
ORIGINAL ARTICLE

Predictors of Functional Outcome After Subdural Hematoma:
A Prospective Study

Jonathan M. Weimer1 • Errol Gordon2 • Jennifer A. Frontera1

Published online: 26 May 2016

� Springer Science+Business Media New York 2016

Abstract

Background Although the incidence of subdural hema-

toma (SDH) has increased in the US in the last decade,

limited prospective data exist examining risk factors for

poor outcome.

Methods A prospective, observational study of consecutive

SDH patients was conducted from 7/2008 to 11/2011.

Baseline clinical data, hospital and surgical course, com-

plications, and imaging data were compared between those

with good versus poor 3-month outcomes (modified Rankin

Scores [mRS] 0–3 vs. 4–6). A multivariable logistic

regression model was constructed to identify independent

predictors of poor outcome.

Results 116 SDH patients (18 acute, 56 mixed acute/sub-

acute/chronic, 42 subacute/chronic) were included. At 3

months, 61 (53 %) patients had good outcomes (mRS 0–3)

while 55 (47 %) were severely disabled or dead (mRS

4–6). Of those who underwent surgical evacuation, 54/94

(57 %) had good outcomes compared to 7/22 (32 %) who

did not (p = 0.030). Patients with mixed acuity or suba-

cute/chronic SDH had significantly better 3-month mRS

with surgery (median mRS 1 versus 5 without surgery,

p = 0.002) compared to those with only acute SDH

(p = 0.494). In multivariable analysis, premorbid mRS,

age, admission Glasgow Coma Score, history of smoking,

and fever were independent predictors of poor 3-month

outcome (all p < 0.05; area under the curve 0.90), while

SDH evacuation tended to improve outcomes (adjusted OR

3.90, 95 % CI 0.96–18.9, p = 0.057).

Conclusions Nearly 50 % of SDH patients were dead or

moderate-severely disabled at 3 months. Older age, poor

baseline, poor admission neurological status, history of

smoking, and fever during hospitalization predicted poor

outcomes, while surgical evacuation was associated with

improved outcomes among those with mixed acuity or

chronic/subacute SDH.

Keywords Subdural hematoma � SDH � Outcome �
Risk � Neurosurgery

Introduction

Subdural hematoma (SDH) represents a common form of

intracranial bleeding that is increasing in prevalence and

cost across the US [1]. The mortality rates associated with

SDH range from 30 to 50 % depending on the acuity of the

blood and patient comorbidities [2–6]. Between 1993 and

2007, nationwide, the number of hospital admissions and

average cost per admission for SDH increased by 39 and

60 %, respectively, although in-hospital mortality over that

period decreased from 15 to 12 % [1].

Despite the increasing utilization of healthcare resources

and decreasing mortality, it remains less clear whether

functional recovery has improved over the last decade [7].

There is a paucity of data examining the influence of

baseline clinical characteristics and events of hospitaliza-

tion on long-term functional recovery. This prospective,

observational study was therefore conducted to identify
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independent predictors of poor 3-month functional out-

come in a SDH population.

Methods

Study Population

A prospective study of consecutive SDH patients present-

ing to a tertiary, level II trauma center Neuroscience

Intensive Care Unit between July 2008 and November

2011 was conducted. Criteria for inclusion in the study

were defined as follows: aged C18 years, diagnosis of SDH

based on admission CT scan data, and consent to partici-

pate in 3-month follow-up interviews. Patients without

follow-up data available or those who underwent with-

drawal of life-sustaining therapy during hospitalization

were subsequently excluded from analysis. The study was

approved by the local Institutional Review Board (IRB).

All patients or their surrogates were consented for partic-

ipation in this study.

Routine Clinical Care

All patients underwent admission head CT and a follow-up

stability scan 6 h after the initial head CT. An immediate

postoperative head CT was performed on all patients who

underwent SDH evacuation. The decision to pursue surgi-

cal intervention, and the type of surgery performed, was

made by the neurosurgical team after assessing the

patient’s clinical and radiographic findings and consulting

with the family. Surgical intervention was guided by the

Brain Trauma Foundation guidelines for SDH management

[7–9]. Subdural evacuation was indicated in patients with

SDH >10 mm in thickness or midline shift >5 mm on

head CT, regardless of Glasgow Coma Score (GCS).

Comatose patients who did not meet these radiographic

parameters, but who experienced a GCS deterioration of

C2 points or who presented with asymmetric or fixed and

dilated pupils, or had an ICP C20 mmHg also were con-

sidered for surgical intervention. Patients with acute SDH

routinely underwent craniotomy or craniectomy if surgery

was indicated, while those with chronic SDH typically

underwent burr hole drainage. Patients with subacute or

mixed subacute and chronic SDH underwent burr hole or

craniotomy at the discretion of the treating neurosurgeon.

All patients who underwent craniotomy or burr hole drai-

nage had a drain left in place postoperatively, which was

removed at the discretion of the neurosurgical team. Bed-

side SDH drainage was not performed. All patients

received prophylactic antiepileptics for 7 days following

SDH onset or for 7 days following craniotomy (whichever

was longer). Patients with clinical or radiographic evidence

of elevated intracranial pressure (ICP) routinely received

osmotic therapy and ICP monitoring.

Patient Assessments

Admission demographic data, including medical history

and premorbid functional status, were collected from the

patient or surrogate upon admission. Admission clinical

status was assessed using the GCS [10], National Institute

of Health Stroke Scale (NIHSS) [11], and Acute Physiol-

ogy and Chronic Health Evaluation II Acute Physiology

Score (APACHE II APS) [12]. Premorbid functional status

was assessed using the modified Rankin scale (mRS) [13]

and Barthel Index [14]. Admission CT scans were assessed

by one of the two neurointensivists (EG, JF) for the fol-

lowing: SDH location, maximum SDH thickness, SDH

volume [15], chronicity of blood (categorized as 1-acute

blood only; 2-mixed acute, subacute, and/or chronic blood;

or 3-subacute and/or chronic blood without any acute blood

component), midline shift, and the presence of edema.

Details of the hospital course including medical treatments,

procedures, and complications were prospectively recor-

ded. SDH reaccumulation was coded in patients who

underwent surgery only if there was a radiographic

increase in SDH volume comparing the immediate

postoperative CT to a subsequent head CT. SDH expansion

was coded if there was a radiographic increase in SDH

volume on follow-up head CT. The primary functional

outcome was the modified Rankin Score at 3 months,

dichotomized as good (mRS 0–3) versus poor (mRS 4–6).

The Barthel Index of independent activities of daily living

was also assessed as a secondary functional outcome

measure. The Barthel Index was not scored in patients who

died.

Statistical Analyses

Baseline demographic data, admission clinical status,

radiographic characteristics, surgical characteristics, events

of hospitalization, and medical complications were com-

pared between patients with good (mRS 0–3) versus poor

(mRS 4–6) outcome using either the chi square or Mann–

Whitney U tests. Barthel scores were dichotomized at the

median and assessed as good (Barthel Index >95) versus

poor (Barthel Index B95). All statistically significant uni-

variate variables (p < 0.05) were included in a forward,

stepwise multivariable logistic regression model to identify

independent predictors of poor functional outcome. SDH

acuity (acute blood present versus absent on admission

CT), admission GCS, and surgical evacuation were forced

into the model as variables identified a priori as predictors

of outcome. When a high degree of collinearity between

variables existed (correlation >0.8), only one variable was
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selected for inclusion in the multivariable model. A p value

less than 0.05 was considered significant. Analysis was

conducted using SPSS v21 and JMP Pro10 software.

Results

Over the study period, 134 SDH patients were enrolled and

116 patients were eligible for analysis following the

exclusion of eight patients (6.0 %) for loss of follow-up

and 10 patients (7.5 %) who underwent withdrawal of life-

sustaining therapy during hospitalization. The median age

was 74 years (range 25–96) and 55 % were male. Of 116

patients, 18 (16 %) had acute SDH only; 56 (48 %) had

mixed acute, subacute, and/or chronic SDH; and 42 (36 %)

had subacute and/or chronic SDH without any acute

hemorrhage component. Bilateral SDH occurred in 50

(43 %) patients and the median SDH volume was 113 ml

(range 1–263 mL). Surgical SDH evacuation was per-

formed in 94 (81 %) patients (75 [80 %] craniotomy, 19

[20 %] burr hole). Surgery was more likely to occur in

patients with better admission neurological and physio-

logical status; however, surgery was also more common in

those with more severe radiographic features including

higher SDH volume and greater midline shift (Table 1).

The median number of surgeries was 1 (range 0–4). The

final follow-up CT was obtained in a median of 23 days

(range 1–147) from the postoperative scan or from the

admission head CT (if no surgery was performed). The

median percent reduction in SDH volume from the

admission head CT to the final postoperative head CT was

60 % (range 0–100 %) in those who underwent SDH

evacuation, while the median spontaneous percent reduc-

tion in SDH volume without surgery was 10 % (range

0–100). Postoperative reaccumulation of SDH occurred in

56 of 94 (60 %) patients and re-evacuation occurred in 7 of

94 (7 %). The median volume of reaccumulation postop-

eratively was 8.5 ml (range 0–160.5). Of those who

underwent burr hole drainage, 13 of 18 (68 %) had reac-

cumulation compared to 40 of 75 (53 %) of those who

underwent craniotomy (p = 0.244). SDH expansion

occurred in 7 of 22 (32 %) of those who did not undergo

surgical evacuation.

Excluding those who underwent withdrawal of life-

sustaining therapy, in-hospital death occurred in 8 (6.9 %)

patients. Sixty-one patients (52.6 %) experienced good

3-month functional outcome (mRS 0–3), while 55 patients

(47.4 %) had poor outcomes (mRS 4-6). Overall mortality

at 3 months was 22 %, while severe disability (mRS 4–5)

was observed in another 26 % of patients. The median

Barthel activities of daily living index score at 3 months

was 95 (range 0–100). Overall, 12 of 18 (67 %) patients

Table 1 Factors associated with surgical intervention

Surgical evacuation

N = 94

No surgery

N = 22

p value

Patient demographics and medical history

Age (median, IQR) 74 (61–82) 74 (66–89) 0.338

Gender, female N (%) 40 (43) 12 (55) 0.309

Admission clinical characteristics

Severe premorbid mRS (4–6), N (%) 13 (14) 4 (18) 0.082

Premorbid Barthel Index (median, IQR) 100 (95–100) 100 (68–100) 0.143

APACHE II acute physiological subscore (median, IQR) 9.5 (7–12) 13 (8–18) 0.030

Admission GCS (median, IQR) 15 (12–15) 14 (8–15) 0.014

Admission NIHSS (median, IQR) 2 (0–8) 5 (1–21) 0.033

Trauma-associated injury, N (%) 66 (70) 16 (73) 0.116

Herniation, N (%) 4 (4) 2 (9) 0.587

Admission radiographic characteristics

Bilateral SDH, N (%) 42 (45) 8 (36) 0.478

SDH volume, mm3 (median, IQR) 121 (89–155) 52 (20–111) <0.001

Distance of shift, mm (median, IQR) 5.7 (3.3–9.4) 3.5 (0–6) 0.076

Acuity of SDH 0.150

Acute only, N (%) 12 (13) 6 (27) 0.044

Acute, subacute, and/or chronic, N (%) 45 (48) 11 (50) 0.857

Subacute and/or chronic only, N (%) 37 (39) 5 (23) 0.144

Bold values indicate statistical significance

IQR interquartile range, SDH subdural hematoma, mRS modified Rankin Score, GCS Glasgow Coma Score, NIHSS National Institutes of Health

Stroke Score

72 Neurocrit Care (2017) 26:70–79

123



with only acute SDH were dead or severely disabled at 3

months compared to 28 of 56 (50 %) patients with mixed

acuity SDH and 15 of 42 (36 %) patients with subacute

and/or chronic SDH without any acute component

(p = 0.077 across all 3 groups). There was no difference in

rates of death or mRS 4-6 between those with mixed acuity

or chronic/subacute SDH without an acute component;

however, those with only acute SDH were significantly

more likely to be dead or severely disabled (mRS 4–6) at 3

months compared to those with subacute/chronic SDH and

no acute hemorrhage component (p = 0.027). Similarly,

the median 3-month Barthel Index for those with acute-

only SDH was 62.5 (range 5–100) compared to 100 (range

0–100) in those with mixed acuity SDH and 100 (range

0–100) in those with subacute and/or chronic SDH

(p = 0.398 across all three groups). The association of

radiographic SDH acuity with 3-month mortality, mRS,

and Barthel Index outcomes is shown in Fig. 1.

Differences in the baseline demographics, medical his-

tory, admission clinical and radiographic characteristics,

surgical characteristics, hospital course, and medical

complications among those with good versus poor 3-month

mRS are reported in Table 2. Older age, a history of

smoking, and medical comorbidities including hyperten-

sion, diabetes mellitus, kidney disease, anemia, and

dementia were significantly associated with poor 3-month

mRS outcome in univariate analysis (all p < 0.05). Worse

admission neurological, clinical, and premorbid functional

status were also associated with poor 3-month mRS out-

come scores (all p < 0.05). Conversely, surgical SDH

evacuation was associated with good functional outcome.

The median 3-month mRS was 2 (range 0–6) for those

who underwent surgery compared to 5 (range 0–6,

p = 0.001) for those who did not, and 54 of 94 (57 %)

patients who underwent surgery had mRS 0-3 at 3 months

compared to 7 of 22 (32 %) who did not (p = 0.030). The

median Barthel was 100 (range 0–100) in those who

underwent evacuation compared to 85 (range 55–100,

p = 0.642) in those who did not. Patients with mixed

acuity or subacute/chronic SDH had significantly better

3-month mRS with surgery (median mRS 1 [range 0–6] vs.

5 [range 0–6] without surgery, p = 0.002). There was no

significant improvement in outcome with surgery in those

with purely acute blood (p = 0.494); however, only 18

patients had acute-only SDH. Figure 2 shows the 3-month

mRS for each SDH acuity subtype stratified by those who

did or did not undergo surgical SDH evacuation.

Multivariable logistic regression analysis identified five

independent predictors of poor 3-month mRS: age,

admission GCS, premorbid mRS, fever during hospital-

ization >38.3 C, and a history of smoking (model receiver

operating characteristic area under the curve 0.90,

Table 3). Acute blood on admission CT did not indepen-

dently predict poor functional outcome (p = 0.750),

adjusting for other variables. Similarly, surgical evacuation

was not significantly associated with better outcome

(p = 0.057), adjusting for age, premorbid status, admission

neurological status, and SDH acuity, among other factors.

The model predicted poor functional outcome with a sen-

sitivity of 88 %, specificity of 75 %, positive predictive

value of 74 %, negative predictive value of 88 %, and

accuracy of 77 %.

Discussion

This study is one of the first, to our knowledge, to present

prospective, long-term, 3-month functional outcomes

among consecutive patients with subacute and chronic

SDH. Additionally, our study is one of the few to include

Fig. 1 Mortality and functional

outcome (modified Rankin

Score [mRS] and Barthel Index)

at 3 months based on the

radiographic acuity of subdural

hematoma. Poor Barthel Index

defined as score below the

median value (<95). Asterisk

indicates a significant difference

for 3-month mRS between the

acute-only SDH group and the

subacute/chronic SDH group

(p = 0.027)
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Table 2 Baseline demographics, medical history, clinical, and in-hospital characteristics of SDH patients experiencing either good (mRS 0–3)

or poor (mRS 4–6) functional outcomes at 3 months

Good outcome (mRS 0–3)

N = 61

Poor outcome (mRS 4–6)

N = 55

p value

Patient demographics and medical history

Age (median, IQR) 68 (59–77) 78 (70.5–87) <0.001

Gender (female), N (%) 26 (42.6) 26 (47.3) 0.615

Caucasian, N (%) 35 (57.4) 29 (52.7) 0.615

History of smoking, N (%) 24 (39.3) 32 (59.3) 0.033

Hypertension, N (%) 35 (57.4) 43 (78.2) 0.017

Hypercholesterolemia, N (%) 25 (41.0) 29 (52.7) 0.206

Diabetes mellitus, N (%) 12 (19.7) 23 (41.8) 0.001

Cardiovascular disease, N (%) 23 (37.7) 29 (53.7) 0.085

Kidney disease, N (%) 6 (9.8) 13 (23.6) 0.045

Liver disease, N (%) 3 (4.9) 2 (3.6) 0.734

Anemia, N (%) 2 (3.3) 9 (16.7) 0.015

Coagulopathy, N (%) 5 (8.2) 3 (5.6) 0.579

Dementia, N (%) 3 (5.1) 17 (31.5) <0.001

Cancer, N (%) 14 (23.0) 14 (25.9) 0.711

Use of antiplatelet, N (%) 29 (47.5) 25 (46.3) 0.894

Use of anticoagulant, N (%) 15 (24.6) 14 (25.9) 0.869

Admission clinical characteristics

Severe premorbid mRS (4–6), N (%) 3 (4.9) 14 (26.9) 0.001

Premorbid Barthel Index (median, IQR) 100 (100–100) 95 (55–100) < 0.001

APACHE II acute physiological subscore (median, IQR) 8 (6–11) 11 (8–16) < 0.001

Admission GCS (median, IQR) 15 (14–15) 14 (9–15) < 0.001

Admission NIHSS (median, IQR) 0 (0–2) 8 (4–22) < 0.001

Trauma-associated injury, N (%) 40 (65.6) 42 (76.4) 0.202

Admission radiographic characteristics

Bilateral SDH, N (%) 29 (47.5) 21 (38.2) 0.309

SDH max thickness, mm

Left (median, IQR) 13 (7.6–20.8) 10.3 (0–17.1) 0.262

Right (median, IQR) 8 (0–18.0) 8.8 (0–19.0) 0.459

SDH volume, mm3

Left (median, IQR) 51.5 (12.2–104.6) 40.6 (0–103.5) 0.283

Right (median, IQR) 21.7 (0–87) 32.4 (0–97.2) 0.424

Total (median, IQR) 105.1 (62.3–148.3) 113.3 (47.6–146.4) 0.993

Distance of shift, mm (median, IQR) 5.6 (3.3–9.6) 5.0 (2.0–7.5) 0.397

Cerebral edema present, N (%) 39 (65.0) 27 (49.1) 0.085

Acuity 0.077

Acute only, N (%) 6 (9.8) 12 (21.8) 0.075

Acute, subacute, and/or chronic, N (%) 28 (45.9) 28 (50.9) 0.590

Subacute and/or chronic only, N (%) 27 (44.3) 15 (27.3) 0.057

Surgical characteristics

Surgical evacuation, N (%) 54 (88.5) 40 (72.7) 0.030

Surgery type 0.393

Burr hole, N (%) 13 (24.1) 6 (15.4)

Craniotomy, N (%) 5 (9.3) 2 (5.1)

Burr hole and craniotomy, N (%) 36 (66.7) 31 (79.5)

Bilateral surgery, N (%) 15 (24.6) 9 (16.4) 0.275
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Table 2 continued

Good outcome (mRS 0–3)

N = 61

Poor outcome (mRS 4–6)

N = 55

p value

Two or more evacuations, N (%) 6 (9.8) 1 (1.9) 0.074

SDH reaccumulation, N (%) 26 (54.2) 24 (61.5) 0.489

Hospital course

Vasopressors, N (%) 1 (1.6) 7 (13.0) 0.017

Intravenous sedation, N (%) 9 (14.8) 15 (27.3) 0.097

Intravenous antihypertensives, N (%) 4 (6.6) 13 (24.1) 0.008

Tracheotomy, N (%) 3 (4.9) 11 (20.0) 0.013

Mannitol, N (%) 3 (4.9) 8 (14.8) 0.072

Hypertonic saline, N (%) 3 (4.9) 6 (11.3) 0.206

Days on ventilator (median, IQR) 0 (0–0) 0 (0–4.5) <0.001

Medical complications

Meningitis, N (%) 0 (0) 1 (1.9) 0.286

Cerebral edema, N (%) 35 (58.3) 29 (53.7) 0.619

Cerebral infarction, N (%) 3 (4.9) 6 (11.1) 0.217

Herniation, N (%) 2 (3.3) 4 (7.4) 0.320

Seizure, N (%) 7 (11.5) 14 (25.9) 0.045

Pneumonia, N (%) 0 (0) 7 (13.0) 0.004

Pulmonary edema, N (%) 1 (1.7) 5 (9.4) 0.066

Renal failure (creatinine >2.5 or requiring dialysis), N (%) 1 (1.7) 9 (16.7) 0.006

Anemia requiring transfusion, N (%) 0 7 (13.0) 0.004

Arrhythmia, N (%) 1 (1.6) 12 (22.2) <0.001

Cardiac arrest, N (%) 0 (0) 3 (5.6) 0.062

Hyperglycemia (glucose >200), N (%) 12 (19.7) 19 (34.6) 0.071

Delirium, N (%) 11 (18.0) 7 (13.0) 0.455

Sepsis, N (%) 2 (3.3) 5 (9.3) 0.181

Fever >38.3 C, N (%) 2 (3.3) 9 (17.3) 0.012

Bold values indicate statistical significance

IQR interquartile range, SDH subdural hematoma, mRS modified Rankin Score, GCS Glasgow Coma Score, NIHSS National Institutes of Health

Stroke Score

Fig. 2 Three-month modified

Rankin Scores (mRS) by

subdural hematoma acuity type

in groups undergoing

evacuation compared to those

who did not (Color

figure online)
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SDH patients who did not undergo a surgical intervention.

This allowed us to observe the association of SDH evac-

uation on functional outcomes though we cannot make any

conclusive statements about the efficacy of surgery, since

this was not a randomized trial. A further strength of this

study is that our outcomes are not confounded by with-

drawal of life-sustaining therapy (since these patients were

excluded), which limits the interpretation of other studies

assessing mortality as a primary outcome [16, 17]. In a

retrospective review of 216 SDH patients at our institution

from 2001 to 2008, the in-hospital mortality rate among a

similarly diverse group of SDH acuities was 13 % (in-

cluding those who underwent withdrawal), and poor

discharge disposition (to a nursing home, hospice, or sub-

acute rehabilitation center) occurred in 20 % [7].

Prospectively, the observed in-hospital mortality rate of

6.9 % (increasing to 15.5 % if patients undergoing with-

drawal of care are included) is consistent with our

retrospective data and nationally published rates [1]. Addi-

tionally, in the current study, nearly half of all patients with

SDH experienced either death (22 %) or severe disability

(26 %) at 3 months, excluding those patients for whom life-

sustaining therapy was withdrawn or withheld during hos-

pitalization. Others have retrospectively observed poor

3-month outcomes (mRS 3–6) in 28 % of patients with

chronic SDH; however, patients with extremely poor base-

line mRS scores of five or patients with evidence of subacute

or mixed chronicity blood were not enrolled in this study

[18]. In a small Chinese cohort study of traumatic SDH,

quality of life scores measured 4–7 years after injury

revealed lower levels of physical, emotional, and social

functioning when compared to population controls [19].

Overall, age, poor premorbid functional status, and poor

admission neurological status were independent predictors

of poor 3-month functional outcome, along with a history

of smoking and fever during hospitalization. Others have

also found that age, severity of injury, and admission

neurological status are primary factors predicting outcome

following traumatic brain injury with acute SDH [2, 20].

Similar predictors appear in a retrospective study of non-

traumatic SDH patients [18]. A small, retrospective

chart review study identified variables associated with

discharge home following ‘‘nontraumatic’’ SDH including

GCS score, mRS score, and surgical intervention [21].

Our findings of fever during hospitalization and a his-

tory of smoking as independent predictors of poor

functional outcome are novel. Fever following subdural

hemorrhage is less commonly reported than with other

types of intracranial hemorrhage, such as subarachnoid

hemorrhage or intracerebral hemorrhage, where fever is

associated with worse functional and neurological out-

comes [22]. In general, any elevation of brain temperature

following cerebral insult has been associated with marked

worsening in clinical status in neurocritically ill popula-

tions, whether through ischemic or metabolic injury [23] or

derangements of intracranial volume homeostasis [24].

Furthermore, fever has been associated with higher mor-

tality rates and longer hospital length of stay among

neurocritically ill patients, even after adjusting for other

factors [25]. Because body temperature can be controlled

with advanced cooling devices, fever may be a modifiable

risk factor that warrants further study.

Smoking represents one of the major modifiable risk

factors for other types of intracranial hemorrhage [26, 27].

Although the correlation of smoking with worse functional

outcome after SDH may be a reflection of the lower health

scores often seen with these patients, the fact that it was an

independent predictor of outcome in our model may sug-

gest a possible association between smoking and poor

recovery after brain injury.

Across all subtypes of SDH, patients undergoing surgi-

cal evacuation experienced better 3-month functional

outcomes compared to those who did not, although the

results were nonsignificant. Stratifying by SDH acuity,

however, surgery was associated with improved functional

outcome in cases of mixed acuity or subacute/chronic SDH

(p = 0.002), while no significant difference was observed

in patients with purely acute blood (p = 0.494). However,

Table 3 Multivariable logistic regression model, predictors of poor functional outcome (mRS 4–6) after SDH

Variable Adjusted odds ratio p value

Age 1.11 (1.06–1.17) <0.0001

Admission GCS (per point decrease) 1.44 (1.19–1.81) <0.0001

Premorbid mRS (per point increase) 2.08 (1.48–3.12) <0.0001

Fever >38.3 �C 75.3 (8.17–1137) <0.0001

History of smoking 5.05 (1.68–17.5) 0.0033

Absence of surgical evacuation 3.90 (0.96–18.9) 0.0569

Evidence of acute blood on admission CT 1.20 (0.38–3.80) 0.7501

GCS Glasgow Coma Score, mRS modified Rankin Score, CT computed tomography
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the number of patients with purely acute SDH was small

(n = 18); and this study was not powered to evaluate the

effect of surgery in this subpopulation. Similarly, our

multivariable model revealed that the absence of surgical

intervention was nonsignificantly associated (p = 0.057)

with poor 3-month functional outcome, after adjusting for

other factors. As this was an observational study, we cannot

draw definitive conclusions about the efficacy of surgical

intervention. The use of larger, multicenter observational

studies with propensity score matching, or randomized trials

of SDH evacuation are warranted to more rigorously eval-

uate the impact of surgery on outcome.

Other groups have also been unable to show improved

outcomes following evacuation of acute SDH. In one study

of acute traumatic SDH, decompressive craniectomy failed

to demonstrate a favorable benefit on neurological outcome

at 1 year [28]. Surgical management of SDH in patients

over 70 years of age provided significant improvement in

neurological status but did not appear to result in any

improvements to functional status [29]. A retrospective

review of 1427 patients with acute SDH demonstrated

functional independence at discharge in areas of expres-

sion, feeding, and locomotion for 92, 81, and 43 %,

respectively. Overall in-hospital mortality was 16 % for

this cohort, but there was no significant difference between

surgically evacuated and non-evacuated groups [30].

There are even fewer data addressing outcomes in

patients with chronic SDH who undergo evacuation. In one

study, craniotomy was not only associated with higher

complication rates, if pursued as the initial line of treat-

ment, but was also found to be superior to minimally

invasive procedures for managing SDH recurrence [31].

Within our cohort, although surgical evacuation was uni-

variately associated with better functional outcome, it was

not found to be a significant predictor after adjusting for

other factors. Furthermore, it is possible that fewer patients

in our poor outcome group underwent hematoma evacua-

tion due to reasons related to poor surgical candidacy or

early hospital death.

We observed high rates of SDH reaccumulation in those

who underwent surgery (60 %) compared to reported rates

of 3–76 % [5, 18, 31–40]. However, we were very

aggressive in coding reaccumulation, such that even 1 ml

increase in SDH volume on follow-up CT was coded as a

recurrence, while most studies report recurrence as reac-

cumulation requiring evacuation. Indeed, the median

volume of recurrent SDH postoperatively was only 8.5 mL.

Furthermore, only 7 % of our cohort required re-evacua-

tion, which is similar to the reported literature [18, 36, 41].

Overall, after accounting for postoperative reaccumulation,

there was still a 60 % reduction in SDH volume with

surgery compared to a 10 % spontaneous reduction in SDH

volume that occurred without surgery.

Our observation that long-term prognosis appears worse

with higher acuity of blood on initial admission head CT is

consistent with other studies on mortality and outcome in

acute SDH. A multicenter study of 360 patients with severe

traumatic brain injury and acute SDH evaluated 6-month

functional recovery using the Glasgow Outcome Scale (1–3

vs. 4–5). Overall in-hospital mortality was 46.7 %, unfa-

vorable 6-month outcomes occurred in 18.6 % of patients,

and favorable outcome occurred in 32.2 % [20]. Older

cohort studies of patients with acute SDH report mortality

rates of 60 % and functional recovery in 38 % of patients

at 3 months [2]. Although mortality rates are lower in the

more recent studies, more patients are left with poor long-

term functional recovery; and the rates of good outcomes

have not changed in decades. These findings have been

corroborated with nationwide data demonstrating

decreased in-hospital mortality rates from 15 to 12 % from

1998 to 2007 but increased unsatisfactory discharge dis-

position from 17 to 20 % [1].

Certain limitations of the study should be mentioned. As

a single-center study, the findings presented here may not be

generalizable to other institutions with varying patient

populations or clinical practices. Our study protocol inclu-

ded all patients admitted to the neurological intensive care

unit with primary SDH, including those with subacute or

chronic SDH. Therefore, while the study population was

likely to carry a better prognosis when compared to cohorts

comprised of only acute traumatic SDH, the cohort was also

selected from patients with the highest severity of illness

necessitating close intensive care unit (ICU) observation.

Second, though two radiographic assessments were per-

formed in all patients (at admission and a 6-h stability scan),

there was not a protocolized follow-up head CT. Therefore,

residual SDH volumes may vary based on when imaging

was performed. Finally, because this was an observational

study, we were not able to control for selection bias in terms

of which patients were offered surgical intervention; how-

ever, we did adjust for factors associated with the decision to

pursue surgery in multivariable analysis.

Conclusions

Factors associated with poor functional outcome after ICU

admission for SDH include older age, worse admission

neurological status, worse premorbid functional status, fever

during hospitalization, and a history of smoking. Our data

suggest that surgical evacuation was associated with

improved outcomes, with the greatest benefits observed in

mixed acuity or chronic/subacute SDH, although the study

was not statistically powered to conclusively determine the

impact of surgery. Larger cohort studies with propensity

score matching or randomized studies of SDH evacuation in
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patients where there is clinical equipoise regarding the

utility of surgery are necessary to assess the impact of sur-

gical evacuation on long-term prognosis. Identifying those

patient characteristics or events where intervention is most

likely to result in improved functional recovery has impor-

tant implications for patient care beyond the immediate

hospitalization period. Although national data indicate that

in-hospital mortality continues to decline, long-term func-

tional recovery remains poor with nearly 50 % of patients

dead or moderate-severely disabled at 3 months.
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