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Abstract Purpose: There is a
shortage of organ donors in Canada.
The number of potential organ donors
that are not referred to organ pro-
curement organizations in Canada is
unknown. Methods: We conducted
a retrospective cohort study of all
deaths in ICUs and emergency rooms
not referred to the Human Organ
Procurement and Exchange Program
in four hospitals between 1 January
2008 and 31 December 2010. The
primary outcome was the number of
normal and expanded criteria heart-
beating donors and circulatory death
(DCD) donors. Results: Of 2,931
deaths, 64 patients were identified as
having a high probability for pro-
gression to heart-beating donation
(Glasgow Coma Score of 3 and three
or more absent brainstem reflexes)
and 130 patients were assessed for
possible DCD donation. The number
of potential abdominal and lung
heart-beating donors ranged from 3.2
to 7.5 and 0.5 to 2.7 per million
population. The number of potential
DCD abdominal and lung donors
ranged from 3.9 to 6.5 and 2.7 to 4.3
per million population. Potential
heart-beating abdominal (p = 0.04)
and lung (p = 0.06) donors increased
after legislation mandating donation
discussion. Non-pupillary brainstem

reflexes were documented in fewer
than 60 % of records. Life-sustaining
treatment was withdrawn in 19 of 46
(41.3 %) cardiac arrest patients not
requiring high doses of vasoactive
drugs within 24 h. Conclusion: The
number of heart-beating or DCD
organ donors represented by missed
referrals may represent up to 7.5
donors per million population.
Improved documentation of brain-
stem reflexes and encouraging
referral of patients suffering cardiac
arrest to ICU specialists may improve
donor numbers.
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Introduction

Worldwide, the number of organ donors has not met the
increasing demands for organs. In 2010, 4,529 patients
were waiting for an organ transplant in Canada and 247
patients died while on the transplant recipient waiting
list [1, 2]. From a public health perspective, approaches
to improve organ donation have included presumed
consent legislation, requesting by highly trained per-
sonnel, attending to specific relatives’ needs within the
ICU, and public awareness of organ donation [3–6]. It is
recognized that organ donation rates vary by country and
are subject to temporal trends in the rates of cerebro-
vascular disease and traumatic brain injury while rates of
death from stroke in Canada have declined by over 28 %
within the 10 years preceding 2004 [7]. Previous
descriptions of the missed potential for organ donation
have, in part, been restricted to patients within intensive
care units (ICUs) and dying from specific neurological
diagnoses, with no published data from Canadian sour-
ces [8, 9].

In this retrospective cohort study, we determined the
number of potential liver, kidney, and lung organ donors
dying in ICUs and emergency rooms (ERs) over a 3-year
period and that were not referred to the Human Organ
Procurement and Exchange (HOPE) Program of Northern
Alberta. We also determined the effect of implementing a
provincial law mandating the documentation of organ and
tissue donation discussions on the medical record on
potential donor rates.

Methods

Study design

We conducted a retrospective chart review of all deaths
within ICUs and ERs at the four largest hospitals in
Edmonton, Alberta, Canada from 1 January 2008 to 31
December 2010. Northern Alberta is serviced by five
major intensive care centers in Edmonton and one outside
of Edmonton. An organizational algorithm of air and
ground ambulance directs all major trauma, neurosurgi-
cal, neurological, and interventional cardiology services
in Northern Alberta to two major centers included in this
review. On 1 August 2009 the Human Tissue and Organ
Donation Act was proclaimed by the government of
Alberta which required a medical practitioner who
determined that a person has died to ‘‘consider and doc-
ument in the patient record the medical suitability of the
deceased person’s tissues or organs for transplantation’’
[10].

Ethics approval for the study was obtained from the
Human Research Ethics Board of the University of
Alberta and Covenant Health.

Data collection

We defined non-referred patients as those dying within
the ICUs and ERs who were not referred to the HOPE
program and selected patients suffering from subarach-
noid hemorrhage, traumatic brain injury, intracerebral
hemorrhage, stroke, pharmacological overdose, and
asphyxia as well as those with anoxic encephalopathy
from cardiac arrest and other cerebral catastrophes. In
2010 after the passing of the provincial legislation, we
expanded our selection criteria to include all patients who
had been referred to the HOPE program but did not
proceed to brain death or did not proceed to cardiac death
within 1 h of withdrawal of life-sustaining treatments
(WLST). The majority of these patients died from cardiac
arrest. We excluded patients not 18–80 years of age, those
with HIV, multisystem organ failure, metastatic cancer,
degenerative neurological disorders, and those who had
refractory hypotension despite high doses of vasoactive
drugs. All non-referred patients were verified against a
database which included all converted organ donors and
referred but non-consented or medically unsuitable organ
donors.

From the medical records, we included the patient’s
age, primary etiology of death, neurological examination,
neurosurgical procedures, requirement for vasoactive
drugs, the site of the patient’s death as well as referral to
and acceptance of the medical examiner. A high dose of
vasoactive drugs was defined as requiring at least 20 lcg/
min of norepinephrine or two or more vasoactive drugs.
Our province required all deaths resulting from non-nat-
ural causes to be referred to the medical examiner for
further investigation after death. Spontaneous respirations
were deemed to be absent if the respiratory rate of the
patient was not greater than the set respiratory rate on the
mechanical ventilator prior to the WLST. We also
included whether a family member was present or con-
tacted at the time of death and whether a discussion
regarding organ donation was documented. To determine
the suitability for organ donation, we included the
patient’s creatinine, bilirubin, and PaO2/FIO2 values
nearest to death as well the patient’s comorbidities and,
for potential circulatory death (DCD) donors, the time
from WLST to the recording of asystole which was used
to define death.

Outcome measures

Heart-beating donors

We identified potential organ donors using two indepen-
dent assumptions. The first assumption defined each
patient for their potential for proceeding to heart-beating
donation (brain death) as patients having a Glasgow
Coma Score (GCS) of 3 out of a possible 15, and three or
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more absent brainstem reflexes (pupils, corneals, ocul-
ocephalic, oculovestibular, gag, or cough). Patients who
did not have a GCS recorded or did not have documen-
tation of at least three cranial nerve reflexes were not
included as potential heart-beating donors. On the basis of
previous studies, we expected 47.5 % of patients meeting
these criteria to proceed to brain death and to become
heart-beating donors [11, 12]. Expanded criteria liver or
kidney (abdominal organ) donors were defined as those
who had two or more of the following characteristics: age
greater than 60 years, high vasoactive drug requirement
(norepinephrine at least 20 lcg/min, or two or more
vasoactive drugs), a history of hypertension, previous or
current cerebrovascular disease, or at least 4 days in the
ICU prior to death [13–15]. Normal criteria liver or kid-
ney donors were defined as subjects not meeting the
criteria for expanded criteria donation. We then defined
potential normal heart-beating lung donors as those
meeting the aforementioned neurological criteria with an
age less than 55 years and a PaO2/FIO2 ratio of at least
300. Expanded criteria lung donors were defined as those
no older than 70 years of age with a PaO2/FIO2 ratio of at
least 250 and not meeting the criteria for normal lung
donors [16, 17].

Donation after circulatory death (non-heart beating
donors)

The second assumption evaluated each non-referred
patient as a potential DCD donor, irrespective of neu-
rological examination. We only included patients who
did not meet all of our institutional requirements for
brain death and who were extubated prior to the deter-
mination of death. We defined potential DCD kidney
donors as those with age no greater than 60 years with
creatinine less than 150 lcmol/L and who developed
asystole within 120 min from extubation, and potential
DCD liver donors as those with age no greater than
60 years with bilirubin less than 50 lcmol/L and who
developed asystole within 60 min from extubation.
Potential DCD lung donors were defined as those with
age no greater than 70 years with a PaO2/FIO2 ratio of
at least 300 and who developed asystole within 120 min
from extubation. Patients with known hepatitis B or C
infection were considered as potential heart-beating or
DCD donors [13–19]. The adjudication process for
abdominal organs was performed by an abdominal organ
transplant surgeon (SA) and a hepatologist (CK), and
that for lung donor suitability by a cardiac surgeon (GS)
and cardiac intensive care specialist (DT). We also
analyzed univariable associations between the absence of
corneal and cough reflexes, absence of or extensor motor
response, PaO2/FIO2 ratio of less than 200, high vaso-
active drug requirements, and death within the
emergency room (vs. ICU) and dying within 60 min of

extubation. The first four of these parameters have
undergone calibration and discrimination testing in
recent studies [20–22].

Statistical analysis

We presented descriptive data as counts and percentages,
means and standard deviations, and medians and inter-
quartile ranges. We analyzed univariable associations
between variables using the Pearson v2 test, two-sided
Fisher exact test, and logistic regression. We calculated
potential organ donor rates per million population and
incident rate ratios (IRR) using census estimates of the
Northern Alberta population and assuming a Poisson
distribution [23]. All analyses were performed using
STATA 10 (Stata Corp LP, College Station, Texas, USA,
2008).

Results

Patient population

Of 2,931 medical records reviewed over the 3-year per-
iod, 227 (7.7 %) patients were defined as non-referred
patients. The mean age was 61 years and 65 % were
males. Over 3 years, 89 (39.2 %) of the subjects died of a
cardiac arrest, 37 (16.3 %) died of an intracerebral hem-
orrhage, and 31 (13.7 %) died of traumatic brain injury,
representing the three most common diagnoses. There
was an increase in the number of cardiac arrests in 2010.
Both the population mean bilirubin level of 25.0 (sd
34.0) lcmol/L and the mean creatinine level of 141 (sd
113.4) lcmol/L were elevated, with a reduced mean
PaO2/FIO2 ratio of 246.6. Characteristics by year are
outlined in Table 1.

Neurological examination

Collectively over 3 years, the median GCS was 3 and
spontaneous respirations were absent in 37–48 % of
patients. Although documentation of the pupillary reflexes
was present in the majority of records, the documentation
of corneal reflexes and the remaining brainstem reflexes
was present in less than 60 and 50 % of records,
respectively. The proportion of subjects who had at least
three brainstem reflexes examined prior to withdrawal of
life-sustaining therapy ranged from 41.5 % in 2009 to
57.6 % in 2010. Likewise, the percentage of subject who
had a GCS of 3 and at least three absent brainstem
reflexes ranged from 23.1 % in 2009 to 34.3 % in 2010
with no significant increase over the years (p = 0.19)
(Table 2).
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Characteristics of death

Over the 3-year period, 136 patients (59.9 %) died in an
ICU, 75 patients (33.0 %) died in an ER, and 16 patients
(7.1 %) died in a medical or surgical cardiovascular ICU.
The attending physicians had referred 124 patients
(54.6 %) to a medical examiner and 93 (41.0 %) of these
patients were accepted for review. The family was
available for discussion in over 90 % of the deaths and
the documentation of organ donation discussion rose from
7.9 % in 2008 to 26.3 % in 2010 (p \ 0.01). One hundred
and thirty (57.2 %) of all patients did not meet criteria for
brain death and were extubated prior to death. The mean
time from WLST to death was 30.6 min (IQR 15.3–
163.8 min) with 80 (61.5 %) patients dying within 1 h
after WLST and an additional 15 (11.5 %) patients dying
between 1 and 2 h after WLST. Of the 89 patients dying
after a cardiac arrest, 42 (47.2 %) subjects required high
doses of vasoactive drugs and 47 (52.8 %) had WLST
within 24 h of the cardiac arrest. Significantly more car-
diac arrest patients, 27 of 43 (62.8 %), had WLST within
24 h if they required high doses of vasoactive drugs as
compared to 19 of 46 (41.3 %) not requiring high doses of
vasoactive drugs (p = 0.03) (Table S1 in the electronic
supplementary material).

Potential organ donation outcomes

Of the 114 (50.2 %) patients with at least three brainstem
reflexes having been examined, 74 had three or more
absent brainstem reflexes irrespective of their GCS, and 64
patients met the criteria for GCS of 3 and three or more
absent brainstem reflexes and were adjudicated suitable
for heart-beating donation. Collectively over 3 years, liv-
ers only could be procured from 13 (20.3 %) patients,
kidneys from 2 (3.1 %) patients, and both liver and kid-
neys from 42 (65.6 %) patients. Lung procurement was
possible in 18 (28.1 %) of 64 patients. Assuming 47.5 %
of these patients would develop brain death, this would
translate into 6 (9.4 %) liver-only donors, 1 (1.6 %) kid-
ney-only donor, 20 (31.3 %) kidney and liver donors, and
9 (14.1 %) lung donors. Over the 3-year period this rep-
resents between 3.3 and 7.5 heart-beating abdominal organ
donors and between 0.5 and 2.7 heart-beating lung donors
per million population. A statistically significant increase
in the incidence of heart-beating abdominal organs (IRR
2.28, 95 % CI 1.05–4.92, p = 0.04) and a trend to
increasing heart-beating lung donors (IRR 2.44, 95 % CI
0.96–6.18, p = 0.06) was identified when comparing the
rate in 2010 to the combined 2008 and 2009 rate (Table S2
in the electronic supplementary material).

Table 1 Characteristics of the
patients not referred to the
Human Organ Procurement
and Exchange Program

2008
(N = 63)

2009
(N = 65)

2010
(N = 99)

Characteristic
Age (years), mean (IQR) 58.3 (22.8–76.8) 56.6 (26.1–77.1) 56.5 (22.7–78.7)
Male 40 (63.5) 39 (60) 69 (69.7)
Etiology
Cardiac arrest 17 (27.0) 25 (38.5) 47 (47.5)
Intracerebral hemorrhage 14 (22.2) 10 (15.4) 13 (13.1)
Traumatic brain injury 15 (23.8) 5 (7.7) 11 (11.1)
Subdural-epidural hemorrhage 5 (7.9) 7 (10.8) 9 (9.1)
Stroke (non-hemorrhagic) 0 (0) 5 (7.7) 5 (5.1)
Brainstem hemorrhage 3 (4.8) 3 (4.6) 3 (3.0)
Subarachnoid hemorrhage 2 (3.2) 2 (3.1) 5 (5.1)
Brain tumor 2 (3.2) 1 (1.5) 2 (2.0)
Intraventricular hemorrhage 1 (1.6) 1 (1.5) 0 (0.0)
Drug overdose 1 (1.6) 2 (3.1) 0 (0.0)
Myocardial infarction 2 (3.2) 0 (0.0) 1 (1.0)
Asphyxia 1 (1.6) 2 (3.1) 0 (0.0)
Other 0 (0.0) 2 (3.1) 3 (3.0)

Neurosurgical consult 39 (61.9) 26 (40.0) 40 (40.4)
Decompressive craniectomy 3 (4.8) 2 (3.1) 2 (2.0)
Craniotomy 5 (7.9) 4 (6.1) 1 (1.0)
On any vasoactive drugs 25 (40.3) 32 (49.2) 39 (40.2)
On high-dose vasoactive drug(s) 20 (31.8) 18 (28.1) 28 (29.2)
On anticoagulants 13 (20.6) 13 (20.0) 5 (5.1)
Admitting INR, mean (IQR) 1.8 (0.9–10.0) 2.3 (0.9–10.0) 1.3 (0.9–6.7)
Creatinine, mean (IQR) 148 (45–912) 130 (29–394) 144 (43–591)
Bilirubin, mean (IQR) 27 (8–167) 28 (5–176) 22 (6–301)
PaO2/FIO2, mean (IQR) 255 (57–590) 236 (43–723) 249 (34–1,680)
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Of the 227 non-referred patients assessed for possible
DCD donation over 3 years, the number of abdominal
organ donors dying within 60 min of WLST ranged from
4 (6.3) to 10 (15.4 %) and those dying from 60 to 120 min
after WLST ranged from 7 (11.1) to 11 (11.1 %) patients.
Potential DCD lung donors dying within 60 min of
WLST ranged from 5 (7.7 %) to 7 (11.1 %) patients. This
represented an additional 3.9 to 6.5 DCD abdominal
organ donors (dying within 120 min) and a potential
addition of 2.7–4.3 DCD lung donors per million popu-
lation. No statistically significant difference in DCD
donor incidence rates between 2010 and the combined
2008 and 2009 rate was found (Table S3 in the electronic
supplementary material).

Univariable analysis demonstrated that absent corneal
reflexes (OR 4.93, 95 % CI 1.77–13.73), absent cough reflex
(OR 7.50, 95 % CI 1.61–34.95), absent or extensor motor
response (OR 3.25, 95 % CI 1.33–7.91), and death in the ER
(OR 3.21, 95 % CI 1.44–7.14) were significantly associated
with death within 60 min of WLST. A weaker association
was noted for a PaO2/FIO2 ratio less than 200 (OR 2.27,
95 % CI 0.98–5.26) and high vasoactive drug requirements

(OR 2.88, 95 % CI 0.90–9.16). Seventeen patients had data
available on all six variables; therefore, no inference could be
made with multivariable analysis (Table 3).

Discussion

We found that heart-beating abdominal organ donation
rates could improve between 3.3 and 7.6 and lung dona-
tion rates could improve between 0.8 and 2.5 per million
population through referral of potential organ donors not
currently referred to our organization. Similarly, DCD
abdominal organ donation rates could improve between
3.9 and 6.5 and lung donation rates between 2.7 and
4.3 per million population. We noted a significant
increase in incidence rates of both non-referred abdominal
and lung heart-beating donors, but not DCD donors, in the
year after the proclamation of legislation which mandated
the documentation of donation discussions. We also noted
significant associations between specific neurological
reflexes as well as having died in the emergency room and

Table 2 Neurological
examination prior to the
withdrawal of life-sustaining
therapy

2008
(N = 63)

2009
(N = 65)

2010
(N = 99)

Glasgow Coma Score, mean
(median, IQR)

3.5 (3, 3–6) 3.7 (3, 3–6) 3.5 (3, 3–6)

Pupillary reactivity
Performed 62 (98.4) 63 (98.4) 88 (89.8)
Both fixed 54 (85.7) 48 (75.0) 65 (66.3)

Corneal reflex
Performed 30 (47.6) 35 (54.7) 55 (56.1)
Absent 18 (28.6) 28 (43.8) 41 (41.8)

Oculocephalic reflex
Performed 10 (15.9) 16 (25.0) 27 (27.6)
Absent 9 (14.3) 15 (23.4) 23 (23.5)

Oculovestibular reflex
Performed 6 (9.5) 3 (4.7) 4 (4.1)
Absent 5 (7.9) 3 (4.7) 4 (4.1)

Gag reflex
Performed 29 (46.0) 23 (35.9) 37 (37.8)
Absent 16 (25.4) 18 (28.1) 30 (30.6)

Cough reflex
Performed 8 (12.7) 14 (21.9) 37 (37.8)
Absent 4 (6.4) 11 (17.2) 28 (28.6)
Spontaneous breathing absent 29 (46.0) 31 (47.7) 36 (37.1)

Number of brainstem reflexes
performed

0 1 (1.6) 1 (1.6) 14 (14.1)
1 27 (42.9) 23 (35.9) 23 (23.3)
2 5 (7.9) 13 (20.3) 5 (5.0)
3 19 (30.2) 10 (15.6) 28 (28.3)
4 7 (11.1) 12 (18.8) 15 (15.2)
5 2 (3.2) 3 (4.7) 11 (11.1)
6 2 (3.2) 2 (3.1) 3 (3.0)

3 or more absent brainstem reflexes 16 (25.4) 19 (29.2) 39 (39.4)
GCS = 3/15 and 3 or more absent

brainstem reflexesa
15 (23.8) 15 (23.1) 34 (34.3)

Cerebral blood flow scan performed 2 (3.3) 2 (3.1) 6 (6.9)

a Chi-squared test for a difference in proportions was non-significant across the years (p = 0.19)
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death within 60 min of WLST. Contrary to Canadian
recommendations, many patients suffering from cardiac
arrest underwent WLST within 24 h of the cardiac arrest
[24]. However, such withdrawal within 24 h may have
been motivated by cardiac decompensation, or by the
patient’s prior wish to forego further life-sustaining
treatments.

The major strength of this study was the ability to
ascertain all deaths within the ICUs and ERs and the
accurate estimates of a population within a publically
funded health system. The limitations of this study were
that relevant comorbidities may not have been docu-
mented and we could not ascertain the suitability for heart
donation given the lack of echocardiography. Some
patients within the ERs and ICUs of smaller communities
may not have been referred, and both neurological
examination and discussions regarding organ and tissue
donation may have occurred but may not have been
documented. The estimate of potential organ donors may
be conservative given that less than 60 % of patients had
three or more brainstem reflexes or a FOUR Score per-
formed [12].

Between 2008 and 2010 organs from 72 donors were
procured and consent for organ donation was refused in
79 potential donors in Northern Alberta. This repre-
sented an average donation rate and consent refusal rate
of 13.0 and 14.2 per million population. Our consent
refusal rates represented at least double the number of
potential non-referred organ donors. Although ‘‘collab-
orative requesting’’ has not been demonstrated to
increase consent rates in one randomized trial, more
effort and experience must be gained by physicians in
discussions on non-cognitive issues (e.g., ‘‘maintenance
of the donor body’s integrity’’ and ‘‘medical mistrust’’)
related to organ donation [4, 25]. The motivation to refer
potential organ donors also depends on physicians’
preferences for allocating ICU beds, and on cultural
variances in WLST practices [26–28]. Maintaining
objectivity in the decision-making process used in
WLST is important as previous studies have noted sig-
nificant and subjective variability in this process in ICU,
neurosurgical, and neurological patients [29–33].

A previous audit of deaths in 12 hospitals in Aus-
tralia demonstrated that their maximal potential organ

donor rate was 30 per million population and that half
of the patients had treatment withdrawn in the ER with
half being withdrawn in the ICU. This contrasts with
our study where only 24–45 % of patients underwent
withdrawal in the ER in any given year [9]. In a ret-
rospective review of deaths in a neuro-ICU in
Rotterdam, 54 % of patients suffering from traumatic
brain injury, subarachnoid hemorrhage, or intracranial
hemorrhage and having a GCS of 3 or 4 with two or
more absent brainstem reflexes were deemed to have
been potentially missed organ donors with the most
common reasons for no donation being family refusal
and the physician not considering organ donation [8].
Our rates of family refusal and missed referrals are
higher than those in this study likely because of the
inclusion of all ICUs and ERs in the population. Our
findings are also consistent with a recent UK study
indicating that obtaining family consent was the largest
obstacle to donation in the UK [34]. Moreover, our
findings of the absence of corneal, cough, and motor
reflexes predicting death within 60 min of WLST were
consistent with the previously proposed DCD-N score
[20–22]. However, we also found a strong association
between WLST in the ER and death within 60 min.
This has not been previously described and may be
related to death in the ER being a surrogate for poorer
overall prognosis motivating a decision to limit treat-
ment earlier.

Conclusions

Our findings have significant implications for policy
improvement in organ donation. Attention must be paid
to document a thorough examination of brainstem
reflexes and refer these patients, along with cardiac
arrest patients, to critical care specialists. This would
improve survival prognostication, neurological care of
potential survivors, and potentially increase the number
organ donors. More effort should be made to educate
physicians and nurses in recognizing non-cognitive
factors that influence consent to donate. Finally, in the
circumstances of potential DCD donation, previously

Table 3 Univariable analysis of factors associated with time to death within 60 min from withdrawal of life-sustaining treatments

Variable Patients dying
within 60 min

Patients dying
after 60 min

p value Odds ratio
(95 % CI)

p value

Absent corneal reflexes 37/47 (79) 12/28 (43) 0.002 4.93 (1.77–13.73) 0.002
Absent cough reflex 15/19 (79) 5/15 (33) 0.007 7.50 (1.61–34.95) 0.01
Extensor/absent motor response 69/79 (87) 34/50 (68) 0.008 3.25 (1.33–7.91) 0.01
PaO2/FIO2 \ 200 28/65 (43) 11/44 (25) 0.05 2.27 (0.98–5.26) 0.06
High vasoactive drug requirements 16/80 (20) 4/50 (8) 0.07 2.88 (0.90–9.16) 0.07
Death in emergency room 38/80 (48) 11/50 (22) 0.004 3.21 (1.44–7.14) 0.004
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described models predicting death within 60 min of
WLST appear to have utility.
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