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ARTICLE INFO ABSTRACT

Keywords: Objective: In recent years, frailty has been reported to be an important predictive factor associated with worse
Frailty outcomes in neurosurgical patients. The purpose of the present systematic review was to analyze the impact of
Chronic subdural hematoma frailty on outcomes of chronic subdural hematoma (cSDH) patients.

ﬁziiz;iis Methods: We performed a systematic review of literature using the PubMed, Cochrane library, Wiley online li-
Complications brary, and Web of Science databases following PRISMA guidelines of studies evaluating the effect of frailty on

outcomes of cSDH published until January 31, 2023.

Results: A comprehensive literature search of databases yielded a total of 471 studies. Six studies with 4085
patients were included in our final qualitative systematic review. We found that frailty was associated with
inferior outcomes (including mortality, complications, recurrence, and discharge disposition) in cSDH patients.
Despite varying frailty scales/indices used across studies, negative outcomes occurred more frequently in pa-
tients that were frail than those who were not.

Conclusions: While the small number of available studies, and heterogenous methodology and reporting pa-
rameters precluded us from conducting a pooled analysis, the results of the present systematic review identify
frailty as a robust predictor of worse outcomes in ¢SDH patients. Future studies with a larger sample size and
consistent frailty scales/indices are warranted to strengthen the available evidence. The results of this work
suggest a strong case for using frailty as a pre-operative risk stratification measure in cSDH patients.

history of trauma can be identified."* In ¢SDH patients, various factors
have been reported to play a role in prognosis including advanced age,

1. Introduction

Chronic subdural hematomas (cSDH) are prevalent in the general
population, especially among the elderly.' Their acute counterparts
usually occur due to tearing of the bridging veins from trauma or
age-related atrophy of brain parenchyma. However, the exact mecha-
nism of the cSDH remains unclear. In about half of the cases, no specific

previous anticoagulant/antithrombotic use, history of falls, male
gender, severity of injury, and other comorbid conditions such as hy-
pertension and chronic kidney disease which led to increased hospital
length of stay (LOS) and costs.13>?

In recent years, frailty has been reported to be an important
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¢SDH, chronic subdural hematoma; GCS, Glasgow coma score; LOS, length of stay; MMA, middle meningeal artery; mFI-5, modified frailty index-5; NSQIP, National
Surgical Quality Improvement Program; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SCI, spinal cord injury; STROBE,
Strengthening the Reporting of Observational Studies in Epidemiology.
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predictive factor associated with worse outcomes in neurosurgical pa-
tients.'!! Frailty is defined as an age-related syndrome characterized
by weakened physiologic vigor and an increased propensity of de-
pendency and death.'>'® The precise pathophysiology of frailty remains
largely unknown, but hypothesized mechanisms include dysregulation
of hormones and cytokines in the aging body, progressive accumulation
of disease-related insults to various organ systems, and lifelong wear and
tear.'>'® Frailty is a comprehensive term that can potentially assess
patient’s functionality by incorporating comorbid systemic conditions
including congestive heart failure, chronic obstructive pulmonary dis-
ease (COPD), functional dependency, diabetes mellitus, and hyper-
tension.’'* In the present review, we sought to systematically review
literature related to the impact of frailty on outcomes of cSDH.

2. Methods

We performed a systematic review in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.'>'® We conducted a comprehensive literature search of
studies evaluating the effect of frailty on outcomes of cSDH published
from inception until January 31, 2023. The following databases were
searched: PubMed, Cochrane library, Wiley online library, and Web of
Science (Science and Social Science Citation Index), employing the
following MeSH terms: “frail” OR “frailty” AND “chronic subdural he-
matoma” OR “chronic subdural hemorrhage” OR “chronic subdural
hematoma” OR “chronic subdural hemorrhage”.

Inclusion criteria were peer-reviewed studies in the English language
reporting frailty and cSDH outcomes in patients > than 18 years of age.
Exclusion criteria included studies assessing the impact of frailty on
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acute SDH, and individual case reports or narrative reviews. The refer-
ence lists of the selected articles were also searched for articles poten-
tially eligible for study inclusion. Using a standardized data abstraction
form, two reviewers (BP and JV) independently reviewed and extracted
relevant data. Disagreements during review were explored and resolved,
either through discussion or by a third investigator (DA-C). Data per-
taining to study design, sample size, patient demographics, time to
follow up, frailty measures/indices, mortality, LOS, and other outcomes
were extracted. The quality of included studies was also assessed using
the Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement checklist.'”

3. Results

Our initial search identified 471 studies. We excluded a total of 448
studies after duplicate removal and thorough title and abstract
screening. After full-text screening according to inclusion and exclusion
criteria, Six studies (n = 4085, cSDH patients) were eligible for study
inclusion (Fig. 1).'823 Table 1 depicts key findings of the studies
assessing impact of frailty on outcomes in cSDH patients.

All the included studies were retrospective and published from 2018
onwards. Three were single-center studies'®?? and three were multi-
center studies,”’>? one of which was performed using patient data
extracted from on the National Surgical Quality Improvement Program
(NSQIP) database®” and the other one was performed using the Dutch
CBS database.”® Two studies used clinical frailty scale (CFS) alone as a
measure of frailty,'®?! one study employed modified frailty index-5
(mFI-5) alone,22 one study used both mFI-5 and modified frailty
index-11 (mFI-ll),20 and another study used mFI-11 and CFS as frailty
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Fig. 1. Study selection flow diagram per PRISMA guidelines.
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Table 1
Summary of studies evaluating impact of frailty on ¢cSDH outcomes.
Author, Study outline Study design/ Frailty Findings
year characteristics measures
used
Shizimu et Evaluation of Retrospective, CFS & Frail patients
al, frailty as an single center. CCI were more
2018'° index for n =252 likely to have
prediction of Follow up: 3 higher mRS at 3
outcomes years months, lower
following discharge rates
surgical and median
intervention via hospital days
single burr hole than those
drainage for without frailty.
c¢SDH Unfavorable
prognosis was
reported to be
100% in
patients with
frailty and 12%
in patients
without frailty
Kesserwan Evaluation of Retrospective mFI-11 & Frailty was
et al, frailty as an single-center n CFS correlated with
20207 index for =217 greater
outcomes Follow up till dependence at
prediction discharge from discharge and
following hospital or in- lower
surgical hospital functional
intervention via  mortality improvement.
twist-drill CFS showed
craniostomy for greater
cSDH. correlation to
functional
dependence at
discharge than
mFI-11.
McIntyre Comparison of Retrospective mFI-5, Frail patients
et al, frailty as an single center n mFI-11, with higher
2020 index for =109 and CCI mFI-11 and
measuring Follow up till mFI-5 scores
outcomes discharge from were found to
following ¢SDH hospital or in- have
as compared to hospital significantly
initial GCS. mortality lower Glasgow
coma score
(GCS) at
discharge and
significant
reduction in
rates of
discharge
home.
Zhou et al, Evaluation of Retrospective CFS Patients with
20207 different multi-center n unfavorable
factors, =553 outcomes were
including Follow up at associated with
frailty, to least 6 months. frailty
develop a
prognostic
prediction
model for
unfavorable
outcomes in
patients with
antithrombotic-
related c¢SDH in
patients with
recent AMI
Sastry et Evaluation of Retrospective mFI-5 Pre-operative
al, pre-operative cohort NSQIP frailty was
20217 frailty as an database study correlated with

index for
outcomes
following
craniotomy for

from 2005 to

2018.n=1647
Follow-up for
30-days

increased
occurrence of
postoperative
complications,

World Neurosurgery: X 23 (2024) 100372

Table 1 (continued)

Author, Study outline Study design/ Frailty Findings
year characteristics measures
used
evacuation of discharge to
atraumatic destination
cSDH. other than
home, and 30-
day mortality.
Blaauw et Evaluation of Retrospective CCI Within the
al, frailty as an cohort n = cohort of CSDH
2022%° index for 1307 patients, all six

median follow
up 56 months

mortality rate in
patients with
cSDH.

frailty
indicators were
associated with
death

Among CSDH
patients
frequent falling,
inability to live
independently,
inability to
perform daily
self-care, and
number of
medications
used were
independently
associated with
mortality.

measures.' One study”> employed Charlson Comorbidity Index (CCI)
alone while two studies employed it in addition to other frailty scale-
s/indices.'®?° The duration of outcomes assessment varied widely be-
tween studies including, 6 months,”' 3 months,'® and 30 dayszz; two
studies used disposition i.e., discharge from hospital or in-hospital
mortality as outcomes measurement time point.lg’20 Four studies used
modified Rankin score (mRS) at follow-up endpoint as a measure of
disability.!&1%21:23

In all studies, frailty was associated with inferior outcomes. In the
study by Kesserwan and colleagues,'® frailty, measured by either mFI-11
or CFS was significantly associated with dependence at discharge, lower
rate of functional improvement, higher rates of altered mental status,
and death. It was also reported that frailty measured by the CFS had a
stronger association with functional dependence than frailty measured
by mFI-11, as well as inclusion of frailty measured by CFS into their
predictive model was shown to improve accuracy.'® In the study by
Mcyntire and colleagues,”” frail patients with higher mFI-11 and mFI-5
scores were found to have significantly lower Glasgow coma score (GCS)
at discharge and a significant reduction in rates of discharge home. In
the NSQIP 14 year analysis (2005-2018) of 1647 c¢SDH patients, Sastry
and colleagues®” reported that rates of major complications, discharge
destination other than home, 30-day readmission, and 30-day mortality
were increased progressively with increasing frailty. In the study by
Shizimu and colleagues,'® higher mRS scores and lower discharge rates
to home were associated with frailty, however, in multivariate logistic
regression analysis, mRS scores at 3 months after initial surgery were not
significantly associated with frailty. Nonetheless, the authors also
developed two models to assess prognosis in patients with ¢cSDH, one
including frailty measured by CFS and another without frailty.'® The
model that included frailty was more accurately correlated with an
unfavorable prognosis.'® Zhou et al®! tried to identify a prognostic
model to predict 6-month outcomes of treatment with anti-thrombotic
therapy in patients with acute myocardial infarction (AMI) at risk of
antithrombotic-related cSDH. To do so, they divided the population into
two groups, unfavorable outcomes (anyone who experienced one or
more of the following: major adverse cardiovascular events, recurrence
of ¢SDH, or mRS score of 2-6) and favorable outcomes.”! The presence
of frailty was determined to be significantly associated with higher odds
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of unfavorable outcomes.?! In the most recent study by Blaauw et al,**
association of mortality in cSDH patients was established with frailty,
defined in terms of cognitive problems, frequent falling, unable to live
independently, unable to perform daily self-care, use of benzodiazepines
or psychotropic drugs, and number of medications. They performed a
retrospective case control study and found that in patients with cSDH all
the 6 frailty indicators decreased the survival. A full model with these
indicators was suggestive of the independent association of frequent
falling, unable to live independently, unable to perform daily self-care
and number of medications used with mortality. while a multivariate
analysis revealed higher CCI scores and older age to be predictors for
mortality. However, MGS score had no statistically significant
association.

4. Discussion

To the best of our knowledge, this study is the first to systematically
synthesize the literature related to the impact of frailty on outcomes of
cSDH patients. Previously, frailty has been reported to be an accurate
predictor of outcomes in critical care and surgical patients.”*>! The
concept of frailty as predictor of outcomes has been applied in the
neurosurgical community in recent years.m’11 In fact, recent studies,
have shown frailty predicts poor outcomes in patients undergoing spine
surgery' %32 patients with traumatic spinal cord injury (SCI),'* and brain
tumors.®>>* Our findings add to the growing evidence that frailty is an
effective predictor of poor outcomes for cSDH patients. Despite varying
methods of the determination of frailty, negative outcomes occurred
more frequently in patients that were frail than those who underwent
the same surgical procedures but were not frail.

4.1. Frailty scales

Multiple frailty scales were used by the studies in this review to
quantify the frailty of their patients. These scales analyzed the presence
of various comorbidities as methods of stratifying the frailty of neuro-
surgical patients, with different comorbidities carrying greater weight in
causing frailty. The mFI-5 and mFI-11 have both been established as
efficacious predictors of mortality, postoperative complication, and
unplanned 30-day readmission. Additionally, both scales were noted as
correlating with one another at greater than 90%.>' The mFI-5 utilized
functional status, diabetes, congestive heart failure, chronic obstructive
pulmonary disease, and hypertension as variables, and mFI-11 included
the same variables as well as including pneumonia, myocardial infarc-
tion, previous cardiac surgery, impaired sensorium, stroke both with or
without deficits, and revascularization or amputation. With the inclu-
sion of stroke and delirium, the mFI-11 is more tailored to the prediction
of neurosurgical frailty. These scales were both deemed as valid quan-
tifications for frailty within the NSQIP database.’’

The CFS included clinical judgment as the basis for its quantification
of frailty. The score ranges from 1 to 9, with 1 being very fit and 9 being
terminally ill. The use of CFS has been established as correlating with
existing frailty scales at 94%. CFS was also found to accurately predict
mortality, complications, length of stay, falls, cognition, and function.*

The CCI utilizes the presence of various pre existing conditions and
history of medical events on a stratified scale for quantifying frailty,
with more detrimental diagnoses carrying a greater weight. Among the
most impactful comorbidities were age, liver disease, metastatic solid
tumor, and AIDS. The CCI was recently validated using ICD-10 codes as
an accurate predictor of 12-month mortality.

4.2. Frailty and cSDH-related mortality

Frailty has been identified to be associated with increased odds of
mortality in surgical patients.'%!12%3%3% In the studies included in our
systematic review, three evaluated mortality as a primary outcome for
¢SDH.?%?%%3 1n the first study out of these three, patients identified as
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frail using CCI were found to have higher morality only if treated with
surgical intervention.”” As expected, GCS was found to predict mortality
of cSDH patients regardless of treatment modality.?® In the second one,
patients identified as frail using mFI-5 preoperatively were found to be
more likely to die within 30 days than non-frail patients.?” Increased
mFI-5 score was associated with increased prevalence of mortality, with
over a quarter of highly frail patients passing within 30 days as
compared to less than 10% of non-frail patients and 12.81% of the total
sample.’” In the third study, frail patients identified using the six self
chosen indicators had higher mortality rates as compared to non frail
patients with ¢SDH.**

4.3. Frailty and surgical intervention for cSDH

One of the six studies looked at the correlation between frailty and
the need for surgical intervention versus nonoperative treatment.”’ The
study found no significant difference between treatment modalities and
outcomes, however frailty as defined by CCI was a predictor for mor-
tality and discharge location in the surgical treatment group.”” Another
study showed that patients undergoing surgery had higher survival rates
than the ones having conservative or no treatment at all.”*

To this end, it may be more efficacious to treat high-frail patients
with conservative measures, as surgery may be a potential risk factor for
adverse outcome in frail patients, nevertheless, clinical judgment should
always take place in making treatment decisions and weighing possible
risks and benefits in individual patients. The mFI-5 and mFI-11 showed
no significance in outcome prediction in either group.”’ Further study of
CCI as a predictor of negative outcomes in surgical treatment of cSDH is
warranted. In addition, the impact of frailty on outcomes of patients
treated with traditional surgical treatment (burr hole craniostomy or
craniotomy) versus the newer minimally invasive neurointerventional
procedure, middle meningeal artery (MMA) embolization, remains to be
evaluated.

4.4. Frailty and cSDH complications and recurrence

Major complications were not uniformly defined across the identi-
fied studies, including but not limited to adverse cardiovascular events,
recurrence, and readmission within 30 days of discharge. In the NSQIP
data, preoperative frailty as identified by mFI-5 correlated with
increased occurrence of postoperative complications, with patients
identified with medium frailty (mFI-5 of 0.4) having increased risk of
major complications.?” Patients identified as frail using CFS were also
found to have increased probability of unfavorable outcome, including
recurrence of cSDH within a 6-month follow-up period or major adverse
cardiovascular event.'®?! The finding of frailty predicting poor out-
comes within 30 days after ¢cSDH is in congruence with previously re-
ported impact of frailty on 30-day outcomes for other neurosurgical
patients.>* Further studies are warranted to explore this with uniform
definitions of “major complications™ as well as to identify if frailty is
indicative of specific complications. In addition, future studies should
seek to analyze recurrence and readmission as individual variables
rather than combined with postoperative complications as unfavorable
outcomes.

4.5. Frailty and cSDH outcome assessment using mRS

The mRS was used to determine cognitive function and dependence
of patients undergoing surgical intervention for cSDH in four of six
studies.'®!%?1-2% Frailty as measured by mFI-11 and CFS was associated
with increased mRS at discharge, indicating an increased dependence
and disability.'®'® CFS was determined to be the better predictor of the
two scales.'® In addition, patients who were identified as frail were more
likely to maintain increased mRS at follow up points at 3 months'® and 6
months?! after discharge, while non-frail patients were more likely to
have decreased mRS. Nonetheless, no correlation was studied between



B. Pahwa et al.

the severity of frailty and elevated mRS. Further studies with larger
sample sizes are needed to further explore this relationship, and the
comparative predictive ability of different frailty scales.

4.6. Frailty and cSDH patients’ discharge disposition

Discharge following treatment to a location other than the patients’
home was analyzed in 3 out of 6 studies.'®?%?? Frailty as measured by
CCI was associated with discharge to a location other than home in
patients treated surgically as well as patients treated with non-surgical
intervention.”” Also, preoperative frailty measured by mFI-5 was asso-
ciated with discharge to locations other than home.?” In another study,
patients deemed frail by CFS were also less likely to be discharged home
than non-fail patients.'® Patients identified as frail, employing different
frailty scales, were deemed less likely to be discharged home, indicating
frailty as a predictor of discharge location to a place other than home in
cSDH patients. Future multicenter studies with larger sample sizes are
warranted to further strengthen these findings.

Frailty scales have inherent variability due to their differing methods
of quantifying frailty, however in their validation they are compared to
one another and in the case of mFI-5, mFI-11, CFS, and CCI, have been
proven to elicit the same results as one another.*'~*> Additionally, these
scales utilize similar variables in their quantification of frailty, and their
differences lie in the emphasis placed on each variable, except for CFS
that uses clinical judgment. For instance, CHF, COPD, and diabetes were
common between mFI-5, mFI-11, and CCI. mFI-11 and CCI both also
include history of stroke and MI. In that vein, CCI and mFI-11 prove to be
more relevant in the prediction of adverse outcomes in ¢SDH patients
considering the inclusion of previous brain infarct. Loss of previously
viable neurological tissue may be a mechanism for limited recovery
following intervention measures for cSDH. Future research should
compare outcome directly between patients with history of cerebral
infarct and overall frailty scores to determine if stroke is the main reason
for adverse outcome. Additionally, common variables of COPD, CHF,
and diabetes may contribute to impaired tissue recovery via decreased
delivery of key nutrients to the brain. Limited delivery of oxygen and
glucose to brain tissue is a possible mechanism for decreased functional
outcomes in patients with high frailty following cSDH. Additional study
should examine management of these conditions and outcome in com-
parison to frailty.

4.7. Limitations

We acknowledge several limitations in this study. Given the paucity
of data surrounding cSDH and frailty, our study is limited in the number
of included studies. Heterogeneity has previously been identified as a
limiting factor of frailty research in neurosurgery.'' Our study was also
limited in this regard given the heterogeneity of frailty measurements
assessed. Between the five studies, four distinct frailty scales/indices
were used to assess outcomes. A standardized measurement of frailty
across studies is warranted to better assess the available evidence and
generalize the findings. However, we believe that these measures of
frailty do have merit in that they classify the coexistence of high-impact
comorbidities as an indication of frailty. Given their widespread use in
the literature, we agree that in the case of cSDH patients there is rele-
vance in their analytical power. Moreover, there was inconsistency
regarding the quantification of adverse outcomes, with only three
studies using mRS as a measure of outcome. Additionally, the studies
were heterogeneous in location, sample size, single versus multi center,
and type of hospital. Patient follow-up was also highly variable among
the studies which is an important limitation when considering patient
outcome as the primary variable. Lastly, all studies were retrospective,
therefore, it is possible there may have been selection bias in patients
included in the studies. Finally, statistical analysis, such as pooled
analysis, was not performed due to heterogeneous methodology and
reporting parameters.
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4.8. Concluding remarks

The results of this work identify frailty as a robust predictor of worse
outcomes in ¢SDH patients. Future studies with larger sample size are
warranted to strengthen the available evidence. The most important
clinical message from the present systematic review is the improvement
in preoperative risk stratification and subsequent preoperative patient
counseling regarding the risks and benefits of proposed surgical inter-
vention in cSDH patients. Cerebrovascular surgeons can use the
knowledge that frailty is an important variable in predicting outcomes in
cSDH patients to more accurately judge whether a patient would do well
with a surgical intervention. While in emergent cases of cSDH, the
clinical judgment of the providers will have to remain the driving force
behind decision making, however in certain cases, frailty may be used to
inform patients and families of the risks and benefits of treatment op-
tions. In conclusion, our findings suggest providers should include frailty
in risk stratification when making clinical decisions regarding treatment
modalities in ¢cSDH patients.
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