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Mortality has decreased among critically
ill patients with various forms of brain
injury in Canada and around the

world.1–10 There have also been changes in the inci-
dence of stroke and the rate of admission to hospi-
tal for traumatic brain injury, especially among
younger people and those whose injuries are
related to motor vehicle or bicycle crashes.5,6,10–13

Some countries have noted a possible decline
in the total number of patients with neurologic
death.14,15 Neurologic death (“brain death”) may
occur when patients with brain injury experience
progressive cerebral edema, complicated by
transtentorial herniation. It is defined by the irre-
versible cessation of cerebral and brainstem
functions, including respiration.16 Circulation and
gas exchange persist only because of the use of
mechanical ventilation. National guidelines exist
for the diagnosis of neurologic death.17,18 We
hypothesized that the proportion of patients with
acute brain injury who progress to neurologic
death may have decreased over time.

Methods

Cohort
The Alberta Health Services (Calgary Zone)
Department of Critical Care Medicine adminis-
ters critical care services to adults in Calgary.
Four intensive care units (ICUs) serve local criti-
cally ill patients and are referral centres for
southern Alberta and southeastern British
Columbia. The University of Calgary’s Conjoint
Health Research Ethics Board approved this
study.

Prospective data are collected for all patients
admitted to the regional ICUs. A point-of-care
clinical information system is used for electronic
charting. This system interfaces with bedside
monitors to record clinical and laboratory data,
which are then imported into a data warehouse.
This database is continuously validated against
the regional health records financial database.19

For every admission, the attending intensivist
records the admission diagnosis using the Inten-
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Background: Hospital mortality has decreased
over time for critically ill patients with various
forms of brain injury. We hypothesized that
the proportion of patients who progress to
neurologic death may have also decreased.

Methods: We performed a prospective cohort
study involving consecutive adult patients with
traumatic brain injury, subarachnoid hemor-
rhage, intracerebral hemorrhage or anoxic
brain injury admitted to regional intensive
care units in southern Alberta over a 10.5-year
period. We used multivariable logistic regres-
sion to adjust for patient age and score on the
Glasgow Coma Scale at admission, and to
assess whether the proportion of patients who
progress to neurologic death has changed
over time.

Results: The cohort consisted of 2788 patients.
The proportion of patients who progressed to
neurologic death was 8.1% at the start of the
study period, and the adjusted odds of pro-
gressing to neurologic death decreased over

the study period (odds ratio [OR] per yr 0.92,
95% confidence interval [CI] 0.87–0.98, p =
0.006). This change was most pronounced
among patients with traumatic brain injury
(OR per yr 0.87, 95% CI 0.78–0.96, p = 0.005);
there was no change among patients with
anoxic injury (OR per yr 0.96, 95% CI 0.85–1.09,
p = 0.6). A review of the medical records sug-
gests that missed cases of neurologic death
were rare (≤ 0.5% of deaths).

Interpretation: The proportion of patients with
brain injury who progress to neurologic death
has decreased over time, especially among
those with head trauma. This finding may
reflect positive developments in the prevention
and care of brain injury. However, organ dona-
tion after neurologic death represents the
major source of organs for transplantation.
Thus, these findings may help explain the rela-
tively stagnant rates of deceased organ dona-
tion in some regions of Canada, which in turn
has important implications for the care of
patients with end-stage organ failure.
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sive Care National Audit and Research Centre
coding method (Appendix 1, available at www
.cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .130271
/-/DC1).20 The attending physician also docu-
ments the patient’s score on the Glasgow Coma
Scale and the information required to calculate
Acute Physiology and Chronic Health Evalua-
tion II scores.21,22 Data analysts pursue missing
data and send regular email reminders to the
responsible physician until all information has
been collected.

For patients who die in a regional intensive
care unit, the responsible physician must docu-
ment electronically whether the criteria for neu-
rologic death were met.17,18 These data are veri-
fied by a quality-assurance process, in which all
deaths are peer reviewed monthly by intensivists
who were not directly involved in the deceased
patient’s care. Failure to recognize neurologic
death is surveyed, and feedback is provided to
the clinicians involved.

The most common conditions to be compli-
cated by neurologic death include traumatic
brain injury, subarachnoid hemorrhage, intrac-
erebral hemorrhage and anoxic brain injury.23 We
identified all patients admitted with one of these
conditions between Jan. 1, 2002, and June 30,
2012, in order to assess whether the proportion
of patients who progress to neurologic death has
changed over time.

To explore the possibility that intensivists may
not be consistently diagnosing neurologic death

when it occurs, we performed a chart review for
patients who died in a regional intensive care unit
between Jan. 1, 2011, and July 31, 2012. We
reviewed the charts of patients whose admitting
diagnoses included any of the following: trau-
matic brain injury, subarachnoid hemorrhage,
intracerebral hemorrhage, anoxic brain injury,
ischemic stroke, acute liver failure, brain tumour
or central nervous system infection. Neurologic
death was ruled out if the patient’s medical record
revealed documentation of the presence of a
motor response, preservation of brainstem
reflexes or evidence of spontaneous respiration at
the time of withdrawal of life-sustaining interven-
tions.18 If there was insufficient documentation in
the patient’s medical record to exclude neurologic
death, the death was categorized as a possible
missed case. Deaths were not classified as missed
cases if the patient’s medical record indicated that
neurologic death had been considered but not
confirmed because of overt contraindications to
organ donation. For patients with a score of 3 on
the Glasgow Coma Scale and bilaterally fixed
pupils, a second investigator independently
reviewed the records. Disagreements were
resolved by involvement of a third investigator.

To explore trends in referral patterns, we used
data from the Alberta Trauma Registry to assess
whether the proportion of patients with head
trauma sent to Calgary from the 3 largest referral
centres in southern Alberta (Red Deer, Medi-
cine Hat and Lethbridge) has changed over time.

Table 1: Characteristics of critically ill patients with traumatic brain injury, anoxic brain injury, 
subarachnoid hemorrhage or intracerebral hemorrhage admitted to an intensive care unit in Calgary, 
Alberta, from Jan. 1, 2002, to June 30, 2012 

Characteristic 

Median (IQR) or % (no.) 

p value* 

Jan. 1, 2002, to 
June 30, 2005, 

n = 924 

July 1, 2005, to 
Dec. 31, 2008, 

n = 1019 

Jan. 1, 2009, to 
June 30, 2012, 

n = 845 

Age, yr 49 (29–66) 50 (31–64) 51 (34–65) 0.2 

Female  34.5 (319)  34.2 (348)  37.0 (313) 0.4 

Diagnosis     0.05 

Traumatic brain injury 55.1 (509) 55.4 (565) 50.5 (427)  

Anoxic brain injury 16.1 (149) 17.9 (182) 21.9 (185)  

Subarachnoid hemorrhage 15.3 (141) 14.6 (149) 14.0 (118)  

Intracerebral hemorrhage 13.5 (125) 12.1 (123) 13.6 (115)  

Glasgow Coma Scale score 7 (4–10) 7 (4–10) 7 (3–11) 0.9 

APACHE II score     

Full score 20 (14–26) 19 (13–26) 19 (13–26) 0.3 

Modi!ed score† 10 (6–15) 9 (6–15) 9 (5–14) 0.2 

Note: APACHE = Acute Physiology and Chronic Health Evaluation, IQR = interquartile range. 
*Nonparametric testing (Kruskal–Wallis test) was used for continuous variables and χ2 testing was used for discrete variables.
†Age and Glasgow Coma Scale score are components of the APACHE II score. The modi!ed score was calculated by subtracting 
the impact of these variables.
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Statistical analysis
Continuous data are presented as medians with
interquartile ranges. We performed between-
group comparisons using the Kruskal–Wallis test,
and we assessed categorical variables using χ2

analysis. Associations are presented as odds
ratios (ORs) with 95% confidence intervals (CIs).
We assessed changes over time in 3 ways. First,
to compare patient characteristics, we divided the
study period into sequential blocks of 3.5 years
(Jan. 1, 2002, to June 30, 2005; July 1, 2005, to
Dec. 31, 2008; and Jan. 1, 2009, to June 30,
2012). Second, to assess temporal changes in the
annual proportion of patients who progress to
neurologic death, we used the Cochran–Armitage
test for trend. Third, we modelled the effect of
time (in units of 365 d) using multivariable logis-
tic regression, adjusted for age and Glasgow
Coma Scale score, both of which are associated
with prognosis in patients with brain injury.

Using multivariable logistic regression, we com-
pared the proportion of patients who progressed to
neurologic death before and after various develop-
ments in our region: mutual patient care rounds
involving critical care and neurosurgical services
began on July 1, 2005 (only at the regional neuro-
surgical centre); a comprehensive management pro-
tocol for traumatic brain injury was implemented
on Aug. 18, 2008 (only for trauma patients); and
patients with neurologic diagnoses were clustered
in a neurocritical care “pod” within a larger multi-
disciplinary unit starting on June 1, 2010 (only at
the neurosurgical centre). In each case, we com-
pared data from 3 years before and after the prac-
tice modification. If fewer than 3 years of data were
available, we compared the maximum equal num-
ber of days before and after the change.

Results

Patient characteristics
The number of people eligible for Alberta health
insurance coverage in the Calgary Zone
increased from 1 067 058 in 2001 to 1 408 647
in 2011. Between 2002 and mid-2012, we identi-
fied 2788 patients with traumatic brain injury,
subarachnoid hemorrhage, intracerebral hemor-
rhage or anoxic brain injury (8% of admissions
to the regional ICUs). 

The median age and score on the Glasgow
Coma Scale among patients did not change over
time (Table 1). The most common diagnosis was
traumatic brain injury, but the proportion
decreased slightly over time, while the proportion
of patients with anoxic brain injury increased (p =
0.05). This change was greater among comatose
patients (Glasgow Coma Scale ≤ 8): the proportion
of patients with traumatic brain injury decreased
from 49% to 42% over the study period, while the
proportion of patients with anoxic injury increased
from 22% to 32% (p = 0.004).

Temporal trends
The percentage of patients who progressed to neu-
rologic death was 8.1% in 2002 and decreased
through the study period (Cochrane–Armitage test
for trend, p = 0.01; Figure 1). The decrease was
most pronounced among patients with traumatic
brain injury (p = 0.003). This was also observed
when the data were assessed by 3.5-year period
(Jan. 1, 2002, to June 30, 2005: 6.1%; July 1,
2005, to Dec. 31, 2008: 3.4%; Jan. 1, 2009, to
June 30, 2012: 2.8%; p = 0.02; Table 2). Neuro-
logic death among patients with subarachnoid
hemorrhage and intracerebral hemorrhage
decreased over time; however, these changes were
not statistically significant (p = 0.3 for both). The
increased proportion of patients with anoxic
injury who progressed to neurologic death was
not significant (p = 0.8). The results did not vary
by season, either for the whole cohort or for the
subgroup with traumatic brain injury (3.9% Janu-
ary–March; 4.2% April–June; 4.3% July–Septem-
ber; 4.1% October–December; p = 1.0). Hospital
mortality decreased over time for patients with
traumatic brain injury, subarachnoid hemorrhage
and intracerebral hemorrhage (p = 0.005), but not
for those with anoxic brain injury (p = 0.7). The
characteristics of patients who progressed to neu-
rologic death are presented in Table 3.

Multivariable analysis
When we used logistic regression to adjust for
age and score on the Glasgow Coma Scale, there
was a reduction in the proportion of patients who
progressed to neurologic death over time (OR
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Figure 1: Proportion of neurocritical care patients in Calgary intensive care units
who progressed to neurologic death from Jan. 1, 2002, to June 30, 2012.
Cochrane–Armitage trend test: p = 0.01.
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per yr 0.92, 95% CI 0.87–0.98, p = 0.006;
Table 4). Consistent with the findings of our
unadjusted analysis, these findings were largely
because of a reduction among patients with trau-
matic brain injury (Table 4; OR per yr 0.87, 95%
CI 0.78–0.96, p = 0.005). None of the specific
practice modifications introduced in our region
were individually associated with a reduction in
neurologic death, although a possible trend was
observed with the implementation of a regional
protocol for care of patients with traumatic brain
injury (OR 0.60, 95% CI 0.35–1.05, p = 0.07).

Medical records review
To assess whether our findings might be
explained by inconsistent identification of neuro-
logic death, we performed a review of medical
records. Between Jan. 1, 2011, and July 31, 2012,
we identified 200 consecutive patients with a pri-
mary neurologic diagnosis who died in a regional
intensive care unit. Of these, neurologic death
was diagnosed in 25 cases. Of the remaining 175
cases, over 95% of patients underwent with-
drawal of life-sustaining interventions. The possi-
bility of neurologic death could not be excluded
in 7 cases. In 6 of these cases, neurologic death
was considered before withdrawal of mechanical
ventilation, but confirmatory testing was not per-

formed for reasons that would have precluded
organ donation (Figure 2). We identified 1 patient
for whom there was the possibility that neuro-
logic death was missed.

The annual proportion of admissions with
traumatic brain injury from our 3 major referral
centres who had an Abbreviated Injury Score of
at least 3 (serious injury) ranged from 12.7% to
15.9%; there was no temporal trend.

Interpretation

Main findings
In this population-based study, we found that the
proportion of patients with brain injury who pro-
gressed to neurologic death decreased during the
study period, particularly among those with trau-
matic brain injury.

The reasons for our findings cannot be deter-
mined with certainty from these data, but the
change may reflect positive societal and health
care system developments in injury prevention
and care. Consistent with our observations,
Alberta Transportation reported that annual traf-
fic-related fatalities decreased between 2006 and
2010 (from 404 to 307), as did nonfatal injury
collisions (from 18 831 to 13 552), despite con-
sistent population growth. Similar trends have

Table 2: Outcomes of critically ill patients with traumatic brain injury, anoxic brain injury, subarachnoid 
hemorrhage or intracerebral hemorrhage admitted to an intensive care unit in Calgary, Alberta, from 
Jan. 1, 2002, to June 30, 2012 

Characteristic 

% (no. of patients)* 

p value† 
Jan. 1, 2002, to 
June 30, 2005 

July 1, 2005, to 
Dec. 31, 2008 

Jan. 1, 2009, to 
June 30, 2012 

Neurologic death     

Total, n = 2788 6.9 (64/924) 5.2 (53/1019) 4.7 (40/845) 0.1 

Traumatic brain injury, n = 1501 6.1 (31/509) 3.4 (19/565) 2.8 (12/427) 0.02 

Anoxic brain injury, n = 516 4.0 (6/149) 8.2 (15/182) 5.9 (11/185) 0.3 

Subarachnoid hemorrhage, n = 408 10.6 (15/141)  10.7 (16/149) 8.5 (10/118) 0.8 

Intracerebral hemorrhage, n = 363 9.6 (12/125) 2.4 (3/123) 6.1 (7/115) 0.06 

Hospital mortality     

Total, n = 2788 42.0 (388/924) 39.0 (397/1019) 38.8 (328/845) 0.3 

Traumatic brain injury, n = 1501 27.5 (140/509) 26.9 (152/565) 23.4 (100/427) 0.3 

Anoxic brain injury, n = 516 73.8 (110/149) 67.6 (123/182) 73.0 (135/185) 0.4 

Subarachnoid hemorrhage, n = 408 49.6 (70/141) 40.9 (61/149) 34.7 (41/118) 0.05 

Intracerebral hemorrhage, n = 363 54.4 (68/125) 49.6 (61/123) 45.2 (52/115) 0.4 

Length of stay in intensive care unit, median, d (IQR)    

All patients 3.0 (1.4–7.8) 4.1 (1.7–10.6) 3.8 (1.7–8.6) < 0.001 

Patients who died in an intensive 
care unit 

2.1 (0.7–4.6) 2.0 (0.9–5.5) 2.1 (0.9–4.8) 0.2 

Note: IQR = interquartile range. 
*Unless otherwise stated. 
†Nonparametric testing (Kruskal–Wallis test) was used for continuous variables and χ2 testing was used for discrete variables. 
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been observed elsewhere in Canada and reported
nationally by Transport Canada.11,12 The availabil-
ity of airbags in automobiles and the use of hel-
mets during cycling or other recreational activi-
ties are examples of preventative measures that
are increasing in use across Canada and have
been associated with reductions in the incidence
and severity of traumatic brain injury.1,11–13,24–27

The care of patients with brain injury has
advanced over the past decade. Numerous
changes have been instituted in our region,
which have been associated with improvements
in mortality and neurologic recovery.9 Examples
include the development of a regional protocol
for the care of patients with traumatic brain
injury, the presence of fellowship-trained neuro-
critical care specialists, and the selective use of
decompressive craniectomy.28–30 Comparable
resources to those in our region exist at other
Canadian academic medical centres. However,
we were unable to show that any one of these
interventions was significantly associated with
the observed reduction in neurologic death.

An alternative explanation for our findings
could be that intensivists are inconsistently rec-
ognizing neurologic death. However, in our

detailed review of 200 consecutive deaths over a
19-month period, we found only a single case in
which the diagnosis may have been missed.

It is possible that some patients in our study
would have progressed to neurologic death if the
withdrawal of life-sustaining interventions had
been delayed for longer. However, we found that
the length of stay among deceased patients has
not decreased, suggesting that life-sustaining
interventions are not being withdrawn earlier
than in the past. Another possibility is that refer-
ral patterns could have changed, whereby
patients destined for neurologic death are trans-
ferred less often from peripheral centres.31 We
found no evidence to support such a trend.

Patients who have been declared neurologi-
cally dead constitute the majority of deceased
organ donors in Canada. Contemporary data
indicate that donation after neurologic death
accounts for about one-half of kidney trans-
plants, more than three-quarters of liver trans-
plants, over 90% of pancreas and lung trans-
plants, and all heart and small bowel
transplants.32 Our results likely help explain the
relatively stagnant or even declining rates of
deceased organ donation in some Canadian juris-

Table 3: Characteristics of critically ill patients with traumatic brain injury, anoxic brain injury, 
subarachnoid hemorrhage or intracerebral hemorrhage who progressed to neurologic death in Calgary, 
Alberta, from Jan. 1, 2002 to June 30, 2012 

Characteristic 

Median (IQR) or % (no. of patients) 

p value† 

Jan. 1, 2002, to 
June 30, 2005,

n = 64 

July 1, 2005, to 
Dec. 31, 2008, 

n = 53 

Jan. 1, 2009, to 
June 30, 2012, 

n = 40 

Age, yr 42 (24–56) 45 (26–58) 44 (35–56) 0.6 

Female 50.0 (32) 45.3 (24) 40.0 (16) 0.6 

Diagnosis      

Traumatic brain injury 48.4 (31) 35.8 (19) 30.0 (12) 0.04 

Anoxic brain injury  9.4 (6) 28.3 (15) 27.5 (11)  

Subarachnoid hemorrhage 23.4 (15) 30.2 (16) 25.0 (10)  

Intracerebral hemorrhage 18.8 (12)  5.7 (3)  17.5 (7)  

Glasgow Coma Scale at admission 3 (3–3.5) 3 (3–3) 3 (3–3) 0.5 

APACHE II score*     

Full score 29 (25–34) 30 (26–34) 29 (24–34) 0.7 

Modi!ed score 16 (13–20) 17 (14–21) 15 (13–20) 0.6 

Length of stay in intensive care unit, d 0.9 (0.7–1.6) 1.1 (0.7–1.7) 1.3 (1.0–2.0) 0.06 

Family approached regarding organ 
donation‡ 

96.9 (62) 98.1 (52) 95.0 (38) 0.7 

Family consented to organ donation 81.0 (50) 81.0 (42) 76 (29) 0.7 

Note: APACHE = Acute Physiology and Chronic Health Evaluation, IQR = interquartile range.  
*Age and Glasgow Coma Scale score are components of the APACHE II score. The modi!ed score was calculated by subtracting 
the impact of these variables. 
†Nonparametric testing (Kruskal–Wallis test) was used for continuous variables and χ2 testing was used for discrete variables. 
‡Four patients’ families were not approached about organ donation because of an overt contraindication to donation;  
1 patient sustained cardiac arrest before the family could be approached. 
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dictions.33 Thus, our findings highlight the limita-
tions of using the common metric of the number
of donors per million population as a measure of
the “performance” of an organ donation and
transplantation system. Although this index facil-
itates comparisons of donation activity, improve-
ments in the prevention and care of brain injury
may contribute to a reduction in the number of
organ donors.34

Some patients who do not progress to neuro-
logic death still have a poor prognosis, such that
life-sustaining interventions are withdrawn with
the expectation of imminent death. Donation
after cardiocirculatory death is offered in such
cases at some Canadian hospitals.35,36 Our data
suggest that this practice has greater potential to
increase donation rates in Canada than efforts
aimed at improving the recognition of neurologic
death. Increased transplantation rates attributable
to donation after cardiocirculatory death have

been observed in other countries.15,37 Outcomes
using organs recovered after cardiocirculatory
death have been favourable in Canada. However,
the number of organs that can be transplanted is

Excluded  n = 146 
• Neurologic death diagnosed using 

standard criteria† n = 25 
• GCS score > 3 at the time of 

withdrawal of life-support  n = 77 
• GCS score 3 but at least 1 reactive 

pupil  n = 44 
Patients with a GCS score of 3 

and nonreactive pupils   
n = 54 

Other !ndings inconsistent with 
neurologic death  n = 35 
• Spontaneous respiration or other 

preserved brainstem re"exes n = 28 
• Myoclonus status epilepticus  n = 5 
• Persistent cerebral blood "ow on 

nuclear scan n = 2 

Cardiac arrest or unsupportable 
physiology within hours of 

admission to an intensive care 
unit  n = 12 

Neurologic death strongly suspected 
(n = 6) but formal testing not performed 
for the following reasons: 
• Viral encephalitis  n = 1 
• Metastatic adenocarcinoma  n = 1 
• Family explicitly expressed opposition 

to organ donation  n = 2 
• Discussed with donation agency and 

no organs transplantable  n = 1 
• Recurrent cardiac arrest before 

cerebral blood "ow scan could be 
performed  n = 1 

Potentially missed case 
of neurologic death   

n = 1 

Deaths attributable to neurologic 
causes*  
n = 200 

Figure 2: Results of a retrospective chart review of all deaths attributable to neurologic causes in Calgary intensive care units from Jan.
1, 2011, to July 31, 2012. Clinical declaration of neurologic death was performed by 2 experts (intensivist, neurologist or neurosur-
geon). *Consecutive deaths due to traumatic brain injury (37 patients), subarachnoid hemorrhage (14), intracerebral hemorrhage (27),
ischemic stroke (16), anoxic brain injury (92), acute liver failure (4), brain tumour (1), fat embolism (1) or central nervous system infec-
tion (8). †As per Canadian consensus guidelines.18 Note: GCS = Glasgow Coma Scale

Table 4: Multivariable analysis assessing the odds of progression  
to neurologic death per year, from Jan.1, 2002 to June 30, 2012 

Variable 
Adjusted OR per yr 

(95% CI)* p value 

All patients 0.92 (0.87–0.98) 0.006 

Diagnosis   
Traumatic brain injury, n = 1501 0.87 (0.78–0.96) 0.005
Anoxic brain injury, n = 516 0.96 (0.85–1.09) 0.6

Subarachnoid hemorrhage, n = 408 0.98 (0.87–1.11) 0.8

Intracerebral hemorrhage, n = 363 0.94 (0.82–1.09) 0.4 

Note: CI = con!dence interval, OR = odds ratio. 
*Adjusted for age and Glasgow Coma Scale score at admission. Each of these variables was 
strongly associated with the odds of progressing to neurological death (p < 0.001). 
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lower, liver and lung graft survival is somewhat
worse, and cardiac transplantation is not per-
formed in this context.36 Some clinicians con-
tinue to have concerns about donation after car-
diocirculatory death, especially related to
physicians’ imperfect ability to predict prognosis
and marked variability in practices related to the
withdrawal of life-sustaining interventions.38–40

Comparison with other studies
It remains somewhat uncertain to what extent
these findings can be generalized to other juris-
dictions. Although neurologic death appears to
have decreased in some other countries, investi-
gators have been unable to determine specific
reasons.14,15,37,41 The Canadian Institute for Health
Information regularly collects data regarding the
number of “potential donors” who meet the crite-
ria for neurologic death that have been referred to
provincial organ donation agencies.32,33 Defini-
tions and reporting practices vary considerably
across provinces, limiting the reliability and com-
parability of these data. Nevertheless, the number
of “neurologically dead potential donors” in this
database has decreased modestly, from a maxi-
mum of 18.7 per million population in 2005 to as
low as 15.7 per million in 2010 (Appendix 2,
available at www .cmaj .ca /lookup /suppl /doi :10
.1503 /cmaj .130271 /-/DC1), despite national
efforts to promote awareness of neurologic death
and organ donation.18 This decline has been more
pronounced in some Canadian provinces (e.g.,
Quebec and Alberta) than in others.

Limitations
Canadian guidelines for the neurologic determi-
nation of death were modified in 2006.18 Differ-
ences compared with previous guidelines are sub-
tle and unlikely to have influenced our results.17,18

About 40–45 patients per year with cardiac
arrest are cared for in a separate coronary care
unit in our region, which was not included in this
analysis. The average mortality rate for these
patients is about 40%.42 During the 10.5-year
study period, there were only 3 referrals of neu-
rologically deceased patients for organ donation
from this unit, such that its exclusion is unlikely
to have influenced our results.

Conclusion
Our finding that a reduced proportion of patients
with brain injury progresses to neurologic death
suggests that initiatives aimed at improving road
safety, preventing injuries during recreational
activities, and improving prehospital and in-hos-
pital care have had an effect and should continue
to be promoted.

However, the rates of donation after neuro-

logic death in Canada are unlikely to rise in the
future. Thus, if organ transplantation rates are to
increase, it will need to occur through alternative
approaches, such as living donation, donation
after cardiocirculatory death and innovations
aimed at improving the use of donated organs.
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