
Traumatic brain injury is the leading
cause of death and disability among
patients younger than 45 years of age,

with mortality rates ranging from 30% to
40%.1–3 Moreover, the impact of traumatic brain
injury on quality of life among survivors is
tremendous, with up to 30% of patients acquir-
ing major neurologic sequelae.

Although few studies have compared mor-
tality among centres in global trauma popula-
tions,4,5 overall mortality and variation in mor-
tality, specifically for patients with critical

ill ness and traumatic brain injury, are less well
de scribed. Because patients with severe trau-
matic brain injury lack capacity for making
medical decision s, relatives and medical teams
must frequently estimate patients’ preferences
for treatment, including life support. Decisions
to withdraw life-sustaining therapies are usually
based on perceptions of unfavourable prognosis
for meaningful neurologic recovery.6–8 How-
ever, there are relatively few accurate and use-
ful prediction tools to inform such estimates of
prognosis. Therefore, prognostication is often
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Background: Severe traumatic brain injury
often leads to death from withdrawal of life-
sustaining therapy, although prognosis is diffi-
cult to determine.

Methods: To evaluate variation in mortality
following the withdrawal of life-sustaining
therapy and hospital mortality in patients
with critical illness and severe traumatic brain
injury, we conducted a two-year multicentre
retrospective cohort study in six Canadian
level-one trauma centres. The effect of centre
on hospital mortality and withdrawal of life-
sustaining therapy was evaluated using multi-
variable logistic regression adjusted for base-
line patient-level covariates (sex, age,
pu pil lary reactivity and score on the Glasgow
coma scale).

Results: We randomly selected 720 patients
with traumatic brain injury for our study. The
overall hospital mortality among these
patients was 228/720 (31.7%, 95% confidence
interval [CI] 28.4%–35.2%) and ranged from
10.8% to 44.2% across centres (χ2 test for
overall difference, p < 0.001). Most deaths

(70.2% [160/228], 95% CI 63.9%–75.7%) were
associated with withdrawal of life-sustaining
therapy, ranging from 45.0% (18/40) to 86.8%
(46/53) (χ2 test for overall difference, p <
0.001) across centres. Adjusted odd ratios
(ORs) for the effect of centre on hospital mor-
tality ranged from 0.61 to 1.55 (p < 0.001).
The incidence of withdrawal of life-sustaining
therapy varied by centre, with ORs ranging
from 0.42 to 2.40 (p = 0.001). About one half
of deaths that occurred following the with-
drawal of life-sustaining therapies happened
within the first three days of care.

Interpretation: We observed significant varia-
tion in mortality across centres. This may be
explained in part by regional variations in
physician, family or community approaches to
the withdrawal of life-sustaining therapy. Con-
sidering the high proportion of early deaths
associated with the withdrawal of life -
sustaining therapy and the limited accuracy of
current prognostic indicators, caution should be
used regarding early withdrawal of life -
sustaining therapy following severe traumatic
brain injury.
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based on clinicians’ impressions and past expe-
riences. The subjective nature of neuroprognos-
tication may lead to variability in the incidence
of death associated with the withdrawal of life-
sustaining therapy. With the recent advent of
programs for organ donation following cardio-
vascular death, potential variability in mortality
and withdrawal of life-sustaining therapy
among patients with severe traumatic brain
injury would be of major importance from a
medicolegal perspective. The ethical debate
surrounding organ donation following cardio-
vascular death having recently reached a public
hearing9 highlights the need to improve our
understanding of withdrawal of life-sustaining
therapy for this specific population of patients.

We hypothesized that hospital mortality varies
across centres and that this may be explained, at
least in part, by variability in the rate of with-
drawal of life-sustaining therapy. We conducted a
multicentre cohort study in six Canadian level-
one trauma centres to investigate and compare
rates of death associated with withdrawal of life-
sustaining therapy among patients with severe
traumatic brain injury.

Methods

Consecutive mechanically ventilated patients
with severe traumatic brain injury admitted to six
level one trauma centres from three Canadian
provinces (Centre hospitalier affilié universitaire
de Québec–Hôpital de  l’Enfant-Jésus and Hôpi-
tal du Sacré-Coeur de Montréal, Quebec; Hamil-
ton General Hospital, Sunnybrook Health Sci-
ences Centre and St-Michael’s Hospital, Ontario;
and Foothills Medical Centre, Alberta) over a
24-month period (January 2005–December
2006) were considered for inclusion in the study.
Severe traumatic brain injury was defined as a
score of 8 or lower on the Glasgow coma scale,
either in the emergency department or upon
admission to the intensive care unit (ICU). We
excluded patients younger than 16 years of age
or patients with penetrating brain injuries.

The primary outcome was the unadjusted and
adjusted proportion of patients dying following
the withdrawal of life-sustaining therapy. Sec-

ondary outcomes of interest were unadjusted and
adjusted hospital mortality, the proportions of
early deaths associated with withdrawal of life-
sustaining therapy (within the first three days)
and the factors that motivated the decision to
withdraw life-sustaining therapy. We obtained
approval from the Research Ethics Board of 
the Centre hospitalier affilié universitaire de
Québec–Hôpital de  l’Enfant-Jésus and from
each participating institution.

Identification of patients
We retrospectively identified patients from
trauma registries and/or discharge databases at
all centres using the International Statistical
Classification of Diseases and Related Health
Problems, 10th revision (codes for traumatic
brain injury: S06.0–S06.9). Patients with no
record of admission to an ICU were excluded.
Data abstractors reviewed individual patient
charts to confirm eligibility for the study.

Sample size
To obtain representative patients from both cal-
endar years and to avoid seasonality, we ran-
domly selected 60 patients per year at each cen-
tre (n = 120), for a total sample size of 720
patients. The size of this sample provided suffi-
cient power to generate 95% confidence inter -
vals (CIs) with ± 10% precision for proportion
of death associated with withdrawal of life-
 sustaining therapy and hospital mortality. Con-
sidering an incidence of withdrawal of life-sus-
taining therapy among nonsurvivors of 70%,
with a hospital mortality of 30%, we had suffi-
cient power to estimate the hospital effect in a
logistic regression model including 16 variables,
ac cording to the rule of thumb of 8–10 events
per independent variable.10

Developing the case report form
The standardized case report form was designed
by critical care physicians, researchers and
research nurses with experience reviewing
charts. Research personnel pretested the case
report form in two centres (Hôpital de l’Enfant-
Jésus and Hamilton General Hospital). We per-
formed duplicate data abstraction in one centre,
analyzed the reasons for discordant data retrieval
and modified the forms accordingly. An opera-
tions manual was developed to ensure the uni-
form collection of data.

Data collection
Qualified and trained research assistants with
nursing or medical backgrounds retrieved data in
each centre. The principal investigator provided
clarification on data collection as needed. The
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data collected included patient age and sex,
mechanism of trauma, severity of illness scores
(Glasgow coma scale, injury severity score),
pupillary reactivity on admission to the ICU and
initial computed tomodensitometry of the head.
Documentation concerning prognosis and end-
of-life decision  -making was collected up to the
time of discharge from hospital. Withdrawal of
life -sustaining therapy was labeled when ever
therapies such as mechanical ventilation, ino -
 tropes, vasopressors or renal replacement therapy
were withdrawn without the expectation of sur-
vival. Reasons for withdrawal of life -sustaining
therapy were collected. More than one reason
motivating the decision to withdraw life-sustaining
therapy could be collected for each patient.

Statistical analysis
We described continuous variables using means
and standard deviations (SDs) or medians and
interquartile ranges (IQRs). We compared
groups using Student t tests, one-way analysis of
variance, Wilcoxon rank sum or Kruskal–Wallis
tests, as appropriate. Associations between cate-
gorical variables were evaluated using Pearson
χ2 or Fisher exact tests. We tabulated Wilson
confidence intervals for binomial proportions.

The effect of centre on overall mortality and
mortality associated with withdrawal of life -
sustaining therapy was estimated at 28 days and
over the entire stay in hospital using adjusted
odds ratios (ORs). These ORs were risk-adjusted
using baseline patient-level covariates that have
high accuracy for predicting outcome after trau-
matic brain injury (age, motor score on the Glas-
gow coma scale and pupillary reactivity)11–13 and
sex, using a hierarchical regression model to
account for clustering within centres. We as -
sessed for the presence of multicollinearity
between covariates. Fixed effects using Nagel -
kerke R2 were used to estimate the influence of
centres versus baseline risk factors on the sys-
tematic variation. These ORs represent the odds
of death (overall) or the odds of withdrawal of
life-sustaining therapy in a specific hospital
compared with an average hospital (mean). An
OR different than 1 therefore indicates a centre
effect on the rates of death associated with with-
drawal of life-sustaining therapy.

All tests were two-tailed and the type 1 error
rate was set at 5.0%. Statistical analyses were
performed using SAS version 9.2 (SAS Institute,
Cary, North Carolina).

Results

Data from 720 patients were collected from the six
participating centres. Sixteen patients were missing

scores on the Glasgow coma scale; we included
data from 704 patients in our regression analysis.

Patient characteristics
The baseline characteristics of patients according
to hospital mortality and death associated with
the withdrawal of life -sustaining therapy among
nonsurvivors are presented in Table 1. Most
patients were male (77.1%), with a mean age of
42.4 (SD 20.5) years. The most common cause
of trauma was motor vehicle collision (55.5%),
followed by fall (29.7%) and assault (7.5%).
Hospital mortality was 228/720 (31.7%, 95% CI
28.4%–35.2%) and ranged from 10.8% to 44.1%
across centres (data not shown). Most deaths
(70.2%, 95% CI 63.9%–75.7%) were associated
with the withdrawal of life-sustaining therapy,
the rate of which varied from 45.0% to 86.8%
across centres (data not shown). Median length
of stay in hospital was 16 days (IQR 5–38 d),
and the median length of stay in the ICU was
6 days (IQR 2–13 d). We found a significant dif-
ference between centres (p < 0.0001) in terms of
median length of stay for both the hospital (11–
23 d) and the ICU (3–9 d) (data not shown).
Among the survivors who were discharged from
hospital, most were subsequently admitted to a
rehabilitation centre (n = 197), another hospital
(n = 103), a nursing home (n = 12), another ICU
(n = 5) or sent home (n = 141). The fates of 18
patients postdischarge were unknown.

Mortality
Overall adjusted mortality varied by centre for 28-
day mortality (p < 0.0001) and hospital mortality
(p < 0.0001) (Table 2, Figure 1). A significant
deviation from average mortality was observed
for two centres; one centre had higher than aver-
age mortality (OR 1.57, 95% CI 1.07–2.30),
whereas another centre had lower than average
mortality (OR 0.61, 95% CI 0.40–0.94) (Table 2).

Withdrawal of life-sustaining therapy
among nonsurvivors
No patient survived the withdrawal of life -
sustaining therapy. A significant centre effect on
the incidence of death following withdrawal of
life-sustaining therapy was found after risk
adjustment when considering both the first
28 days (p < 0.001) and the whole length of the
stay in hospital (p = 0.001; Table 3, Figure 2).
The adjusted ORs for death associated with the
withdrawal of life -sustaining therapy while stay-
ing in hospital showed a marked deviation from
the average rate of withdrawal of life-sustaining
therapy (range of effects across centres, OR
0.42, 95% CI 0.23–0.74, to OR 2.42, 95% CI
1.31–4.45; Table 3). The systematic variation
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explained by statistical models of hospital with-
drawal of life-sustaining therapy, estimated by
Nagelkerke R2, was 0.0924 in the model with
baseline risk factors only (sex, age, pupillary
reactivity and motor score on the Glasgow coma
scale) and 0.2190 for the model including cen-
tres as a fixed effect. These results indicate that
baseline risk factors account for little variation in
the incidence of withdrawal of life-sustaining
therapy and that centre accounts for more sys-
tematic variation than baseline risk factors.

Early deaths and withdrawal of life-
sustaining therapy
On average, 50.0% (114/228) of deaths occurred
within the first three days of admittance to an
ICU (Table 4). Among these deaths, most
(64.0%) were associated with withdrawal of life-
sustaining therapy, but this proportion varied
from 30.4% to 92.9% across centres (Table 4).
When considering only deaths due to withdrawal
of life-sustaining therapy, the proportion of these
deaths that occurred within the first three days
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Table 1: Baseline characteristics of 720 patients admitted to intensive care with severe traumatic brain injury 

  Overall Nonsurvivors 

Characteristic 
Total 

(n = 720) 
Survivors 
(n = 492) 

Nonsurvivors 
(n = 228) 

p 
value 

WLST 
(n = 160) 

No WLST 
(n = 68) 

p 
value 

Age, yr, mean (SD) 42.4 (20.5) 38.6 (18.7) 50.7 (21.7) < 0.01 53.9 (21.2) 43.0 (21.1) < 0.01 

> 55, no. (%) 214 (29.7) 103 (20.9) 111 (48.7) < 0.01 88 (55.0) 23 (33.8) < 0.01 

Male sex, no. (%) 555 (77.1) 395 (80.3) 160 (70.2) < 0.01 110 (68.8) 50 (73.5) 0.51 

Cause of trauma, no. (%)       < 0.01     < 0.01 

Motor vehicle collision 400 (55.5) 293 (59.5)  107 (46.9)   67 (41.9)  40 (58.8)  

Assault 54 (7.5) 42 (8.5) 12 (5.2)  5 (3.1) 7 (10.3)  

Fall 214 (29.7) 120 (24.4) 94 (41.2)  74 (46.3) 20 (29.4)  

Other 31 (4.3) 20 (4.2) 11 (4.8)  10 (6.3) 1 (1.5)  

Unknown 21 (2.9) 17 (3.5) 4 (1.7)  4 (2.5) 0 (0.0)  

Severity scores, median (IQR)             

Glasgow coma scale             

Total score 3.0 (3.0–6.0) 6.0 (3.0–7.0) 3.0 (3.0–4.0) < 0.01 3.0 (3.0–4.0) 3.0 (3.0–3.0) < 0.01 

Motor scale score 1.5 (1.0–4.0) 4.0 (1.0–5.0) 1.0 (1.0–2.0) < 0.01 1.0 (1.0–3.0) 1.0 (1.0–1.0) < 0.01 

Injury severity scale 30.0 (25.0–41.0) 29.0 (25.0–41.0) 34.0 (25.0–42.5) 0.17 29.0 (25.0–41.0) 35.5 (26.0–45.0) 0.03 

Abbreviated injury scale —
head 

5.0 (4.0–5.0) 5.0 (4.0–5.0) 5.0 (5.0–5.0) < 0.01 5.0 (5.0–5.0) 5.0 (5.0–5.0) 0.32 

Absence of pupillary reactivity, 
no. (%) 

155 (21.5) 25 (5.1) 130 (57.0) <0.01 84 (52.5) 46 (67.7) 0.03 

Initial head CT scan             

Delay, h, median (IQR) 2.8 (1.7–5.5) 3.0 (1.8–6.4) 2.4 (1.7–4.5) < 0.01 2.3 (1.7–4.5) 24. (1.7–4.1) 0.78 

Type of intracranial injuries, 
no. (%) 

            

Epidural hematoma/ 
hemorrhage 

76 (10.6) 55 (11.2) 21 (9.2) 0.42 12 (7.5) 9 (13.2) 0.21 

Subdural hematoma/ 
hemorrhage 

329 (45.7) 201 (40.9) 128 (56.1) < 0.01 93 (58.1) 35 (51.5) 0.38 

Brain/intracranial 
contusion/hemorrhage 

409 (56.8) 285 (57.9) 124 (54.4) 0.37 91 (56.9) 33 (48.5) 0.31 

Intraventricular 
hemorrhage 

175 (24.3) 103 (20.9) 72 (31.6) < 0.01 51 (31.9) 21 (30.9) 0.88 

Subarachnoid hemorrhage 388 (53.9) 252 (51.2) 136 (59.6) 0.03 101 (63.1) 35 (51.5) 0.11 

Cerebral edema 125 (17.4) 51 (10.4) 74 (32.5) < 0.01 52 (32.5) 22 (32.4) 0.98 

Diffuse brain injury 94 (13.1) 61 (12.4) 33 (14.5) 0.44 23 (14.4) 10 (14.7) 0.94 

Herniation 83 (11.5) 29 (5.9) 54 (23.7) < 0.01 42 (26.3) 12 (17.6) 0.16 

Shift of the median line, mm, 
mean (SE) 

10.5 (0.9) 8.0 (0.6) 12.8 (1.5) < 0.01 9.0 (0.75) 14.8 (2.2) 0.01 

Note: CT = computed tomography, IQR = interquartile range, SD = standard deviation, SE = standard error, WLST = withdrawal of life-sustaining therapy. 



(overall 45.6%, 95% CI 38.1%–53.4%) also var-
ied widely across centres (range 22.2%–59.1%).
An association between withdrawal of life -
sustaining therapy and death within the first
three days of admittance to an ICU is apparent
(χ2 test for overall difference, p = 0.043).

Reasons to justify withdrawal of life-
sustaining therapy
The most common reason to withdraw life -
sustaining therapy was a poor chance of survival
(according to the medical team) (54.4%, 95% CI
46.7%–61.9%), followed by a prognosis incom-
patible with the patient’s wishes (as indicated by
the next of kin) (33.8%, 95% CI 26.9%–41.43%)
and a poor long-term neurologic prognosis (as
indicated by the medical team) (28.5%, 95% CI
21.2%–34.9%) (data not shown). Overall, the
dif ferences between reasons motivating the deci-
sion to withdraw life-sustaining therapy were
statistically significant between centres (χ2 test
for overall difference, p < 0.0001).

Interpretation

In this Canadian multicentre cohort study, we
saw that most deaths after severe traumatic brain
injury occurred after withdrawal of life -
sustaining therapy and that the rate of withdrawal
of life-sustaining therapy varied significantly
across level one trauma centres. Moreover, a sig-
nificant proportion of deaths following with-
drawal of life-sustaining therapy occurred within
the first three days of acute care. We also saw
considerable variability in overall hospital mor-
tality that persisted after risk adjustment. This
raises the concern that differences in mortality
between centres may be partly due to variation in
physicians’ perceptions of long-term prognosis
and physicians’ practice patterns for recommend-
ing withdrawal of life-sustaining therapy.

In a large observational study on the determi-
nants of withdrawal from mechanical ventilation
among patients with critical illness, Cook and
colleagues saw that one of the three strongest
predictors was the presence of any disease of the
central nervous system.14 Among trauma pa -
tients, the decision to withdraw life-sustaining
therapy was shown to be high among nonsur-
vivors and was associated with concomitant trau-
matic brain injury.15

Although evidence suggests that the preva-
lence of “do not resuscitate” orders following
trauma varies across centres,16,17 variation in the
proportion of deaths following the withdrawal of
life-sustaining therapy has not been previously
reported for the population of patients with trau-
matic brain injuries. Most studies evaluating dif-
ferences across centres caring for such patients
have focused on comparing the impact of spe-
cific management interventions, specific factors
or the designation of the trauma centre on
 outcomes.18–21

In our study, variation in mortality following
withdrawal of life-sustaining therapy is of great
clinical relevance when one considers that peo-
ple who acquire a severe traumatic brain injury
are often young and have few or no comorbidi-
ties. Furthermore, in this specific population of
patients, the decision to withdraw life -sustaining
therapy made by patients’ relatives and medical
teams is mainly based on prognostic informa-
tion. Our findings are particularly concerning
because many decisions to withdraw life -
sustaining therapy were made early; in our study,
64% of patients who died within three days of
admission to an ICU had life-sustaining therapy
withdrawn. In some instances, this may be too
early for accurate  neuroprognostication.

The observed variation in patterns of with-
drawing life-sustaining therapy among centres
may be explained by differing treatment modali-
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Table 2: Unadjusted and adjusted odds ratios by centre for mortality in hospital and after 28 days 

 Hospital mortality 28-day mortality 

Centre Unadjusted OR 
Adjusted OR* 

(95% CI) 
p 

value Unadjusted OR 
Adjusted OR* 

(95% CI) 
p 

value 

A 0.88 (0.62–1.25) 0.95 (0.65–1.41) 0.82 0.83 (0.58–1.19) 0.95 (0.65–1.39) 0.80 

B 1.72 (1.25–2.39) 1.31 (0.90–1.92) 0.16 1.67 (1.20–2.31) 1.24 (0.86–1.81) 0.25 

C 0.34 (0.22–0.53) 0.61 (0.40–0.94) 0.02 0.34 (0.22–0.53) 0.63 (0.42–0.96) 0.03 

D 1.72 (1.25–2.39) 1.57 (1.07–2.30) 0.02 1.72 (1.24–2.38) 1.53 (1.05–2.23) 0.03 

E 1.13 (0.81–1.58) 0.93 (0.62–1.38) 0.71 1.17 (0.83–1.65) 0.93 (0.63–1.36) 0.70 

F 0.98 (0.70–1.38) 0.77 (0.42–1.39) 0.38 1.04 (0.74–1.48) 0.69 (0.37–1.29) 0.25 

Note: CI = confidence interval, OR = odds ratios. 
*Adjusted for sex, age, pupillary reactivity and score on the Glasgow coma motor scale. The reference group was the average 
for all hospitals. 



ties, variation in the determination of prognoses
and how or to what extent this information is
provided to families by the medical team. In

addition, reluctance or willingness to withdraw
life-sustaining therapies may be influenced by
the spiritual and/or religious beliefs of the
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Figure 2: Adjusted odds ratios for hospital mortality following withdrawal of life-sustaining therapy by
centre. Odds ratios were adjusted for sex, age, pupillary reactivity and patients’ scores on the Glasgow
coma scale.  An odds ratio greater than 1.00 is associated with greater odds of death; an odds ratio of less
than 1.00 is associated with lower odds of death. Error bars indicate 95% confidence intervals.

Table 3: Unadjusted and adjusted odds ratios by centre for mortality in hospital and after 28 days 
following the withdrawal of life-sustaining therapy 

 Hospital mortality following withdrawal 28-day mortality following withdrawal 

Centre 
Unadjusted 

OR 
Adjusted OR* 

(95% CI) 
p 

value 
Unadjusted 

OR 
Adjusted OR* 

(95% CI) 
p 

value 

A 1.37 (0.74–2.55) 1.27 (0.65–2.45) 0.48 1.22 (0.62–2.40) 1.18 (0.58–2.40) 0.65 

B 2.12 (1.19–3.79) 2.42 (1.31–4.45) < 0.01 3.13 (1.58–6.23) 3.58 (1.74–7.36) < 0.01 

C 0.97 (0.45–2.10) 0.85 (0.37–1.96) 0.70 0.89 (0.38–2.07) 0.75 (0.30–1.92) 0.55 

D 1.14 (0.67–1.93) 1.21 (0.70–2.09) 0.50 1.17 (0.67–2.06) 1.21 (0.67–2.18) 0.52 

E 0.43 (0.25–0.72) 0.42 (0.23–0.74) < 0.01 0.39 (0.22–0.69) 0.38 (0.20–0.70) < 0.01 

F 0.73 (0.42–1.27) 0.77 (0.42–1.39) 0.38 0.64 (0.35–1.17) 0.69 (0.37–1.29) 0.25 

Note: CI = confidence interval, OR = odds ratios.  
*Adjusted for sex, age, pupillary reactivity and score on the Glasgow coma motor scale. The reference group was the average 
for all hospitals. 

A
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1.00.5 0.30.23.0

Adjusted odds ratio

Figure 1: Adjusted odds ratios for hospital mortality by centre. Odds ratios were adjusted for sex, age,
pupillary reactivity and patients’ scores on the Glasgow coma scale. An odds ratio greater than 1.00 is asso-
ciated with greater odds of death; an odds ratio of less than 1.00 is associated with lower odds of death.
Error bars indicate 95% confidence intervals.
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patients, their families and the medical teams,
which may vary by region.22

Strengths and limitations
First, the retrospective design of our study pre-
cluded the evaluation of functional and long-
term outcome measures.23 However, mortality at
12 months is likely to be comparable with hospi-
tal mortality among patients with critical illness
and traumatic brain injury. Second, our study
was not designed to assess the effect of potential
referral bias, which might have affected mortal-
ity across centres. Indeed, there may be differ-
ences in referral patterns or case mix across cen-
tres. Third, despite using the best available
predictors of mortality for risk adjustment,
including sex, we cannot exclude the possibility
of residual confounding. Fourth, our reliance on
data from patients’ medical records may have
underestimated the incidence of withdrawal of
life-sustaining therapy, which in turn may have
provided misleading information on what drove
these decisions. Nonetheless, underestimation
would only reinforce our observations and con-
cerns. Finally, we did not collect information on
ethnicity, religious faith, spiritual beliefs or other
factors not written in medical records, which
may have had an impact on decisions surround-
ing withdrawal of life-sustaining therapy and
consequent mortality.

Our study has several strengths. We randomly
identified patients using the same strictly defined
criteria at each centre, thereby enabling broad
and accurate representation of practice in each
centre. The size of our sample permitted accept-

able accuracy for observed estimates, and our
methods allowed for the collection of high-
 quality, accurate, standardized data and its
abstraction. Point estimates were adjusted for the
three strongest prognostic indicators of death in
this population,11–13 and shrinkage estimates thus
minimized the risk of overinflated estimates.

Conclusion
The high proportion of deaths in all centres fol-
lowing withdrawal of life-sustaining therapy,
specifically in the early phase of care, is con-
cerning when placed in the context of limited
ability to accurately determine prognosis for
patients with severe traumatic brain injury. Our
study highlights the need for high-quality re -
search to better inform decisions to stop life -
sustaining treatments for these patients. How-
ever, our study was not intended to compare the
quality of hospitals based on differences in care
practices and mortality after traumatic brain
injury. We therefore have not publicly linked
hospital names to outcome data to avoid the
potential for drawing spurious inferences about
the quality of care.24

Despite our robust analysis, observed differ-
ences in adjusted mortality across centres may
still represent residual confounding by unmea-
sured factors.25 Furthermore, some patients may
consider death to be a preferable outcome to liv-
ing in a permanent vegetative state or coma. In
such situations, withdrawal of life-sustaining
therapies may be the most acceptable option of
care for families, relatives and medical teams
according to patients’ wishes and the philosophy

Table 4: Deaths and percentage of deaths following withdrawal of life-sustaining therapy within the 
first three days of care 

   

Among all deaths within the 
first 3 d of care, deaths 

following withdrawal of life-
sustaining therapy 

Among deaths following 
withdrawal of life-sustaining 

therapy, deaths occurring 
within the first 3 d of care 

Centre 
No. of 

admissions 

Deaths 
within first 
3 d of care, 

no. No. % (95% CI) No. % (95% CI) 

A 120 15 11/15 73.3 (48.1–89.1) 11/26 42.3 (25.5–61.1) 

B 120 28 26/28 92.9 (77.4–98.0) 26/46 56.5 (42.3–69.8) 

C 120 4 2/4 50.0 (15.0–85.0) 2/9 22.2 (6.3–54.7) 

D 120 22 14/22 63.6 (43.0–80.3) 14/39 35.9 (22.7–51.6) 

E 120 23 7/23 30.4 (15.6–50.9) 7/18 38.9 (20.3–61.4) 

F 120 22 13/22 59.1 (38.7–76.7) 13/22 59.1 (38.7–76.7) 

Total 720 114 73/114 64.0 (54.9–72.3) 73/160 45.6 (38.1–53.4) 

Note: CI = confidence interval. 



of care. However, caution is warranted regarding
prognostication and early withdrawal of life -
sustaining therapy following severe traumatic
brain injury before accurate and clinically useful
prognostic tests and models are available.

References
1. Marshall LF, Becker DP, Bowers SA, et al. The National Trau-

matic Coma Data Bank. Part 1: Design, purpose, goals, and
results. J Neurosurg 1983;59:276-84.

2. Murray GD, Teasdale GM, Braakman R, et al. The European
brain injury consortium survey of head injuries. Acta Neurochir
(Wien) 1999;141:223-36.

3. Myburgh JA, Cooper DJ, Finfer SR, et al.; Australasian Trau-
matic Brain Injury Study. (Atraumatic brain injuryS) Investiga-
tors for the Australian and New Zealand Intensive Care Society
Clinical Trials Group. Epidemiology and 12-Month Outcomes
From Traumatic Brain Injury in Australia and New Zealand. J
Trauma 2008;64:854-62.

4. Shafi S, Stewart RM, Nathens AB, et al. Significant variations in
mortality occur at similarly designated trauma centres. Arch
Surg 2009;144:64-8.

5. Moore L, Hanley JA, Turgeon AF, et al. A new method for eval-
uating trauma centre outcome performance: TRAM-adjusted
mortality estimates. Ann Surg 2010;251:952-8.

6. Mayer SA, Kossoff SB. Withdrawal of life support in the neuro-
logical intensive care unit. Neurology 1999;52:1602-9.

7. Becker KJ, Baxter AB, Cohen WA, et al. Withdrawal of support
in intracerebral hemorrhage may lead to self-fulfilling prophe-
cies. Neurology 2001;56:766-72.

8. Naidech AM, Bernstein RA, Bassin SL, et al. How patients die
after intracerebral hemorrhage. Neurocrit Care 2009;11:45-9.

9. Blackwell T. Families of donors misled on death: MDs. National
Post [Toronto] 2010 Sept. 14. Available:  www .nationalpost
.com/news/Families+donors+misled+death/3525136 /story .html#
ixzz 16 gVKC3fh (accessed 2010 Nov. 29).

10. Peduzzi P, Concato J, Kemper E. et al. A simulation study of the
number of events per variable in logistic regression analysis. J
Clin Epidemiol 1996;49:1373-9.

11. MRC CRASH Trial Collaborators. Perel P, Arango M, Clayton
T, et al. Predicting outcome after traumatic brain injury: practi-
cal prognostic models based on large cohort of international
patients. BMJ 2008;336:425-9.

12. Murray GD, Butcher I, McHugh GS, et al. Multivariable prog-
nostic analysis in traumatic brain injury: results from the
IMPACT study. J Neurotrauma 2007;24:329-37.

13. Steyerberg EW, Mushkudiani N, Perel P, et al. Predicting out-
come after traumatic brain injury: development and international
validation of prognostic scores based on admission characteris-
tics. PLoS Med. 2008;5:e165; discussion e165.

14. Cook D, Rocker G, Marshall J, et al.; Level of Care Study Inves-
tigators and the Canadian Critical Care Trials Group. With-
drawal of mechanical ventilation in anticipation of death in the
intensive care unit. N Engl J Med 2003;349:1123-32.

15. Plaisier BR, Blostein PA, Hurt KJ, et al. Withholding/with-
drawal of life support in trauma patients: Is there an age bias?
Am Surg 2002;68:159-62.

16. Nathens AB, Rivara FP, Wang J, et al. Variation in the rates of
do not resuscitate orders after major trauma and the impact of
intensive care unit environment. J Trauma 2008;64:81-8.

17. Hukkelhoven CW, Rampen AJ, Maas AI, et al. Some prognostic
models for traumatic brain injury were not valid. J Clin Epi-
demiol 2006;59:132-43.

18. Bulger EM, Nathens AB, Rivara FP, et al.; Brain Trauma Founda-
tion. Management of severe head injury: institutional variations in
care and effect on outcome. Crit Care Med 2002; 30: 1870-6.

19. Fakhry SM, Trask AL, Waller MA, et al.; IRTC Neurotrauma
Task Force. Management of brain-injured patients by an evi-
dence-based medicine protocol improves outcomes and
decreases hospital charges. J Trauma 2004;56:492-9.

20. Taylor MD, Tracy JK, Meyer W, et al. Trauma in the elderly: inten-
sive care unit resource use and outcome. J Trauma 2002; 53: 407-14.

21. DuBose JJ, Browder T, Inaba K, et al. Effect of trauma centre
designation on outcome in patients with severe traumatic brain
injury. Arch Surg 2008;143:1213-7.

22. Sprung CL, Cohen SL, Sjokvist P, et al.; Ethicus Study Group.
End-of-life practices in European intensive care units: the Ethi-
cus Study. JAMA 2003;290:790-7.

23. Jennett B, Snoek J, Bond MR, et al. Disability after severe head
injury: observations on the use of the Glasgow Outcome Scale. J
Neurol Neurosurg Psychiatry 1981;44:285-93.

24. Thomas JW, Hofer TP. Research evidence on the validity of
risk-adjusted mortality rate as a measure of hospital quality of
care. Med Care Res Rev 1998;55:371-404.

25. Lilford R, Pronovost P. Using hospital mortality rates to judge
hospital performance: a bad idea that just won’t go away. BMJ
2010;  340:c2016.

Affiliations: From the Centre de Recherche du Centre hospi-
talier affilié universitaire de Québec–Hôpital de l’Enfant-
Jésus, Traumatologie-Urgence-Soins Intensifs (Turgeon,
Lauzier, Simard, Moore, Cong Dung); the Division of Criti-
cal Care Medicine (Turgeon, Lauzier), Department of Anes-
thesiology; the Department of Medicine (Lauzier); and the
Department of Social and Preventive Medicine (Moore),
Université Laval, Québec, Que.; the Department of Critical
Care Medicine (Scales, Burns, Ratnapalan), University of
Toronto, Toronto, Ont.; the Department of Critical Care
Medicine (Zygun, Todd), University of Calgary, Calgary,
Alta.; the Department of Internal Medicine (Bernard), Uni-
versité de Montréal, Montréal, Que.; the Department of Criti-
cal Care Medicine (Meade) and the Department of Surgery
(Harlock), McMaster University, Hamilton, Ont.; and the
Centre for Transfusion and Critical Care Research (Fergus-
son), Clinical Epidemiology Unit, Ottawa Health Research
Institute, University of Ottawa, Ottawa, Ont.

Contributors: Alexis Turgeon, François Lauzier, Jean-
François Simard, Damon Scales, Karen Burns, David Zygun,
Francis Bernard, Maureen Meade, Dean Fergusson and the
Canadian Critical Care Trials Group contributed to the con-
ception and design of the study. Alexis Turgeon, François
Lauzier, Mohana Ratnapalan, Stephanie Todd and John Har-
lock were involved in the acquisition of the data. Alexis Tur-
geon, François Lauzier, Jean-François Simard, Damon
Scales, Karen Burns, Lynne Moore, David Zygun, Francis
Bernard, Maureen Meade, Tran Cong Dung and Dean Fer-
gusson were involved in the analysis and interpretation of the
data. Alexis Turgeon, François Lauzier and Jean-François
Simard were involved in the drafting of the manuscript.
Alexis Turgeon, François Lauzier, Jean-François Simard,
Damon Scales, Karen Burns, Lynne Moore, David Zygun,
Francis Bernard, Maureen Meade, Tran Cong Dung, Mohana
Ratnapalan, Stephanie Todd, John Harlock and Dean Fergus-
son were involved in the revision of the manuscript. All of
the authors approved the final version of the manuscript sub-
mitted for publication.

Funding: The work was supported in part by the Fondation
de l’Hôpital de l’Enfant-Jésus, who had no role in any part of
conducting the study or preparing the manuscript. Dr. Tur-
geon and Dr. Lauzier are recipients of a research career award
from the Fonds de  recherche Santé Québec. Dr. Moore is a
recipient of a postdoctoral fellowship grant from the Canadian
Institutes for Health Research (CIHR). Mohana Ratnapalan
has received a stipend as a summer student with Sunnybrook
Health Sciences Centre. Dr. Fergusson and Dr. Scales are
recipients of New Investigator Awards from the CIHR. 

Acknowledgements: The authors thank Frédéric Morin and
David Simonyan for their help in data acquisition, Valérie
Murat for her participation in the data cleaning process and
Irene Watpool and Tracey McArdle for their help in design-
ing the case report form. The authors also thank Dr. Deborah
Cook and Dr. Ryan Zarychanski for their critical review of
the manuscript.

Research

8 CMAJ


