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A B S T R A C T   

Background: The morbidity and mortality of acute subdural hematoma (aSDH) remains high. Several factors have 
been reported to affect the outcome and survival of these patients. In this study, we explored factors potentially 
associated with the outcome and survival of surgically treated acute subdural hematoma (aSDH), including 
postcraniotomy hematomas (PCHs). 
Methods: This retrospective cohort study was conducted in a single tertiary university hospital between 2008 and 
2012 and all aSDH patients that underwent surgical intervention were included. A total of 132 cases were 
identified for collection of demographics, clinical, laboratory, and imaging data. Univariate and multivariable 
analyses were performed to assess factors associated with three-month Glasgow Outcome Scale (GOS) and 
survival at one- and five-year. 
Results: In this study, PCH (n = 14, 10.6%) was not associated with a worse outcome according to the 3- month 
GOS (p = 0.37) or one (p = 0.34) and five-year (p = 0.37) survival. The multivariable analysis showed that the 
volume of initial hematoma (p = 0.009) and Abbreviated Injury Scale score (p = 0.016) were independent 
predictors of the three-month GOS. Glasgow Coma Scale (GCS) score (p < 0.001 and p = 0.037) and age (p =
0.048 and p = 0.003) were predictors for one and five-year survival, while use of antiplatelet drug (p = 0.030), 
neuroworsening (p = 0.005) and smoking (p = 0.026) were significant factors impacting one year survival. In 
addition, blood alcohol level on admission was a predictor for five-year survival (p = 0.025). 
Conclusions: These elucidations underscore that, although PCHs are pertinent, a comprehensive appreciation of 
multifarious variables is indispensable in aSDH prognosis. These findings are observational, not causal. Expanded 
research endeavors are advocated to corroborate these insights.   

1. Introduction 

Acute subdural hematoma (aSDH) occurs in one third of severe 

traumatic brain injury (TBI) cases with a Glasgow Coma Scale (GCS) 
score of 8 or less (Chen et al., 2011; Godlewski et al., 2013). The con
current incidence of other intracranial injuries such as intracerebral 

Abbreviations: AIS, Abbreviated Injury Scale; aSDH, acute subdural hematoma; AUC, area under the curve; CI, confidence interval; CT, computed tomography; 
GCS, Glasgow Coma Scale; GOS, Glasgow outcome scale; ICH, intracerebral hematoma; PCH, postcraniotomy hematoma; ROC, receiver operating characteristic. 

* Corresponding author. 
E-mail address: jj.koskimaki@gmail.com (J. Koskimäki).  
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hematoma (ICH) and contusions are common, which creates challenges 
for the surgical and postoperative management of patients with TBI 
(Karibe et al., 2014; Bullock et al., 2006). While surgical intervention in 
aSDH is often a life-saving treatment, neurocritical care plays a vital role 
in the successful management of severe TBI. Despite advancements 
regarding the perioperative and postoperative treatment in aSDH, the 
mortality rate remains relatively high (Kotwica and Brzeziński, 1993; 
Massaro et al., 1996; Mathew et al., 1993; Seelig et al., 1981; Wilberger 
et al., 1991). Furthermore, the risk of mortality following severe head 
trauma remains increased in comparison to the general population for at 
least seven years (McMillan and Teasdale, 2007; Brown et al., 2004; 
Hukkelhoven et al., 2003; Harrison-Felix et al., 2004; Pentland et al., 
2005; Signorini et al., 1999). Although, higher age is a risk factor for 
worse outcome in multiple studies, this does not preclude the younger 
population from substantial mortality risk (McMillan and Teasdale, 
2007; Susman et al., 2002; Mosenthal et al., 2002). Prior research has 
demonstrated that in these aSDH patients age and GCS, as a surrogate for 
neurologic status, emerge as the current most important prognosticating 
factors (Kotwica and Brzeziński, 1993; Hatashita et al., 1993; Howard 
et al., 1989). Head computed tomography (CT) findings including he
matoma thickness, hematoma volume, midline shift, and compression of 
basal cisterns also correlate with outcome after aSDH (Kotwica and 
Brzeziński, 1993; Howard et al., 1989; Zumkeller et al., 1996; Servadei 
et al., 2000). Finally, pupillary reactivity and pre-injury anticoagulation 
therapy have also been linked with outcome (Sakas et al., 1995; Won 
et al., 2017). Despite the recognition of these multifactorial risk factors, 
the medical and surgical therapy responding to them has left the rate of 
favorable outcome after aSDH regrettably low at 16–35% in recent 
studies (Lenzi et al., 2017; Chrastina et al., 2020). 

A secondary postoperative hematoma after traumatic intracranial 
hematoma evacuation is a known complication, with highly varied re
ported incidence rate of 6.9–61%. (Bullock et al., 1990), (Richards and 
Hoff, 1974) We recently reported that alcohol inebriation at time of 
injury and hypocapnia during hospitalization were risk factors predict
ing recurrent hematoma after surgery for aSDH in the same cohort used 
in the present study (Heino et al., 2019). These results support previous 
reports showing that the administration of mannitol, alcohol intake, and 
coagulation profile influence recurrent hematoma rates after intracra
nial mass evacuation (Bullock et al., 1990). However, other factors such 
as the role of pre-injury anticoagulation/antithrombotic therapy re
mains controversial as to whether they truly impact postoperative he
matoma rates (Palmer et al., 1994; Panczykowski and Okonkwo, 2011). 
Importantly, although commonly theorized to purport poor outcomes, 
reoperation after neurosurgical intervention has little supporting evi
dence suggesting a role in predicting outcomes (Palmer et al., 1994; 
Seifman et al., 2011; Lillemäe et al., 2017). 

Despite that multiple predicting factors have been identified to be 
associated to outcome, it would be beneficial that studies could also 
focus towards differentiating causal or modifiable risk factors from mere 
predictive factors in aSDH outcomes. This distinction is 

Vital for developing interventions that can genuinely improve pa
tient outcomes. In addition, recent large study importantly highlights 
those variations in treatment strategies across different centers, namely 
the preference for acute surgical evacuation over conservative treat
ment, do not uniformly correlate with better functional outcomes (van 
Essen et al., 2022). These findings challenge prevailing assumptions 
about the superiority of aggressive surgical interventions in all aSDH 
cases and underscores the need for a more nuanced understanding of 
treatment efficacy and modifiable risk factors. 

This study aims to explore potential associations between clinical 
outcomes and various factors, including postcraniotomy hematomas 
(PCHs), in patients with surgically treated acute subdural hematoma. It 
is essential to note that our analysis is observational, focusing on iden
tifying associations rather than establishing any causality. 

2. Methods 

2.1. Study design 

A review of the electronic database of the tertiary university hospital 
identified 145 consecutive patients between January 2008 and 
December 2012, after applying a search with International Statistical 
Classification of Diseases and Related Health Problems, 10th edition 
(ICD-10), code S06.5 and Nordic Classification of Surgical Procedure 
(NCSP) operation code AAD05. The inclusion criteria for this retro
spective cohort study were traumatic mechanism causing the primary 
injury and an aSDH demonstrated on CT imaging. Additionally, surgical 
intervention with craniotomy in the acute period was required for the 
inclusion. PCH requiring surgical evacuation was defined as a newly 
expanding hematoma causing intracranial mass effect that was reoper
ated on within 30 days after primary evacuation. A total of 132 patients 
met these inclusion criteria including 14 who experienced PCH. The 
flow chart of the study summarizing the inclusion process is outlined in 
Fig. 1. The study was approved by the Institutional Review Board of the 
University Hospital. Patient consent was not required as this was a 
retrospective registry study. The study was conducted in accordance 
with the Declaration of Helsinki and its later amendments. 

2.2. Study data and variables 

After identifying the final 132 patients comprising the retrospective 
cohort both electronic and paper records of these patients were screened 
to collect pre-identified variables. In total, 165 variables were manually 
gathered and categorized. The dataset was divided into demographic, 
prehospital, preoperative, intraoperative and postoperative sections. 
The demographic features and prehospital data consisted of patient 
characteristics, pre-existing medications, smoking, the nature and 
mechanism of injury, the presence of other injuries, and other preop
erative care data. Data on the level of consciousness was gathered at four 
time. 

Points using GCS: at the trauma scene by paramedics, at hospital 
admission, preoperatively, and postoperatively. Pupil reactivity and 
documentation of neuroworsening of patients was also gathered. Neu
roworsening was defined as a decrease of two or more points in the GCS 
motor score, or new loss of pupil reactivity or expanding subdural he
matoma on CT. The AIS score was used to classify all the injuries after 
the trauma by each body region (Loftis et al., 2018). Laboratory data 
consisted of hematocrit, hemoglobin, platelet count, electrolytes, in
ternational normalized ratio, glucose, blood gas analysis, and blood 
alcohol level, which were gathered and categorized as lowest and 
highest values preoperatively, intraoperatively, and postoperatively. 
Blood alcohol level >0.05% was considered as a significant alcohol 
level. The intraoperative data was gathered from operation reports and 
consisted of operation time, surgeon experience, amount of intra
operative bleeding, intraoperative complications, and transfusions of 
packed red blood cells, fresh-frozen plasma, or platelets. Imaging data 
was collected from the CT imaging database. The thickness of a hema
toma in the axial plane was manually measured by using an imaging 
software tool (Carestream Health, USA). Hematoma volumes were 
measured from the worst preoperative CT with a region of interest tool 
by calculating a manually drawn region of interest on each CT slice 
(mm2), multiplied by the slice thickness (5 mm). Compression of the 
basal cisterns and third ventricle was evaluated and midline shift was 
manually measured from the level of the third ventricle in axial plane 
(mm). 

The Glasgow Outcome Scale (GOS) was used to grade functional 
outcome, and the evaluation of functional outcomes using the GOS was 
systematically conducted during a scheduled follow-up visit. This 
assessment was performed by either a qualified neurosurgeon or a 
trained resident, specifically 3 months post-injury. To ensure consis
tency and accuracy, the evaluation followed a structured approach, 
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although it was not conducted through an official standardized inter
view format (Jennett and Bond, 1975). Outcome was categorized as 
unfavorable (GOS 1–3) or favorable (GOS 4–5). Time of death was 
collected from the patients’ electronical database to analyze survival 
rates at one and five years after the primary trauma. 

2.3. Statistical analysis 

All statistical analyses for this study were performed with SAS 9.4 
(SAS Institute Inc., Cary, NC, USA). For the continuous variables, the 
Pearson correlation was first used to test the correlations of variables. 
Variables having a strong correlation (r > 0.70) were regarded as 
mathematically equivalent and only one of those were chosen for use in 
final models. A univariate logistic regression analysis was performed to 
define the factors related to the outcome and survival. Then, a multi
variable logistic analysis was performed to identify 

Independent factors to the functional outcome and survival. Odds 
ratios with 95% confidence interval (CI) were included in calculations. 
The receiver operating characteristic (ROC) curves with 95% confidence 
intervals (CIs) and areas under the curve (AUC) were calculated for 
multivariable models. The level of significance was set at α = 0.05. 

3. Results 

3.1. Study population 

Demographic analysis showed a higher proportion of male patients 
in the cohort (102/132, 77.3%), while falls were the most common 
mechanism of injury (82.0 %) (Table 1). The average age of patients 
included in the cohort was 59.9 ± 15.4 years among patients without 
PCH and with PCH 50.7 ± 16.8 (OR, 0.97; 95% CI, 0.94–1.00; P = 0.04). 
Significant alcohol levels were detected in 43.4 % of cases and the 
proportion of smokers was 34.5 %. In addition, former abuse of alcohol 
was mentioned in the medical records of 69 patients (52.3 %). Neuro
worsening state between the injury and the surgery occurred in 87 pa
tients (65.9 %), while 22 patients (16.7 %) suffered from convulsions. 
The proportion patients taking anticoagulant or antiplatelet drugs prior 

to their aSDH was 12.9 % and 18.9 % respectively. The overall in- 
hospital mortality rate was 16.7 %. 

3.2. Postcraniotomy hematoma and outcome 

A total of 14 (10.6%) postcraniotomy hematomas were identified in 
the cohort (mean time in days between operations 6.2 ± 10.0). Seven of 
the 14 patients (50 %) had an unfavorable outcome (GOS 1–3) while 
three patients (21%) had a favorable outcome (GOS 4–5) at three 

Fig. 1. Flowchart of the study.  

Table 1 
Basic characteristics comparing patients with and without postcraniotomy 
hematoma.  

Characteristics Patients 
without PCH 

Patients 
with 

Odds Ratio P- 
value 

(n = 118) PCH (n =
14) 

(95% CI) 

Mean age, years ± SD 59.9 ± 15.4 50.7 ±
16.8 

0.97 
(0.94–1.00) 

0.04 

Sex (m/f) 91/27 11/3 0.92 
(0.24–3.54) 

0.90 

Cause of injurya   1.44 
(0.74–2.77) 

0.28 

Fall 95 (83.3%) 10 
(71.4%)   

Traffic accident 9 (7.9%) 2 (14.3%)   
Assault 7 (6.1%) 1 (7.1%)   
Other 3 (2.6%) 1 (7.1%)   
Blood alcohol >0.5 ‰b 47 (40.9%) 9 (64.3%) 0.38 

(0.12–1.22) 
0.10 

Smokingc 35 (33.7%) 5 (41.7%) 1.41 
(0.42–4.76) 

0.58 

Use of anticoagulant or 
antiplatelet drug 

38 (32.2%) 3 (21.4%) 0.57 
(0.15–2.18) 

0.41 

PCH = postcraniotomy hematoma; CI = confidence interval; SD = standard 
deviation. 

a No data for 4 patients without PCH. 
b No data for 3 patients without PCH. 
c No data for 2 patients with PCH and 14 patients without PCH. 
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months. Four patients had no follow-up visit, and their GOS at three 
months was unknown. There was no statistical difference in three-month 
GOS between PCH and non- PCH group (p = 0.37). 

After one year 11 out of 14 (79 %) patients with PCH were alive. Of 
the patients who underwent only initial evacuation without hematoma 
recurrence, 65 of 118 patients (55 %) were alive at one year. The five- 
year survival rate amongst the patients with PCH was 57 % (=8 pa
tients), while in those without PCH the proportion was 55 of 118 (47 %). 
Between PCH and non-PCH groups there was no significant difference in 
survival after one year (p = 0.34) or five years (p = 0.37). (Table 2). 

3.3. Factors associated with three-month outcome 

Outcome data was available for 119 of 132 patients (90.2 %). Of 
these, 67 patients (56.3 %) had an unfavorable outcome (GOS 1–3) and 
52 patients (43.7 %) had a. 

Favorable outcome (GOS 4–5). Mean hematoma volume in patients 
with unfavorable outcome was 18.9 mm3 larger than in those with 
favorable outcome (98.4 vs. 79.5 mm3 respectively, p. = 0.044). The 
mean AIS score was 1.2 points higher in the unfavorable vs. favorable 
patients (8.3 vs. 7.1 respectively, p = 0.040). (Table 3). 

The multivariable model identified both initial hematoma volume 
(OR 0.99, 95% CI 0.98–1.00, p = 0.009) and AIS score (OR 0.85, 95% CI 
0.73–0.96, p = 0.016) as 

Independent predictors for favorable vs. unfavorable outcome. The 
ROC AUC for the model was 0.68 (95% CI 0.59–0.78, p = 0.005). 
(Table 4 and Fig. 2). 

4. Factors associated with survival 

After the first year the overall survival rate was 57.6% (76 of 132 
patients). Among those alive at one-year nine patients were using an 

antiplatelet agent prior to the aSDH (p = 0.018) and neurological 
decline occurred in 44 of the 76 patients (p = 0.025). Both GCS at the 
scene and at arrival were significantly higher in survivors (GCS score 14 
(7–15) vs. 10 (3–14.5), p < 0.001, and 11 (5–15) vs. 7 (3–12), p = 0.017, 

Table 2 
Characteristics, outcome and survival of patients with PCH.  

Patient Anticoagulant or 
antiplatelet 

Primary hematoma 
volume mm3 

Other intracranial 
lesions 

PCH type 3-month GOS Survival 1 year Survival 5 years 

60 yr old 
female 

Warfarin 47 Contusion SDH ND Yes No 

39 yr old 
male 

None 80 Cortical SAH SDH 1 No No 

23 yr old 
male 

None 25 EDH EDH 4 Yes Yes 

58 yr old 
male 

None 114 ICH ICH 1 No No 

35 yr old 
male 

None 40 Contusion, cortical 
SAH 

SDH 4 Yes Yes 

61 yr old 
male 

None 95 Contusion SDH 3 Yes Yes 

44 yr old 
male 

None 17 ICH, cortical SAH ICH 3 Yes Yes 

51 yr old 
male 

None 81 None SDH ND Yes No 

72 yr old 
male 

Aspirin 45 ICH, cortical and basal 
SAH 

ICH 1 No No 

46 yr old 
female 

None 15 Contusion SDH +
EDH 

ND Yes Yes 

21 yr old 
male 

None 68 None SDH +
ICH 

4 Yes Yes 

75 yr old 
male 

Warfarin 128 None SDH +
EDH 

3 Yes No 

63 yr old 
male 

None 195 Contusion SDH +
EDH 

3 Yes Yes 

62 yr old 
female 

None 58 None SDH +
EDH 

ND Yes Yes      

p = 0.37 p = 0.34 p = 0.37      
OR 0.53 
(0.13–2.14) 

OR 1.98 
(0.52–9.54) 

OR 1.84 
(0.50–7.53) 

EDH = Epidural hematoma; GOS = Glasgow outcome scale; ICH = Intracerebral hemorrhage; PCH = Postcraniotomy hematoma; ND = No data; OR = Odds ratio; SAH 
= Subarachnoid hemorrhage; SDH = Subdural hematoma; OR = odds ratio; (.) = 95% confidence interval. 

Table 3 
Factors associated with outcome and survival in univariate analysis.  

3-month GOS  

Favorable (GOS 4–5, 
n = 52) 

Unfavorable (GOS 1–3, 
n = 67) 

p- 
value 

AIS score ± SD 7.1 ± 2.8 8.3 ± 3.5 0.040 
Hematoma volume 

(mm3) ± SD 
79.5 ± 40.6 98.4 ± 45.8 0.044  

Survival at 1 year  

Yes (n = 76) No (n = 56) p-value 

Age (Year) ± SD 55.7 ± 15.9 63.4 ± 14.5 0.007 
Antiplatelet use 9 (11.8 %) 16 (28.6 %) 0.018 
GCS at the scene (IQR)a 14 (7–15) 9 (3–13) <0.001 
GCS at the arrival (IQR)a 12 (5–14.75) 7 (3–11.75) 0.017 
Hematoma thickness (mm) ± SD 14.9 ± 5.7 17.3 ± 6.6 0.034 
Smoking 29 (44.6 %) 11 (21.6 %) 0.011 
Worsening of the neurological state 44 (57.9 %) 43 (76.8 %) 0.025  

Survival at 5 years  

Yes (n = 63) No (n = 69) p-value 

Age (Year) ± SD 54.0 ± 16.5 63.4 ± 13.6 0.011 
Antiplatelet use 7 (11.1 %) 18 (26.1 %) 0.033 
Blood alcohol level (‰) ± SD 1.3 ± 1.6 0.8 ± 1.2 0.030 
GCS at the scene (IQR)a 11 (5–14) 8 (3.5–13) 0.037 
Hematoma volume (mm3) ± SD 82.1 ± 42.1 97.3 ± 44.7 0.049 

AIS = Abbreviated Injury Scale; GCS = Glasgow Coma Scale; GOS = Glasgow 
Outcome Scale; SD = Standard deviation; IQR = Interquartile range. 

a Pearson correlation >0.70 (r = 0.76). 
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respectively). Because the Pearson correlation between these was strong 
(r = 0.76, p < 0.05), GCS at the scene was used for the multivariable 
analysis. Additional significant characteristics of survivors included 
lower thickness of initial hematoma (14.9 vs. 17.3 mm, p = 0.034), 
younger age (55.7 vs. 63.4 years, p = 0.007), and higher chance of being 
a smoker (29 vs. 11 patients, p = 0.011). (Table 3). 

The multivariable model identified pre-injury use of an antiplatelet 
agent (OR 0.24, 95% CI 0.06–0.84, p = 0.030), worse GCS at the scene 
(OR 1.38, 95% CI 1.21–1.61, p < 0.001), neurological decline (OR 0.16, 
95% CI 0.04–0.54, p = 0.005), and higher age (OR 0.96, 95% CI 
0.93–1.00, p = 0.048) as independent predictors for mortality at one 
year following injury. Contrastingly, the proportion of smokers was 
significantly lower among deceased after the first year (OR 3.72, 95% CI 
1.23–12.67, p = 0.026). The ROC AUC for the multivariable model was 
0.85 (95% CI 0.78–0.92, p < 0.001) (Table 4 and Fig. 2). 

The five-year survival rate was 47.7% (63 of 132 patients). Smaller 
hematoma volume (82.1 vs. 97.3 mm3, p = 0.049), lower chance of 
using antiplatelets prior to the event (11.1 vs. 26.1 % respectively, p =
0.033), higher GCS at the scene (11 vs. 8, p = 0.037), higher likelihood 
of having high blood alcohol on admission (1.32 vs. 0.76 ‰, p = 0.030), 
and lower age at the time of injury (54.0 vs. 63.4 years, p = 0.001) were 
found amongst patients who were alive at five years in comparison to 
those who were not (Table 2). 

After performing a multivariable logistic regression lower GCS score 
at the scene (OR 1.25, 95% CI 1.12–1.41, p < 0.001) and higher age (OR 
0.95, 95% CI 0.92–0.98, p = 0.003) were independent predictors for 
decreased five-year survival. In addition, higher likelihood of having a 
high blood alcohol level on admission (OR 1.56, 95% CI 1.07–2.34, p =
0.025) was identified in the multivariable logistic model as a significant 
factor. The ROC AUC for the model was 0.80 (95% CI 0.72–0.89, p <
0.001) (Table 4 and Fig. 2). 

5. Discussion 

Postoperative hematoma following an intracranial intervention has 
been theorized without substantive evidence to be associated with sig
nificant morbidity and mortality, although the definition of this term in 
different studies has varied significantly. (Seifman et al., 2011; Ito et al., 
1976), (Mellergård and Wisten, 1996) The inconsistency in the defini
tion of a postoperative hematoma has previously been broad, encom
passing various factors such as the initial settings of surgical 
intervention, indications for surgery, and the types of surgical tech
niques employed. Thus, the resulting comparisons between different 
studies have proven to be difficult. As a result, both the incidence of PCH 
after evacuation of a traumatic mass lesion has widely varied in earlier 
literature and is unclear, as well as its association with outcomes. Con
trastingly, previous studies have routinely identified factors such factors 
as age, hypertension, anticoagulant/antiplatelet use, and alcohol intake 
to associate with PCH formation (Bullock et al., 1990; Kalfas and Little, 
1988; Basali et al., 2000). Therefore, although previous literature has 
substantially documented certain risk factors impacting PCH formation, 
the association between PCH and mortality has not been thoroughly 
substantiated prior to this study (Chrastina et al., 2020; Bullock et al., 
1990; Su et al., 2008). Here, we report that PCH in fact may not have a 
significant impact on either functional outcome as measured by GOS or 

Table 4 
Factors associated with outcome and survival in multivariable logistic analysis.  

3-month GOS  

Estimate S.E. OR (95% CI) p-value 

AIS score − 0.17 0.07 0.85 (0.73–0.96) 0.016 
Hematoma volume (mm3) − 0.01 <0.01 0.99 (0.98–1.00) 0.009 

Survival at 1 year 

Age (Year) − 0.04 0.02 0.96 (0.93–1.00) 0.048 
Antiplatelet use − 1.41 0.65 0.24 (0.06–0.84) 0.030 
GCS at the scene 0.32 0.07 1.38 (1.21–1.61) <0.001 
Hematoma thickness (mm) − 0.04 0.04 0.96 (0.88–1.04) 0.307 
Smoking 1.31 0.59 3.72 

(1.23–12.67) 
0.026 

Worsening of the 
neurological state 

− 1.82 0.66 0.16 (0.04–0.54) 0.005 

Survival at 5 years 

Age (Year) − 0.05 0.02 0.95 (0.92–0.98) 0.003 
Antiplatelet use − 0.36 0.63 0.70 (0.19–2.36) 0.570 
Blood alcohol level (‰) 0.44 0.20 1.56 (1.07–2.34) 0.025 
GCS at the scene 0.22 0.06 1.25 (1.12–1.41) <0.001 
Hematoma volume (mm3) >-0.01 0.01 1.00 (0.99–1.01) 0.523 

P-values of the independent predictors are bolded. 
AIS = Abbreviated Injury Scale; CI = Confidence interval; GCS = Glasgow Coma 
Scale; GOS = Glasgow Outcome Scale; OR = Odds Ratio; S.E. = Standard error. 

Fig. 2. Receiver operating characteristic (ROC) curves for multivariable analysis. 
(A) ROC curve for multivariable analysis of three-month Glasgow Outcome Scale score (Area Under the Curve (AUC) = 0.68, 95% CI 0.59–0.78, p = 0.005). The 
multivariable model identified the volume of hematoma (OR 0.99, 95% CI 0.98–1.00, p = 0.009) and the AIS score (OR 0.85, 95% CI 0.73–0.96, p = 0.016) as 
independent predictors for three-month outcome. (B) A ROC curve for the multivariable analysis of one-year survival (AUC = 0.85, 95% CI 0.78–0.92, p < 0.001). 
The multivariable model identified the pre-injury use of antiplatelet drug (OR 0.24, 95% CI 0.06–0.84, p = 0.030), worse GCS at the scene (OR 1.38, 95% CI 
1.21–1.61, p < 0.001), neuroworsening (OR 0.16, 95% CI 0.04–0.54, p = 0.005), and increased age (OR 0.96, 95% CI 0.93–1.00, p = 0.048) as independent 
predictors for worse survival during the first year after injury. The proportion of smokers was significantly lower among deceased patients after the first year (OR 
3.72, 95% CI 1.23–12.67, p = 0.026) (C) ROC curve for multivariable analysis of five-year survival (AUC = 0.80, 95% CI 0.72–0.89, p < 0.001). GOS at the scene (OR 
1.25, 95% CI 1.12–1.41, p < 0.001), higher age (OR 0.95, 95% CI 0.92–0.98, p = 0.003), and blood alcohol on admission (OR 1.56, 95% CI 1.07–2.34, p = 0.025) 
were recognized as independent predictors for worse five-year survival. 
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survival following surgical intervention. 

5.1. Postcraniotomy hematoma 

We found no association between functional outcome or mortality 
and PCH after aSDH evacuation. This finding seems discordant with 
some earlier findings suggesting the correlation between PCH and worse 
outcome and increased mortality after surgery for traumatic intracranial 
mass lesions. Bullock et al. (1990) recognized worse outcome among 
PCH patients requiring secondary operation in their study of 850 pa
tients (Bullock et al., 1990). 

Therefore, although our initial result may appear discordant with 
previous analyses, this may be explained by several factors. The role of 
neurocritical care is vital enabling more favorable recovery in these 
patients, and has undergone substantial advances in the recent decades 
(Stocchetti et al., 2017). Advanced cardiovascular monitoring, including 
echocardiography and intravascular volume assessment, give opportu
nities to avoid harmful changes in cerebral blood 

Flow whether that be volume depletion or overload leading to 
changes in intracranial pressure that could influence these outcomes 
(Stocchetti et al., 2017; Le Roux et al., 2014). As has been demonstrated 
previously, the rapid diagnosis of rebleeding and early surgical inter
vention has also been linked with better outcomes in the setting of aSDH 
post-operative complications (Lillemäe et al., 2017; Carney et al., 2017; 
Amiri et al., 2013; Lawton et al., 1995). Given advanced neuro
monitoring, increased availability of rapid neuroimaging, and addi
tional advances over the past decade, it is plausible that the diagnosis of 
rebleeding and subsequent surgical intervention may often occur at an 
earlier interval, thus changing these patient’s outcomes. 

5.2. Factors associated to outcome and survival 

Earlier studies have reported a correlation between worse outcome 
and several other factors besides PCH after aSDH such as GCS score, 
pupillary reactivity, concurrent brain lesions, and other CT findings 
(Hatashita et al., 1993; Servadei et al., 2000; Sakas et al., 1995; Hlatky 
et al., 2007). Foreman et al. (2007) reported a correlation between TBI 
12-month outcome and GCS score, AIS, and Injury Severity Scale (ISS) 
(Foreman et al., 2007). Another prospective study identified GCS score, 
age, pupillary reactivity, ISS and presence of hematoma as independent 
predictors of one-year survival after TBI (Signorini et al., 1999). One 
limitation to these studies, however, was that they included patients 
other than those with aSDH limiting the specificity of these findings to 
the aSDH population. In light of this, we also found in this specific 
population that GCS score was an independent predictor of survival after 
one year and five years, which supports previous studies that had 
broader inclusion criteria. In addition, the higher AIS score was a risk 
factor for the worse 3-month outcome in this setting. The correlation 
between AIS and a discharge destination has been reported in pediatric 
population, as well (Hubbard et al., 2019). However, there was no 
correlation between pupillary reactivity on outcome or survival in this 
study, which was not the finding in the validated prognostic models 
IMPACT and CRASH studies, strongly driven by pupillary reactions. 
Notably, Bullock et al. (2006) also defined indications for surgery of 
aSDH including loss of pupillary reactivity as an indication (Bullock 
et al., 2006). As a result, patients with declining GCS score or pupillary 
abnormalities are generally considered to warrant a surgical evacuation 
of the hematoma, which are indications broadly followed at many in
stitutions. Notably, in this present cohort, neurological decline was also 
a risk factor for mortality during the first year. 

Recent evidence, including analyses from the van Essen et al., 2022 
challenges the previously assumed consensus in the neurosurgical 
community regarding CT findings that dictate surgical intervention in 
aSDH (Bullock et al., 2006; van Essen et al., 2022). That study highlight 
substantial variability in practice and indicate that outcomes do not 
significantly differ between centers with more aggressive or 

conservative surgical policies (van Essen et al., 2022). Our traditional 
assertion about the standard of 

Midline shift greater than 5 mm and clot thickness greater than 10 
mm as clear indicators for hematoma evacuation must therefore be re- 
evaluated in light of these findings. Recognizing this, our study’s focus 
on aSDH patients selected for surgery may introduce bias in analyzing 
outcome-associated variables. A more comprehensive approach would 
involve examining all aSDH patients, with surgery as a predictive vari
able, to provide a broader understanding of the various factors influ
encing outcomes in these cases. 

Other studies have suggested that the thickness of the hematoma also 
influences the outcome (Zumkeller et al., 1996; Servadei et al., 2000). 
We also found a significant correlation between the thickness of the 
hematoma and one-year survival, although when controlling for other 
variables, it was not identified as an independent predictor in the 
multivariable analysis. While earlier studies have identified the degree 
of the midline shift as a factor correlating with poorer outcome and 
mortality, we did not find this interaction in our specific population 
(Kotwica and Brzeziński, 1993; Howard et al., 1989; Moussa et al., 2018; 
Bartels et al., 2015). In our study, the mean midline shift was over 2 mm 
greater among patients with a poor outcome, but this was not a statis
tically significant difference between groups. 

Hematoma volume as a predictor for outcome after aSDH is a more 
controversial topic in contrast. Howard et al. (1989) initially reported a 
correlation between larger aSDH volume and poorer outcome (Howard 
et al., 1989). Contrastingly, van den Brink et al. (1999) reported no 
correlation between these factors in multivariable analyses in a cohort 
including patients with either epidural hematomas and aSDHs (van den 
Brink et al., 1999). Our findings support the results of Howard et al. 
(1989), given that in the present study a 25% larger hematoma volume 
was found among those with unfavorable outcome. 

Age is another known key predictor for outcome after TBI (Hukkel
hoven et al., 2003; Flaada et al., 2007). Wilberger et al. (1991) reported 
that patients with aSDH aged over 65 years had a worse outcome 
compared to their younger compatriots (Wilberger et al., 1991). How
ever, age alone was not an independent predictor for outcome in a prior 
multivariable analysis in patients with aSDH that underwent surgical 
evacuation (Seelig et al., 1981). We identified age as an independent 
predictor of survival after one and five years in our multivariable 
analysis. However, there was no correlation between age and 
three-month functional outcome in this cohort. 

Although present knowledge suggests increased risk of SDH among 
those using antiplatelet or anticoagulant medications, the impact on 
functional outcome and survival is less well described (Wintzen and 
Tijssen, 1982; Gaist et al., 2017). As previously mentioned, as the pop
ulation ages the prevalence of these medications is increasing and 
therefore predisposing more patients to intracranial bleeding. 
Post-traumatic ICH has been associated with increased mortality in 
patients with antiplatelet therapy (Gaist et al., 2017; Mina et al., 2002). 
In addition, Jones et al. (2006) recognized that patients with former use 
of clopidogrel treatment were at higher risk for neurosurgical in
terventions, rebleeding and greater need for blood product transfusions 
(Jones et al., 2006). Wong et al. (2008) also reported that discharging to 
the long-term inpatient facility was more common among those 
receiving clopidogrel therapy prior to their injury (Wong et al., 2008). In 
contrast, Bachelani et al. (2011) did not report a significant association 
between aspirin use and mortality, outcome, progression of ICH, or 
craniotomy in patients with ICH (Bachelani et al., 2011). Here we add 
that antiplatelet use was an independent predictor for worse survival 
after five years. There was a correlation to survival after one year, but 
multivariable analysis recognized no significant predictive value. 
Additionally, neither antiplatelet nor anticoagulant use had a significant 
impact on three-month outcomes. One notable fact is that the proportion 
of anticoagulant users was relatively small (12.9%) in this study sug
gesting that the total effect of anticoagulant therapy may be 
underpowered. 
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Interestingly, we found that smoking was associated with improved 
survival at one year following aSDH. This finding is supported by pre
clinical animal models both in vitro and in vivo studies showing neuro
protective features of nicotine (Akaike et al., 1994; Owman et al., 1989). 
Similarly, up-regulation of nicotinic acetylcholine receptors (nAChRs) 
has been noticed among smokers and an important role of these re
ceptors in cognitive functions has been reported (Mansvelder and 
McGehee, 2002; Changeux et al., 1998). Östberg and Tenovuo found no 
correlation between smoking and outcome after TBI in their prospective 
study with 689 patients (Ostberg and Tenovuo, 2014). Therefore, it 
appears that smoking may has some impact on outcome, but our study is 
purely observational and does not provide any causality. Thus, this 
controversy topic remains to be studied other type of research settings. 

We also found an association between presence of alcohol at time of 
admission with better five-year survival. The consumption of alcohol is a 
well-known risk factor for TBI (Albrecht et al., 2018). However, Tien 
et al. reported protective effects of low to moderate level of blood 
alcohol for outcome after severe TBI (Tien et al., 2006). In a 
meta-analysis of observational studies with a total of 95,941 patients, 
Raj et al. found an association between blood alcohol and decreased risk 
of death (Raj et al., 2016). In addition, animal studies have indicated a 
neuroprotective value of low to moderate doses of alcohol after TBI 
(Kelly et al., 2000; Gottesfeld et al., 2002). However, other studies have 
been unable to replicate these 

Protective effects (Jurkovich et al., 1993; Chen et al., 2012). More
over, earlier studies have focused on in-hospital mortality and there is 
limited data about the effects of alcohol to the later mortality, suggesting 
a need for future 

Studies to verify this finding. Similarly as above, our study was just 
able to show an association, and this study does not provide any cau
sality. More studies are needed to study this intriguing and controversy 
topic further. 

5.3. Limitations 

This study has several limitations that should be considered when 
interpreting these results. The retrospective study design inherently 
comes with missing data, including prehospital factors and factors that 
occur after discharge. Our study population was also relatively small 
when dividing into subgroups for analysis. Therefore, it may be that we 
were not able to detect all possible associations between potential pre
dictive factors and outcome due to insufficient power. In addition, some 
patients may not have undergone surgery after primary aSDH or PCH 
due to a clinical decision made by the neurosurgeon or family. However, 
a consecutive patient selection was used to avoid interindividual vari
ation within the hospital. The actual cause of death was not available for 
most patients and therefore, there is no possible way to assess causal 
relationship between the explored factors and cause of death. In addi
tion, our study design does not prove causality given its retrospective 
observational nature. Thus, these results should be treated purely as 
predictive associations and further studies with greater population size 
and a prospective study setting are necessary to verify or dismiss these 
findings. 

6. Conclusion 

The occurrence of PCH requiring reoperation was not associated 
with outcome or survival in this study. Larger hematoma volume and 
higher AIS score were independent predictive factors for worse three- 
month functional outcome after surgery for aSDH, while a lower GCS 
score at the trauma scene and increased age were identified as predictors 
for worse survival after one and five years. In addition, use of anti
platelet drugs and neurological decline between the trauma event and 
surgery were predictors for worse survival after one year. Smoking was 
associated with survival at one year and higher alcohol with survival at 
five years. This study adds important information to understanding 

contributing factors to postoperative death and functional outcome after 
a common neurosurgical problem of aSDH, and suggests that active 
monitoring and immediate surgical interventions are necessary and 
beneficial. Also, it is important to note that additional prospective and 
larger retrospective studies are required to provide further insight into 
these results since any causality was not shown in this study. 
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Lillemäe, K., Järviö, J.A., Silvasti-Lundell, M.K., Antinheimo, J.J., Hernesniemi, J.A., 
Niemi, T.T., 2017. Incidence of postoperative hematomas requiring surgical 
treatment in neurosurgery: a retrospective observational study. World Neurosurg. 
108, 491–497. https://doi.org/10.1016/j.wneu.2017.09.007. 

Loftis, K.L., Price, J., Gillich, P.J., 2018. Evolution of the abbreviated injury scale: 1990- 
2015. Traffic Inj. Prev. 19 (Suppl. 2), S109–s113. https://doi.org/10.1080/ 
15389588.2018.1512747. 

Mansvelder, H.D., McGehee, D.S., 2002. Cellular and synaptic mechanisms of nicotine 
addiction. J. Neurobiol. 53 (4), 606–617. https://doi.org/10.1002/neu.10148. 

Massaro, F., Lanotte, M., Faccani, G., Triolo, C., 1996. One hundred and twenty-seven 
cases of acute subdural haematoma operated on. J. Article. Acta Neurochirurgica. 
138 (2), 185–191. https://doi.org/10.1007/bf01411359. 

Mathew, P., Oluoch-Olunya, D.L., Condon, B.R., Bullock, R., 1993. Acute subdural 
haematoma in the conscious patient: outcome with initial non-operative 
management. journal article. Acta Neurochir. 121 (3), 100–108. https://doi.org/ 
10.1007/bf01809258. 

McMillan, T.M., Teasdale, G.M., 2007. Death rate is increased for at least 7 years after 
head injury: a prospective study. Brain 130 (10), 2520–2527. https://doi.org/ 
10.1093/brain/awm185. 

Mellergård, P., Wisten, O., 1996. Operations and re-operations for chronic subdural 
haematomas during a 25-year period in a well defined population. Acta Neurochir. 
138 (6), 708–713. https://doi.org/10.1007/bf01411476. 

Mina, A.A., Knipfer, J.F., Park, D.Y., Bair, H.A., Howells, G.A., Bendick, P.J., 2002. 
Intracranial complications of preinjury anticoagulation in trauma patients with head 
injury. J. Trauma 53 (4), 668–672. https://doi.org/10.1097/00005373-200210000- 
00008. 

Mosenthal, A.C., Lavery, R.F., Addis, M., et al., 2002. Isolated traumatic brain injury: age 
is an independent predictor of mortality and early outcome. J. Trauma Acute Care 
Surg. 52 (5), 907–911. 

Moussa, W.M.M., Khedr, W.M., Elwany, A.H., 2018. Prognostic significance of hematoma 
thickness to midline shift ratio in patients with acute intracranial subdural 
hematoma: a retrospective study. Neurosurg. Rev. 41 (2), 483–488. https://doi.org/ 
10.1007/s10143-017-0873-5. 

Ostberg, A., Tenovuo, O., 2014. Smoking and outcome of traumatic brain injury. Brain 
Inj. 28 (2), 155–160. https://doi.org/10.3109/02699052.2013.860468. 

Owman, C., Fuxe, K., Janson, A.M., Kåhrström, J., 1989. Studies of protective actions of 
nicotine on neuronal and vascular functions in the brain of rats: comparison between 
sympathetic noradrenergic and mesostriatal dopaminergic fiber systems, and the 
effect of a dopamine agonist. Prog. Brain Res. 79, 267–276. https://doi.org/ 
10.1016/s0079-6123(08)62486-3. 

Palmer, J.D., Sparrow, O.C., Iannotti, F., 1994. Postoperative hematoma: a 5-year survey 
and identification of avoidable risk factors. Neurosurgery. discussion 1064-5, 35 (6), 
1061–1064. 

I. Heino et al.                                                                                                                                                                                                                                    

https://doi.org/10.1093/aje/kwx254
https://doi.org/10.1093/aje/kwx254
https://doi.org/10.1016/j.spinee.2012.10.028
https://doi.org/10.1016/j.surg.2011.07.059
https://doi.org/10.1186/s12883-015-0479-x
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref6
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref6
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref6
https://doi.org/10.1007/s007010050332
https://doi.org/10.1007/s007010050332
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref8
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref8
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref8
https://doi.org/10.3171/jns.1990.72.1.0009
https://doi.org/10.1227/01.NEU.0000210364.29290.C9
https://doi.org/10.1227/01.NEU.0000210364.29290.C9
https://doi.org/10.1227/NEU.0000000000001432
https://doi.org/10.1227/NEU.0000000000001432
https://doi.org/10.1016/s0165-0173(97)00040-4
https://doi.org/10.1097/TA.0b013e3182367b3c
https://doi.org/10.15288/jsad.2012.73.531
https://doi.org/10.15288/jsad.2012.73.531
https://doi.org/10.1007/s00068-019-01077-6
https://doi.org/10.1016/S1474-4422(22)00166-1
https://doi.org/10.1089/neu.2006.0119
https://doi.org/10.1097/01.ta.0000229796.14717.3a
https://doi.org/10.1097/01.ta.0000229796.14717.3a
https://doi.org/10.1001/jama.2017.0639
https://doi.org/10.2176/nmc.53.26
https://doi.org/10.2176/nmc.53.26
https://doi.org/10.1089/089771502753594882
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref22
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref22
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref22
https://doi.org/10.2176/nmc.33.13
https://doi.org/10.1016/j.wneu.2018.12.155
https://doi.org/10.1016/j.wneu.2018.12.155
https://doi.org/10.1227/01.neu.0000279220.30633.45
https://doi.org/10.3171/jns.1989.71.6.0858
https://doi.org/10.1080/02699052.2019.1566966
https://doi.org/10.1080/02699052.2019.1566966
https://doi.org/10.3171/jns.2003.99.4.0666
https://doi.org/10.3171/jns.1976.45.1.0026
https://doi.org/10.3171/jns.1976.45.1.0026
https://doi.org/10.1016/s0140-6736(75)92830-5
https://doi.org/10.1016/j.amjsurg.2006.08.037
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref32
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref32
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref32
https://doi.org/10.1227/00006123-198809000-00010
https://doi.org/10.1227/00006123-198809000-00010
https://doi.org/10.2176/nmc.cr.2014-0204
https://doi.org/10.1089/neu.2000.17.261
https://doi.org/10.1007/bf01809257
https://doi.org/10.3171/jns.1995.83.1.0001
https://doi.org/10.3171/jns.1995.83.1.0001
https://doi.org/10.1080/02688697.2016.1226253
https://doi.org/10.1080/02688697.2016.1226253
https://doi.org/10.1016/j.wneu.2017.09.007
https://doi.org/10.1080/15389588.2018.1512747
https://doi.org/10.1080/15389588.2018.1512747
https://doi.org/10.1002/neu.10148
https://doi.org/10.1007/bf01411359
https://doi.org/10.1007/bf01809258
https://doi.org/10.1007/bf01809258
https://doi.org/10.1093/brain/awm185
https://doi.org/10.1093/brain/awm185
https://doi.org/10.1007/bf01411476
https://doi.org/10.1097/00005373-200210000-00008
https://doi.org/10.1097/00005373-200210000-00008
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref47
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref47
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref47
https://doi.org/10.1007/s10143-017-0873-5
https://doi.org/10.1007/s10143-017-0873-5
https://doi.org/10.3109/02699052.2013.860468
https://doi.org/10.1016/s0079-6123(08)62486-3
https://doi.org/10.1016/s0079-6123(08)62486-3
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref51
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref51
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref51


Brain and Spine 3 (2023) 102714

9

Panczykowski, D.M., Okonkwo, D.O., 2011. Premorbid oral antithrombotic therapy and 
risk for reaccumulation, reoperation, and mortality in acute subdural hematomas. 
J. Neurosurg. 114 (1), 47–52. https://doi.org/10.3171/2010.7.jns10446. 

Pentland, B., Hutton, L.S., Jones, P.A., 2005. Late mortality after head injury. J. Neurol. 
Neurosurg. Psychiatr. 76 (3), 395–400. https://doi.org/10.1136/jnnp.2004.037861. 

Raj, R., Mikkonen, E.D., Siironen, J., Hernesniemi, J., Lappalainen, J., Skrifvars, M.B., 
2016. Alcohol and mortality after moderate to severe traumatic brain injury: a meta- 
analysis of observational studies. J. Neurosurg. 124 (6), 1684–1692. https://doi.org/ 
10.3171/2015.4.jns141746. 

Richards, T., Hoff, J., 1974. Factors affecting survival from subdural hematoma. Surgery. 
75 (2), 253–258. 

Le Roux, P., Menon, D.K., Citerio, G., et al., 2014. Consensus summary statement of the 
international multidisciplinary consensus conference on multimodality monitoring 
in neurocritical care: a statement for healthcare professionals from the neurocritical 
care society and the European society of intensive care medicine. Neurocritical Care 
21 (Suppl. 2). https://doi.org/10.1007/s12028-014-0041-5. S1-26.  

Sakas, D.E., Bullock, M.R., Teasdale, G.M., 1995. One-year outcome following 
craniotomy for traumatic hematoma in patients with fixed dilated pupils. 
J. Neurosurg. 82 (6), 961–965. https://doi.org/10.3171/jns.1995.82.6.0961. 

Seelig, J.M., Becker, D.P., Miller, J.D., Greenberg, R.P., Ward, J.D., Choi, S.C., 1981. 
Traumatic acute subdural hematoma. N. Engl. J. Med. 304 (25), 1511–1518. https:// 
doi.org/10.1056/nejm198106183042503. 

Seifman, M.A., Lewis, P.M., Rosenfeld, J.V., Hwang, P.Y., 2011. Postoperative 
intracranial haemorrhage: a review. Neurosurg. Rev. 34 (4), 393–407. https://doi. 
org/10.1007/s10143-010-0304-3. 

Servadei, F., Nasi, M.T., Giuliani, G., et al., 2000. CT prognostic factors in acute subdural 
haematomas: the value of the ’worst’ CT scan. Br. J. Neurosurg. 14 (2), 110–116. 
https://doi.org/10.1080/02688690050004525. 

Signorini, D.F., Andrews, P.J.D., Jones, P.A., Wardlaw, J.M., Miller, J.D., 1999. 
Predicting survival using simple clinical variables: a case study in traumatic brain 
injury. J. Neurol. Neurosurg. Psychiatr. 66 (1), 20–25. https://doi.org/10.1136/ 
jnnp.66.1.20. 

Stocchetti, N., Carbonara, M., Citerio, G., et al., 2017. Severe traumatic brain injury: 
targeted management in the intensive care unit. Lancet Neurol. 16 (6), 452–464. 
https://doi.org/10.1016/s1474-4422(17)30118-7. 

Su, T.M., Lee, T.H., Chen, W.F., Lee, T.C., Cheng, C.H., 2008. Contralateral acute 
epidural hematoma after decompressive surgery of acute subdural hematoma: 
clinical features and outcome. J. Trauma 65 (6), 1298–1302. https://doi.org/ 
10.1097/TA.0b013e31815885d9. 

Susman, M., DiRusso, S.M., Sullivan, T., et al., 2002. Traumatic brain injury in the 
elderly: increased mortality and worse functional outcome at discharge despite 
lower injury severity. J. Trauma Acute Care Surg. 53 (2), 219–224. 

Tien, H.C., Tremblay, L.N., Rizoli, S.B., et al., 2006. Association between alcohol and 
mortality in patients with severe traumatic head injury. Arch. Surg. 141 (12), 
1185–1191. https://doi.org/10.1001/archsurg.141.12.1185 discussion 1192.  

Wilberger Jr., J.E., Harris, M., Diamond, D.L., 1991. Acute subdural hematoma: 
morbidity, mortality, and operative timing. J. Neurosurg. 74 (2), 212–218. https:// 
doi.org/10.3171/jns.1991.74.2.0212. 

Wintzen, A.R., Tijssen, J.G., 1982. Subdural hematoma and oral anticoagulant therapy. 
Arch. Neurol. 39 (2), 69–72. https://doi.org/10.1001/ 
archneur.1982.00510140003001. 

Won, S.Y., Dubinski, D., Bruder, M., Cattani, A., Seifert, V., Konczalla, J., 2017. Acute 
subdural hematoma in patients on oral anticoagulant therapy: management and 
outcome. Neurosurg. Focus 43 (5), E12. https://doi.org/10.3171/2017.8. 
focus17421. 

Wong, D.K., Lurie, F., Wong, L.L., 2008. The effects of clopidogrel on elderly traumatic 
brain injured patients. J. Trauma 65 (6), 1303–1308. https://doi.org/10.1097/ 
TA.0b013e318185e234. 

Zumkeller, M., Behrmann, R., Heissler, H.E., Dietz, H., 1996. Computed tomographic 
criteria and survival rate for patients with acute subdural hematoma. Neurosurgery 
39 (4), 708–712. https://doi.org/10.1097/00006123-199610000-00011 discussion 
712-3.  

I. Heino et al.                                                                                                                                                                                                                                    

https://doi.org/10.3171/2010.7.jns10446
https://doi.org/10.1136/jnnp.2004.037861
https://doi.org/10.3171/2015.4.jns141746
https://doi.org/10.3171/2015.4.jns141746
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref55
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref55
https://doi.org/10.1007/s12028-014-0041-5
https://doi.org/10.3171/jns.1995.82.6.0961
https://doi.org/10.1056/nejm198106183042503
https://doi.org/10.1056/nejm198106183042503
https://doi.org/10.1007/s10143-010-0304-3
https://doi.org/10.1007/s10143-010-0304-3
https://doi.org/10.1080/02688690050004525
https://doi.org/10.1136/jnnp.66.1.20
https://doi.org/10.1136/jnnp.66.1.20
https://doi.org/10.1016/s1474-4422(17)30118-7
https://doi.org/10.1097/TA.0b013e31815885d9
https://doi.org/10.1097/TA.0b013e31815885d9
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref64
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref64
http://refhub.elsevier.com/S2772-5294(23)01002-0/sref64
https://doi.org/10.1001/archsurg.141.12.1185
https://doi.org/10.3171/jns.1991.74.2.0212
https://doi.org/10.3171/jns.1991.74.2.0212
https://doi.org/10.1001/archneur.1982.00510140003001
https://doi.org/10.1001/archneur.1982.00510140003001
https://doi.org/10.3171/2017.8.focus17421
https://doi.org/10.3171/2017.8.focus17421
https://doi.org/10.1097/TA.0b013e318185e234
https://doi.org/10.1097/TA.0b013e318185e234
https://doi.org/10.1097/00006123-199610000-00011

	Outcome and survival of surgically treated acute subdural hematomas and postcraniotomy hematomas – A retrospective cohort study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Study data and variables
	2.3 Statistical analysis

	3 Results
	3.1 Study population
	3.2 Postcraniotomy hematoma and outcome
	3.3 Factors associated with three-month outcome

	4 Factors associated with survival
	5 Discussion
	5.1 Postcraniotomy hematoma
	5.2 Factors associated to outcome and survival
	5.3 Limitations

	6 Conclusion
	Funding
	Ethical approval
	Author contributions
	Data availability statement
	Declaration of competing interest
	References


