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Abstract Objective: To obtain
insight into the occurrence of brain
death and the potential for brain dead
and controlled non-heart-beating
organ donors (CNHB) in patients
with traumatic brain injury (TBI),
subarachnoid haemorrhage (SAH)
and intracerebral haemorrhage (ICH)
in a large neurosurgical serving area
(2.1 million inhabitants).
Design: Retrospective analysis of data
concerning patients with TBI, SAH
and ICH who died during the course
of ICU treatment during 1999–2003.
Setting: A 16-bed neuro-intensive
care unit. Patients: Patients with
TBI, SAH or ICH who died during
the course of ICU treatment.
Measurements and results: The num-
ber of ICU deaths in patients with
TBI, SAH and ICH declined from
111 in 1999 to 64 in 2003. In total,
476 deaths occurred. Of these, 177
patients were not included in the anal-
ysis. Two hundred ninety-nine (299)
ventilated patients had two or more
absent brainstem reflexes (ABSR)

and a Glasgow Coma Score of 3–4 at
the moment of treatment withdrawal
and formed the potential for organ
donation; 61 of these patients were
treated until full brain death. Organs
of 57 patients could be harvested. We
analysed the reasons that organs were
not procured in the 242 remaining
patients. The most important reasons
were family refusal (32%), medical
contraindications (14%), and the
treating physician not considering
potential organ donation (20%). The
missed potential is 162/299 (54%).
Conclusions: The number of actual
and potential organ donors is de-
clining, but a considerable number
of potential CNHB donors exists.
Refusal by relatives is the most im-
portant reason for failure to procure
organs.
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Potential organ donor · Intracerebral
haemorrhage · Non-heart-beating
organ donation · Subarachnoid haem-
orrhage · Traumatic brain injury

Introduction

Since the first description of brain death by French and
German neurologists in the late 1950s, many ventilated pa-
tients on intensive care units worldwide are declared dead
after determination of isolated death of the brain, so that or-
gans can be procured for transplantation. In literature the
leading causes of brain death occurring in approximately
85% of cases are limited to three:

1. Traumatic brain injury (TBI, ICD-10 codes S06–S09)
2. (Aneurysmal) subarachnoid haemorrhage (SAH, ICD-

10 code 160)
3. Intracerebral hematoma/haemorrhage (ICH, ICD-10

codes 161 and 162)

Progress in preventing and treating these conditions
may be expected to result in a decline of the actual
number of brain dead patients. There is an increasing
gap between the number of patients awaiting transplan-
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tation and the supply of organs. Consequently, controlled
non-heart-beating organ donation (CNHB) after with-
drawal of mechanical ventilation in patients who are
not brain dead but are beyond hope of survival has
become common practice in many intensive care units
worldwide. Kidneys obtained from non-heart-beating
donors have increased the donor pool in many countries
by 20–40% [25].

The aim of our study was to obtain insight into the
occurrence of brain death and the potential for brain
dead and controlled non-heart-beating organ donations
in a large neurosurgical serving area (serving 2.1 million
inhabitants).

Patients and methods

We conducted a retrospective review of all charts of pa-
tients admitted to the 16-bed neuro-intensive care unit of
the Erasmus MC University Medical Center, Rotterdam,
between 1 January 1999 and 31 December 2003, with a fi-
nal diagnosis of TBI, SAH and ICH. Lists of patients were
obtained from the hospital central registration and cross-
checked with the ICU admission records from a patient-
data management system. Patient age, sex, definite diagno-
sis based on computed tomography, cerebral angiography,
clinical examination, and outcome on ICU discharge were
extracted from the medical records.

We identified three groups of patients who died during
the course of ICU treatment. The first two groups were re-
garded as potential organ donors:

1. Patients with full determination of brain death under
Dutch law. (In adult patients, the requirements are:
a Glasgow Coma Scale E1, M1, V1 [the patient is
intubated], absence of all brainstem reflexes, apnoea
and one iso-electric electroencephalogram, or, if an
EEG is not possible or the patient is under the influence
of barbiturates, one “no-flow” cerebral angiography).
These patients belong to the pool of potential brain
dead organ donors

2. Ventilated patients who did not meet the full crite-
ria for brain death but did have absence of at least
two brainstem reflexes (fixed, dilated pupils; and/or
absent oculocephalic reflexes; and/or absent ocular
movements after caloric testing with ice water; and/or
absent corneal reflexes; and/or absent cough reflex)
and a Glasgow Coma Scale (GCS) E1, M1–2, V1
(tube) prior to the decision to withdraw therapy. This
decision was made on the basis of computed tomog-
raphy demonstrating irreversible destruction of brain
tissue and the clinical picture. These patients belong
to the potential of controlled non-heart-beating organ
donation, or those who may further evolve to full brain
death

3. Patients breathing spontaneously or who had a GCS
of ≥ 4 prior to the decision to withdraw therapy were
not included in the analysis. The decision was, in most
cases, based on age, severe cerebral damage, severe
(pre-existing) systemic conditions or the combination
of cerebral and systemic damage without the prospect
of acceptable recovery. Almost all of these patients
died from respiratory failure or sepsis in the days or
weeks following withdrawal of mechanical ventilation.
In addition, many had underlying conditions that made
them unsuitable as organ donors.

The decision to withdraw therapy was made by
the intensivist after deliberation with other specialist
physicians and nursing staff. Possible registration in the
national donor register was checked before withdrawal of
therapy. We reviewed all deaths and determined the organ
donors. We determined potential organ donors not used
and analysed the reasons that organs were not procured.

Results

Among 4,317 patients admitted between 1 January 1999
and 31 December 2003, we identified 774 patients with
TBI, of whom 184 (23.8%) died, 473 patients with SAH
of whom 179 (37.8%) died and 288 patients with ICH of
whom 113 (39.2%) died. More than 80% of the patients
were primary referrals to our hospital.

Traumatic brain injury

One hundred thirty-seven (137/184, 74.5%) male and
47 (25.5%) female patients with TBI died in the ICU
during the study period. Among these 184 patients, 80
(44%) are not included in the analysis and 104 (57%)
lacked at least two brainstem reflexes and a Glasgow
Coma Scale E1, M1–2, V1 (tube) before the decision to
withdraw mechanical ventilation. Twenty of 104 (19%)
patients (16 males, four females) were treated until full
determination of brain death. Fifteen patients became
multi-organ donors, and there was one controlled non-
heart-beating donor. Relatives of four patients refused
donation. Four non-brain-dead patients became controlled
non-heart-beating organ donors. The reasons why the
remaining 80 patients did not become organ donors are
given in Table 1. The median age was 28 years (range
15–64) in 16 male brain-dead patients and 31 years (range
16–58) in four female patients.

Of the 84 patients with absent brainstem reflexes
(ABSR), the trauma mechanism was a road traffic accident
(RTA) in 37 (44%) patients. An RTA was the trauma
mechanism for 13/20 (65%) cases of full brain death.
Fifteen of 20 (75%) patients with full determination of
brain death died during the first day after admission. Three
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Table 1 Brain-dead and non-heart-beating organ donors and un-
used potential organ donors 1999–2003, TBI, SAH and ICH com-
bined. Brain-dead and non-heart beating organ donors, patients with
GCS 3–4 and two or more absent brain stem reflexes (n = 299). Ac-
tual numbers and percentages (ICH intracerebral haemorrhage, SAH
subarachnoid haemorrhage, TBI traumatic brain injury)

1999–2003
actual numbers

Brain dead organ donor 46 (15.3%)
Non heart-beating organ donor 11 (3.6%)
“No” registration in the national donor register 18 (6%)
Refusal by relatives 97 (32.4%)
No relatives present 6 (2%)
Age 75+ 15 (5%)
Medical reasons not suitable
as potential organ donor

43 (14.3%)

Not considered by staff as potential organ donor 59 (19.7%)
Other 4 (1.3%)
Total 299

patients died within 1–3 days, and two cases died after
more than 3 days. Fifty-six of 84 (67%) patients with
ABSR (but not brain dead) died during the first day after
admission; 18 patients (21%) died within 1–3 days, and
ten patients (12%) died after more than 3 days.

Subarachnoid haemorrhage

Of 179 patients with SAH, 125 (70%) female and 54 (30%)
male patients died in the ICU. Forty-seven (26%) of these
patients are not included in the analysis, and 132 (74%)
patients had absence of at least two brainstem reflexes and
a Glasgow Coma Scale E1, M1–2, V1 (tube) before the
decision to withdraw mechanical ventilation. Of these 132
patients, 35 (27%) were treated until full determination of
brain death. Of these 35, 26 (74%) became organ donors.
Relatives of nine patients (26%) refused to allow donation.
Only four of the 97 non-brain-dead patients became con-
trolled non-heart-beating organ donors. The reasons the re-
maining patients did not become organ donors are given in
Table 1.

Rebleeding was the most important cause of death
(78 patients [43.5% over 1999–2003, range 37–63%]),
followed by “the initial bleeding” (48 patients [26.8%
over 1999–2003, range 17–36%]).

Secondary cerebral ischaemia as cause of death oc-
curred in 29 patients (16.2%), but declined from 25% in
1999 to 4% in 2003. The median age was 52 years (range
25–71 years) for the 26 female brain-dead patients and
43 years (range 27–57 years) for nine male brain-dead
patients.

The median time between the initial SAH and death
for the 94 patients with two or more ABSR and GCS 3–4
was 6 days (range 1–28 days), and 33 patients (35%) died
during the first day. The median time between the initial

SAH and death for the 35 patients with full determination
of brain death was 1 day (range 1–35 days). Sixteen of
these patients (46%) died in the first day.

Intracerebral haemorrhage

Of 113 patients with ICH, 53 (46.9%) males and 60 (53%)
females died in the ICU during the study period. Fifty
(44%) patients are not included in the analysis and 63
(56%) had absence of at least two brainstem reflexes and
a Glasgow Coma Scale E1, M1–2, V1 (tube) before the
decision to withdraw intensive therapy. Six of these 63
(10%) patients (one male, five females) were treated until
full determination of brain death, with five becoming
multi-organ donors. Relatives of one patient refused to
allow organ donation. Two of the non-brain-dead patients
became controlled non-heart-beating donors. The reasons
the remaining 55 patients did not become organ donors are
given in Table 1. The age of the male brain dead patient
was 49 years and the median age for five female patients
was 53 years (range 31–60 years).

The median time between the initial ICH and death was
1 day (range1–40 days) for the patients with ABSR; 39 pa-
tients (68%) died during the first day. The time between
the initial ICH and death for patients with full determina-
tion of brain death was within 1 day in four patients (67%),
2 days in one (33%) and 16 days in another patient. Long-
standing and severe arterial hypertension was the cause of
ICH in 77 (68%) deaths, and oral anticoagulant therapy
was the cause in 12 (11%), together accounting for 79%
of all deaths. Three patients were previous kidney recipi-
ents, one patient a heart recipient. None of these patients
became organ or tissue donors.

The potential for organ donation

Overall, refusal by relatives was the most important
reason for non-organ procurement (median 21, 25th/75th
percentile, 17/21), followed by “not considered by staff
as potential organ donor” (median 9, 25th/75th percentile
6/15) (Table 1). The reason “not considered by staff as
potential organ donor” declined between 1999–2003, from
32% (25/76) to 10% (4/39) (median 9, 25th/75th percentile
5/20), reflecting more accurate recognition of potential
(non-heart-beating) organ donors and the identification
of obstacles in the failure to recognise potential donors.
The reason “refusal by relatives” increased from 29% to
41% between 1999 and 2003. The reason “medically not
suitable as organ donor” increased from 11% in 1999 to
18% in 2003 (median 8, 25th/75th percentile 7/10).

We calculated the missed potential as the number of
patients not considered potential organ donors, patients
whose relatives refused donation and patients with rela-
tives not present. This number declined from 47 in 1999 to
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TBI SAH ICH TBI, SAH, ICH
combined

Total potential organ donors 104 132 63 299 (100%)
1. Potential BD organ donors 20 35 6 61/299 (20.4%)

Realised BD organ donors 15 26 5 46
CHBD (brain dead patients) 1 0 0 1

Refusal by relatives 4 9 1 14

Missed potential BD patients 4 9 1 14

2. Potential CHBD donors 84 97 57 238/299 (79.5%)
Realised CHBD donors 4 4 2 10
Exclusion for medical reasons/age 28 9 21 58
“No” registration in central register 5 7 6 18

Refusal by relatives 27 41 15 83
No relatives present 4 0 2 6
Not considered by staff 16 32 11 59

Missed potential CNHB donors 47 73 28 148

Total missed potential BD and CHBD donors 51 82 29 162/299 (54.1%)

Table 2 Potential organ donors,
realised organ donations and
missed potential 1999–2003.
Actual numbers (BD brain
dead, CNHB controlled
non-heart-beating organ donors,
ICH intracerebral haemorrhage,
SAH subarachnoid haemorrhage,
TBI traumatic brain injury)

1999 2000 2001 2002 2003 1999–2003

Admissions 334 (100%) 338 (100%) 292 (100%) 297 (100%) 274 (100%) 1,535 (100%)
ICU deaths 111 (33%) 102 (30%) 99 (34%) 100 (34%) 64 (23%) 476 (31%)
Brain dead 19 (6%) 15 (4%) 4 (1%) 14 (5%) 9 (3%) 61 (4%)
patients

Table 3 Number of admissions,
ICU deaths and number of brain
dead patients, among patients
with TBI, SAH and ICH from
1999–2003
(ICH intracerebral haemorrhage,
SAH subarachnoid haemorrhage,
TBI traumatic brain injury)

34 in 2000, to 31 in 2001, to 28 in 2002 and to 22 in 2003
(Table 1). The primary total number of potential donors
was 299. We excluded 80 patients for valid reasons (med-
ical contraindications; age 75+; no relatives available;
no registration in central donor register). Organ donation
was realised in 57 cases, making the missed potential 162
(162/299=54.1%) (Table 2). The number of admissions,
ICU deaths and brain dead patients declined in the study
period (Table 3).

Discussion

With the ongoing prevention of TBI (traffic safety), SAH
and ICH (reduction of risk factors by hypertension control
and smoking cessation), better pre-hospital and hospital
care for TBI victims in high-volume specialised hospitals,
and improvement in the treatment (surgical, endovascular
and intensive care) of patients with SAH, brain death is
becoming a less common ICU outcome [2–7]. In our hos-
pital, only 13% of the patients who died after TBI, SAH or
ICH were diagnosed brain dead, consistent with the data
reported in the Madrid study [3]. The typical profile of the
brain-dead patient is a young male TBI victim or middle-
aged female with SAH. Full brain death was relatively in-
frequent, but we identified a considerable number of pa-
tients with two or more ABSR and GCS 3–4, in whom
further treatment was considered futile.

For ethical reasons we do not continue mechanical
(elective) ventilation (EV) in patients in whom further
treatment is considered futile. Starting or continuing
mechanical ventilation in patients who are not brain dead,
but who are beyond hope of meaningful survival, with
the sole intent of awaiting brain death and the possibility
of organ donation bears some risk that the patient will
not die but remain alive in a persistent vegetative state.
In ventilated non-brain-dead patients beyond hope of
survival, controlled non-heart-beating donation proce-
dures for kidney and liver donation after withdrawal of
artificial ventilation is far more acceptable for the relatives
of the patient as well as for the medical and nursing
staff.

Our data show that the potential for organ donation
from patients dying with ICH is relatively low. In our se-
ries, only six (5%) of the 113 ICH–ICU deaths evolve to
brain death, and most other patients were unsuitable as or-
gan donors. These results are different from those reported
by Dominquez-Roldan et al. [15], who reported that 52.8%
of patients admitted with ICH evolved to a state of brain
death. Using organs from patients dying from ICH with
pre-existing vascular disease will be associated with in-
creased transplant vasculopathy and chronic graft dysfunc-
tion [12, 13, 14]. Longstanding and severe arterial hyper-
tension was the cause of ICH in 68% of our expired ICH
patients, making many of these patients unsuitable as organ
donors. Four of the patients were actually previous organ
transplant recipients, and three of these patients suffered
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organ failure before transplantation on the basis of hyper-
tensive nephropathy.

Our data indicate that the primary rate-limiting factor
for increasing the donor pool is refusal by relatives, which
is consistent with data from other studies in Europe [19,
21, 22, 23], Australia [20] and the USA [24]. Relatives of
patients with TBI or ICH were more willing to consent
than relatives of patients with SAH (Table 1), a finding
consistent with other reports [16, 17]. In 2003, 69% of re-
fusals by relatives concerned patients with SAH. A possi-
ble explanation may be related to differences in the time
window between admission and time of death. Sixty-seven
percent of the TBI victims with ABSR (75% of brain dead
patients) and 68% of the ICH patients died within 1 day
(67% of the brain dead patients), but only 35% of the pa-
tients with SAH (46% of the brain dead patients). In severe
TBI and ICH, death can be expected, but rebleeding (the
most frequent cause of death in SAH) often comes “out
of the blue”. Half of our expired patients with SAH died
from rebleeding, which may have decreased confidence of
relatives in the hospital care. Further research on the rea-
sons for (un)willingness to donate by relatives of TBI/ICH
and SAH patients is needed. Recognition of more poten-
tial organ donors (fewer patients “not considered”, more
relatives asked) and difficulties in requesting consent from
relatives of potential CNHB (not brain dead) donors may
have led to higher refusal rates. Approaching the relatives
is a key point in the donation process and deserves special
attention [18].

Of course, our study has its limitations. It is a single-
centre, single-country, and retrospective chart review. On
the other hand, we defined a potential organ donor in a very
transparent and strict way. TBI, SAH and ICH are the main
causes of brain death in the world. The retrospective chart
review offered us a clear picture of the course of treatment
and treatment decisions before death and the reasons for
withdrawal of intensive therapy. Our data could be placed
in an international trend of a declining number of potential
postmortem organ donors and can be used in comparison
to the potential in other European countries. Our data also
show how small the potential of organ donors is in a coun-
try with high standard health care and good organized pre-
hospital trauma care, in the light of declining numbers of
traffic deaths.

In conclusion, our study describes a decrease in
organ availability, due to lower numbers of suitable
organ donors, increasing refusal by the next-of-kin and
more medical contraindications. Recognition of patients
with ABSR and GCS 3–4 as potential CNHB donors,
and improvement in the request process are important
challenges for intensive care physicians and nurses on
neuro-ICUs. Withdrawing care from the patient beyond
hope of survival is an ethically defendable practice in the
Netherlands, and identification of a potential NHB-donor
does not alter treatment decisions prior to death. We do
not see any conflict of interest when health care providers
consider controlled non-heart-beating organ donation
after withdrawal of artificial ventilation in non-brain-dead
patients. In practice, we have not experienced any loss of
dignity in the dying process due to this procedure.
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