
CMAJ  OPEN

© 2017 Joule Inc. or its licensors	 CMAJ OPEN, 5(1)	 E19

Despite the emergence of organ donation after car-
diocirculatory determination of death, donation 
after neurologic determination of death remains the 

most common source of organs for transplantation across 
the world. Several studies performed in various countries 
have shown that the number of brain-injured patients who 
progress to neurologic determination of death has remained 
stagnant or even decreased over time.1–7 This temporal trend 
may be most pronounced among patients with traumatic 
brain injury.1,6,7 Advances in injury prevention, resuscitation 
and supportive care are likely contributing factors.1,8–12

In contrast, the proportion of cases of cardiac arrest in 
which bystander cardiopulmonary resuscitation, automated 
external defibrillation and advanced cardiac life support lead to 
return of spontaneous circulation is increasing, such that more 
patients with anoxic brain injury are admitted to intensive care 
units than was previously the case.13–16 In some people 
resuscitated from a cardiac arrest, ischemic injury to the brain 
is sufficiently severe to cause progression to neurologic 

determination of death.17 Apart from causing anoxic brain 
injury, cardiac arrest may also induce ischemic injury to other 
organs. In patients who progress to neurologic determination 
of death, this may reduce the number of organs available for 
donation and transplantation. When injured and poorly 
functioning organs are transplanted, graft function in 
recipients may be delayed or even permanently impaired.
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Background: The cause of brain injury may influence the number of organs that can be procured and transplanted with donation fol-
lowing neurologic determination of death. We investigated whether the distribution of causes responsible for neurologic death has 
changed over time and, if so, whether this has had an impact on organ quality, transplantation rates and recipient outcomes.

Methods: We performed a cohort study involving consecutive brain-dead organ donors in southern Alberta between 2003 and 2014. 
For each donor, we determined last available measures of organ injury and number of organs transplanted, and compared these vari-
ables for various causes of neurologic death. We compared trends to national Canadian data for 2000–2013 (2000–2011 for Quebec).

Results: There were 226 brain-dead organ donors over the study period, of whom 100 (44.2%) had anoxic brain injury, 63 (27.9%) 
had stroke, and 51 (22.6%) had traumatic brain injury. The relative proportion of donors with traumatic brain injury decreased over 
time (> 30% in 2003–2005 v. 6%–23% in 2012–2014) (p = 0.004), whereas that with anoxic brain injury increased (14%–37% v. 
46%–80%, respectively) (p < 0.001). Nationally, the annual number of brain-dead donors with traumatic brain injury decreased from 
4.4 to less than 3 per million population between 2000 and 2013, and that with anoxic brain injury increased from 1.1 to 3.1 per mil-
lion. Donors with anoxic brain injury had higher concentrations of creatinine, alanine aminotransferase and troponin T, and lower 
PaO2/FIO2 and urine output than donors with other diagnoses. The average number of organs transplanted per donor was 3.6 with 
anoxic brain injury versus 4.5 with traumatic brain injury or stroke (p = 0.002).

Interpretation: Anoxic brain injury has become a leading cause of organ donation after neurologic determination of death in Canada. 
Organs from donors with anoxic brain injury have a greater degree of injury, and fewer are transplanted. These findings have implica-
tions for availability of organs for transplantation in patients with end-stage organ failure.
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We performed a cohort study among consecutive brain-
dead donors in southern Alberta to determine whether the 
distribution of causes responsible for neurologic death has 
changed (primary outcome) and, if so, whether this has had an 
impact on organ quality, transplantation rates and recipient 
outcomes (secondary outcomes). Using data from the Cana-
dian Institute of Health Information (CIHI), we also assessed 
trends in the cause of neurologic death and number of organs 
transplanted per donor across Canada.

Methods

Setting
A comprehensive clinical information system (ALTRABase) is 
used to manage all organ donation referrals in southern 
Alberta and enables linkage of donor and recipient data. 
Donor management is in accordance with national guidelines, 
which are incorporated directly into a region-wide electronic 
order set.18 In every case, solid organs are routinely offered to 
transplantation programs across the country and, when no 
suitable recipient is found in Canada, to the United Network 
for Organ Sharing. Kidney and pancreas transplantation is 
performed locally, and liver, lung, heart and small-bowel 
allografts are transported to other centres.

Design
Using prospectively collected data, we identified consecutive 
patients who progressed to neurologic determination of death 
between 2003 (earliest year for which reliable data were avail-
able) and 2014 and whose surrogate decision-makers consented 
to organ donation. The causes of neurologic death were catego-
rized as traumatic brain injury, anoxic brain injury, stroke (sub-
arachnoid hemorrhage, spontaneous intracerebral hemorrhage, 
ischemic stroke or cerebral venous thrombosis) and other 
causes. This determination was made by a specialist in neuro-
critical care (A.K.) based on review of medical records and neu-
roimaging, without coinciding knowledge regarding organs pro-
cured and transplanted. Patients were classified as having anoxic 
brain injury if there was documentation of a preceding cardiac 
arrest in the medical record. Patients with cardiac arrest in the 
context of another type of brain injury were categorized as hav-
ing anoxic brain injury if the arrest lasted longer than 5 minutes. 
The rationale was twofold: first, 5 minutes is the approximate 
time after which permanent ischemic injury to the brain 
becomes possible.19 Second, although the original cause of the 
brain injury might have been an equally or more important fac-
tor causing progression to neurologic determination of death, 
the concomitant cardiac arrest had the potential to perpetuate 
organ injury. Significant sustained organ dysfunction is unusual 
simply from prolonged hypoxemia or a brief cardiac arrest.

For each donor, we determined the following measures of 
organ injury: last available concentration of creatinine, urea, 
alanine aminotransferase and bilirubin, average urine output 
over the 3 hours preceding organ procurement, international 
normalized ratio, peak troponin T concentration, ejection frac-
tion by echocardiography and last ratio relating the partial pres-
sure of oxygen to the inhaled fraction of oxygen (PaO2/FIO2), 

performed in a standardized fashion, with FIO2 100% and posi-
tive end-expiratory pressure 5 mm Hg. These tests are per-
formed routinely in all brain-dead organ donors.

A secondary outcome was whether organ function was 
impaired among recipients of grafts from donors with anoxic 
brain injury compared to other causes. For recipients of kid-
ney transplants from brain-dead donors in 2009–2014, we 
evaluated the following outcomes: patient and graft survival, 
delayed graft function, and creatinine concentration at dis-
charge and at 1 year. This time frame was chosen because a 
provincial electronic health record system became available in 
Alberta in 2009, enabling detailed follow-up of recipient and 
kidney graft function. We defined and analyzed delayed graft 
function in 2 separate ways: 1) as the temporary need for 
intermittent hemodialysis in the week following transplanta-
tion and 2) as “functional” delayed graft function, namely, 
need for dialysis or failure of the creatinine concentration to 
decrease by 10% or more on 3 or more consecutive days dur-
ing the week following transplantation.20 Machine perfusion 
of kidney grafts between the time of procurement and trans-
plantation was not used. Because liver transplantation, lung 
transplantation and heart transplantation are not performed at 
our centre, outcomes in recipients could not be determined.

Sources of data
Clinical information relevant to organ donors is entered by 
donor coordinators directly into ALTRABase in all organ 
donation cases. This includes vital signs, laboratory data and 
diagnostic imaging results. Similarly, relevant recipient infor-
mation is entered into the database by transplantation coordi-
nators. Each file is reviewed as part of a regular quality-
assurance process to ensure that data are complete.

To examine trends in the cause of neurologic death and 
number of organs transplanted per donor, we obtained data 
from CIHI for 2000–2013; national data for 2014 were not 
available at the time of our analysis. The registry includes data 
from all 10 provinces and 3 territories. Data for Quebec for 
2012–2013 were not available. Brain-dead donors and their 
cause of death are reported to the Canadian Organ Replace-
ment Registry (managed by CIHI) by individual provincial 
organ donation agencies. We clustered diagnostic codes in the 
registry database for patients with neurologic determination of 
death into the following categories to match, as much as possi-
ble, our local data: traumatic brain injury (“trauma,” “motor 
vehicle collision,” “gunshot”), anoxic brain injury (“anoxic,” 
“CO poisoning,” “asthma”), stroke (“stroke,” “ruptured cere-
bral aneurysm,” “spontaneous intracranial haemorrhage”) and 
other (“overdose,” “primary CNS tumour,” “CNS infection,” 
“intracranial event,” “SIDS,” “unknown,” “other,” “cerebral 
edema”). The registry assigns only 1 code per donor. It was 
impossible to know whether patients with traumatic brain 
injury, stroke or other causes of neurologic death (e.g., over-
dose) may have also had a cardiac arrest. We therefore expected 
that the proportion categorized as having anoxic brain injury 
would be smaller in the Canadian Organ Replacement Registry 
database than in our local data set. Furthermore, some patients 
with traumatic brain injury, anoxic brain injury or stroke may 
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have been categorized simply as having “cerebral edema.” It 
was therefore to be expected that there would be more patients 
with “other” causes of neurologic death in the registry data set.

To protect privacy, CIHI regulations preclude release of data 
when there are fewer than 5 patients per data cell. We therefore 
clustered data into 3-year periods except for 2012–2013 (2 years).

Statistical analysis
We used χ2 analysis or the Fisher exact test, as appropriate, to 
compare categorical variables. We used analysis of variance 
and Mann–Whitney U tests to compare continuous variables, 
with adjustments for multiple comparisons using the Tukey 
test.21 The Cochrane–Armitage test was used to determine the 
significance of temporal trends.22 In assessing the association 
between cause of neurologic death and number of organs 
transplanted per donor, we used multivariable ordinal regres-
sion to adjust for confounders, including donor age, sex, body 
mass index, presence of preexisting hypertension or diabetes, 
use of methylprednisolone or levothyroxine, and presence of 
positive viral serology (HIV or hepatitis B or C).

Ethics approval
The Conjoint Health Research Ethics Board at the University 
of Calgary approved this research.

Results

Temporal trends in cause of neurologic death
Between 2003 and 2014 there were 226 brain-dead organ 
donors in southern Alberta; 100 (44.2%) had anoxic brain 

injury, 63 (27.9%) had stroke, 51 (22.6%) had traumatic brain 
injury, and 12 (5.3%) progressed to neurologic death due to 
other causes. Of the 100 donors with anoxic brain injury, 16 
had another, coexisting form of brain injury. Prolonged car-
diac arrest occurred in 7 donors with stroke and 9 with trau-
matic brain injury (these donors were categorized as having 
anoxic brain injury). The rate of consent for organ donation 
was 71.9%, 73.2% and 83.6% among patients with neurologic 
death due to anoxic brain injury, stroke and traumatic brain 
injury, respectively (p = 0.4) and did not change over time.

The relative proportion of brain-dead donors with anoxic 
brain injury increased over time, from as low as 14% in 2004 
to as high as 80% in 2013 (p < 0.001) (Figure 1). In contrast, the 
proportion with traumatic brain injury gradually decreased over 
the study period, from about 30% in 2003–2005 to as low as 
6%–7% in 2013–2014 (p = 0.004). The proportion with stroke 
remained relatively unchanged.

Causes of cardiac arrest were classified as follows: overdose 
24 cases (24%), respiratory 20 (20%), traumatic 15 (15%), pri-
mary cardiac 13 (13%), neurologic 10 (10%), suicide by hang-
ing 6 (6%), carbon monoxide poisoning 3 (3%), drowning 3 
(3%), pulmonary embolism 3 (3%), anaphylaxis 1 (1%), sepsis 
1 (1%) and unknown 1 (1%).

Organ injury
Characteristics of the donors with anoxic brain injury, trau-
matic brain injury and stroke are compared in Table 1. At 
least 1 kidney was transplanted from 84 (84%), 49 (96%) and 
53 (84%) of the donors with anoxic brain injury, traumatic 
brain injury and stroke, respectively (p = 0.1). Donors with 
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Figure 1: Temporal trends in the relative distribution of causes of neurologic death (brain death) in deceased organ donors in 
southern Alberta, 2003–2014.
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anoxic brain injury had higher creatinine and urea concentra-
tions and lower urine output than did donors with traumatic 
brain injury or stroke. Among donors with anoxic brain 

injury, there was a significant association between the dura-
tion of cardiac arrest and the last available creatinine concen-
tration (p = 0.03).

Table 1: Characteristics of organ donors and organ transplantation by cause of donor brain death in southern 
Alberta, 2003–2014

Characteristic

Cause of brain death

Anoxic brain injury
(n = 100)

Traumatic brain 
injury

(n = 51)
Stroke*
(n = 63)

Age, median (IQR), yr 35 (23–52) 25 (20–42)† 53 (39–59)†

Sex, no. (%)  

    Female 47 (47) 20 (39) 32 (51)

    Male 53 (53) 31 (61) 31 (49)

Body mass index, median (IQR) 35 (25–47) 30 (25–35) 34 (24–43)

No. (%) who were expanded-criteria donors‡ 12 (12)§ 6 (12)§ 24 (38)

No. (%) with positive result on viral serological 
testing (HIV, hepatitis B or C)

6 (6) 3 (6) 6 (10)

No. of organs transplanted

    Median (IQR) 4 (2.5–5) 4 (3–6)† 5 (3–6)†

    Mean ± standard deviation 3.6 ± 1.9 4.5 ± 1.8† 4.5 ± 2.2†

Kidney

    Creatinine level, median (IQR), µmol/L 86 (64–140) 75 (52–96)† 66 (50–83)†

    Urea level, median (IQR), mmol/L 6.6 (4.8–9.9) 4.8 (3.6–6.3)† 4.2 (3.2–7.3)

    Urine output, median (IQR), mL/h 65 (30–125) 125 (63–200)† 100 (45–175)†

1 or 2 kidneys transplanted, no. (%) of 
donors

84 (84) 49 (96) 53 (84)

Liver

Alanine aminotransferase level, median 
(IQR), units/L

107 (59–283) 34 (21–54)† 23 (14–42)†

International normalized ratio, median 
(IQR)

1.3 (1.2–1.4) 1.2 (1.1–1.3) 1.2 (1.1–1.3)†

    Bilirubin level, median (IQR), µmol/L 8 (5–13) 10 (7–16) 8 (6–12)

    Transplanted, no. (%) of donors 81 (81) 47 (92) 54 (86)

Lung

    PaO2/FIO2 (last O2 challenge), median (IQR) 251 (120–370) 328 (218–407)† 316 (227–394)†

    1 or 2 lungs transplanted, no. (%) of donors 22 (22) 21 (41)¶ 34 (54)¶

Heart

Troponin T level, median (IQR), ng/mL 
(low-sensitivity assay, before 2011)**

0.30 (0.04–0.83) 0.15 (0.03–0.40)† 0.07 (0.03–0.32)†

Troponin T level, median (IQR), ng/L 
(high-sensitivity assay, as of 2011)**

311 (65–1121) 33 (9–62) 14 (5–116)

    Ejection fraction, median (IQR), %** 55 (40–60) 54 (40–60) 60 (54–64)

    Transplanted, no. (%) of donors 30 (30) 19 (37) 23 (36)

Pancreas

    Whole transplanted, no. (%) of donors 20 (20) 17 (33) 14 (22)

    Islet cells transplanted, no. (%) of donors 20 (20) 6 (12) 20 (32)

Note: IQR = interquartile range.
*Defined as subarachnoid hemorrhage, intracerebral hemorrhage or ischemic stroke.
†p < 0.05 compared with anoxic brain injury, analysis of variance with adjustment for multiple comparisons.
‡Defined as age 60 years or more, or age 50 years or more with at least 2 of hypertension, creatinine level greater than 132 µmol/L or death due 
to cerebrovascular accident.
§p < 0.05 compared with stroke, χ2 analysis.
¶p < 0.05 compared with anoxic brain injury, χ2 analysis.
**Troponin T and ejection fraction were available for 88% and 66% of donors, respectively. Other laboratory test results were available for 96%–99% of donors.
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The liver was transplanted from 81 (81%), 47 (92%) and 
54 (86%) of the donors with anoxic brain injury, traumatic 
brain injury and stroke, respectively (p = 0.2). The median 
alanine aminotransferase level was significantly higher in the 
donors with anoxic brain injury than in those with other diag-
noses. The international normalized ratio was significantly 
higher in the donors with anoxic brain injury than in those 
with stroke (p < 0.05).

At least 1 lung was transplanted from 22 (22%), 21 (41%) 
and 34 (54%) of the donors with anoxic brain injury, trau-
matic brain injury and stroke, respectively (p < 0.001). The 
last available PaO2/FIO2 was significantly lower in the donors 
with anoxic brain injury than in those with traumatic brain 
injury or stroke (p < 0.05).

The heart was transplanted from 30 (30%), 19 (37%) and 
23 (36%) of the donors with anoxic brain injury, traumatic 
brain injury and stroke, respectively (p = 0.6). Troponin T 
concentrations were significantly higher among the donors 
with anoxic brain injury than among those with traumatic 
brain injury or stroke (p < 0.05), but ejection fraction did not 
differ between the groups.

Organs per donor
A mean of 3.6 organs were transplanted from donors with 
anoxic brain injury, compared with 4.5 from those with trau-
matic brain injury or stroke (p = 0.002). In multivariable anal-

ysis, anoxic brain injury remained an independent predictor of 
fewer organs transplanted per donor (odds ratio for more 
organs procured and transplanted when cause of death was 
traumatic brain injury or stroke rather than anoxic brain 
injury = 2.1 [interquartile range 1.3–3.4]; p = 0.003). The peak 
mean number of organs transplanted per donor was 4.5–4.6 in 
2005–2006, compared with 3.4–3.8 in 2012–2014. However, 
this change was not statistically significant (p = 0.3).

When the analysis was restricted to donors with anoxic 
brain injury, there was an inverse relation between duration of 
cardiac arrest and number of organs procured per donor: the 
mean number of organs transplanted was 4.0 when cardiac 
arrest lasted less than 30 minutes, compared with 3.5 when it 
lasted 30–59 minutes and 2.6 when it lasted 60 minutes or 
longer (p = 0.04 for comparison of ≥ 60 min v. < 60 min).

Kidney recipient outcomes
Between 2009 and 2014, 145 patients received kidney trans-
plants from local brain-dead donors. The cause of neurologic 
death was anoxic brain injury, traumatic brain injury or stroke 
in 143 cases (98.6%). The rate of delayed graft function was 
lowest among recipients of kidneys from donors with trau-
matic brain injury and highest among recipients of kidneys 
from donors with stroke; however, these differences were not 
statistically significant (p = 0.2) (Table 2). Creatinine concen-
trations throughout the week following transplantation, at the 

Table 2: Characteristics and outcomes of recipients of kidney allografts by cause of donor brain death, 
2009–2014

Characteristic/outcome

Cause of donor brain death

Anoxic brain injury
(n = 80)

Traumatic brain injury
(n = 23)

Stroke
(n = 40)

Donor age, median (IQR), yr 35 (21–52) 34 (25–52) 55 (37–59)*

Recipient age, median (IQR), yr 50 (37–59) 60 (49–71) 48 (35–61)

Cold ischemic time, median (IQR), h 11.5 (6.7–16) 12 (8–16) 13 (10–18)

No. (%) with delayed graft function 
(need for dialysis)

16 (20) 2 (9) 11 (28)

No. (%) with functional delayed graft 
function†

24 (30) 3 (13) 12 (30)

Length of hospital stay, median (IQR), d 11 (8–14) 8 (7–10) 11 (8–21)

Creatinine level, median (IQR), µmol/L‡

    Day 3 360 (205–476) 232 (129–358) 457 (222–536)§

    Day 5 205 (125–407) 121 (85–231) 254 (135–421)§

    Day 7 146 (105–288) 108 (79–161) 210 (125–347)

    At discharge 124 (93–186) 94 (80–137) 145 (92–170)

    1 yr 105 (87–140) 98 (73–111) 124 (98–169)

No. (%) who died in hospital 2 (2) 0 0

No. (%) undergoing dialysis at 1 yr 1 (1) 1 (4) 2 (5)

*p < 0.05 compared with other categories, analysis of variance with adjustment for multiple comparison.
†Defined as need for dialysis or failure of the creatinine concentration to decrease by 10% or more on 3 or more consecutive days during the 
week following transplantation.
‡Measured each morning after transplantation.
§p < 0.05 compared with traumatic brain injury with adjustment for multiple comparisons.
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time of hospital discharge and at 1 year were lowest among 
recipients of kidneys from donors with traumatic brain injury 
than among recipients of kidneys from donors with other 
diagnoses, although the differences were statistically signifi-
cant only in the first few days.

In recipients of kidneys from donors with anoxic brain 
injury, the median duration of cardiac arrest in the donor was 
45 (interquartile range 21–69) minutes when delayed graft 
function occurred, compared with 30 (interquartile range 
20–43) minutes without delayed graft function (p = 0.06). 
Delayed graft function occurred in 5/29 recipients (17%) 
when cardiac arrest duration was less than 30 minutes, com-
pared to 5/34 (15%) and 6/12 (50%) when the duration was 
30–59 minutes and 60 minutes or more, respectively (p = 
0.005 for comparison between ≥ 60 min v. < 60 min). At 
1 year, 6 (4.2%) of the 143 patients had died or were receiving 
dialysis.

National data
Across Canada, the number of brain-dead organ donors 
changed minimally between 2000 and 2013, remaining in the 
range of 12–14 donors per million population. The number of 
brain-dead donors with traumatic brain injury decreased from 
a maximum of 4.4 per million population in 2000–2002 to 
fewer than 3 per million population in 2009–2013. This dec-
rement was offset by a threefold rise in the number of brain-
dead donors with anoxic brain injury (from 0.7–1.1 per mil-
lion population in 2000–2005 to 3.1 per million population in 
2012–2013) (Figure 2).

The mean number of organs transplanted was higher from 
donors with traumatic brain injury than from those with 
other causes of neurologic death (Figure 3). This was true for 
each individual organ system (Table 3). Within each diagnos-
tic category, the number of organs transplanted per donor 
increased over time. However, with the relative decline in 
donors with traumatic brain injury and increment in those 
with anoxic brain injury, the national average number of 
organs transplanted following neurologic determination of 
death remained stagnant, at 3.3–3.5 per donor.

The κ statistic comparing categorization of the cause of 
neurologic death in our local data set with that submitted by 
our regional organ donation agency to CIHI was 0.77 (95% 
confidence interval 0.71–0.84). All of the discrepancies were 
due to patients with traumatic brain injury, stroke or other 
causes of neurologic death who also had a cardiac arrest last-
ing more than 5 minutes.

Interpretation

Between 2003 and 2014, anoxic brain injury replaced trau-
matic brain injury and various forms of stroke as the most 
common cause of neurologic determination of death among 
organ donors in southern Alberta. Similarly, across Canada, 
the annual rate of organ donation from brain-dead donors fol-
lowing traumatic brain injury decreased by about 25%, 
whereas the rate of organ donation following anoxic brain 
injury tripled.

Using national data, investigators in the United States 
showed that the proportion of organ donors with traumatic 
brain injury decreased from 45%–50% 10–15 years ago to 
about 30%–35% more recently.2,3 Similarly, studies from Bel-
gium showed that traumatic brain injury accounted for 35%–
40% of organ donors in 1997–2005, compared to 25% in 
2012–2013.4,5 An unpublished report from the United King-
dom suggested that less than 10% of organ donors in recent 
years died following road traffic accidents.23 In a single-centre 
study from Quebec, the cause of death was traumatic brain 
injury in 27% of organ donors in 2000–2005, compared to 
20% in 2006–2012.24

Conversely, the proportion of people who experience car-
diac arrest in whom there is return of spontaneous circulation 
has increased over time, a trend that has been attributed, in 
part, to greater provision of bystander cardiopulmonary resus-
citation and availability of automated external defibrilla-
tors.13–16 A previous study showed that people who had been 
resuscitated from a cardiac arrest accounted for a growing 
proportion of brain-injured patients admitted to intensive care 
units in our region.1 As suggested in consensus guidelines, cli-
nicians may be delaying withdrawal of life-sustaining treat-
ments to a greater degree, which, in turn, may provide more 
time for progression to neurologic determination of death.25,26 
There may be regional differences in the proportion of donors 
in whom anoxic brain injury is the cause of neurologic death, 
but we found that overall trends were consistent across Can-
ada. We did not find any differences in consent rates for 
organ donation based on the cause of neurologic death to 
account for the relative shift from traumatic brain injury to 
anoxic brain injury.

Donors with anoxic brain injury had, on average, a greater 
degree of organ injury than those with other conditions. 
Accordingly, the number of organs transplanted per donor 
was lower with anoxic brain injury than with other causes of 
neurologic death, even after adjustment for potentially con-
founding donor characteristics. With an increment in the pro-
portion of donors with anoxic brain injury in our region, there 
was a corresponding decline, albeit not statistically significant, 
in the number of organs procured per donor.

The number of organs transplanted per donor across Can-
ada was highest with traumatic brain injury but was similar for 
anoxic brain injury and stroke. Despite the relative decline in 
traumatic brain injury and concomitant increase in donors 
with anoxic brain injury, the average number of organs trans-
planted per brain-dead donor did not change, largely because 
of an increment within each individual diagnostic category. It 
is possible that transplantation programs have become more 
willing to accept “marginal” organs, including those from 
donors who experienced cardiac arrest. Because acceptance of 
the heart, lung and pancreas is lower than that of the kidney 
and liver, there is particular potential for increased use of the 
former organs.

Delayed graft function was uncommon in recipients of kid-
neys from donors with traumatic brain injury. In contrast, 
there was a high incidence of this complication among recipi-
ents of kidneys from donors who had sustained a cardiac 
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Figure 2: Temporal trends in the relative distribution of causes of neurologic death (brain death) among organ donors in Canada, 
2000–2013; Quebec data available for 2000–2011 only.
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Figure 3: Temporal trends in the number of organs transplanted per brain-dead organ donor by diagnosis in Canada, 2000–2013 
(Quebec data available for 2000–2011 only).



Research

CMAJ  OPEN

E26	 CMAJ OPEN, 5(1)	

arrest, especially when the arrest duration exceeded 60 min-
utes. Delayed graft function is associated with a higher inci-
dence of acute rejection, eventual graft failure and long-term 
mortality as well as higher cost.27,28 Interventions aimed at 
reducing delayed graft function, such as systemic hypothermia 
in donors, pulsatile machine perfusion and adjustment of 
immunosuppressive regimens in recipients, may be particu-
larly important when kidneys are procured from donors 
whose organs are at high risk for delayed graft function, such 
as those with prolonged cardiac arrest.28–30

Authors of previous small studies have assessed organ 
injury in brain-dead donors who experienced cardiac 
arrest.31–34 Those with anoxic brain injury were generally 
reported to have greater hemodynamic instability and higher 
liver enzymes, and fewer organs were procured from these 
donors. However, outcomes in recipients of organs from 
donors with anoxic brain injury were not necessarily worse 
than with other diagnoses.35–41 Despite the high rate of 
delayed graft function with prolonged cardiac arrest, few 
patients in our study required dialysis after 1 year. In addition, 
although there was a consistent trend toward lower creatinine 
concentrations in recipients of kidneys from donors with trau-
matic brain injury compared to those who received kidneys 
from donors with anoxic brain injury or stroke immediately in 
the days following transplantation, the differences were not 
statistically significant after 1 year.

Achievement of certain “donor management goals” before 
organ procurement has been associated with a larger number 
of organs transplanted.42–44 Based on our observations, consis-
tent achievement of donor management goals may be less 
realistic for donors with anoxic brain injury, especially those 
sustaining prolonged cardiac arrest. For example, despite rou-
tine adherence to Canadian guidelines,18 significantly fewer 
donors with anoxic brain injury achieved the donor manage-
ment goals of PaO2/FIO2 greater than 300 mm Hg or urine 
output greater than 0.5 mL/kg per hour.42,43 Nevertheless, 
adoption of Canadian recommendations for organ donor 
management may be one reason why the number of organs 
transplanted per donor has increased nationally for each indi-
vidual cause of neurologic death.18

Limitations
Our study is limited by its retrospective design, although most 
data were collected prospectively. Data from CIHI underesti-
mates anoxic brain injury as a cause of neurologic death, since 
only 1 diagnostic code can be assigned per donor. For exam-
ple, if a donor with traumatic brain injury or stroke also had a 
prolonged cardiac arrest, this information would not be 
recorded in the CIHI data set. A single reviewer adjudicated 
the causes of neurologic death for our study. However, apart 
from cases in which there was more than 1 cause of death, 
there was excellent agreement with the cause of death for 
southern Alberta organ donors in the CIHI database. Data for 
2014–2016 were not yet available from CIHI, and we did not 
have 2012–2013 data from Quebec. Finally, measures of 
organ injury were not available from CIHI, such that we 
could not assess them using national data.

Conclusion
The epidemiologic characteristics of neurologic death in 
Canada changed between 2003 and 2014, with a relative 
decline in the proportion of donors with traumatic brain 
injury and an increment in those with anoxic brain injury. 
Because fewer organs are procured and transplanted from the 
latter group, this epidemiologic shift has contributed to stag-
nancy in the total number of organs available for transplanta-
tion. Outcomes are favourable when organs from well-
selected brain-dead donors with anoxic brain injury are 
transplanted, although prolonged cardiac arrest in the donor 
is associated with a higher incidence of delayed graft function, 
which may affect longer-term outcomes. Future research 
should develop additional strategies aimed at optimizing use 
of organs from brain-dead donors.
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