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Abstract

Background:  Chronic subdural hematoma (cSDH) is a form of intracranial hemorrhage common in older adults. Optimal treatment remains 
controversial. We conducted a systematic review to identify surgical thresholds, characterize outcomes, and delineate critical considerations 
in the surgical management of older adults in order to summarize the evidence supporting the best contemporary management of cSDH.
Methods:  A systematic review exploring surgical management of cSDH among individuals aged 65  years and older was conducting by 
searching the PubMed, Embase, and Scopus databases for articles in English. Abstracts from articles were read and selected for full-text review 
according to a priori criteria. Relevant full-text articles were analyzed for bibliographic data, aim, study design, population, interventions, and 
outcomes.
Results:  Of 1473 resultant articles, 21 were included. Surgery rationale was case-by-case for symptomatic patients with cSDH. Surgery was 
superior to conservative management and promoted equivalent neurologic outcomes and rates of complications. Recurrence and reoperation 
rates in older adults were similar to younger individuals. Some studies reported higher mortality rates for older adults, while others reported 
no difference. Anticoagulation or antiplatelet agent use did not seem to be associated with poorer outcomes in older adults.
Conclusions:  Surgery for cSDH in older adults leads to favorable neurologic outcomes without increased risk of overall complications, 
recurrence, or reoperation compared to younger patients. However, older adults may be at increased risk for mortality after surgery. It is 
important to determine use of anticoagulant or antiplatelet agents in older adults to optimally manage patients with cSDH.
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Chronic subdural hematoma (cSDH), defined as an intracranial, 
extra-axial collection of blood lasting longer than 3 weeks, is a 
common form of intracranial hemorrhage (1–3). The development 
of cSDH involves a confluence of pathophysiological processes 
(Figure 1) (4). Initially, an insult splits the dural border cell layer (4). 
Inflammatory cells migrate to repair the border cell layer, after which 
inflammatory processes and activated pro-collagens promote forma-
tion of a new membrane (4). Angiogenic factors stimulate formation 
of fragile capillaries within the new membrane, while fibrinolytic 
processes prevent clot formation, leading to continued hemorrhage 
(4). After further inflammation and membrane development occur, 
the resultant membrane-lined cavity extravasates blood and fluid 

(4). Although trauma is classically implicated in the development of 
cSDH, trauma may be absent or minor (4).

The incidence of cSDH increases with age, from 3.4 per 100 000 
in people under 65 years of age to a reported range of 8–58.1 per 
100 000 in people older than 65 years (1–3). This elevated incidence 
in older adults has been attributed to increased risk of falls and use 
of antithrombotic drugs (3). Given the aging global population, the 
incidence of cSDH is projected to rise, contributing to increased mor-
bidity, mortality, and costs to health care systems (5–7). Increased 
usage of computed tomography in older adults with a history of 
a recent fall has led to increased recognition of cSDH in otherwise 
asymptomatic patients (8–10).
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Many small cSDHs may be treated conservatively due to their 
low propensity to cause neurological morbidity (9). Multiple sur-
gical procedures, such as twist drill or burr hole craniostomy or 
craniotomy, are commonly used to manage cSDH (9,11). These 
modalities drain fluid from the cSDH to reduce its size and pre-
vent neurologic morbidity and mortality secondary to compression 
of brain tissue (9,11). Burr hole craniostomy involves drilling one 
or more small holes in the skull to allow drainage of fluid, while 
twist drill craniostomy involves the creation of yet smaller holes in 
the skull for minimal invasiveness (9,11). Craniotomy involves re-
moving a piece of the skull to enable open evacuation of the cSDH 
(9,11). Despite acknowledgement of the importance of surgical man-
agement in symptomatic cases or those with significant mass effect 
on imaging, optimal surgical paradigms, thresholds, and timing for 
older adult with cSDH are unclear (11).

Given increased necessity for clear delineation of surgical thresh-
olds, paradigms, and timing for older adults, we conducted a system-
atic review to characterize the surgical management of older adults 
with cSDH. The goals were: (i) identify surgical thresholds, (ii) char-
acterize outcomes of older adults who are managed surgically, and 
(iii) delineate critical considerations in the surgical management of 
these patients.

Method

A systematic review using Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines was conducted 
to investigate the thresholds for surgery for cSDH in older adults 
(12). PubMed MEDLINE (National Library of Medicine), Embase 
(Elsevier), and Scopus (Elsevier) databases were searched in May 
2020. No limits on language, date, or study type were applied. 
Search terms included “chronic subdural hematoma” and variations 
of the word “elderly” which are shown in Supplementary Table 1. 
The protocol was not registered, and no funding was received.

All studies that were written in English, had an abstract and full 
text available, and met prespecified inclusion criteria were included 
in the review. Inclusion criteria included population of older adults 
defined as age ≥ 65 years old, diagnosis of cSDH, intervention of 
surgery, type of surgical intervention, patient-level outcomes, and 
treatment thresholds. Duplicated articles were removed. Articles 
were screened by title and abstract by 2 authors independently and 
conflicts were resolved. The remaining articles were screened via full-
text review. Disagreements were reconciled.

After articles were selected for inclusion, a review was conducted 
of characteristics of each study including aim, design, duration, 
demographics, surgical interventions used, and outcomes. The pri-
mary data of interest were thresholds for surgery in terms of patient-
specific factors and clinical picture, readmission, reoperation, 
and mortality. Secondary factors included neurologic recovery, 
postoperative complications, and quality of life. Income status of 
the country from which each paper originated was classified based 
on the designation of the World Bank (13). The GRADE framework 
was used to assess the quality of each included study (14). The level 
of evidence was designated for each included study based on previ-
ously delineated guidelines (15). The risk of bias for this systematic 
review was determined by considering the quality and level of evi-
dence of all included studies.

Results

A total of 1473 articles were identified via the search, of which 21 
were included in the review (16–36). The PRISMA diagram for this 
systematic review is shown in Figure 2. No Class I or randomized 
clinical trials were identified. Study design included 20 (95.2%) 
retrospective cohorts and one (4.8%) prospective cohort. Evidence 
level was level II for 14 studies (66.7%) and III for 7 studies (33.3%). 

Figure 2.  PRISMA flowchart. This flowchart delineates the search and review 
process used to identify and select articles for inclusion in this study.

Figure 1.  Pathophysiology of chronic subdural hematoma. This diagram 
indicates the pathophysiological processes involved in the development of 
chronic subdural hematoma.
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There was a moderate risk of bias overall. Data extracted from all 
included articles are shown in Supplementary Table 2. Studies in-
cluded originated from 13 countries, of which 11 (84.6%) were high 
income, one (7.7%) was upper-middle income, and one (7.7%) was 
lower-middle income (Figure  3). Eight (38.1%) studies examined 
patients ≥ 65 years, 3 (14.3%) studies examined patients ≥ 70 or 
75 years, 4 (19.0%) studies examined patients ≥ 80 or 85 years, and 
6 (28.6%) studies examined patients ≥ 90 years.

Indications for Surgery
Thirteen studies provided a rationale for conducting surgery in 
patients with cSDH. Of these studies, 7 offered surgery on a case-
by-case basis (18,21,23,25,26,33,34), 5 recommended surgery to 
symptomatic patients (16,19,20,24,36), and one operated on all pa-
tients with cSDH (22). Studies also described the consideration of 
radiographic factors in recommendations for surgery, namely larger 
hematoma size in 2 studies (33,34) and midline shift in 2 studies 
(20,24). Unilateral and bilateral hematomas were indications for 
surgery in 3 studies (19,24,36). In 2 studies, cSDH with membranes 
prompted use of mini-craniectomy or craniotomy rather than burr 
hole cranioplasty (19,25).

Outcomes of Surgery
Of 21 included studies, 2 studies comparing surgery and conserva-
tive treatment determined neurologic improvement was greater after 
surgery (23,34), while another determined there was no difference in 
disposition (33). Six studies yielded unfavorable neurologic outcomes 
for older adults compared to younger patients (18,24,27,29,31,36), 
4 reported no difference between older adults and younger patients 
(19,20,25,30), and 3 found generally favorable outcomes in older 
adults (17,21,32). Five studies found no difference in mortality be-
tween older adults and younger patients (16,17,19,25,30), while 2 
reported increased mortality for older adults (18,26). Four studies 
found no difference in complications between older and younger 
patients (17,19,25,36), while 2 yielded increased complications for 
older adults (27,32). Three studies found no differences in recur-
rence between older and younger patients (16,29,36). One study 
reported no difference in reoperations between older and younger 
patients (16), while another reported a greater reoperation rate in 
older adults than younger patients (30).

Outcomes of Surgery by Modality
Fifteen studies examined burr hole craniostomy (16,17,20–
23,25,27–29,31,32,34–36). Ten studies reported removal after 

drains 1–5 days postoperatively (17,20,22,25,27–29,34–36), and 2 
studies described positioning patients supine after surgery (22,36). 
Of the 15 studies, 2 studies reported neurologic improvements 
after surgery compared to conservative management (23,34), one 
of which also noted longer survival overall in surgically managed 
patients (23). Three studies yielded favorable outcomes for older 
adults (17,21,32), and 2 found no difference between older and 
younger patients (20,25). Four studies found poorer neurologic out-
comes for older adults compared to younger patients (27,29,31,36). 
Three studies reported no difference in mortality between older 
adults and younger patients (16,17,25). Three studies reported no 
difference in complications between older adults and younger pa-
tients (17,25,36), while 2 found increased complications for older 
adults (27,32). Three studies reported no difference in recurrence 
between older adults and younger patients (16,29,36), and one 
found no difference in reoperations (16).

Six studies examined 1 burr hole craniostomy 
(16,22,28,31,34,35). Of the 6 studies, one reported neurologic 
improvement compared to conservatively treated patients (34). 
Another study found no difference in mortality, recurrence, or 
reoperation between older adults and younger patients (16). An 
additional study found poorer prognosis for cSDH patients with 
frailty than those without (31). Two studies examined 2 burr hole 
craniostomy, one of which found no difference in neurologic out-
comes between older adults and younger patients (21), while the 
other found poorer neurologic recovery and greater complication 
rates in older adults (27).

Five studies examined multiple surgical modalities 
(19,24,26,30,33). One study determined disposition did not differ 
between patients managed surgically with any modality than those 
managed conservatively (33). Two of the 5 studies reported poorer 
neurologic outcomes for older adults compared to younger pa-
tients (18,24), while 2 studies found no difference in neurologic 
outcome (19,30). Two studies reported greater mortality in older 
adults (18,26), while 2 studies yielded no difference in comparison 
to younger patients (19,30). One study found no difference in com-
plications (19), while another found increased reoperation (30). One 
study did not specify the surgical modality (18).

Outcomes of Surgery by Age
Eight studies examined patients ≥ 65  years of age 
(17,21,22,25,26,30,31,35). Two studies reported favorable neuro-
logic outcome for older adults (17,21), while another study found 
patients with frailty, determined using the Clinical Frailty Scale, 
had poorer neurologic prognosis (31). Three studies reported no 
difference in mortality between older adults and younger patients 
(17,25,30), while one found greater mortality for older adults (26). 
Two studies reported no difference in complications between age 
groups (17,25). Another study reported increased reoperations for 
older adults (30).

Three studies examined patients ≥ 70 or 75  years of age 
(24,28,32). One study found that loss of functional dependence 
after surgery was associated with older age, initial Glasgow Coma 
Scale (GCS), and postoperative residual hematoma thickness (24). 
Another determined patients > 75  years old experienced early 
postoperative complications more frequently, but that 75% of pa-
tients > 75 years had a favorable outcome (32). An additional study 
noted that temporary acute agitated delirium secondary to intense 
prolonged hyperperfusion was a unique complication of burr hole 
craniostomy in patients ≥ 75 years (28).

Figure 3.  Countries represented in this study. This map shows the countries 
represented in this study by World Bank income status. This map was created 
using MapChart.
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Four studies examined patients ≥ 80 or 85  years of age 
(19,27,29,36). Three studies found worse neurologic outcomes after 
surgery in these patients (27,29,36), while another found no dif-
ference in outcomes (19). Two of the studies found no difference 
in complications between those aged ≥ 80 or 85 years and younger 
patients (19,36), while one found greater rates of complications in 
older adults (27). Two studies found no difference in recurrence 
rates between age groups (29,36).

Six studies examined patients ≥ 90  years of age 
(16,18,20,23,33,34). Two studies found improved neurologic status 
after surgery compared to conservative management (23,34), while 
another found disposition did not differ (33). One study identified 
worse neurologic outcomes after surgery in patients ≥ 90 years com-
pared to those < 90 (18), while another found no difference (20). 
One study found increased mortality risk in patients ≥ 90 years after 
surgery (18), while another found no difference in mortality (16).

Anticoagulation and Antithrombotic Therapy
Fourteen studies discussed the role of anticoagulation or 
antithrombotic therapy (16,17,19,20,22,24–27,29–31,34,35). Four 
studies did not find differences in anticoagulant or antiplatelet use 
between surgically and conservatively managed patients (34) or 
older adults and younger patients (17,20,29). In studies that found 
differences, antiplatelet use was more common in older adults and 
frail, while anticoagulant use was more common in younger patients 
(16,31). One study found increasing use of anticoagulation with age 
among older adults (30).

One study reported antiplatelet, but not anticoagulant use, 
was associated with onset of cSDH in older adults (25). One study 
found no difference in outcome, mortality, or complications due to 
antithrombotic drug use, but described a possible increase in length 
of hospitalization (19), while another study determined greater risk 
for complications for patients with a history of antithrombotic 
drug use (29). An additional study found neurologic deterioration 
was not attributable to anticoagulation use (27), while another 
study reported no increase in short or long-term mortality due to 
anticoagulation (26). Three studies determined anticoagulation or 
antiplatelet use was not associated with cSDH recurrence (22,27,35), 
while another determined anticoagulation increased risk of recur-
rence (24). All 14 included studies either did not state the specific 
anticoagulation agents used or did not differentiate the effects of 
different anticoagulation agents. One study involved stopping 
anticoagulation prior to surgery (19), while investigators in another 
study administered Vitamin K during surgery, to avoid recurrence 
of cSDH (22).

Other Management Considerations
Five studies discussed presentation of cSDH by age (21,29,30,32,34). 
Older adults were more likely to present with movement difficul-
ties such as gait disturbance, limb weakness, and cognitive symp-
toms such as memory deficits. Younger patients were more likely to 
present with signs and symptoms of increased intracranial pressure 
such as headache and vomiting. Two studies specifically determined 
worse neurologic condition at presentation was associated with 
poorer outcomes (17,24).

Discussion

We present a systematic review of the surgical management of 
cSDH in older adults defined as age 65  years old or older. While 

systematic reviews have been conducted to examine different sur-
gical approaches in patients with cSDH (8,10,37–39), existing re-
views lack thorough examination of the entire scope of management 
of these patients and discussion of how management strategies for 
cSDH may change across age groups. Additionally, this is the first 
systematic review specifically focused on the surgical management 
of cSDH in older adults. We highlight surgical indications, outcomes, 
effects of anticoagulation and antiplatelet agents, and other man-
agement considerations for older adults with cSDH. We also em-
phasize the comprehensive management of older adults with cSDH 
with appropriate consideration of patient-level, health system, and 
advocacy factors relevant to this patient population in order to en-
sure optimal care.

Role of Anticoagulant and Antiplatelet Agents
The use of anticoagulant medications is a risk factor for initial occur-
rence and recurrence of cSDH (24,40). This is particularly pertinent 
in planning care for older adults, an increasing percentage of whom 
take antiplatelet and anticoagulant agents to lower clotting risk as-
sociated with underlying hypercoagulability and cardiac arrythmias 
(16,30,31). Increased use of these agents has been associated with 
a 5-fold increase in intracerebral hemorrhage (41). Antiplatelet and 
anticoagulant therapies are associated with increased risk of cSDH in 
older adults, with patients using a combination of the 2 medications 
exhibiting the greatest risk of cSDH (42). The use of these agents 
is often essential in managing underlying comorbidities, and a risk-
benefit analysis favors maintaining anticoagulation (41). Clinicians 
must seek the most balanced treatment plan as safer anticoagulant 
and antiplatelet agents continue to be developed.

The majority of studies included in this review reported no differ-
ences in anticoagulation use between surgically and conservatively 
managed older adults (34), or between older adults and younger pa-
tients (17,20,29). There was no difference in immediate outcomes 
or recurrence after cSDH in these populations as expected in light 
of the similarity in anticoagulant use (19,22,27,35). However, some 
studies included in the review involved measures to avoid recurrence 
of cSDH, such as stopping anticoagulants preoperatively or admin-
istering Vitamin K intraoperatively (19,22). These preemptive meas-
ures may allow neurosurgeons to promote better outcomes after 
cSDH surgery. Further investigation is necessary to determine for 
which patients stopping anticoagulants or antiplatelet agents pre-
operatively is indicated, the optimal times to stop these preopera-
tively and resume these medication regimens postoperatively, and 
differences in these indications and properties across age groups.

Approach to Management of Older Adults 
With cSDH
Recognizing differences in presentation between older adults and 
younger individuals is important to provide optimal care through 
timely and accurate diagnosis of all afflicted patients. Older adults 
with cSDH often present with cognitive deficits compared to the 
presenting symptoms of increased intracranial pressure in younger 
patient, likely due to brain atrophy, greater potential space, and 
increased susceptibility of arteries to become friable and rupture 
(29,30,32,34,43–46). Clinicians should consider that cSDH may 
mirror conditions common in older adults such as dementia when 
assessing patients and making a diagnosis (21).

After diagnosis, cSDH often necessitates intervention, and age 
is generally not a contraindication for such intervention (16,47). 
Surgery improves neurologic outcomes in older adults without 
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increased complications, recurrence, or reoperation rates compared 
to younger patients (16,17,19,21,25,29,32,36,43,45,46,48–52). 
However, the reported possibility of increased mortality for older 
adults compared to younger patients necessitates careful consid-
eration of surgical candidacy. This is particularly relevant during 
the current coronavirus disease 2019 pandemic. Accordingly, the 
rationale for surgery has changed in older adults over time. As the 
natural history and morphological characteristics of cSDHs and 
patient-specific factors are better understood, neurosurgeons have 
moved toward providing surgery on a case-by-case basis or to 
symptomatic patients. Factors such as comorbidities and general 
health status, neurologic status at presentation, and history of 
anticoagulant or antithrombotic agent use, as well as situational 
factors such as increased baseline risk for nosocomial infec-
tion, may change the risk-benefit determination of conducting 
surgery and should be integrated into a holistic assessment re-
garding whether the patient is a suitable candidate for surgery 
(17,19,24,29,47,53).

Similarly, although surgery has been the mainstay of manage-
ment of cSDH patients, endovascular interventions have grown in 
popularity (54–57). Middle meningeal artery embolization seeks to 
devascularize the subdural membranes in cSDH, preventing rupture 
of the microcapillaries due to direct pressure from the middle men-
ingeal artery and thereby promoting reabsorption of blood rather 
than continued leakage into the subdural space (54–58). Middle 
meningeal artery embolization is safe for the treatment of intract-
able cSDH in the general population and results in low rates of re-
currence (54–57). This technique may be performed under light or 
no sedation and avoid the need for disruption of anticoagulation 
regimens that occurs in surgical cases and associated risk of ischemic 
events secondary to reversal of coagulability (55,58). Performing 
middle meningeal artery embolization with liquid embolic agents 
will allow casting of the subdural membrane and back reflux of 
meningeal branches, clear visualization, and durable embolization of 
the meningeal vasculature (58). No article was identified in this re-
view using endovascular embolization, as the current literature lacks 
studies focused on the use of middle meningeal artery embolization 
in older adults. The applicability of endovascular therapies in older 
adults with cSDH necessitates further investigation.

Additionally, mobility-related complications are important to 
consider in the postoperative management of these patients. It is 
well known that prolonged bedrest and immobilization leads to loss 
of muscle strength and joint contractures, limiting movement and 
promoting skeletal mass loss and fractures in a population already 
at risk for loss of mobility and fractures (59–61). Immobilization 
may also spur cognitive deficits such as impaired concentration and 
psychological deterioration, such as anxiety and depression, which 
are then coupled with the existing propensity of older adults to ex-
perience acute agitated delirium after surgery for cSDH (28,62). 
Additionally, immobilization may also lead to cardiopulmonary 
and vascular complications and venous thromboembolic events 
(28,63,64). It is important to recognize the unique risks this patient 
population experiences and mitigate the risks for these events with 
patient-centered care. A  comprehensive approach to care of older 
adults with cSDH is shown in Figure 4.

Context-Specific Consideration of the Definition of 
Older Adults
Although conventionally defined as age ≥ 65 years, the definition of 
older adult varies across contexts (65,66). Studies included in this 

review classified older adult as ages varying from ≥ 65 to ≥ 90 years 
old. However, the search also yielded 12 studies with patient popu-
lations ≥ 50, 55, or 60  years of age. While the categorization of 
individuals as older adult is often done in a purely chronological 
manner, this is inherently limiting (65,66). Life expectancy has in-
creased, and there are regional variations in average life expectancy 
(5,6,65). Additionally, chronology alone does not consider change in 
social roles or capabilities, cultural factors, or perspectives toward 
older adults, all of which vary across cultural and societal contexts 
(65,66). This effect is reciprocal: the complexity of defining what 
constitutes an older adult renders examination of which interven-
tions are effective in older adults challenging (65,66). Importantly, 
consideration of the meaning of older adult based on the local 

Figure 4.  Comprehensive approach for surgical management of chronic 
subdural hematoma in older adults. This diagram represents a comprehensive 
approach for surgical management of chronic subdural hematoma in older 
adults consisting of recognition of common presentations, assessment of 
surgical candidacy, and postoperative care.
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context is important to ensure proper management of these patients 
from presentation to long-term follow-up (65,66). In turn, this will 
allow evaluation of the effectiveness of interventions in a given con-
text (65,66).

Neurosurgical Care of Older Adults
Sentinel health events, defined as those that indicate dysfunction 
of organ systems despite not causing the decline, serve as an im-
portant markers of patient prognosis (67). Increasingly, cSDH has 
begun to be conceptualized as a sentinel heath event by unmasking 
and exacerbating underlying medical conditions (26,33,68). While 
high-income countries already have substantial older adult popula-
tions, this segment of the population is expected to increase in low- 
and middle-income countries, due to the large proportion of young 
people in these countries at present (69). Given that the population 
of older adults is growing and indications for neurosurgical care in 
older adults have expanded, increased incidence of cSDH and other 
neurologic morbidities will be associated with an increased need for 
neurosurgical care and associated health care expenditures in older 
adults (70,71).

Current health care infrastructure is unprepared to handle an 
increasing number of older adults (72). Inadequate access to care 
is a concern for many older adults (73–76). While this impact of 
population aging is likely to occur more immediately in high-income 
countries, low- and middle-income countries will be affected in the 
future (69). Accordingly, prioritization and development of a global 
neurosurgical infrastructure, equitable allocation of resources, and 
training of personnel is increasingly important along with associ-
ated neurosurgeon-led advocacy (73,74,77). Increasing the capacity 
of neurosurgical care in older adults will allow optimal maximiza-
tion of neurologic recovery and quality of life in this patient popula-
tion, enhance health equity, and promote associated cost savings by 
preserving independent living (73,74,78).

Consequently, advocacy and policy efforts aimed at aug-
menting neurosurgery infrastructure, particularly for older adults, 
are important (73–75,78,79). As care providers of older adults 
with neurological disorders, neurosurgeons have a responsibility 
to advocate for their current and future patients in guiding these 
efforts through societal and policy change (75,78,79). With a wide 
breadth of technical knowledge, neurosurgeons may provide ex-
pert recommendations focused on policy to provide optimal care 
to older adults (75,79). Given their responsibility to continually 
improve care for neurosurgical patients, neurosurgeons can guide 
surveillance efforts in order to determine the most effective man-
agement strategies for older adults (75). Additionally, neurosur-
geons exert a disproportionate impact on society via a position 
of respect, privilege, and prominence, providing them with a plat-
form to champion efforts to expand health care infrastructure 
and participate in associated advocacy and policymaking efforts 
aligned with the needs of older adults (75,79). Neurosurgical pro-
fessional associations represent a collective interest and may be 
utilized to form collaborative partnerships with other specialties 
and government agencies aimed at advancing the health of older 
adults (75,77,80).

Lastly, neurosurgeons should understand a unique ethical 
challenge relevant to older adults with cSDH. Heroic meas-
ures, taken after all other measures have been exhausted, may 
cause substantial pain, suffering, or injury but have the greatest 
chance of saving the life of an individual. Given that the clinical 

course of cSDH in older adults is improved by intervention while 
conservative intervention is associated with high mortality 
rates (16,17,19,21,25,29,32,36,43,45,46,48–52), surgical or 
endovascular management of cSDH may constitute a heroic measure. 
Living wills that exclude heroic measures often lack consideration of 
neurosurgical treatments in their categorization of heroic measures. 
Neurosurgeons should inform patients about the applicability of “no 
heroic measure” clauses to neurosurgical care in frank discussions 
about advanced directives.

Limitations
There are several limitations to this study. Only published studies 
with full-text manuscripts were included, putting results at risk 
for publication bias due to potential overrepresentation of studies 
showing favorable outcomes for older adults after cSDH sur-
gery. Studies included were required to specifically discuss sur-
gical management of cSDH in older adults, excluding studies that 
discussed surgery for cSDH in general. Additionally, the quality 
of evidence was moderate, as studies were cohort studies with a 
level of evidence of II or III and no randomized trials were iden-
tified. It is unlikely that a randomized trial on this topic could be 
conducted. The studies included were at high risk of bias due to 
their retrospective nature and study design. Only studies written 
in, or translated to, English were included, perhaps excluding 
other regions in which surgery was received differently in other 
older adult populations. Studies varied in their definitions of older 
adults, obfuscating interpretation of conclusions. Many studies 
did not report rationale for choosing surgery, preventing identi-
fication of granular indications for surgery in older adults with 
cSDH. There is a paucity of literature from low- and middle-
income countries, limiting the external validity of this review. 
Lastly, no meta-analysis was conducted as part of this systematic 
review due to heterogeneity of the included studies. Thus, some 
inferences could be made from our findings, but no statistically 
significant conclusions could be drawn.

Conclusion

Surgery for cSDH in older adults leads more often than not to fa-
vorable neurologic outcomes without increased risk of complica-
tions, recurrence, or reoperation compared to younger patients. 
However, older adults may be at increased risk for mortality after 
surgical treatment of cSDH. After context-appropriate definition of 
the “older adult” patient, a comprehensive approach is needed to 
optimally manage these patients. Larger-scale changes to augment 
neurosurgical care infrastructure for older adults may also help to 
maximize the recovery and quality of life of this growing patient 
population.
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