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PART IV

THE EFFECTIVENESS OF 
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ABSTRACT

Uncertainty remains on the optimal initial management of patients with traumatic 
acute subdural hematoma, leading to regional variation in surgical policy. This can 
be exploited to compare the effect of various management strategies and determine 
best practices. This article reports such a comparative effectiveness analysis of a 
retrospective observational cohort of traumatic acute subdural hematoma patients 
in two geographically distinct neurosurgical departments chosen for their – a-priori 
defined – diverging treatment preferences. Region A favored a strategy focused 
on surgical hematoma evacuation, while region B employed a more conservative 
approach, performing primary surgery less often. Region was used as a proxy for 
preferred treatment strategy to compare outcomes between groups, adjusted for 
potential confounders using multivariable logistic regression with imputation 
of missing data. In total, 190 patients were included: 108 from region A and 82 
from region B. There were 104 males (54.7%). Matching current epidemiological 
developments, the median age was relatively high at 68 years (IQR, 54-76). Baseline 
characteristics were comparable between regions. Primary evacuation was carried 
out in 84% of patients in region A and 65% in region B (p<.01). Mortality was lower 
in region A (37% vs. 45%, p=.29), as well as unfavorable outcome (53% vs. 62%, 
p=.23). The strategy favoring surgical evacuation was associated with significantly 
lower odds of mortality (OR: 0.43; 95% CI: 0.21 to 0.88) and unfavorable outcome 
(OR: 0.53; 95% CI: 0.27 to 1.02) 3-9 months post-injury. Therefore, in the aging 
population of patients with acute subdural hematoma a treatment strategy favoring 
emergency hematoma evacuation might be associated with lower odds of mortality 
and unfavorable outcome. 
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INTRODUCTION

In 1983, Gelpke and colleagues compared survival after severe traumatic brain injury 
(TBI) between two neurosurgical departments in the Netherlands. They concluded 
that of the 18% difference in survival rate between centers, 10.5% was accounted 
for by differences in baseline characteristics, and the remaining 7.5% could reflect 
differences in management strategies.1 This study can be regarded as comparative 
effectiveness research (CER) avant la lettre in the field of TBI. CER aims to relate 
naturally occurring treatment variation to differences in patient-relevant outcomes, 
measured in day-to-day clinical settings and broad populations.2 This is increasingly 
recognized as a powerful alternative to randomized controlled trials (RCTs).3 Many 
surgical trials have been hampered by protracted recruitment periods4,5 and financial 
constraints,6 while providing limited benefit to clinical management.5,7–9 Moreover, 
CER could be worthwhile because, partly due to current treatment guidelines 
featuring low class evidence, considerable between-center differences in the clinical 
management of TBI are seen.10–16 
“To operate or not?” is a burning clinical question every surgeon frequently has 
to answer. In the case of traumatic acute subdural hematoma (ASDH), whether 
the patient will benefit from direct surgical evacuation of the hematoma remains 
a contested issue. Though prompt surgery has been associated with improved 
survival,17–20 reported mortality rates remain high, ranging from 40 to 60% in 
surgically treated patients of all trauma severities.21 Conversely, it has been suggested 
that certain patients with a poor prognosis may not be treated at all,22,23 and 
patients with minimal symptomatology or comatose ASDH patient with a minimal 
hematoma without extracranial explanations for his/her coma can successfully be 
treated conservatively.24–27 Conservative treatment comprises of observation, serial 
neurological examinations and sometimes placement of an intracranial pressure 
(ICP) monitor with non-operative/medical management of intracranial hypertension 
when appropriate. 
Thus, the decision to operate or not poses a clinical challenge for the neurosurgeon 
and should preferably be aided by guidelines based on comparison of treatment 
regimes. However, RCTs have never been done and comparative observational cohort 
studies with balanced treatment groups are unavailable. The most widely used 
surgical guidelines published by the Brain Trauma Foundation are consequently 
made up of weak evidence.21 Therefore clinical decision-making is presently 
influenced by neurosurgeons’ individual preferences for, or familiarity with 
treatment of traumatic ASDH. As a result, management strategies vary considerably 
between neurosurgical departments, even between those within dedicated level 1 
trauma centers with protocolled emergency medicine schemes.10–12 Clearly, there 
is a need for comparative studies to elucidate the optimal treatment of traumatic 
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ASDH. Since randomized surgical trials are not practically feasible because of moral 
boundaries of treating physicians, the comparison of cohorts between homogenous 
regions managing ASDH in different ways may be the best available alternative to 
assess the effectiveness of surgical therapy.
The objective of this study was to compare mortality and functional outcome 
between an immediate surgical and a conservative, less surgery driven approach for 
the treatment of traumatic ASDH.

MATERIALS AND METHODS

This study was conducted and reported according to the criteria of the ‘Strengthening 
the Reporting of Observational Based Studies’ (STROBE) statement.28 

The Dutch healthcare system and regional treatment variation
Healthcare in the Netherlands is uniformly accessible to all patients, with equal 
distribution of resources among hospitals. Neurosurgical care for patients with 
TBI is provided at 11 level 1 trauma centers, serving separate areas according to 
regional referral policies. Training and licensing is equal among these centers. 
However, neurosurgical practices differ across these centers, probably due to local 
surgical customs handed down over the years:  a recent survey assessing whether 
neurosurgeons would perform an operation in various patients with ASDH showed 
considerable between-center variation among Dutch neurosurgeons’ attitudes 
towards patients with traumatic ASDH.12 Based on this questionnaire, the centers 
that showed the most divergent view on whether to operate acutely or not in cases 
reflecting the whole clinical TBI severity spectrum (90.0% vs 14.3% for moderate 
TBI, 90.0% and 42.9% for severe TBI) were chosen before the start of the current 
study. In both centers the same Brain Trauma Foundation guideline-based ICU 
protocol for (refractory) raised ICP is employed while the neurosurgical departments 
do not employ a surgical protocol (e.g. the Brain Trauma Foundation guideline).

Study design, setting and population
Two patient cohorts were retrospectively identified at two neurosurgical departments, 
in geographically separate regions. Neurosurgeons from region A treat TBI patients 
at two neurosurgically collaborating hospitals within level 1 trauma centers and 
advocate primary surgical treatment of ASDH (through hematoma evacuation 
with or without decompression). Neurosurgeons from region B operate in a single 
level 1 trauma center and opt for surgery less often, suggesting a more conservative 
approach.12 Both regions serve a homogeneous population of about 2 million people. 
Regions A and B employed 16 and 18 neurosurgeons respectively.
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Eligibility criteria
The Dutch registry system for hospital funding appoints diagnosis and treatment 
codes to all patients visiting a hospital. Using this system as a screening tool, we 
consecutively identified all patients treated by a neurosurgeon for TBI between 2008 
and 2012 in both regions. Thereafter, the national trauma registry was checked for 
any missed inclusions.29 A broad set of inclusion criteria was applied: patients were 
included if they had sustained head injury with direct presentation to the emergency 
room, were over 16 years of age, and showed a hyperdense, crescent shaped lesion – 
indicative of an ASDH – on the CT-scan. Exclusion criteria were penetrating injury, non-
traumatic ASDH, ASDH secondary to an earlier procedure, and patients presenting 
with concomitant intracranial focal lesions (i.e. intracerebral hematoma or epidural 
hematoma) that required emergency surgery. Patients withheld from treatment due to 
severe comorbidity or because they were deemed unsalvageable, were also excluded on 
the premises the outcome would have been the same regardless of treatment.

Variables
Data from electronic patient files were gathered on demographics, medical history, 
use of anticoagulants or antiplatelet agents, injury related variables, radiological 
variables, treatment variables, complications and outcome variables.
Injury related variables included trauma mechanism, first emergency room Glasgow 
Coma Scale (GCS) score, focal neurological symptoms (paresis, aphasia or cranial 
nerve deficit), pupillary light reflex, clinical deterioration (i.e. a decrease of more than 
1 point on the GCS, new abnormal pupillary light reflex, or new focal neurological 
symptoms, from the time of first assessment), presence of significant extra-cranial 
injury, and primary presentation to the study hospitals.
Radiological variables were assessed from the first CT-scan. They included clot 
thickness, midline shift, patency of the basal cisterns, presence of cranial fractures, 
and presence of concomitant intracranial hemorrhage (subarachnoid hemorrhage, 
epidural hematoma, contralateral subdural hematoma, intraventricular hemorrhage, 
or intracerebral hematoma/contusion). We also noted if a second preoperative CT-
scan was made and whether it showed radiological deterioration (i.e. presence of new 
focal lesion or >5mm increase in hematoma thickness).
Therapy related variables included type of management (conservative or surgical), 
type of surgery (craniotomy, decompressive craniectomy (DC), or other), use of an ICP 
monitor, and any delayed surgical procedures performed after the initial treatment 
was received. The maximum diameter of the DC was measured from postoperative 
CT-scans. Patients were considered surgically treated when a report was made on 
the indication and the surgical procedure was started after the last CT made on 
the emergency room. Patients were considered conservatively managed when the 
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neurosurgeon on call reported not to operate after the CT. Patients that were primarily 
conservatively managed could require surgery later on, after secondary deterioration. 
All complications requiring medical attention during admission (e.g. antibiotic 
treatment for infection) were noted. Complications were defined as intracranial (e.g. 
seizure, hydrocephalus), cardiovascular (e.g. arrhythmia, ischemia), respiratory (e.g. 
respiratory insufficiency, hypoxia), metabolic (e.g. electrolyte disturbances, renal 
failure), infections (e.g. pneumonia, wound infection), or other.
Outcome measures were mortality at discharge and functional outcome according to 
the Glasgow Outcome Score (GOS). Functional outcome was judged from outpatient 
follow-up letters at 3-9 months post trauma, and dichotomized into favorable (GOS 
4-5) or unfavorable (GOS 1-3).30 
Two authors from region A collected all data. To ensure uniform and unbiased 
collection, both contributors independently gathered data according to a standardized 
collection sheet. In case of uncertainty, variables were coded after consensus was 
reached through discussion. 
This study was approved by the ethics committees of the two participating hospitals. 

Statistical analysis
The median and interquartile range (IQR) were calculated for continuous variables 
and frequencies were reported along with percentages for categorical variables. To 
test for differences in patient characteristics, treatments and outcomes between 
regions, we used Pearson’s chi-square test for categorical, and the Mann-Whitney 
U test for continuous variables. In order to provide a summary baseline prognostic 
score for both regions, a multivariable logistic regression model, based on all 
available variables featured in the CRASH-CT head injury prognosis model (age, 
GCS score, pupil reactivity to light, major extracranial injury, midline shift >5mm, 
traumatic subarachnoid hemorrhage, and obliteration of the basal cisterns), was 
used to calculate predicted probabilities for mortality and unfavorable outcome.31 
To assess the effect of treatment strategy on outcome, we used region as proxy for treatment 
strategy. That strategy correlates with more surgeries (and possibly other aspects, see 
discussion). Assuming regional variation was the only determinant of treatment strategy, the 
region in which patients were treated was used as grouping variable to compare outcomes. 
A multivariable logistic regression model was used to estimate the effect of treatment 
strategy on outcome, adjusted for the confounders age, GCS score, pupil reactivity and 
hematoma thickness. In addition, subgroup analysis restricted to patients with mild to 
moderate TBI (GCS 9 to 15) was done. The regression analyses were done using a multiple 
imputed dataset created with the automatic imputation method of the impute function 
of SPSS. Missing data were reported for all variables at baseline. Results were considered 
statistically significant if p<.05. All analyses were performed using IBM’s SPSS version 23.
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RESULTS

Participants and presentation
A total of 612 cases were screened (N, region A=294; N, region B=318) of which 
195 cases met the eligibility criteria: 109 from region A and 86 from region B. Five 
cases were excluded due to severe comorbidity (N, region A=1), or were deemed 
unsalvageable (N, region B=4, fi gure 1). 
The study population included 104 males (54.7%) and the median age was 68 years 
(IQR, 54-76). Regions did not diff er signifi cantly on age, sex, use of anticoagulants, 
injury mechanism, GCS score, occurrence of focal neurological symptoms, pupillary 
exam, or frequency of major extracranial injury (table 1). Region A received more 
primary referrals than region B (63% vs. 21%, p<.01). Patients in region B more often 
experienced clinical deterioration (34% vs. 51%, p<.01). Region A had larger median 
hematoma thickness (14mm vs. 10mm, p<.01), larger median midline shift (12mm 
vs. 9mm, p<.01), and less cranial fractures (28% vs. 44%, p<.03). The baseline 
CRASH-CT predicted risk of unfavorable outcome was similar: 56% in region A and 
53% in region B (p=.18). Missing values per variable used in both univariable and 
multivariable regression analyses did not exceed 5.8% (table 1).

 Figure 1. Patient inclusion fl ow chart showing the number of patients included in each region 
(region A: liberal surgical policy, region B: more conservative policy) and the defi nitive treatment 
received (either primary surgical or conservative).
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Table 1. Clinical and radiological variables for the entire study population

Variable, % missing Region A (N=108) Region B (N=82) p-value

Age, median (IQR), years, 0% 70 (54 – 78) 65 (53 – 74) .07

Male sex, No. (%), 0% 57/108 (53%) 47/82 (57%) .56

History of diabetes, No. (%), 1.6% 14/105 (13%) 10/82 (12%) 1.00

Vascular history, No. (%), 1.6% 60/105 (57%) 45/82 (55%) .769

Anticoagulant, No. (%), 1.6% 

  Anticoagulants 34/107 (32%) 18/80 (23%) .19

  Platelet inhibitors 20/107 (20%) 16/80 (19%) 1.00

Mechanism of injury, No. (%), 2.5% 

  Fall 58/104 (56%) 45/81 (56%) 1.00

  Assault 5/104 (5%) 1/81 (1%) .23

  Motor vehicle accident 12/104 (12%) 13/81 (16%) .39

  Fall from bike 12/104 (12%) 11/81 (14%) .82

  Other 17/104 (16%) 11/81 (14%) .68

Primary presentation, No. (%), 0% 67/106 (63%) 17/82 (21%) <.01

Focal neurological symptoms, No. (%), 24.7% 42/79 (53%) 28/64 (44%) .31

Abnormal pupils, No. (%), 5.3% 

  One 13/101 (13%) 12/79 (15%) .67

  Two 14/101 (14%) 9/79 (12%) .66

First GCS score, median (IQR), 2.6% 9 (6 – 14) 12 (7 – 15) .48

  Initial motor (M) score, median (IQR), 29.5% 6 (5 – 6) 5 (4 – 6) .04

TBI severity, No. (%), 1.6% 

  Mild (GCS 13 to 15) 40/107 (37%) 29/80 (36%) 1.00

  Moderate (GCS 9 to 12) 18/107 (17%) 20/80 (25%) .20

  Severe (GCS 3 to 8) 49/107 (46%) 31/80 (39%) .37

Clinical deterioration, No. (%), 0% 37/108 (34%) 44/82 (54%) <.01

  GCS score after deterioration, median (IQR), 5.2% 8 (4 – 13) 8 (5 – 13) .45

Major extracranial injury, No. (%), 3.2% 12/102 (12%) 11/82 (13%) .82

CT characteristics

  Thickness, median (IQR), mm, 5.8% 14 (9 – 18) 10 (7 – 14) <.01

  Midline shift, median (IQR), mm, 4.2% 12 (7 – 16) 8 (3 – 13) <.01

  Basal cisterns obliterated, No. (%), 4.2% 39/101 (39%) 24/81 (30%) .22

  Concomitant SAH, No. (%), 2.1% 24/104 (23%) 23/82 (28%) .50

  Concomitant contusion, No. (%), 2.6% 20/104 (19%) 25/81 (31%) .08

  Concomitant EDH, No. (%), 2.1% 7/104 (7%) 4/82 (5%) .76

  Concomitant SDH, No. (%), 2.1% 8/104 (8%) 11/82 (13%) .23

  Concomitant IVH, No. (%), 2.1% 2/104 (2%) 2/82 (2%) 1.00

  Cranial fracture, No. (%), 2.1% 30/106 (28%) 35/80 (44%) .03

Second CT scan, No. (%), 1.6% 23/105 (22%) 19/82 (23%) .86

  Radiologic deterioration, 2.4% 14/22 (64%)a 10/19 (53%)a .54

Predicted unfavorable outcome based on CRASH-CT 
variables (GOS ≤ 3, %), mean (IQR), 12.6% 

56% (42% – 75%) 53% (32% – 70%) .18
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Interventions
Patients in region A more often received emergency surgery (84% vs. 65%, p<.01) or 
an ICP sensor (38% vs. 15%, p<.01). When undergoing surgery, patients were more 
likely to undergo DC in region B (32% vs. 55%, p<.01). The median size of DC in 
region B was somewhat larger (110mm vs. 116mm, p=.15). Both regions had a similar 
rate of delayed procedures (15% vs 16%, p=.57) and complications (table 2). 

Table 1. Clinical and radiological variables for the entire study population (continued)
Variable, % missing Region A (N=108) Region B (N=82) p-value
a percentage of all second CT scans
IQR, interquartile range; No., Number; GCS, Glasgow Coma Scale; TBI, Traumatic Brain Injury; CT, 
Computer Tomography; SAH, subarachnoid hemorrhage; EDH, epidural hematoma; SDH, subdural 
hematoma; IVH, intraventricular hemorrhage; GOS, Glasgow Outcome Score

Table 2. Hospital course variables for the entire study population

Variable, % missing Region A (N=108) Region B (N=82) p-values

ICP monitor placed, No. (%), 1.1% 40/106 (38%) 12/82 (15%) <.01

Emergency surgery, 0%

Total, No. (%) 91/108 (84%) 53/82 (65%) <.01

Craniotomy, No. (%) 60/91 (66%)a 24/53 (45%) a .02

DC, No. (%) 29/91 (32%) a 29/53 (55%) a <.01

Other, No. (%) 2/91 (2%) a 0/53 (0%) a .53

Size of DC, mdn (IQR) 110 (97 – 115) 116 (103.5 – 127) .15

Delayed surgery, No. (%), 2.6%

Total 16/103 (15%) 16/82 (19%) .57

Craniotomy 4/16 (25%) a 7/15 (44%) a .46

DC 6/16 (38%) a 4/15 (25%) a .70

Burrhole 4/16 (25%) a 3/15 (19%) a 1.00

Other 2/16 (13%) a 2/15 (13%) a 1.00

Complications, No. (%), 7.4%

Total 56/95 (59%) 50/81 (62%) .76

Intracranial 30/95 (32%) 29/81 (36%) .63

Cardiovascular 13/95 (14%) 17/81 (21%) .23

Respiratory 4/95 (4%) 9/81 (11%) .15

Metabolic 3/95 (3%) 9/81 (11%) .07

Infection 30/95 (32%) 18/81 (22%) .18

Other 1/100 (1%) 7/81 (9%) .02
a Percentage within group of emergency or delayed procedures
ICP, intracranial pressure; mdn, median; No., Number; IQR, interquartile range; DC, decompressive 
craniectomy
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The effect of treatment strategy
Hospital mortality in region A was 37%, compared to 45% in region B (p=.29). 
Also, in region A 53% had an unfavorable outcome after 3-9 months, compared to 
62% in region B (p=.23). Region showed a favorable effect of a more aggressive 
treatment strategy (region A) in both unadjusted (mortality OR, 0.75; 95% CI, 0.42 
to 1.10; unfavorable outcome OR, 0.74; 95% CI, 0.41 to 1.02) and adjusted analysis 
(mortality OR, 0.43; 95% CI, 0.21 to 0.88; unfavorable outcome OR, 0.53; 95% CI, 
0.27 to 1.02). Subgroup analysis restricted to patients with mild to moderate TBI 
(N=110) showed a similar effect for both mortality (adjusted OR, 0.34; 95% CI, 0.13 
to 0.91) and unfavorable outcome (adjusted OR, 0.33; 95% CI 0.14 to 0.77) (table 3). 
A post-hoc analysis with adjustment for decompressive craniectomy and primary 
referral confirmed the main results (supplementary tables 1 and 2).

The effect of surgery on patient level
In multivariable analysis, surgery was associated with higher odds of in-hospital 
mortality (OR, 6.6; 95% CI, 1.43 to 30.8) and unfavorable outcome (OR, 1.56, 95% 
CI: 0.64 to 3.82, table 4).

Table 3. Output of logistic regression analyses. Numbers are odds ratios and 95% confidence 
intervals for the effect of treatment strategy on mortality and unfavorable outcome (Glasgow 
Outcome Score ≤ 3)

Analysis type Mortality at discharge Unfavorable outcome at 3-9 months

All patients

Univariable (N=190), OR (95% CI) 0.75 (0.42 to 1.10) 0.74 (0.41 to 1.02)

Multivariable (N=190), OR (95% CI)a 0.43 (0.21 to 0.88) 0.53 (0.27 to 1.02)

Subgroup of mild-moderate TBI patients

Univariable (N=110), OR (95% CI) 0.51 (0.22 to 1.18) 0.45 (0.21 to 0.96)

Multivariable (N=110), OR (95% CI)b 0.34 (0.13 to 0.91) 0.33 (0.14 to 0.77)
a controlling for age, GCS score, pupillary reactivity and hematoma thickness
b controlling for age, GCS score and hematoma thickness
OR, odds ratio; CI, confidence interval; TBI, traumatic brain injury; GCS, Glasgow coma scale

Table 4. Output of logistic regression analyses. Numbers are odds ratio’s and 95% confidence 
intervals for the effect of surgery on mortality and unfavorable outcome (Glasgow Outcome 
Score ≤ 3)

Analysis type Mortality at discharge Unfavorable outcome at 3-9 months

Effect of surgery on patient level

Univariable, OR (95% CI) 9.7 (3.3 to 28.6) 3.5 (1.7 to 7.3) 

Multivariable, OR (95% CI)a 6.6 (1.4 to 30.8) 1.6 (0.6 to 3.8)
a controlling for age, GCS score, pupillary reactivity and hematoma thickness



Chapter 9� 163

DISCUSSION

This study compared an aggressive surgical policy to a more conservative management 
strategy for traumatic ASDH. Though the study groups were comparable in terms 
of baseline prognosis, patients were significantly more likely to undergo emergency 
surgery in the expected region. A primarily surgically focused strategy was associated 
with a lower in-hospital mortality and unfavorable outcome.
Estimating causal treatment effects in non-randomized data is often impossible 
due to confounding by indication. Some of the baseline imbalance can be corrected 
through stratification or multivariable modeling (amongst other selection or analysis 
techniques). However, when we compared a surgical with a non-operative treatment 
on patient level in this study (table 4), in contrast to comparing treatment strategies 
on a center level, emergency surgery was associated with worse outcome even after 
adjusting for confounders. This suggests unmeasured confounding by indication, 
causing misleading effect estimates. The region-based comparison is a major strength 
of this study. It allowed for a ‘natural experiment’ where patients were ‘allocated’ to 
one of both policies based on where the accident occurred and not based on their 
baseline characteristics. This provided an opportunity for an analysis that likely 
has a considerable reduction of unmeasured confounding compared to an analysis 
comparing the actual treatment received. Based on the balance between groups with 
regard to measured confounders, we may speculate that there is also balance in 
unmeasured confounders. This assumption, however, cannot be statistically proven 
(as would neither be possible or rational in an RCT). 
A weakness is that we compared surgical strategy in only two centers. It cannot 
be excluded that differences between regions in other aspects of care, e.g. other 
treatments or organization of care, caused the difference in outcome in addition 
to the surgical approach. To account for these differences in such a hospital-level 
approach more centers are generally needed to disentangle the care aspects that 
correlate with the treatment decision of interest. Therefore, we need to interpret 
our results with caution. The wide confidence interval of the effect estimates clearly 
underwrites this statement even more. A study with more hospitals is needed to 
allow adjustment for differences between the hospitals other than in the treatment 
of interest. 
An obvious limitation in this context, although inherent to the observational nature, 
is that the region-based approach did not completely eliminate all differences in 
baseline confounders. Patients from region A presented directly to the study hospital 
more often (63% vs. 21%, p<.01). Primary presentation to a neurosurgical center 
improves patient outcome and has a close relationship with time to surgery,32 both of 
which may have contributed to the lower rates of mortality and unfavorable outcome 
observed in region A. The higher incidence of clinical deterioration in region B may 
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be consequent to the larger number of secondary referrals. On the other hand, region 
B is characterized by relatively smaller hematoma thickness and midline shift (on the 
same time point CT), while having a higher proportion of accompanying contusions. 
However, the possible resulting confounding is adjusted for appropriately. Moreover, 
apparently the imbalances are evenly spread out because the cohorts of both regions 
have a similar prognosis in the validated CRASH model. So they were similar for the 
most important predictors of outcome on arrival to the study hospital. 
Another limitation may be that the data collectors could not be blinded for hospital 
of admission, which might give rise to information bias. To minimize potential bias, 
a standardized and controlled data collection protocol was followed. Nevertheless, we 
need to consider that the GOS was estimated from clinic discharge and visit letters, 
instead of a structured interview. 
Furthermore, this study needs an important note on generalizability. This is a 
relatively old population, with a high proportion of fall-related ASDH (56%). Recent 
comparable series of patients with ASDH of varying severities report mean ages of 55 
to 58 years.19,33,34 The high age in this study should come as no surprise considering the 
aging population in developed countries, but should be kept in mind when applying 
its results. Also, for a clinician to determine to which patients these results are 
relevant she/he needs to consider for what kind of ASDH patients the neurosurgery 
is consulted in the Netherlands. An unknown number of mild cases reviewed by the 
neurologist or neurology resident without consultation of a neurosurgeon were not 
included. This explains the relatively small number of conservatively treated patients 
(24% overall) in our cohort compared to recent studies, reporting 74-83% of ASDHs 
being treated nonoperatively.33,34 And, though much less common, this also applies 
to very severe cases, not operated due to an extremely poor prognosis. Because the 
mild cases constitute the majority of TBI, and this patient category undoubtedly has 
an above-average prognosis, applying the favorable results of surgery to all ASDH 
patients would not be reasonable. While both the age and consultation patterns 
might influence the generalizability, we nonetheless consider our selection useful 
in research on surgical decision making, because our cohort is representative of the 
ASDH population currently presented to neurosurgeons.

The role of surgery for ASDH
Our results are in line with other recent studies reporting a positive effect of early/
aggressive surgical management, mainly for severe TBI on mortality and functional 
outcome.15,35 A recent report showed this could also be true for routine use of invasive 
ICP measurement for severe TBI.14 On the other hand, when restricting to surgery, 
and the complete patient domain, i.e. ASDH patients with mild to severe TBI, previous 
studies have reported worse or similar outcomes in patients undergoing surgical 



Chapter 9� 165

treatment.24–26,32,36,37 However, all studies compared outcomes between surgically 
and non-operatively treated patients at the patient level rather than a regional level, 
potentially leading to confounding by indication, because more severely injured 
patients are more likely to be operated. As mentioned above, when performing a 
conventional analysis on our cohort, surgery was associated with increased mortality 
and unfavorable outcome in our data. Hence, the distorting effect of confounding by 
indication in TBI supports the use of a comparative effectiveness approach when an 
RCT is not feasible for whatever reason.
When discussing the role of surgery in TBI, the use of decompressive craniectomy 
cannot be left unmentioned. Region B used DC significantly more often, despite 
equal distribution of prognostic factors. This could reflect another variation in 
surgical strategy or be consequent to the higher number of secondary referrals, 
resulting in presentation at a later stage, when brain swelling has started to occur. 
There is limited evidence on the use of primary DC in the treatment of ASDH, and 
studies comparing craniotomy to DC are likely confounded by indication as well.38–40 
Consequently, the effect of more frequent use of DC in region B on our outcome 
measures is uncertain. The planned RESCUE-ASDH trial will use an experimental 
comparative effectiveness design to clarify the value of DC as a primary treatment in 
severe TBI.11 
This study reports an example of the practice variation in surgical treatment of 
traumatic ASDH. Advantage can be taken of this variation for CER. Larger cohorts 
with more hospitals are required to perform robust analyses to explore the ability 
of this method to infer causality, and with enough statistical power to study specific 
substrata according to age and trauma severity. The availability of such cohorts, with 
prospectively gathered, trial quality data from real-world settings, will allow initiatives 
such as Net-QuRe and CENTER-TBI to answer urgent clinical questions to provide 
the much needed guidance for the treatment of TBI.41 

CONCLUSION

In this comparative study of surgery for ASDH, an aggressive management strategy 
favoring emergency evacuation of the hematoma was associated with better outcome. 
This conclusion derives from a contemporary cohort of relatively old traumatic 
ASDH patients that reflects the current population presented to a neurosurgeon. 
Larger, prospective, comparative studies with more hospitals are needed to confirm 
this effect of surgery and to explore generalizability.
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