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Introduction
Chronic subdural hematoma (CSDH) has become one of the 

most common neurosurgical conditions worldwide, with an 
estimated incidence of up to 20.6 per 100,000 patients per year 
[1]. Subdural hematoma (SDH) is characterized by an abnormal 
accumulation of blood products in the subdural space, classically 
due to the rupture of bridging veins that drain from the cortical 
surface to the dural sinuses. Unlike acute SDH, CSDH exhibits an 
indolent course, clinically manifesting weeks or even months 
after the initial onset of hemorrhage. The pathophysiology of 
CSDH formation remains unclear, though proposed mechanisms 
include direct progression from acute hematoma [2], inflammatory 
dysfunction [3], or repeated sub-clinical microhemorrhage [4]. Its 
clinical presentation is also variable and may involve the insidious 
onset of headaches, nausea, cognitive impairment, alterations in 
consciousness, or seizures [5].

The mainstay for CSDH treatment is neurosurgical evacuation, 
via burr hole drainage, craniotomy, or craniectomy. Incidentally  
diagnosed patients who remain asymptomatic can also be managed  

 
medically, though 20% deteriorate clinically and ultimately 
require surgical intervention [6]. Very few cases of CSDH resolve 
spontaneously without any intervention [7]. However, even with 
surgery, the recurrence rates of CSDH are high, with 10-20% of 
patients requiring repeat operations [1]. The heterogeneity of these 
outcomes has been inconsistently characterized across individual 
studies in the literature, due in part to discrepancies in defining 
CSDH, differences in operative procedure, and variations in follow-
up protocols [8]. Here we aim to review studies from the past three 
years examining predictors of post-operative CSDH recurrence in 
order to update our understanding of risk stratification and care 
guidelines for this growing patient population [9].

Discussion
The characteristics of 16 reviewed studies are summarized in 

Table 1. All but Hammer et al. [10] (single-arm prospective cohort) 
and You, C. et al. [11] (retrospective case-controlled cohort) were 
single-arm retrospective cohort studies. Recurrence rates of CSDH 
ranged from 9.3% to 26% (Table 1).
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Table 1: Characteristics of reviewed studies.

Authors Year Location Design n Recurrence rate

Hammer et al. 2016 Germany Single-arm prospective 73 26%

Hsieh et al. 2016 Taiwan Single-arm retrospective 75 9.3%

Qian et al. 2016 China Single-arm retrospective 242 16.1%

Ro et al. 2016 Korea Single-arm retrospective 130 11.5%

Schoedel et al. 2016 Germany Single-arm retrospective 697 22.2%

Bartek et al. 2017 Sweden Single-arm retrospective 759 11.2%

Fornebo et al. 2017 Sweden Single-arm retrospective 763 11.2%

Han et al. 2017 Korea Single-arm retrospective 756 13.8%

Kim et al. 2017 Korea Single-arm retrospective 248 12.6%

Stavrinou et al. 2017 Germany Single-arm retrospective 227 17.9%

Abboud et al. 2018 Germany Single-arm retrospective 201 18.4%

Atlaf et al. 2018 Pakistan Single-arm retrospective 113 17.7%

Motiei-Langroudi 
et al. 2018 USA Single-arm retrospective 325 12.9%

You, C. et al. 2018 China Case-control retrospective 227 20.7%

You, W. et al. 2018 China Single-arm retrospective 226 15.0%

Demographics, comorbidities, and anti-thrombotic 
therapy

Advanced age is a well-known risk factor for the initial formation 
of CSDH, [1] and this association for CSDH recurrence also appears 
to be significant, with Schoedel et al., [12] Han et al., [13] and Qian 
et al. [14] reporting higher rates of recurrence in patients aged 
≥75. You, W. et al., [15] Bartek et al., [16] and Stavrinou et al.’s [17] 
analyses of age as a continuous variable did not yield significance, 
suggesting that age only becomes predictive of recurrence at the 
older end of the spectrum. Sex was not found to be an independent 
predictor of recurrence in any study, though male sex trended 
towards significance in two studies [16,17].

The great majority of studies reported no associations 
between CSDH recurrence and medical comorbidities, including 
hypertension, diabetes mellitus, heart disease, cerebrovascular 
disease, liver disease, renal failure, malignancy, substance use, 
and dementia [13,15,17]. The only exception was Kim et al. [18] 
who found diabetes mellitus to be an independent risk factor for 
recurrence.

Though anti-thrombotic medication use is a risk factor for 
CSDH formation, its effect on CSDH recurrence rates remains 
controversial [1]. Six of eight studies found no association between 
anti-thrombotic (including anti-platelet and anti-coagulation) 
therapy at time of presentation and recurrence [13,15,16,17,19,20]. 
However, Kim et al. [18] found anti-coagulation therapy to be 
predictive, and Motiei-Langroudi et al. [21] identified warfarin and 
clopidogrel therapy specifically as independent predictors of CSDH 
recurrence. 

Clinical presentation and pre-operative imaging

Patients whose CSDHs were precipitated by known head trauma 
were not more likely to experience post-operative recurrence than 
other patients [15,17]. Headache as a presenting symptom was 

found to be predictive of recurrence by Hammer et al. [10] but not 
Bartek et al. [16] No studies reported any significant associations 
between CSDH recurrence and paresis, speech disturbances, 
Glasgow Coma Scale, or seizures on presentation. Interestingly, 
Hammer et al. found presenting aphasia as an independent 
predictor of recurrence, but none of the other studies included 
aphasia as a variable in their analyses [10].

With the exception of Stavrinou et al., all other reporting studies 
found larger hematoma size and loculated-type hematomas to be 
independently predictive of higher recurrence rates [10,14,21]. 
Pre-operative homogenous hyperdense hematoma [15] and 
mixed-density hematoma [16] have also been identified as risk 
factors for recurrence, while homogeneous isodense hematoma 
has been identified as a protective factor [10]. The utility of other 
imaging metrics is not as clear, with a minority of studies finding a 
midline shift of ≥10mm [14,18] and bilateral hematoma13,16 to be 
predictors for recurrence. Side of hematoma was not predictive in 
any study.

Procedure types and post-operative metrics

The majority of studies only included cases of burr hole drainage 
in their analyses. The remaining four studies found no difference in 
CSDH recurrence rates among cases of single burr hole drainage, 
double burr hole drainage, and craniotomy [12,13,17,21]. Type of 
peri-procedural anesthesia was also not predictive [13]. The use of 
a subdural drain was found to be protective of CSDH recurrence in 
two of four studies [10,22] and You, W. et al. also identified longer 
duration of drainage as a protective factor [15].

Post-operative pneumocephalus was predictive of CSDH 
recurrence (along with longer hospital stay and poor neurological 
outcome) in the only case-control study included in this review 
[11], which is consistent with results of meta-analyses in the 
past literature [23,24]. Other post-operative metrics were less 
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consistently investigated in the recent literature, with only 
individual studies finding degree of hematoma drainage [17], 
residual hematoma density [17], and degree of brain expansion 
[25] as predictors of CSDH recurrence.

Conclusion
Recurrence rates of CSDH following surgical intervention 

reported in the past three years remain comparable to those of 
prior literature despite advancements in care and an increasing 
incidence of CSDH. Independent predictors of recurrence have 
been found to encompass a host of pre- and post-operative factors, 
such as advanced age and hematoma loculation on imaging. 
Nevertheless, current evidence is insufficient to validate the 
significance of several other potential predictors, such as anti-
thrombotic therapy at presentation and the use of subdural drains. 
This review is limited by the retrospective, single-arm nature of the 
great majority of included studies as well as variations in follow-up 
protocols (and thus operational definitions of CSDH recurrence), 
making inter-study comparisons difficult to interpret. Further 
controlled prospective studies are necessary to broaden our 
understanding of this heterogenous clinical entity, which will refine 
surgical indications and clinical care guidelines for this patient 
population.
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