECT, dual-energy CT.
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rate of exudation in hyperdense and mixed-density hematomas than 
in hypodense and isodense hematomas. Recently, it was shown that 
DECT after contrast administration has the ability to estimate 
membrane exudation by using the quantification of iodine leaks 
through the immature capillaries in the external membrane (36). 
DECT, by having two attenuation measurements for iodine at two 
different x-ray spectra, enables the mathematical conversion of 
attenuation data into estimates of iodine concentration (35). The 
capacity to quantitatively analyze leaked iodine concentration within 
the subdural hematoma can be  used as a surrogate of membrane 
exudation and the magnitude of angiogenesis in membranes. The 
ability to visualize the membranes and measure the iodine 
concentration on DECT at the same time will help us understand the 
relation between the morphology and permeability of the membranes, 
given the dominant role played by the membranes in the origin and 
sustenance of cSDH. DECT exudation has shown a higher iodine leak 
in separated-stage hematomas (36). The total iodine leak increased 
with the chronological stage of the hematomas, reaching its maximum 
values at the separated stage and then decreasing in the trabecular 
type of hematoma (36). A high iodine leak in mature membranes 
supports the findings described by Nakaguchi et  al. (26) and 
histological findings of increasing capillaries and inflammatory cells 
as the membrane matures to the separated stage. This is followed by a 
decrease in the trabecular stage, which is considered the resolution 
stage due to the fibrosis of the membranes. Studies also showed high 
recurrence rates in separated-type hematomas after burr-hole 
evacuation (37). Gadolinium contrast leakage can also be seen with 
contrast MRI; however, its impact on the disease course of cSDH is 
less clear.

Quantification of membrane exudation, visualization, and grading 
of the membranes can allow for the examination of longitudinal 
alterations of the membranes and may provide information about 
their susceptibility in terms of morphology and permeability changes 
after different forms of treatments (tranexamic acid, dexamethasone, 
MMAE, burr-hole washout, etc.). Analysis of these imaging markers 
and their responses to different treatments can give us a better 
understanding of the role played by membrane grades and their 
exudation on the recurrence rates and rate of hematoma volume 
reduction after specific treatments. Data from such studies should 

help tailor precision therapies based on imaging findings and provide 
a framework for better understanding the pathogenesis of CSDH that 
can later fit into emerging spectral photon-counting molecular 
CT imaging.

Middle meningeal artery embolization

The middle meningeal artery (MMA) has long been known to 
provide vascular supply to the dura; thus, it is possible that restricting 
arterial blood supply by the endovascular embolization of the MMA 
may lead to the necrosis of subdural membranes and neo-vasculature, 
which are thought to be  responsible for cSDH persistence and 
recurrence. As such, MMA embolization (MMAE) is hypothesized to 
be an effective adjunctive treatment to surgical evacuation to reduce 
the rates of future cSDH recurrence (Figure 1).

MMAE emerged as a promising treatment for cSDHs in 2018 
when Ban et al. (5) reported that MMAE resulted in a strikingly low 
rate of recurrence (1.4%) compared to conventional management 
(27.5%). Since then, multiple studies have corroborated these findings, 
with a meta-analysis reporting a recurrence rate of under 5%, followed 
by MMAE, compared to more than 20% with conventional 
management (40). In addition to preventing recurrence, MMAE may 
also be effective in promoting cSDH resorption and resolution without 
surgical evacuation. In a small, randomized study of 46 patients, Ng 
et al. showed that adjunctive MMAE in addition to surgical treatment 
led to a significantly larger cSDH volume resorption at a median of 
3 months (41). Catapano et  al. also showed that MMAE led to 
significantly larger decreases in cSDH thicknesses at follow-up 
compared to conventional management (42). As such, MMAE could 
also be  an effective standalone treatment that can be  offered as a 
non-surgical alternative to patients with smaller hematoma volumes 
and mild symptoms (43, 44).

In February 2024, preliminary results from the EMBOLISE (45), 
MAGIC-MT (46), and STEM (47) trials were presented at the 
International Stroke Conference. All three trials investigated the role 
of adjunctive MMAE for the treatment of cSDH in addition to 
standard of care (surgery or observation). All three trials met their 
primary efficacy endpoints for cSDH recurrence and demonstrated 

FIGURE 4

Representative images for cSDH membrane subtypes seen on DECT. Panel (A) shows a Grade I membrane with an enhanced external membrane (blue 
arrow). Panel (B) shows a Grade II membrane with an additional “spandrel sign” (white arrow) and a partially enhanced internal membrane (yellow 
arrow). Panel (C) shows a Grade III membrane with “spandrel signs” (white arrows) and a completely formed and enhanced internal membrane (yellow 
arrows).
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excellent safety data for MMAE. Given these positive results, it is likely 
that MMAE will be incorporated into the standard of care for SDHs. 
The formal conclusion of these landmark trials as well as the final 
peer-review and publication of the results are now eagerly awaited. 
Other randomized trials, such as MEMBRANE (NCT04816591) and 
SWEMMA (NCT05267184), are also underway.

Radiographic predictors for cSDH 
recurrence

While a substantial portion of cSDH patients experience 
hematoma recurrence following surgical evacuation, it is important to 
recognize that most cSDHs resolve after treatment. As such, 
identifying patients at high risk of surgical recurrence may help 
providers select patients for treatment modalities targeted at 
preventing disease recurrence, such as MMAE, regardless of the 
results of ongoing trials.

The heterogeneity of cSDH’s radiographic morphology has been 
extensively studied as a potential biomarker for disease recurrence. 
Multiple classification systems exist for characterizing the cSDH 
internal architecture. The most common scheme is the Nakaguchi 
classification system (26). In this study, cSDHs are categorized into 
four types–homogenous, laminar, separated, and trabecular. 
Homogenous and laminar (the early subtypes) are less likely to recur, 
while the separated hematoma (the later subtype) is more likely to 
recur after treatment. Data on outcomes following MMAE stratified 
by Nakaguchi cSDH subtypes corroborated these results, suggesting 
that the separate subtype was associated with slower hematoma 
resorption following MMAE. Trabecular subtypes were thought to 
be associated with resolving cSDHs with a low risk of recurrence. 
Representative images of the Nakaguchi classifications are presented 
in Figure 5. In a separate scheme, Nomura et al. (48) classified cSDHs 
by pattern of radiodensity (hyperdense, isodense, hypodense, mixed, 
or layered) and showed that the layered and mixed cSDHs were more 
likely to recur, while hypodense cSDHs were less likely to recur. 
Shimizu et  al. (49) also demonstrated that gradation density 
hematomas are at higher risk of recurrence. More recently, Takei et al. 
(50) proposed modified criteria combining these classification systems 
into five subtypes—homogenous, gradation, laminar, separated, and 
trabecular—and showed that this modified system had higher 

interrater agreement than the Nakaguchi and Nomura classifications 
and that the gradation subtype was most strongly associated with 
cSDH recurrence. Research on radiographic predictors of cSDH 
recurrence remains an active area of investigation.

Given that leaky vessels housed within cSDH membranes are 
thought to underlie the pathophysiology of cSDH persistence and 
recurrence, membrane imaging is also of great interest for the 
prediction of cSDH recurrence. In a study of 40 cSDHs, Tanikawa 
et al. (51) showed that MR imaging can be used to visualize cSDH 
membranes and that patients with intrahematoma membranes were 
significantly more likely to recur following burr-hole drainage 
compared to craniotomy. On catheter angiogram, highly vascularized 
cSDH membranes may appear similar to tumor blushes with increased 
contrast staining during the capillary phase, and this too can be used 
as a predictor for recurrence risk.

Importantly, early studies showed that a high rate of protein 
exudation into cSDHs is associated with higher rates of cSDH 
recurrence (39). In a retrospective study of 27 patients with 29 
cSDHs, Mureb showed that MMAE procedures (which involve 
copious amounts of intra-arterial iodinated contrast administration) 
led to enhancements of cSDHs and their membranes in all patients 
(52), suggesting that iodinated contrast enhancement of subdural 
membranes and leakage into hematomas may be a biomarker for 
underlying pathophysiology and possibly a predictor of recurrence 
risk. As previously discussed, DECT also enables the non-invasive 
and precise quantification of iodine leakage into cSDHs (28). This 
has been shown to be the highest in separated types of hematomas, 
which are associated with higher rates of cSDH recurrence after 
burr-hole evacuation and a slower rate of resolution after sole 
MMAE (53).

Conclusion

cSDH is a common neurosurgical disease that is expected to 
rapidly grow in global incidence. Disease recurrence is common 
despite conventional management. MMAE has emerged as a 
promising treatment for preventing surgical recurrence, and clinical 
trials are currently underway. The development of radiographic 
markers for cSDH recurrence remains an active area of investigation, 
and DECT techniques are promising for the quantification of iodine 

FIGURE 5

Representative images for cSDH subtypes based on the Nakaguchi classification system. Panel (A) – homogenous; Panel (B) – separated; Panel (C) 
– laminar, Panel (D) – trabeculated.
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leakage and may be  leveraged toward improved patient selection 
algorithms for cSDH treatment.
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Preservation of the middle 
meningeal artery during 
unruptured aneurysm surgery: an 
independent risk factor for 
postoperative chronic subdural 
hematoma
Myungsoo Kim *

Department of Neurosurgery, School of Medicine, Kyungpook National University, Daegu, Republic of 
Korea

Background: Although microsurgical clipping for unruptured aneurysms 
has become safer and more efficient with modern neurosurgical advances, 
postoperative chronic subdural hematoma (CSDH) persists as an underrecognized 
complication. This study investigated the association between preservation of 
the anterior branch of the middle meningeal artery (MMA) during surgery and 
CSDH development.

Methods: We retrospectively reviewed 120 patients who underwent clipping 
for unruptured aneurysms at Kyungpook National University Chilgok Hospital 
between May 2020 and July 2023. We evaluated the patients on the basis of 
surgical approach—lateral supraorbital (LSO) or standard pterional craniotomy—
and the status of the MMA postoperatively. We employed pre-and post-operative 
MR angiography to assess MMA preservation and used follow-up computed 
tomography scans to monitor CSDH development.

Results: Of the 120 patients, 22 (18.3%) developed CSDH. Univariate analysis 
revealed that male sex, advanced age, and MMA preservation are risk factors for 
postoperative CSDH. Multivariate analysis supported these findings, indicating 
a significant association with the development of CSDH. MMA preservation 
was reported in 65 patients, of whom 60 and 5 underwent LSO and pterional 
craniotomy, respectively.

Conclusion: Preservation of the anterior branch of the MMA during unruptured 
aneurysm surgery is a risk factor for postoperative CSDH development. 
Advanced age and male sex also contribute to the increased risk. These findings 
highlight the need for further investigation into surgical techniques that could 
mitigate postoperative CSDH development.

KEYWORDS

chronic subdural hematoma (CSDH), unruptured aneurysm, middle meningeal artery 
(MMA), microsurgical clipping, pterional approach, lateral supraorbital approach
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Introduction

Modern advancements in neurosurgical technology have 
significantly enhanced the safety and efficacy of microsurgical 
procedures for unruptured aneurysms. As minimally invasive 
aneurysm surgery becomes more common, recent data indicate a 
major surgical morbidity of less than 1% for unruptured aneurysms 
measuring below 10 mm (1–3). However, postoperative subdural 
hygromas transitioning to chronic subdural hematomas (CSDH) 
remain an underestimated complication. A recent study showed that 
male sex and advanced age are risk factors for CSDH formation 
following unruptured aneurysm surgery (4, 5).

The middle meningeal artery (MMA), which is commonly 
cauterized during pterional craniotomy, supplies the outer membrane 
of CSDH and significantly contributes to the neovascularization of the 
membrane associated with CSDH (6, 7). Furthermore, previous 
studies have shown that CSDH mainly occurs in the anterior region 
and is predominantly supplied by the anterior branch of the MMA, 
and MMA occlusion during burr hole procedures can reduce the 
recurrence rates of CSDH (6).

On the basis of these observations, we  postulate that MMA 
preservation during unruptured aneurysm surgery may correlate with 
CSDH formation. This study aimed to evaluate the risk factors for 
CSDH in patients undergoing microsurgical clipping for unruptured 
aneurysms, focusing on the impact of MMA preservation.

Materials and methods

This study was reviewed and approved by the Ethics Committee 
of Kyungpook National University Chilgok Hospital (IRB No. 
2023-10-027).

Patient population

This study enrolled 120 patients who underwent surgical 
treatment for unruptured aneurysms at Kyungpook National 
University Chilgok Hospital from May 2020 to July 2023.

The inclusion criteria were as follows: (1) age >18 years; (2) 
diagnosis of unruptured, nongiant aneurysms arising at the anterior 
circulation of the circle of Willis, including the supraclinoid internal 
carotid artery (ICA), anterior cerebral artery (ACA), and middle 
cerebral artery (MCA); (3) treatment of unruptured aneurysms via 
lateral supraorbital (LSO) or standard pterional craniotomy; (4) 
preoperative magnetic resonance angiography (MRA).

The exclusion criteria were (1) diagnosis of ruptured aneurysm 
with subarachnoid hemorrhage, (2) aneurysm arising at the distal 
ACA requiring interhemispheric approach, (3) aneurysm arising at 
the posterior circulation, and (4) no available preoperative 
MRA data.

Surgical procedure

In this study, either the standard pterional or the LSO approach 
was employed (3, 8, 9). The pterional approach was performed in a 
standard manner (Figure 1B), routinely including surgical occlusion 
of the anterior branch of the MMA during sphenoid ridge bone work. 
The LSO approach included small craniotomy (diameter of below 
4 cm) with MMA preservation, as previously reported by the authors 
of the present study (Figure 1A) (3, 10). In both surgical techniques, 
the inner edge of the craniotomy above the orbital rim was refined, 
and frontal floor protrusions were smoothed for better subfrontal 
access. After opening the dura, a brain spatula was directed over the 
base of the frontal lobe to the carotid and optic nerve cisterns. 
Draining of CSF from these cisterns ensured safe and sufficient frontal 
lobe retraction.

Data collection

The medical records and radiological findings of the  
patients were examined to gather pertinent clinical and imaging 
data. All patients discontinued antiplatelet medication 
before surgery.

Routine brain computed tomography (CT) scans were 
performed on the first day postoperatively, upon discharge (between 
days 5 and 7), and 3 weeks postoperatively. When patients revealed 
any neurological symptoms or enduring headaches or any 
intracranial complications, further follow-up CT scans 
were performed.

A CSDH was defined as a crescent-shaped isodense or slightly 
hyperdense extra-axial collection in the frontoparietal lesion, which 
was transformed from the subdural hygroma, with a maximum 
thickness of >3 mm. The CSDHs were monitored via CT scans every 
1–3 months until their resolution (either spontaneously or after 
surgical treatment).

To confirm surgical occlusion of the anterior branch of the MMA, 
preoperative and routine postoperative MR angiography was 
retrospectively analyzed. In CT angiography, if the running of the 
MMA is confirmed in the axial view, the distinction may be ambiguous 
due to interference from bone contrast and plates following 
craniotomy; therefore, additional routine postoperative MR 
angiography was employed in this study. In the axial view of MR 
angiography, the anterior branch of the MMA near the sphenoid ridge 
was identified to confirm the presence of coagulation compared with 
the preoperative MR angiography. All angiographic images were 
reviewed by one neurosurgeon (MK).

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics 
for Windows (version 25.0; IBM Corp., Armonk, NY, United States). 
Student’s t-test or Mann–Whitney U test was employed for 
continuous variables. The chi-squared test and Fisher’s exact test 
were employed for categorical variables, which were expressed as 
numbers and percentages. Univariate and multivariate analyses 
were sequentially conducted to analyze the risk factors for 
CSDH formation.

Abbreviations: ACA, Anterior cerebral artery; AcoA, Anterior communicating artery; 

CSDH, Chronic subdural hematoma; CT, Computed tomography; LSO, Lateral 

supraorbital approach; MRA, Magnetic resonance angiography; MCA, Middle 

cerebral artery; MMA, Middle meningeal artery; ICA, Internal carotid artery.
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Results

The clinical characteristics of the 120 patients who underwent 
craniotomy for an unruptured aneurysm in the anterior circulation 

are presented in Table 1. Among them, 83 were women and 37 were 
men, and their mean age was 64.6 ± 8.7 years.

The patients were divided into the following groups based on the 
extent of arachnoid dissection: Group A, patients with ICA aneurysm 
(n = 21) and proximal A1 aneurysm (n = 1); Group B, patients with 
AcoA aneurysm (n = 23) and concomitant aneurysm arising at ICA 
and AcoA (n = 2); Group C, patients with MCA aneurysm (n = 54); 
and Group D, patients with concomitant aneurysm arising at AcoA 
and MCA (n = 7) and concomitant aneurysm arising at ICA and MCA 
(n = 8).

Postoperative CSDH

Of the 120 patients, 22 (18.3%) were diagnosed with 
CSDH. Of these 22 patients, 19 (%) experienced 
spontaneous resolution of CSDH, as observed in follow-up CT 
scans. Due to neurological deterioration, three patients 
underwent surgical burr hole drainage, all of whom had preserved 
MMA. One patient experienced CSDH recurrence and 
subsequently underwent reoperation and transfemoral 
angiography for MMA embolization (Figure 2A). Superselective 
angiography of the anterior branch of the MMA showed a diffuse 
vascular network, consistent with microcapillaries, in the outer 
membrane of the CSDH (Figure 2B). After MMA embolization 
and repeated burr hole drainage, the patient recovered without 
any neurological deficit.

Identification of the middle meningeal 
artery

This study investigated the preoperative presence of the anterior 
division of the MMA in all 120 patients in the axial view of MR 
angiography. The imaging outcomes, showing the pre-and 

FIGURE 1

(A) Postoperative 3D CT image of lateral supraorbital craniotomy (black arrow). (B) Postoperative image of pterional craniotomy with sphenoid bone 
working (blue arrow).

TABLE 1 Clinical characteristics of 120 patients who underwent 
microsurgical clipping for an unruptured intracranial aneurysm.

Characteristics Number of patients (%)

Male 37 (30.8)

Mean age, years (SD) 64.6 ± 8.7

Hypertension 69 (57.5)

Diabetes 26 (21.6)

Location of the aneurysm

Group A 22 (18.3)

ICA aneurysm 21

Proximal A1 aneurysm 1

Group B 25 (20.8)

AcoA aneurysm 23

AcoA and ICA aneurysms 2

Group C 54 (45)

MCA aneurysm 54

Group D 15 (12.5)

AcoA and MCA aneurysms 7

ICA and MCA aneurysms 8

Surgical approach

Pterional 60 (50)

Lateral supraorbital 60 (50)

Preservation of the anterior branch of MMA 65 (54.1)

Burr hole procedure 3 (2.5)
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postoperative states of the MMA, are presented in 
Figures 3A,B. Preservation of the anterior branch of the MMA after 
unruptured aneurysm surgery was confirmed in 65 patients. 
Specifically, 60 of these patients underwent LSO craniotomy, all of 
whom demonstrated postoperative MMA preservation. Furthermore, 
despite the proximity of the sphenoid ridge bone work to the anterior 
division of the MMA during pterional craniotomy, five patients still 
exhibited postoperative preservation of the anterior division of 
the MMA.

Risk factors for chronic subdural 
hematoma

Univariate analysis revealed that male sex (p = 0.008), advanced 
age (p < 0.001), LSO surgical approach (p = 0.005), and MMA 
preservation (p = 0.004) were all risk factors for postoperative 
CSDH. However, aneurysm location according to the extent of 
arachnoid dissection was not a significant risk factor in this study 
(p = 0.329) (Table 2).

Similarly, multivariate analysis revealed that male sex [odds ratio 
(OR), 5.535; 95% confidence interval (CI), 1.756–17.451; p = 0.003], 
advanced age (OR, 7.588; 95% CI, 2.262–25.452; p = 0.001), and MMA 
preservation (OR, 4.698; 95% CI, 1.343–16.435; p = 0.015) were risk 
factors for CSDH (Table 3).

Clinical outcomes

Among the 22 patients who developed CSDH, 19 experienced 
spontaneous resolution without significant neurological deficits and 
recovered without any neurological impairment. Of them, three 
required surgical intervention for CSDH and recovered well, although 
one experienced CSDH recurrence.

Discussion

Postoperative CSDH is an underrecognized complication of 
unruptured aneurysm clipping surgery. Previous studies have shown 

FIGURE 2

(A) Recurrent postoperative CSDH following unruptured aneurysm surgery (yellow arrow). (B) Superselective angiography of the anterior branch of the 
MMA in a patient with recurrent postoperative CSDH showing a widespread capillary network aligned with the microvascular structures found in the 
external layer of the chronic subdural hematoma (white arrow).

FIGURE 3

(A) Preoperative MR angiography showing the bilateral anterior branch of MMA (white arrow). (B) Postoperative MR angiography showing obliteration 
of the right anterior branch of MMA after pterional craniotomy (white arrow).
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that advanced age, male sex, and extensive arachnoid dissection are 
risk factors for postoperative CSDH (4, 5, 11–13). Similarly, the 
present study demonstrated that advanced age and male sex are risk 
factors for CSDH.

Park et  al. (4) reported on the incidence of chronic subdural 
hematoma (CSDH) and subdural hygroma after unruptured cerebral 
aneurysm surgeries. However, that analysis was imbalanced due to the 
predominant use of the supraorbital approach in 79.7% of cases, as 
opposed to the pterional approach in only 20.3%. In addition, the 
documentation of middle meningeal artery (MMA) preservation was 
not methodically executed in that study.

This study is unique in that it investigated the implications of 
preserving the anterior branch of the MMA during unruptured 
aneurysm clipping and its association with the incidence of 
postoperative CSDH.

The underlying mechanisms of CSDH formation remain unclear. 
However, it seems to stem from the detachment of the border cell layer 
within the dura, initiating a series of healing processes, such as cell 
proliferation at the dura border, granulation tissue formation, and 
macrophage activity (7, 14). This ultimately results in 
neovascularization of the hematoma membrane.

Previous studies have reported that vessels from the MMA can 
pass through the dura mater and link with emerging neovessels in the 
external CSDH membrane. Consequently, MMA appears to have a 
significant influence on the genesis of CSDH and its recurrence, given 
the vulnerability of these neovessels (6). There is a growing belief that 
primary expansion and reoccurrence of CSDH are influenced by 
blood supply to these membranes. This understanding has prompted 
the use of endovascular embolization techniques targeting MMA as a 
promising strategy to mitigate recurrence following hematoma 
drainage (15, 16).

Pterional craniotomy is a commonly used surgical approach that 
allows access to the anterior cranial fossa and circle of Willis (8, 9, 17, 
18). A crucial phase of this operation is the meticulous drilling of the 
sphenoid ridge, which expands the surgical field. The MMA enters the 
middle cranial fossa by passing through the foramen spinosum. After 

entering the middle cranial fossa, the MMA courses anterosuperiorly 
over the greater wing of the sphenoid bone. It then divides into two 
main branches: anterior and posterior. The anterior branch courses 
over the pterion, running forward and medially on the sphenoid ridge 
(19, 20). By beveling the prominence of the sphenoid ridge, a surgeon 
can enhance visibility and access to the skull base. During this step, 
the anterior branch of the MMA is cauterized.

Haldrup et  al. (6) reported that CSDH mainly occurs in the 
anterior region and is predominantly supplied by the anterior branch 
of the MMA. They also found that deliberate occlusion of the anterior 
branch of the MMA during a burr hole procedure can reduce the 
recurrence rates of CSDH, suggesting that similar MMA coagulation 
during pterional craniotomy influences the occurrence of 
postoperative CSDH following unruptured aneurysm surgery (6). 
This finding indicates the potential impact of anterior MMA 
management on postoperative outcomes.

The present study demonstrates that preservation of the anterior 
branch of the MMA during unruptured aneurysm surgery is a risk 
factor for postoperative CSDH.

According to our data, five patients had preserved the anterior 
branch of the MMA despite routine sphenoid ridge bone work during 
pterional craniotomy. Due to the retrospective nature of this study, it 
is unclear how reliably MMA was coagulated during pterional 
craniotomy. In these five patients, the pterional approach could have 
been performed without MMA coagulation or the MMA flow could 
have been restored despite coagulation.

In previous study, Park et al. (4) identified extensive arachnoid 
dissection as a contributing factor to CSDH development. 
Furthermore, Han et  al. (5) have associated extensive arachnoid 
dissection with the occurrence of subdural hygroma and found that 
the volume of collected subdural fluid is a predictor of CSDH. However, 
in the present study, we did not find a direct association between the 
degree of arachnoid dissection and the incidence of CSDH.

Efforts to prevent postoperative CSDH from subdural hygroma 
have yielded promising outcomes through obstruction of the CSF—
subdural space interface. This was achieved by applying fibrin glue to 
close the arachnoid membrane in the Sylvian fissure during aneurysm 
surgery (12). Nonetheless, there have been reports of allergic reactions 
to the fibrin adhesive used in arachnoid plasty, and a comprehensive 
evaluation of the advantages and potential risks based on extensive 
case studies is still lacking (21).

This study has several limitations. First, the retrospective nature 
of the data review from a single institution could introduce selection 
bias, potentially affecting the generalizability of the results. Second, 
the relatively small sample size limits the statistical power of our 
findings and may not sufficiently represent the broader patient 
population. Finally, variations in surgical technique and individual 
surgeon experience could have influenced the outcomes, although 
we attempted to mitigate this by having all surgeries performed by 

TABLE 2 Risk factors for chronic subdural hematoma following 
unruptured aneurysm surgery on univariate analysis.

Characteristics Chronic 
subdural 

hematoma

Nonchronic 
subdural 

hematoma

p-
value

Patient 22 98

Sex

Male 12 25 0.008

Age >65 17 35 <0.001

Aneurysm location 0.329

Group A 6 16

Group B 5 20

Group C 7 51

Group D 4 11

Surgical approach 0.005

Pterional 5 55

Lateral supraorbital 17 43

MMA preservation 47 18 0.004

TABLE 3 Risk factors for chronic subdural hematoma following 
unruptured aneurysm surgery on multivariate analysis.

Variable OR 95% CI p-value

Male 5.535 1.756–17.451 0.003

Age >65 7.588 2.262–25.452 0.001

MMA preservation 4.698 1.343–16.435 0.015
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experienced neurosurgeons. Despite these limitations, our findings 
might provide valuable insights into the risk factors associated with 
CSDH after unruptured aneurysm surgery.

Conclusion

Preservation of the anterior branch of the MMA during 
unruptured aneurysm surgery is a risk factor for postoperative 
CSDH development. Advanced age and male sex also contribute 
to increased risk. These findings may provide useful information 
for predicting postoperative CSDH following unruptured 
aneurysm surgery. Further studies are warranted to elucidate 
these findings.
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