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Abstract

Purpose Chronic subdural hematoma (CSDH) is a common neurosurgical disease, especially prevalent among the elderly
and is associated with reduced life expectancy. This study investigated mortality and causes of death after burr-hole drain-
age surgery for CSDH.

Methods We included patients from the FINISH trial, a national, multicenter, randomized study conducted in Finland dur-
ing 2020-2022. We obtained mortality data from Statistics Finland. For the classification of causes of death, we used the
European shortlist of 86 causes, which is derived from the 10th revision of the International Classification of Diseases and
Related Health Problems (ICD-10).

Results Overall, the FINISH trial population included 589 patients (median age 78 years, 28% women). After a median
follow-up of 16.4 months (IQR 9.7-23.1), 82 patients (14%) died. The median age at death was 85 years (IQR 81-89), and
the median time from surgery to death was 6.5 months (IQR 2.4-15.3). The leading causes of death were circulatory diseases
(34%), accidents (16%), and dementia (15%). A higher number of pre-existing comorbidities was significantly associated
with increased mortality. In particular, dementia, cardiac arrhythmia, prior cerebrovascular events, and hypertension emerged
as significant risk factors for death.

Conclusion This study provides valuable insights into mortality rates and causes of death among patients undergoing CSDH
surgery. The findings underscore the critical role of pre-existing comorbidities in influencing patient outcomes.

Trial Registration The FINISH trial was registered with ClinicalTrials.gov (NCT04203550) on Dec 16, 2019. The trial is
completed.
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Introduction

Chronicsubdural hematoma (CSDH) is a collection of blood
and its degradation products resulting from head trauma
and subsequent inflammatory reaction [4]. The formation
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who have a higher incidence of this condition [12]. In paral-
lel with aging populations, the incidence of CSDH is rising
[12]. Consequently, the global disease burden of CSDH and
its impact on healthcare are increasing.

The typical CSDH patient is an elderly individual [7] with
comorbidities [12] and a limited life expectancy [13]. CSDH
shortens life expectancy in all exposed age groups, with the
highest fatality in older adults with frailty and comorbidities
[10, 13, 14]. In high-income countries, one-year mortality
rates following a diagnosis of CSDH range between 13%
[13] and 30% [3, 8]. In addition to short-term mortality,
excess mortality has been observed up to 20 years after diag-
nosis [13]. Yet, few studies have examined specific causes of
death in CSDH patients [1, 7, 13].

This study aimed to evaluate the mortality rate and
causes of death in patients undergoing burr-hole drainage
for CSDH. We performed a post hoc analysis of the FINISH
trial (The Finnish Study of Intraoperative Irrigation Versus
Drain Alone After Evacuation of Chronic Subdural Hema-
toma), a large national multicenter randomized trial [11].

Methods

We used data from the FINISH trial, a randomized con-
trolled trial conducted between Jan 1, 2020 and Aug 17,
2022 in Finland [11]. Adult patients with first-ever symp-
tomatic CSDH requiring surgery were randomized to
undergo either burr-hole drainage with subdural irrigation
or drainage without irrigation. Exclusion criteria included
need for surgical procedures other than burr-hole drainage,
prior intracranial surgery, presence of a cerebrospinal fluid
shunt, coma, inability to cooperate with postoperative sub-
dural drain use, acute infection, and high risk of thrombosis.

In Finland, an underlying cause of death is reported for
each deceased person and defined as the disease that ini-
tiated the sequence of illnesses leading directly to death
[9]. Death certificates are issued by treating physicians or
forensic pathologists, reviewed for accuracy by the National
Institute for Health and Welfare and Statistics Finland, and
finally confirmed by the Ministry of Social Affairs and
Health [9]. All death dates and causes of death categorized
using the International Classification of Diseases 10th ver-
sion (ICD-10) codes are reported to Statistics Finland. We
obtained mortality data including date and cause of death
from Statistics Finland, and further categorized the causes
of death according to the 86 causes in the European shortlist
[5]- The patient follow-up extended until February 14, 2023
(6 months after the index surgery), or death. The study was
approved by the Helsinki University Hospital ethics com-
mittee. A written informed consent was received from the
patients or their next-of-kin.
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We report medians with interquartile ranges (IQRs)
for continuous data and number of observations with per-
centages for categorical variables. We used the x? test
to compare categorical variables between groups and
Kaplan—Meier curves to illustrate survival. We used Cox
proportional hazards model to estimate hazard ratios (HRs)
with 95% confidence intervals (Cls) for mortality. A two-
tailed P <0.05 was considered statistically significant. The
statistical analysis was done in Stata, version 18 (StataCorp).

Results

We included 589 patients from the FINISH trial in this
study. The most frequent reasons for exclusion were previ-
ous intracranial surgery, patients not approached for recruit-
ment, lack or withdrawal of consent, and severely lowered
co-operation and clinical suspicion of postoperative subdural
drainage failure. The median age at the time of surgery was
78 years (IQR 72-84 years), and 165 patients (28.0%) were
women. The median number of predefined comorbidities
per patient was one (IQR 1-2), and 128 patients (21.7%)
had none of the predefined comorbidities prior to CSDH
surgery (eTable 1).

The most common predefined comorbidities were hyper-
tension (57.7%), diabetes (21.7%), and ischemic heart dis-
ease or peripheral artery disease (17.0%, eTable 1). Demen-
tia had been previously diagnosed in 71 patients (12.1%). In
total, 187 (31.8%) had one comorbidity, 163 (27.7%) had
two, 79 (13.4%) had three, and 26 (4.4%) had four predefined
comorbidities.

Mortality

During the median follow-up of 16.4 months (IQR
9.7-23.1), 82 of 589 patients (13.9%) died, whereas 6-month
mortality was 6.6%. The median age at death was 85 years
(IQR 81-89), and the median time from surgery to death was
6.5 months (IQR 2.4-15.3, Fig. 1A).

The number of comorbidities was associated with
increased mortality (Fig. 1B). The mortality rates during
the complete follow-up were 4.7% for patients with no
comorbidities, and increased progressively with the num-
ber of comorbidities: 8.0% for one comorbidity, 14.8%
for two, 26.6% for three, and 46.2% for four comorbidi-
ties (p=0.001). Among specific comorbidities, dementia
(HR for death 5.31, 95% CI 3.40-8.30, p<0.001), cardiac
arrhythmia (HR 3.23, 95% CI 2.09-4.99, p <0.001), pre-
vious cerebrovascular event (HR 2.38, 95% CI 1.46-3.88,
p=0.001), and hypertension (HR 1.97, 95% CI 1.22-3.19,
p=0.006) were associated with an increased risk for mortal-
ity (eFigure 1).



Acta Neurochirurgica (2025) 167:310

Page3of6 310

Fig. 1 A Kaplan—Meier survival
curve after chronic subdural
hematoma surgery. B Kaplan—
Meier survival curve after
chronic subdural hematoma
surgery stratified by preopera-
tive comorbidity counts
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Causes of death

The most common causes of death were diseases of the
circulatory system (n=28/82, 34%), accidents (n=13/82,
16%), and dementia (n=12/82, 15%, Table 1 and eFigure
2A). Diseases of the circulatory system included deaths
due to atherosclerotic cardiovascular disease, congestive
heart failure, ST-elevation myocardial infarction, mitral
valve insufficiency, aneurysmal subarachnoid hemorrhage,
intracerebral hemorrhage, embolic cerebral infarction, and
vascular cognitive impairment. Accidents included deaths
due to traumatic subdural hematoma and sequelae of intrac-
ranial injury. Dementia included deaths due to Alzheimer’s
disease, vascular dementia, and unspecified dementia.

The median ages at death were 87 years (IQR
82-90 years) for deaths caused by diseases of the circu-
latory system, 89 years (IQR 81-91 years) for accidents,
and 88 years (IQR 84-91 years) for dementia. The median
time between death and surgery was seven months (IQR

T T T T T

T T
8 12 16 20 24 28 32 36
Months from the Index Surgery

1-19 months) for deaths caused by diseases of the circu-
latory system, two months (IQR 0-6) for accidents, and
four months (IQR 2-6) for dementia (eFigure 2B). Among
accidental causes of death, 12 deaths (n=12/82, 15%) were
classified under the ICD-10 code for traumatic subdural
hematoma (S06.5), which includes chronic, subacute, and
acute subdural hematomas. The median time from surgery
to death for these 12 cases was 46 days.

Discussion

In this post hoc study of the FINISH trial, the 6-month mor-
tality after CSDH surgery was 6.6%, rising to 13.9% over a
median follow-up of 16.4 months. The most common causes
of death were circulatory diseases, accidents, and dementia.
Most patients had at least one comorbidity, and mortality
risk increased with comorbidity burden.

@ Springer
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Table 1 Causes of death after surgery for chronic subdural hematoma

Causes of death Frequency (%) Age at the time of Time to death from Age at death,
surgery, median (IQR), surgery, median (IQR), median (IQR),
years months years

Diseases of the circulatory system excl. alcohol-related® 28 (34%) 86 (82-89) 7 (1-19) 87 (82-90)

Accidents excl. accidental poisoning by alcohol” 13 (16%) 89 (81-90) 2 (0-6) 89 (81-91)

Dementia® 12 (15%) 87 (83-91) 4 (2-6) 88 (84-91)

Malignant neoplasms 7 (9%) 80 (78-83) 15 (8-17) 81 (80-83)

Other diseases of the nervous system and sense organs 7 (9%) 83 (75-87) 4(2-14) 83 (75-86)

excl. alcohol-related®

COVID-19 virus infection 6 (7%) 86 (81-90) 14 (9-19) 88 (82-91)

Alcohol-related diseases and accidental poisoning by 2 (2%) 55 (43-68) 11 (9-12) 56 (44-69)

alcohol

Diseases of the digestive system excl. alcohol-related 2 (2%) 84 (83-85) 3(24) 84 (83-85)

diseases

Diseases of the genitourinary system 1 (1%) 83 18 84

Diabetes mellitus 1 (1%) 80 16 81

Other diseases excl. alcohol-related 1 (1%) 67 22 69

No death certificate 1 (1%) 94 0 94

I1l-defined and unknown causes of mortality 1 (1%) 76 2 77

All deaths 82 (100%) 78 (72-85) 6 (2-15) 85 (81-89)

 Diseases of the circulatory system excluding alcohol-related, included deaths due to atherosclerotic cardiovascular disease, congestive heart
failure, ST-elevation myocardial infarction, mitral valve insufficiency, aneurysmal subarachnoid hemorrhage, intracerebral hemorrhage, embolic

cerebral infarction, and vascular cognitive impairment

b Accidents excluding accidental poisoning by alcohol included deaths due to traumatic subdural hematoma and sequelae of intracranial injury

¢ Dementia included deaths due to Alzheimer’s disease, vascular dementia, and unspecified dementia

4 Other diseases of the nervous system and sense organs excluding alcohol-related, included deaths due to Parkinson’s disease and motor neuron

disease

The observed 6-month mortality aligns with previ-
ous reports [6, 13]. Higher rates (1-year mortality of
20%-32%) have been reported in studies including con-
servatively treated patients [3, 7, 8]. While some studies
suggest excess mortality after CSDH [3, 7, 8, 10, 13], oth-
ers report rates comparable to the general population [6].
Differences in healthcare systems, life expectancies, and
case identification may explain these variations.

We identified three studies reporting specific causes of
death among patients with CSDH, and the findings were
consistent with our results [1, 7, 13]. The leading causes
of death included infections [1, 7], cardiovascular disease
[1, 7, 13], dementia [1, 13], neoplasms [1, 13], and acci-
dents [1, 13]. Compared to the general population, CSDH
patients had higher mortality from cardiovascular disease
[1], accidents [1], dementia [13], and infections [7].

In Finland during 2020-2022, leading causes of death
among those aged over 65 were circulatory diseases (34%),
dementia (22%), malignant neoplasms (21%), diseases of
the nervous system and sense organs (4%), COVID-19
infection (4%), and accidents (4%) [9]. Thus, accidents
were more frequent (16% vs. 4%), and malignant neo-
plasms were less common (9% vs. 21%) causes of death

@ Springer

among CSDH patients compared to the general elderly
population.

Most patients had at least one pre-existing comorbidity,
with only 21.7% having none. Similarly, a large population-
based study found that 82% of CSDH patients had at least
one comorbidity [13]. As expected, they reported a lower
mortality rate among patients without pre-existing comor-
bidities, consistent with our observations. Prior studies asso-
ciate ischemic heart disease and dementia with decreased
long-term survival after CSDH [7]. These findings along
with our results, suggest that the high mortality rates among
CSDH patients are likely attributable to their underlying
comorbidities.

A strength of this study is its foundation in the FINISH
trial, a large, nationwide RCT. The availability and com-
prehensiveness of data is notably high within the Finnish
healthcare system. Furthermore, Finland’s standardized
death certification ensures high accuracy and completeness
in cause-of-death reporting [9].

This study has several limitations. It is a post hoc analysis
of an RCT originally designed to investigate intraoperative
irrigation rather than mortality. Preoperative comorbidity
data were limited to predefined conditions excluding frailty
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and other potential confounders such as malignancies,
immunosuppressive conditions, neurological disorders, and
alcoholism. These unmeasured factors may have influenced
mortality and causes of death following CSDH surgery.

Additionally, cause-of-death classification relied solely
on ICD-10 codes, preventing us from distinguishing whether
deaths attributed to traumatic subdural hematoma resulted
from the original CSDH or a new trauma. The median time
from surgery to death among the 12 cases classified under
the ICD-10 code for traumatic subdural hematoma (S06.5)
was 46 days, suggesting that many of these deaths were
related to the original CSDH. However, this cannot be con-
firmed in the present study, as the necessary information was
not available. The trial also coincided with the COVID-19
pandemic, with 7% of deaths attributed to COVID-19. Lack
of vaccinations [2] early in the study period may have con-
tributed to mortality.

Mortality after CSDH surgery is high and excess mortal-
ity has been reported [7, 8, 10, 13]. However, the mortality
seems more related to the comorbidities than the hematoma
itself. Thus, to reduce mortality, we stress the importance of
treating the underlying comorbidities of these frail CSDH
patients, as they often die from other diseases than the
CSDH. Close collaboration with specialists such as geri-
atricians and physiotherapists would be highly beneficial in
managing these patients. Prospective studies investigating
preoperative comorbidities, frailty, and their association
with mortality and causes of death following CSDH surgery
are needed to enhance patient care and identify those at the
highest risk of mortality.

Conclusion

Our study highlights that patients undergoing CSDH surgery
face a high risk of mortality, with diseases of the circulatory
system, accidents, and dementia being the leading causes of
death. The frequent presence of pre-existing comorbidities
increased the risk of mortality. These findings emphasize
the necessity of comprehensive care strategies that address
both the CSDH and the patients’ underlying comorbidities
to improve outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00701-025-06728-9.
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