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Purpose: Comparative organ donation rates are expressed 
per million population and by this measurement, Canada lags 
behind other countries. These estimates do not account for dif-
fering demographics and health patterns of populations which 
can result in different rates of death by neurological criteria and 
subsequent donation rates. We sought to measure directly the 
number of deaths by neurological criteria, the associated dona-
tion rates, and the reasons for the differences.

Methods: A prospective evaluation of deaths by neurological 
and cardiorespiratory criteria in the critical care areas of three 
major adult Canadian tertiary care centres over a seven month 
period was undertaken. Patients were assessed for eligibility for 
organ and tissue donation and ultimate disposition.

Results: Annualized rates of death by neurological crite-
ria varied from 2.3%–7.5% (8.6–28 patients) of all deaths. 
Conversion to actual donors ranged from 20–86%, with family 
refusal rates accounting for most of this variation. There were 
only three cases of suspected death by neurological criteria 
where a complete examination was not performed. 

Conclusions: There is substantial geographic variability in the 
rate of neurological death and actual organ donation rates in 
these Canadian tertiary care centres. These variations are prin-
cipally related to regional differences in demographics of brain 
injury, referral patterns and donation consent rates, rather than 
lack of identification of potential donors.

Objectif : Les taux comparatifs de don d’organe sont donnés par 
million d’individus et, suivant cette mesure, le taux canadien est 
inférieur à celui d’autres pays. Ces taux n'expliquent pas la variété 
des données démographiques et des modèles de soins des popula-
tions pouvant fournir différents taux de mort neurologique et de 
don subséquent. Nous voulions évaluer directement le nombre 
de morts neurologiques, les taux de don associé et les raisons des 
différences.

Méthode : Une évaluation prospective des morts neurologiques 
et cardiorespiratoires, survenues au cours d’une période de sept 
mois dans trois grands centres tertiaires canadiens pour adultes, 
a été entreprise. Les patients ont été évalués en fonction de 
l’admissibilité au don d’organe et de tissu, et de leurs dernières 
volontés.

Résultats : Le taux de mort neurologique annualisé variait de  
2,3 % – 7,5 % (8,6 – 28 patients) de tous les décès. La conver-
sion des taux en donneurs réels allait de 20 à 86 %, le refus des 
familles comptant le plus dans cette variation. Il n’y a eu que trois 
cas de mort neurologique présumée où un examen complet n’avait 
pas été fait.

Conclusion : Le taux de mort neurologique et le taux réel de 
don d’organes varient beaucoup dans les centres canadiens 
étudiés. C’est surtout lié aux différences régionales de données 
démographiques sur les lésions cérébrales, de manières de diriger 
les patients vers les services et de taux de consentement au don 
plutôt qu’au défaut de reconnaître les donneurs potentiels.
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TRANSPLANTATION of human organs 
improves, prolongs and saves lives. It is a 
medical success story. Transplantation has 
revolutionized the approaches to chronic 

renal failure, cystic fibrosis and liver failure among 
many other conditions.1,2 Advances in transplanta-
tion medicine and surgical technique have resulted in 
increased success rates of transplantation and the wid-
ening eligibility of patients.3,4 This has resulted in a 
dramatic rise in the demand for transplantable organs, 
and projections for continued growth.2

The supply of organs for transplantation does 
not match the demand.5 This gap will worsen as the 
population ages, resulting in more potential transplant 
recipients and fewer potential donors. It was estimated 
that in the year 2000, more than 3,500 people in 
Canada were on the transplant waiting list, with a sup-
ply of only 1,800 transplants.6 One study estimated 
that in 2020 there could be a waiting list of 18,000 
patients with a supply of only 2,000 organs.7

While alternatives to human organ transplantation 
are researched, strategies to improve the supply and 
lessen this gap have been urgently and widely sought.8 
The rate of living organ donors has risen dramatically,1 
however, there are important questions regarding 
strategies aimed at increasing the supply of organs 
from deceased donors. A fundamental question is: 
what is the greatest potential number of donors? 
Knowledge of this information would allow a better 
focused effort in resource utilization.

Several methodologies have been used to estimate 
the greatest potential number of deceased donors. 
One method has been to examine rates internationally, 
comparing numbers of donors per million popula-
tion, and assume that these rates could be achieved 
in Canada. For example, in 1998, the number of 
donors per million in Spain was 31.5,9 in the United 
States 22.7, in France 16.8 and in Canada 13.7.10 
This assumption and method has been challenged.11,12 
In addition to a variety of definition-related reasons, 
the criticism of this method is primarily based upon 
the assertion that differing demographics and health 
patterns of populations will result in different rates of 
death by neurological criteria and therefore different 
donation rates.13,14 Mathematical modelling using 
demographic and health data has been employed, 
therefore, in order to make more meaningful com-
parisons with a view towards determination of the real 
organ donation potential in Canada.7

These approaches are at best reasoned estimates. 
Current data would be useful, not only to verify these 
modelling approaches, but to address the question of 
how to focus and calibrate the use of resources in the 

improvement of donor rates. The measurement of the 
rate of death by neurological criteria is possible only 
by knowing that all cases are captured and knowing 
the population at risk. However, increasingly, non-
salvageable cases are not being transferred to tertiary 
centres. Further, the population at risk is not clearly 
defined in all centres. Practically speaking, the num-
ber of deaths by neurological criteria occurring at a 
tertiary centre over a period of time represents the 
theoretical maximum of deceased organ donation at 
that centre.4,13

It was hypothesized that the quantity and quali-
ties of the unmet potential for organ donation can be 
determined by the difference between actual numbers 
of deaths by neurological criteria and the numbers 
of organ donors in an institution, along with the 
reasons for that difference. This information from a 
specific time period would indicate to what extent, 
and focused on what barriers, initiatives to improve 
organ donation could have been potentially effective 
at these institutions during this period. This, in turn, 
might suggest the magnitude and direction of future 
organ donation improvement efforts with greater pre-
cision than efforts based upon international or theo-
retical estimates of the size and nature of the unmet 
potential.

Accordingly, this study was designed to measure 
directly and prospectively the number of deaths by 
neurological criteria, the associated donation rates, 
and the reasons for any differences. Simultaneously, 
and for related reasons, this study evaluated the poten-
tial for deceased tissue donation at three representa-
tive major heath care centres. 

Methods
This study was conducted at the Vancouver General 
Hospital (VGH), St. Michael’s Hospital (SMH), 
Toronto, and the Queen Elizabeth II Health Science 
Centre (QEII), Halifax and received administrative 
and Research Ethics Board approval at the corre-
sponding sites. For seven consecutive months from 
October 2002 to April 2003 (SMH stopped at six 
months because of severe acute respiratory syndrome 
crisis), all deaths in the critical care areas including the 
emergency department were evaluated, using a stan-
dardized data collection tool, within one business day 
by a registered nurse trained as a study coordinator at 
each site. The coordinator first determined whether 
the patient was declared dead by either neurological 
or cardiorespiratory criteria. The patient was then 
evaluated for medical eligibility for organ or tissue 
donation respectively, whether donation occurred 
and details regarding method of request and reasons 
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for no donation. These determinations were made by 
the coordinator either from the chart or by talking 
directly to the team if there was any doubt. Cases of 
cardiorespiratory death with documented absence of 
all cranial nerve function, but where the apnea test 
was not performed, were referred to one of the prin-
cipal investigators for evaluation (A.J.B., S.B., J.F.). 
The study was carried out in three centres in order to 
achieve both a sampling from a range of cities, as well 
as one focused in a relatively short period of time, as 
practice patterns in this arena were continually evolv-
ing. Thus, a data base representing a cumulation of 
20 months of data from all critical care deaths could 
be collated from three centres over a period of seven 
months. Comparisons between institutions were not 
hypothesized, and the study was not designed to test 
statistically any differences; thus no statistical compari-
sons were made between centres.

Results
The results are presented in Tables I, II and III. There 
were three cases of cardiorespiratory death with all 
cranial nerve function absent, but where the apnea 
test was not done. In two of these cases the family 
expressed wishes not to donate, and in the third case, 
medical unsuitability for donation was established. 
The bed capacity, annual neurosurgical admissions and 
annual trauma patients with an injury severity score 
over 16 during this period were: VGH 578, 1336 and 
567; SMH: 490, 1423 and 478; QEII 861, 930, 560 
(injury severity score > 12).

Discussion
The number of deaths by neurological criteria was 
identified in three major health science centres across 
Canada. These health science centres would be expect-
ed to be the focus of any efforts to improve organ 
(deceased) donation rates since they are critical care, 
trauma and neurosurgical tertiary care hospitals. To 
that end, these numbers provide accurate information 
about the maximum potential by the direct measure-
ment of the number of deaths by neurological criteria 
over a specific six or seven month time period. These 
numbers might be generalizable to other institutions 
with similar patient populations. 

It has been estimated that approximately 1% of all 
deaths are deaths by neurological criteria.15 That these 
three hospitals had rates higher emphasizes the inte-
grated nature of the Canadian health care system with 
these tertiary care centres having a greater share of 
critically ill patients. This also may direct the resources 
and efforts of programs aimed at improving the rate 
of organ donation.

Not all centres experience a similar number of 
deaths by neurological criteria. Various explanations 
for the differences between centres could be conjec-
tured, however this study was not designed to deter-
mine the differences between institutions, but only 
provide a one-time real measurement of actual num-
bers and reasons. In general, there may be differences 
between the ongoing rates of death by neurological 
criteria between tertiary care critical care institutions 
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TABLE I  Numbers of deaths

 VGH SMH  QEII

Death by N criteria 5 (8.6) 14 (28) 6 (10.3)
Death by CR criteria, absent  2 1 0 
cranial nerve function, apnea  
test not done
Death by CR criteria 215 173 222
Total deaths 222 (381) 188 (376) 228 (390)
VGH = Vancouver General Hospital; SMH = St. Michael’s 
Hospital; QEII = Queen Elizabeth II Health Science Centre; N 
criteria = neurological criteria; CR criteria = cardiorespiratory cri-
teria. Numbers of deaths in seven months at VGH and QEII and 
six months at SMH. Annualized rates in parentheses. 

TABLE II  Numbers of organ donors

 VGH SMH QEII

Total potential  5 14 6 
(deaths by N criteria)
Contraindicated 1 0 1
Family refused 3 1 0
Patient became unstable 0 1 0
Actual organ donors 1 (1.7) 12 (24) 5 (8.6)
VGH = Vancouver General Hospital; SMH = St. Michael’s 
Hospital; QEII = Queen Elizabeth II Health Science Centre; 
N criteria = neurological criteria. Numbers of potential organ 
donors, reasons for not donating and organs donors in seven 
months at VGH and QEII and six months at SMH. Annualized 
rates in parentheses.

TABLE III  Numbers of tissue donors

 VGH SMH QEII

Total potential  215 173 222 
(deaths by CR criteria)
Contraindicated 159 88 58
Family refused 26 2 12
Family not located 10 0 0
Not assessed/not documented 8 80 144
Actual tissue donors 12 (20.6) 3 (6) 10 (17.2)
VGH = Vancouver General Hospital; SMH = St. Michael’s 
Hospital; QEII = Queen Elizabeth II Health Science Centre; 
CR criteria = cardiorespiratory criteria. Numbers of potential tis-
sue donors, reasons for not donating and tissue donors in seven 
months at VGH and QEII and six months at SMH. Annualized 
rates in parentheses. 
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in Canada for a variety of reasons. For example, prac-
tice differences with respect to identifying futility at 
differing points along the trajectory to death may 
represent one explanation. Other reasons for a differ-
ence may include the influence of the geography of 
the referral patterns of these centres. Long distance 
travel of unstable patients emphasizes the need for 
local triage. This points to a trend noted in critical 
care, neurosurgical and organ donation arenas – that 
of increasing diagnostic and prognostic capability at 
local referring hospitals and fewer transfers of patients 
with a hopeless prognosis. This represents an improve-
ment in health care from the perspective of patients’ 
families, health care costs, but represents an increasing 
challenge for organ procurement organizations.

This study also identified the reasons behind the 
difference between the number of patients with death 
by neurological criteria and the number actually 
donating. Family refusal seemed to be important at 
VGH while it did not seem to be a factor at QEII, and 
to a lesser extent at SMH. 

It is possible that this study underestimated the 
opportunities for donation at these sites, by measur-
ing documented death by neurological criteria only. It 
is possible, for example that the health care team was 
made aware prior to death that patients would not 
choose donation in the event of their death by neuro-
logical criteria. In these situations, it is possible that if 
the patients did die, their death was diagnosed and iden-
tified by cardiorespiratory criteria and not neurological. 
Had these patients expressed different prior wishes, 
there would have been more relevance to documenting 
death by neurological criteria, and as such, they would 
have been counted as further potential donors. In order 
to address this possible underestimate, the study coordi-
nators identified all cardiorespiratory deaths where there 
was documentation of severe coma and absence of all 
cranial nerve function, and where an apnea test was not 
done. There were three such cases. In two, the family 
expressed refusal to donate, and in the third, medical 
unsuitability was the reason for not donating.

Patients with cranial nerve function absent and no 
apnea test performed have been considered by some 
to be a potential source for increased numbers of 
donors, if they were actually declared dead by neu-
rological criteria. Our data indicate that not only was 
the number of cases in this category small, but that 
they would not have become donors had they been 
declared dead by neurological criteria. Therefore, 
while it is important to ensure that all patients are 
identified and opportunities to donate are offered, 
this group does not appear to represent a substantial 
unmet organ donor potential. 

The data indicate that all potential organ donation 
opportunities were identified at three centres dur-
ing the period of observation. Canadian critical care 
practitioners at major centres have incorporated organ 
donation into their practice, as identified at these 
three tertiary care hospitals. The data also point to 
some potential improvements in the public’s desire to 
donate. These findings, while representing a summa-
tion of data at a discrete point in time, show numbers 
of deaths that were higher than expected, based upon a 
theoretical number of about 1% of in-hospital deaths.15 
Our findings also demonstrate an unmet organ dona-
tion potential that is less than would be expected using 
international comparison of donation rates. 

With respect to tissue donation, medical unsuit-
ability was the major identified reason for non-dona-
tion. However, there was substantial potential for 
improvement with respect to assessing all patients for 
tissue donation potential at SMH and QEII. Family 
refusal, while not as high as refusal for organ donation, 
remained a significant reason for non-donation as iden-
tified at VGH. Opportunities to improve donation rates 
included changes in public attitude and an improved 
health care team response, likely including systemic and 
organizational factors during this time period.9,10

In summary, the number of deaths by neurologi-
cal criteria has been identified at three major health 
science centres spanning Canada. Opportunities for 
organ donation were offered to patient families 
whenever appropriate. Opportunities to improve 
organ donation rates were quantitatively limited and 
included improved public acceptance, and in the case 
of tissue donation rates, improved health care team 
response.
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