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Abstract Objective: To identify fac-
tors to improve the identification of
brain dead patients in intensive care
units (ICUs). Design and setting:
Prospective study conducted in 79
ICUs in 54 hospitals. Patients: All
hospitalized patients with a Glasgow
Coma Scale (GCS) score less than 8.
Measurements and results: During
the study period hospital staff com-
pleted a form for each patient with a
GCS less than 8. Hospital informa-
tion units provided us with statistics
from the discharge forms. The char-
acteristics of the hospitals were also
recorded. We included a total of 792
patients with a GCS less than 8; 120
of these patients were diagnosed as
being clinically brain dead (15.1%).
These patients accounted for 11.8%
of the comatose patients in ICUs,
11.7% of the deaths occurring in
ICUs, and 3.3% of the deaths that
occurred in the hospital during the
study period. Two multivariate linear

regressions were performed to pre-
dict the number of clinically brain
dead patients in the ICUs. The re-
gression analyses included causes of
death or causes of coma, and hospi-
tal characteristics. The presence of a
coordination team and the number of
transplant coordinators were posi-
tively associated with the number of
brain dead patients in both models.
The number of patients carried to the
ICU by a mobile emergency unit was
also positively associated in the
model with causes of coma. Conclu-
sions: Increasing the number of hos-
pital coordinators and collaboration
with mobile emergency units should
lead to the identification of more
brain dead patients among comatose
patients in ICUs.
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Introduction

In European countries, especially France, the number of
patients waiting for transplants exceeds the number of
transplants performed, and this difference is increasing.
In France 9,994 patients were awaiting an organ trans-
plant in 2000. During the same year 1,016 brain dead
subjects donated organs, giving a rate of 17 per million
population (pmp), and 3,211 transplantations were per-
formed [1]. The donation rate is comparable in other
Western countries, except for Spain (34/pmp) and the
United States (22/pmp) [2, 3]. Most organ donors are pa-

tients who die in hospital due to brain death. Brain death
has been estimated to account for 1.2–4.3% of hospital
deaths in Europe and the United States [4, 5, 6, 7, 8, 9,
10]. However, it seems more appropriate to estimate the
number of potential brain dead donors from the number
of patients who die in intensive care units (ICUs). Two
studies have reported that brain death represents approxi-
mately 13% of all deaths in ICUs [11, 12]. Nevertheless,
it would be even better to take patient and ICU charac-
teristics into account to improve the accuracy of these
estimates. The aims of this study were therefore to com-
pare several indicators for the estimation of the pool of
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organ donors, to identify factors associated with the
number of brain deaths in ICUs, and to build a statistical
model to compare the expected and observed numbers of
clinical brain deaths.

Materials and methods

Study sample and data collection

The 108 ICUs in Paris and surrounding area (population 12 mil-
lion) were asked to participate in the survey, and 79 did so. Three
of the ICUs that did not participate sent all patients with a GCS
score less than 8 to another ICU, 20 reported that they do not ad-
mit sufficient numbers of patient with a GCS score less than 8, or
that they treat mainly patients with diseases contraindicated for or-
gan donation such as cancer, and 7 would not provide the dis-
charge forms. The 79 ICUs were located in 54 hospitals. All of the
hospitals with a transplantation unit in the area were included. All
patients admitted to one of these ICUs between 1 May and 30 June
2000 who presented a Glasgow Coma Scale (GCS) score of below
8 while hospitalized were included in the survey. A total of 792
such patients were identified during the study period. Of these 121
had a clinical diagnosis of brainstem death. Brain death was not
confirmed in 33 cases; 16 had a medical contraindication for do-
nation (48.5%), 13 had a medical complication during reanimation
(39.4%), and the family refused in four cases (12.1%). Organs
were not retrieved from 62 of the 87 patients confirmed to be
brain dead: 17 due to medical contraindications (18.4%), 14 due to
medical complications during reanimation (15.2%), and 31 due to
donor refusal reported by the family (33.7%). During this period
3,634 patients died in all of the hospitals, 1,027 of them in ICUs,
including 246 who had been in a coma under controlled ventila-
tion. The patients who died from confirmed or unconfirmed brain
death accounted for 11.8% of comatose patients admitted to ICUs,
17.2% of those in a coma under controlled ventilation, 48.8% of
those who died after being in a coma with ventilation, 11.7% of
those who died in all of the ICUs, and 3.3% of those who died in
all of the hospitals (Table 1).

An ICU physician completed a standardized form for each pa-
tient included with the help of a transplant coordinator. This form
contained information concerning the reason for admission, age,
gender, clinical status, changes in the GCS score, cause of death,
clinical diagnosis of brain death when appropriate and its confir-
mation, whether organs were extracted, and the reasons. All forms
were sent by the member of the hospital staff to the French nation-
al agency for organ procurement and organ transplantation 
(Etablissement français des Greffes) and reviewed for complete-
ness and consistency. Hospital information units provided us with
statistics from the discharge forms for all patients hospitalized in
the participating ICUs during the survey period. These discharge
forms are routinely collected for all patients admitted to French
hospitals, but information concerning GCS scores for comatose

patients and diagnosis of brain death is not routinely collected.
They allowed us to compile data on the number of patients in co-
ma, the number of patients in coma under controlled ventilation,
the total number of deaths in both the ICU and the whole hospital
during the study period and the reasons for these deaths. This
study was approved by a data protection agency (Commission Na-
tionale Informatique et Liberté).

Variable definitions

In France hospitals must be authorized for organ and tissue pro-
curement by the Ministry of Health and the French transplantation
agency, and donation is based on a presumed consent scheme. Af-
ter clinical diagnosis brain death must be confirmed by either two
flat electroencephalograms or a cerebral angiography. Mobile
emergency teams consist of a staff specialized in intensive care
(physician and nurses) using an ambulance equipped with inten-
sive care material. We defined the major groups of diseases that
were commonly associated with brain death according to the ICD-
10-CM causes of death codes, excluding medical contraindications
for organ donation (e.g., cancer with metastasis and severe infec-
tion). The groups were: metabolic disorder, drug intoxication,
trauma, cerebral accident, shock, anoxia and cardiac arrest, brain
infection, primary brain tumor, and epilepsy.

Data analysis

The c2 test was used to evaluate differences in proportions be-
tween groups. We compared the percentage of patients in whom
brain death was confirmed according to diagnosis, type of hospi-
tal, existence of a transplantation team, a coordination team, a
neurosurgical unit and an emergency department in the hospital,
and whether the hospital had a procurement license. The Pearson
product-moment correlation coefficient was used to search for sig-
nificant correlations between the selected indicators in the differ-
ent hospitals. Simple linear regressions analysis was used to deter-
mine factors that are significantly associated with the number of
unconfirmed brain deaths in hospitals ICUs. Multiple linear step-
wise regression analysis with backwards selection of variables
was used to identify significant and independent predictors of the
number of brain deaths. Two models including the variables sig-
nificantly (p<0.05) associated with clinical diagnosis of brain
death were built: one included the number of comatose patients by
groups of disease and the other one the number of deaths by
groups of disease. We used two models because more variations
between units or hospitals could occur for coma declaration than
for deaths in discharge forms. We also want to identify the most
useful model including currently available variables. We then
compared the number of brain deaths predicted by the model (with
95% confidence interval, CI) with the number of brain deaths ac-
tually observed in each hospital. All p values are presented as two-
tailed values. Statistical analysis was performed using SAS soft-
ware (SAS, Cary, N.C., USA).

Table 1 Rates of patients with suspected or confirmed brain death and those who donated organs in ICUs and hospitals according to pa-
tient characteristics (percentages)

Brain death Confirmed brain Organ donors 
(n=120) death (n=87) (n=25)

Coma in ICU (n=1,016) 11.8 8.6 2.5
Coma under controlled ventilation in ICU (n=695) 17.2 12.5 3.6
Death after coma under controlled ventilation in ICU (n=246) 48.8 35.4 10.2
Death in ICU (n=1,027) 11.7 8.5 2.4
Death in hospital (n=3,634) 3.3 2.4 0.7
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Results

Significant correlations were found between the number
of brain death and patient’s characteristics by hospitals,
the strongest for brain death after being in a coma with
ventilation and for the deaths in the ICUs (r=0.76 for
both, p<0.0001). The frequency of clinical brain death
was high in patients who fell into a coma following a ce-
rebrovascular accident, trauma, brain primitive tumor, or
brain infection and low in patients who fell into a coma
due to drug intoxication (Table 2). Brain death was most
frequent among patients admitted to teaching hospitals, to

hospitals including a transplantation team, an organ pro-
curement coordination team or a neurosurgical unit, and
to hospitals with organ procurement authorization. The
highest proportions of brain deaths among comatose pa-
tients were observed in hospitals with organ procurement
authorization, a neurosurgical team and a transplantation
team (19.5%), and in hospitals with an organ procure-
ment authorization and a transplantation team (11.4%).
This proportion was only 9.0% in hospitals with an organ
procurement authorization but neither a neurosurgery
team nor a transplantation team and only 5.1% for hospi-
tals with no organ procurement authorization.

Table 2 Frequency of brain death in comatose patients and in all of the patients who died in the ICUs according to diagnosis and the
characteristics of the hospital

Coma in ICU p Deaths in ICU p

n Brain death (%) n Brain death (%)

Diagnosis
Drug intoxication 317 0.3 <0.0001 30 3.3 <0.0001
Trauma 152 19.7 79 38.0
Cerebrovascular accident 211 27.5 169 34.3
Anoxia/cardiac arrest 170 12.4 40 52.5
Epilepsy 77 0.0 26 0.0
Shock 145 1.4 377 0.5
Primary brain tumor 6 16.7 10 10.0
Brain infection 44 11.4 24 20.8
Metabolic disorder 97 1.0 14 7.1

Type of hospital
Public teaching 579 14.3 0.008 630 13.2 0.06
Public nonteaching 420 8.8 397 9.3

Transplantation team
Yes 418 18.4 <0.0001 473 16.3 <0.0001
No 598 7.2 554 7.8

Coordination team in the hospital
Yes 405 20.0 <0.0001 439 18.5 <0.0001
No 611 6.4 588 6.6

Neurosurgical ICU
Yes 309 15.9 0.008 275 17.8 0.0002
No 707 10.0 752 9.4

Emergency department
Yes 785 10.6 0.37 766 11.0 0.9
No 166 18.1 209 14.4

Procurement authorization
Yes 529 16.3 <0.0001 618 14.5 0.0001
No 422 5.5 357 6.4

Characteristics
Neurosurgical and transplant units, 230 20.0 <0.0001 236 19.5 <0.0001
procurement authorization
Transplant unit, procurement authorization 160 15.0 211 11.4
Neurosurgical and transplant units 79 12.7 39 25.6
Procurement authorization 204 9.8 223 9.0
None 315 6.3 292 5.1

Total 1016 11.8 1027 11.7
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To determine factors that predict the number of clini-
cally brain dead patients declared by hospitals data from
six hospitals were merged because they belonged to the
same administrative group, meaning that their discharge
forms were merged. The first linear regression analysis
included the characteristics of the hospitals and the num-
ber of comatose patients by groups of disease: only the
number of coordinators and the number of patients with
a GCS score less than 8 carried by a mobile emergency
care unit were significantly predictive of the number of
brain deaths (R2=0.75; Table 3). The second regression
analysis included the characteristics of the hospitals and
the number of patients who died in the ICUs by groups
of disease. The factors predictive of the number of brain
deaths were the number of deaths due to trauma, the
number of deaths due to a primary brain tumor, and the
presence of a coordination team. The presence of a neu-
rosurgical ICU was negatively associated with the num-

ber of brain deaths (R2=0.88; Table 3). We used the sec-
ond model, including the four significant variables, to
predict the number of brain deaths in the ICU of each
hospital and to compare these values with the observed
number during the study period. The observed number of
brain deaths was significantly higher than predicted in
one hospital and significantly lower in another; in sever-
al hospitals the observed number reached the upper limit
of the 95% confidence interval (Fig. 1).

Discussion

Patients with a clinical diagnosis of brain death account-
ed for 3.3% of hospital deaths in this study, 11.7% of
deaths in the ICUs, 11.8% of comatose patients admitted
to ICUs, and 15.1% of patients with a GCS less than 8
admitted to ICUs. In other countries brain death has been

Table 3 Univariate and multiple linear regression models predict-
ing the number of brain deaths in ICUs. Model 1 included the sig-
nificant descriptive variables and those concerning the coma;

model 2 included the significant descriptive variables and those
concerning death

Univariate regression Backward regression (model 1) Backward regression (model 2)

Regression p Regression p Regression p
coefficient coefficient coefficient

Public teaching hospital 2.3 0.04 - - - -
Procurement authorization 3.3 0.003
Emergency hospital 1.1 n.s. - - - -
Coordination team in the hospital 5.1 <0.0001 - - 1.83 <0.01
Number of coordinators 5.6 <0.0001 3.7 0.0001 - -
Transplant center 4.2 <0.001 - - - -
Neurosurgical unit 6.5 <0.0001 - -2.5 <0.01
Number of patients carried by a mobile 0.36 <0.0001 0.18 <0.001 - -
emergency unit
Total number of patients in a coma 0.12 <0.0001 - - - -
in the ICUs

Number of patients in a coma due to:
Drug intoxication -0.01 n.s. - - - -
Trauma 0.34 <0.0001 - - - -
Cerebrovascular accident 0.49 <0.0001 - - - -
Anoxia/cardiac arrest 0.55 <0.0001 - - - -
Epilepsy 0.43 n.s. - - - -
Shock 0.61 <0.0001 - - - -
Primary brain tumor 5.79 <0.0001 - - - -
Brain infection 1.07 <0.0001 - - - -
Metabolic disorder 0.17 n.s. - - - -

Total number of deaths in the ICUs 0.18 <0.0001

Number of deaths due to
Drug intoxication 0.7 n.s. - - - -
Trauma 0.97 <0.0001 - - 0.8 <0.0001
Cerebrovascular accident 0.72 <0.0001 - - - -
Anoxia/cardiac arrest 0.34 <0.0001 - - - -
Epilepsy -0.22 n.s. - - - -
Shock 0.32 <0.001 - - - -
Primary brain tumor 4.6 <0.0001 - - 0.56 0.01
Brain infection 1.47 <0.001 - - - -
Metabolic disorder 0.7 n.s. - - - -
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reported to account for 1.2–4.3% of deaths occurring in
hospital [4, 5, 6, 7, 8, 9, 10]. However, a systematic med-
ical review of all deaths revealed that brain death ac-
counted for 13.1% of deaths in Spanish ICUs [12]. If we
presume that the rates of the major causes of brain death
are comparable in France and Spain, the rate of brain
death may have been underestimated in the Paris area.
Nevertheless, the Spanish study involved an audit of the
medical files of all patients who died in hospital, where-
as we obtained the information from clinicians’ reports
without an audit. Brain death has been shown to account
for comparable percentages of deaths in ICUs in the Ma-
drid area (13.4%). An audit of deaths showed that possi-
ble brain deaths accounted for 14% of deaths in ICUs,
and that confirmed brain deaths accounted for 10% in
the United Kingdom [5, 11]. Another explanation for this
possible underestimation could be the short study period,
which did not make it possible to take monthly varia-
tions into account. In the Paris area the donation rates are
higher in the winter than in May and June (C. Poinard et
al., submitted). Nevertheless, this 2-month period was
chosen to make possible comparisons with two similar
studies carried out in Paris area. The rate of brain death
in our study (11.6/pmp) was similar to the rates in 1988
(11.6/pmp) and 1992 (8.9/pmp), but the rate of retrieved
donors was lower in 2000 than in 1988 or 1992 (2.5, 3.5,
and 4.5/pmp, respectively [13, 14]). This could be due to
an increase in opposition rates during this period (20% in
1988, 19% in 1992, and 33.7% in 2000). Furthermore,
the frequency of the two major causes of brain death
(trauma and cerebrovascular accident) inversed during
this period (43% and 36% in 1992 vs. 26% and 48% in

2000). Differences in rates between studies focusing on
deaths in ICUs may also be due to the policy of address-
ing comatose patients to ICUs from other hospital units.
A large number of brain dead patients who were poten-
tial donors and were declared in our study were not de-
clared to the regional organ procurement organization;
only 68 of the 120 were actually declared. This may re-
flect self-limitation by the medical teams due to patient
characteristics or location in hospitals that are not autho-
rized for organ procurement. We could not compare our
data with those of hospital discharge files because data
on GCS scores and diagnosis of brain death are not rou-
tinely collected, although this should help to identify po-
tential donors.

The expected number of organ donors is usually esti-
mated from specific surveys or from audits of the num-
ber of deaths in hospitals or ICUs [11, 12, 15]. These
surveys tend to last a long time or to take place retro-
spectively, such as in the Donor Action program [16].
Although these methods are highly accurate, they are la-
bor intensive. The rates of clinical brain death in func-
tion of the total number of deaths in ICUs seem to be
more accurate for estimating the potential number of do-
nors in ICUs. In our study a high correlation between
hospitals was found for the number of clinically brain
dead subjects as a function of the total number of deaths
in ICUs, and recent mortality data were available from
each unit.

The fact that 15.8% of comatose patients with a GCS
less than 8 died due to brain death suggests that the fol-
low-up of these patients in ICUs would be a good way of
improving the identification of all potential organ donors.
Nevertheless, the number of brain deaths varies according
to the diagnosis and hospital characteristics. Attention
should focused more specifically on patients with a GCS

Fig. 1 Observed and predicted number of brain deaths in the hos-
pitals in this study
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less than 8 due to a cerebrovascular accident or trauma, as
brain death is more frequent in these patients. Further-
more, attention should be paid to patients with a GCS less
than 8 following a cardiac arrest or anoxia, because the
frequency of brain death is relatively high in these pa-
tients. A Spanish study found that 14.9% of deaths were
due to clinical brain death in hospitals with neurosurgical
and transplantation units, 15.5% in hospitals with only a
neurosurgical unit, and 7.6% in hospitals with neither a
neurosurgical unit nor a transplant unit. In our study this
rate was higher in teaching hospitals with neurosurgical
and transplantation units (19.5%), lower in hospitals with
at least one transplantation unit (11.4%), and similar in
hospitals with procurement authorization but neither a
neurosurgical unit nor a transplantation unit (9.0%). In
France hospitals can request procurement authorization,
and this depends mainly on the hospital’s policy. There are
fewer authorized hospitals in France than in Spain. Thus
the difference in the rate of brain death among all deaths
in the ICUs between Spain and France may be due to the
fact that our study included hospitals without procurement
authorization, in which brain death accounted for 5.1% of
deaths in ICUs. Nevertheless, 17% of declared brain
deaths in our study occurred in hospitals without procure-
ment authorization, suggesting that the number of poten-
tial donors is high as that observed in Spain [17]. This
suggests that there is a need to increase the networks be-
tween hospitals to help with the management of brain
dead patients in hospitals without procurement authoriza-
tion and in hospitals with low rates of patient admission.

In our models, when coma and coma according to di-
agnosis were considered, no diagnostic factors were
linked to the number of declared cases of brain death.
The only factors that were predictive were those that re-
flected a high number of potential donors and an active
search for brain death, such as the number of patients
with a GCS score less than 8 carried by an emergency
mobile care unit and the presence of hospital coordina-
tors who actively seek potential donors. This confirms
that hospital coordinators play a major role, as is the case
in a number of countries including Spain [18]. The sec-
ond model, which included the number of deaths accord-
ing to their causes, also showed that the presence of co-
ordinators is a predictive factor, as were the numbers of
deaths due to trauma and brain tumors. Brain death asso-
ciated with a brain tumor is not usually declared to the
organ procurement organization. However, it was includ-
ed in our model and may reflect a good knowledge of

procurement procedures and the characterization practic-
es performed during organ procurement in ICUs. Trauma
is a well known cause of brain death. The presence of a
neurosurgical ICU unit was found to be negatively asso-
ciated with the number of clinical brain deaths in multi-
variate analysis after adjustment for the presence of a co-
ordination team and for the number of deaths with a di-
agnosis of trauma or primary brain tumor. These two 
diagnoses are common in this type of ICU, and this find-
ing could reflect an under declaration by these units,
which are usually considered to be a major pool of po-
tential donors. One of the five hospitals with a neurosur-
gical unit did not have procurement authorization, and
one did not have a coordination team, which may not 
favor the identification of potential donors. Furthermore,
neurosurgical units are involved in the diagnosis only of
emergency cases. Patients are subsequently referred to
other ICUs for continued care. These patients are often
sent to other hospitals, where they might be declared.
The model including ICU deaths had a better predictive
value than the model including ICU comas. This model
explained a high proportion of variance, and data for the
variables used to calculate the predicted number of brain
deaths in an ICU are easy to obtain. It could be used rou-
tinely to detect differences between the predicted and ob-
served numbers of brain deaths in ICUs. Nevertheless,
this model must be tested in other studies with more pa-
tients and over a long time period before it can be vali-
dated. It would be useful for local authorities to try to
explain these differences and to promote corrective ac-
tions in hospitals where the predicted number of brain
deaths is significantly higher than the observed number.

Knowledge of the potential number of organ donors,
donor recruitment, and donation performance is critical
to increase the donor pool. Brain death is frequent in co-
matose patients with a GCS less than 8 and with specific
characteristics at diagnosis, and these patients should be
followed-up in ICUs. This could be made possible by the
allocation of trained coordination teams. It is also neces-
sary to stress the need for the emergency mobile units to
identify suspected potential donors and to refer them to
adapted ICUs.
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