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Abstract Purpose: There is, in
European countries that conduct
medical chart review of intensive care
unit (ICU) deaths, no consensus on
uniform criteria for defining a poten-
tial organ donor. Although the term is
increasingly being used in recent lit-
erature, it is seldom defined in detail.
We searched for criteria for determi-
nation of imminent brain death,
which can be seen as a precursor for
organ donation. Methods: We
organized meetings with representa-
tives from the field of clinical
neurology, neurotraumatology, inten-
sive care medicine, transplantation
medicine, clinical intensive care
ethics, and organ procurement man-
agement. During these meetings, all
possible criteria were discussed to
identify a patient with a reasonable

probability to become brain dead
(imminent brain death). We focused
on the practical usefulness of two
validated coma scales (Glasgow
Coma Scale and the FOUR Score),
brain stem reflexes and respiration to
define imminent brain death. Further
we discussed criteria to determine
irreversibility and futility in acute
neurological conditions. Results: A
patient who fulfills the definition of
imminent brain death is a mechani-
cally ventilated deeply comatose
patient, admitted to an ICU, with
irreversible catastrophic brain
damage of known origin. A condition
of imminent brain death requires
either a Glasgow Coma Score of 3
and the progressive absence of at least
three out of six brain stem reflexes or
a FOUR score of E0M0B0R0.
Conclusion: The definition of
imminent brain death can be used as a
point of departure for potential heart-
beating organ donor recognition on
the intensive care unit or retrospec-
tive medical chart analysis.
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Introduction

Organ transplantation is often the last resort for patients
with end-stage organ failure. The number of patients
waiting for one or more organ(s) is still increasing in the
USA and Europe [1–3]. Brain(stem) dead patients provide
the major source of solid organs for transplantation [4, 5].
Unfortunately, for potential organ recipients, brain(stem)
death is a rare form of death. Among 4,248 patients who
died on European intensive care units (ICUs) in an
18-month period, only 330 patients (7.8%) were diag-
nosed brain(stem) dead [6].

Since the first descriptions of brain(stem) death in the
late 1950s [7, 8], and the first formal definition of
brain(stem) death by the Harvard Committee in 1968 [9],
many thousands of patients have been declared dead
worldwide each year, based on formal brain(stem) death
criteria. Today, brain(stem) death is recognised as legal
death in most western countries [10]. The causes of
brain(stem) death vary, but approximately 80–90% of
patients who develop brain(stem) death are admitted to an
ICU with traumatic brain injury (TBI), subarachnoid
haemorrhage (SAH) or intracerebral haemorrhage (ICH)
[5, 11]. Other less frequent causes are post-resuscitation
encephalopathy, an intracranial tumour or central nervous
system infections.

Current practice in organ donation is based on the
‘‘dead-donor-rule’’ as described by Robertson [12]. As the
shortage of organs has become more critical, proposals
have been put forth to increase the potential pool of organ
donors. Some of these proposals simply abandon the dead
donor rule by redefining certain categories of patients
(e.g., patients in persistent vegetative state [13] or anen-
cephalic patients) as dead for donation purposes [10, 14].
In order to improve the supply of organ donation, but not
violate the dead donor rule, we have to examine how to
increase the conversion rate between potential organ
donors and actual organ donors. Many patients with a
hopeless neurological prognosis are not identified as
possible brain dead organ donors. Other patients deteri-
orate between the period of possible brain death
recognition and a formal brain(stem) death diagnosis [5,
15–17]. Timely referral of potential organ donors to
representatives of an organ procurement organisation
(OPO) is essential for this reason [18]. The decision
whether or not to continue life-sustaining treatment of a
patient with severe brain damage in the ICU is primarily
dependent upon the estimated outcome. A large propor-
tion of these deaths occur in the context of withdrawing
life-sustaining treatment, especially when catastrophic
neurologic injuries leave little to no chance of meaningful
recovery [19, 20]. However, when such a patient is
identified as a potential organ donor, treatment is gener-
ally continued until brain(stem) death has been
definitively established. Potential organ donors should

therefore be identified as soon as possible, and the pos-
sible diagnosis of brain(stem) death should never be
missed or delayed.

This area of improvement has not gone unnoticed by
several national procurement organisations and collabo-
rations [21, 22]. The Organ Procurement and
Transplantation Network (OPTN) in the USA developed
the term ‘‘imminent neurological death’’ (see
http://www.optn.transplant.hrsa.gov). According to article
7.1.7, as published on their website, a patient with
imminent neurological death is defined as ‘‘a patient who
is 70 years old or younger with severe neurological injury
and requiring ventilator support who, upon clinical
evaluation…has an absence of at least three brainstem
reflexes’’. The Glasgow Coma Scale (GCS) is for
unknown reasons not incorporated in this definition. The
OPTN definition is solely used for data submission and
analysis, and is, to our best knowledge, not used for
clinical recognition of potential organ donors. A Euro-
pean Consortium of organ procurement organisations (the
DOPKI project) funded by the European Commission
tried to find a widely agreed upon methodology to esti-
mate the potential of deceased organ donors. The goal of
the DOPKI project is to develop Quality Assurance Pro-
grammes that can be used to make international
comparisons possible [22]. Until now there is no pub-
lished peer-reviewed report of this methodology.
Nevertheless, we strongly subscribe to the latter argu-
ment. Obtaining insight into organ donation
performances, the strength and weakness of the donation
process and to benchmark donation performance on a
hospital, regional and national level is relevant. Early
recognition by a clinician of a patient’s impending
hopeless clinical neurological condition in order to pre-
serve organs [23–25] and to facilitate organ donation is of
even greater relevance. The gained extra time can be used
to ensure that families are provided with the opportunity
to consider organ donation based on correct information.
Families have time to understand and accept the fact that
their loved one is brain dead. In addition to this, it offers
clinicians the opportunity to give information about brain
death and the request organ donation in two separate
meetings, both of which can have a significant impact on
the rates of consent [18, 26]. However, the identification
of a potential organ donor does not discharge a physician
from treating the patient in the patients’ best interest.

In this article we propose criteria for the definition of a
potential organ donor based on multi-disciplinary con-
sensus among experts. The goal is to propose a definition
that can be used for clinical purposes and for retro- and
prospective data analysis.

We wish to emphasise that this initiative was under-
taken from the perspective of achieving a more consistent
and reliable estimation of the number of potential organ
donors and an easy-to-use referral tool for OPOs. In this
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article, we will give criteria for the determination of, what
we will call ‘Imminent Brain Death’. We strongly state
that the proposed definition should not be considered
equivalent to ‘brain(stem) death’ and that the designation
of a patient with imminent brain death represents no more
than a certain risk estimate. Per definition, the assessment
of imminent brain death should not lead to withdrawal of
treatment. In fact, identifying a patient’s situation as
imminent brain death may delay or cancel the option to
withdraw life support, and add an expressed option to
wait for brain death, in order to preserve donor organs.
Treatment-limiting decisions remain the responsibility of
the clinician, who should base his decisions as much as
possible on evidence-based risk estimates, taking opinions
of relatives and autonomy of patients into account.

Materials and methods

We organised expert meetings with representatives from
the field of clinical neurology (MAK, HPHK), neuro-
traumatology (AIRM), intensive care medicine (YJdG;
JB, SA, MAK, EFMW, EJOK), transplantation medicine
(AJH), clinical intensive care ethics (EJOK) and organ
procurement management (NEJ, HAvL). EFMW partici-
pated by e-mail.

During these meetings, all possible criteria were dis-
cussed to identify a patient with a reasonable probability
to become brain(stem) dead, in other words, to be in a
state of imminent brain death. We focused on the prac-
tical usefulness of two validated coma scales (Glasgow
Coma Scale and the FOUR Score), brainstem reflexes and
respiration to define imminent brain death. Further we
discussed criteria to determine irreversibility and futility
in acute neurological conditions.

Results

First, only ventilator-dependent patients admitted to an
ICU with a known origin of catastrophic brain damage,
and whose condition is considered irreversible and for
whom no treatment possibilities are left, can fall within
the definition of imminent brain death. Establishing irre-
versibility requires repeated examinations and exclusion
of major confounders, such as effects of sedation and
hypothermia. This may include multidisciplinary assess-
ment by physicians in intensive care medicine, neurology
and neurosurgery.

Imminent brain death implies generalised loss of
cortical function and progressive brainstem failure.
Complete loss of consciousness is thus a prerequisite
when considering imminent brain death. The most com-
monly used scale for assessment of coma is the Glasgow

Coma Scale, which was proposed in 1974 as a practical
tool for diagnosis and prognosis of cerebral function of
patients with traumatic brain injury [27]. In most coun-
tries, the GCS is the gold standard for assessing the level
of consciousness in patients with acute brain damage. The
total GCS is the sum of scores in three categories: eye
opening, motor response and verbal response. Using the
GCS, the patient with imminent brain death has no eye
movement (E1), no motor response (M1) and no verbal
response (V1). We recognise that patients in whom a
condition of imminent brain death is suspected are
mechanically ventilated, thus rendering reliable estima-
tion of the verbal score nearly impossible. In the absence
of any other indication of responsiveness, the verbal
reaction can be considered absent in these patients.

Before brainstem failure can be assessed, confounding
factors (e.g. hypothermia, metabolic disturbances and
sedation) should be excluded. Brainstem failure is deter-
mined by the absence of all brainstem reflexes. The most
relevant brainstem reflexes to this purpose are: pupillary
reactivity to light, corneal reflex, oculocephalic and ocu-
lovestibular responses, gag and cough reflex.

First, based on the GCS and examination of brainstem
reflexes, imminent brain death can be defined as: ‘A state
in which a deeply comatose, mechanically ventilated
patient, admitted to an ICU, with irreversible catastrophic
brain damage of known origin (e.g. TBI, SAH, ICH) has a
GCS of 3 (E1, M1, V1) and at least three or more absent
brainstem reflexes’.

The rationale to chose three or more absent brainstem
reflexes is to reflect the severity of brainstem lesions [28].
We opted not to establish a hierarchy or ranking of absent
brainstem reflexes as in clinical practice different
sequences of progressive brainstem reflexes failure may
occur [25, 29]. In this way every patient with some form
of cerebral herniation and brainstem failure that can lead
to brain death can be included in this definition and
analysis of potential organ donors.

An attractive alternative to the use of the GCS and
brainstem reflexes is offered by the FOUR score [30–35].
The FOUR stands for Full Outline of UnResponsiveness.
The FOUR score has four testable components, and the
maximal grade in each of the categories is four (Fig. 1). It
includes the Eye response, Motor response, Brainstem
reflexes and Respiration. As the FOUR score includes the
essential parts of the GCS, brainstem reflexes and respi-
ration, this coma scale can be very useful for the
determination of imminent brain death.

In analogy with the definition of imminent brain death
using the GCS, a patient with imminent brain death will
have a FOUR score of E0 (eyelids remain closed with pain),
M0 (no response to pain or generalised myoclonus status),
B0 (pupil, corneal and cough reflexes absent) and R0

(breathes at ventilator rate or apnoea). The FOUR score
includes three brainstem reflexes, pupillary response, cor-
neal and cough reflexes, in the category brainstem reflexes;
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in B0 all three reflexes are absent, and in B1 only the pupil
and corneal reflex are absent. In the category B1, patients
can have absent pontomesencephalic reflexes but retained
the cough reflex and some respiratory drive (E0M0B1R1).
These patients may or may not progress to full brain death.

Loss of the last two points in time will make it likely that
these patients will become brain dead. Some patients stop at
E0M0B1R1 and do not progress to full brain death. For this
reason, we propose, for the definition of imminent brain
death, a FOUR score of E0M0B0R0, and not E0M0B1R0 or
E0M0B1R1. One patient with a FOUR score of 0 is descri-
bed, showing retained isolated medullary function [36];
this patient did not progress to loss of all brainstem func-
tion. One may conclude that predictive factors for loss of all
brainstem function have not yet been identified. Iyer et al.
[37] showed that patients with a FOUR score of 0 had a
mortality of 89%; eight out of nine patients died.

As the FOUR score is used in many ICUs and captures
information on both levels of consciousness and brain-
stem reflexes, we consider this score more useful than the
GCS alone, when considering a diagnosis of imminent
brain death.

As a definition for imminent brain death we propose:

‘A mechanically ventilated, deeply comatose patient,
admitted to an ICU, with irreversible catastrophic
brain damage of known origin (e.g. TBI, SAH, ICH).
A condition of imminent brain death requires either
a GCS of 3 and the progressive absence of at least
three out of six brainstem reflexes, or a FOUR score
of E0M0B0R0’.

Formal whole brain death or brainstem death can only
be determined after conformation of the absence of all
brainstem reflexes and ancillary tests like the EEG and
apnoea test (which are mandatory in several EU
countries).

Analysis of the pool of patients, who meet the criteria
of imminent brain death, should be conducted in a hier-
archical order (Fig. 2). Some parameters, such as age and
medical condition, are restrictive exclusion criteria. In
most countries, a patient fulfilling the definition of
imminent brain death, but who is older than, e.g., 75 years,
will not be considered as a potential organ donor. The
same holds for some medical reasons for exclusion, such
as severe viral, bacterial or fungal infections and malig-
nant neoplasm. These factors cannot be modified. After
excluding the patients with these characteristics, the result
is the actual pool of potential organ donors who fit every
medical criterion to become a heart-beating organ donor.

Discussion

The proposed definition can be used as a point of depar-
ture for retrospective chart analysis, as recognition for
potential organ donors for prospective determination and,
derived from this, the estimation of the number of
potential organ donors and its conversion rate in actual
organ donors. The definition can also be used as a clinical
recognition tool.

Fig. 1 Description of Full Outline of UnResponsivenes (FOUR)
score. Eye response: E4 eyelids open or opened, tracking or
blinking to command; E3 eyelids open but not tracking; E2 eyelids
closed but open to loud voice; E1 eyelids closed but open to pain;
E0 eyelids remain closed with pain. Motor response: M4 thumbs-
up, fist or peace sign; M3 localising to pain; M2 flexion response to
pain; M1 extension response to pain; M0 no response to pain or
generalised myoclonus status. Brainstem reflexes: B4 pupil and
corneal reflexes present; B3 one pupil wide and fixed; B2 pupil or
corneal reflexes absent; B1 pupil and corneal reflexes absent; B0
absent pupil, corneal and cough reflex. Respiration pattern: R4 not
intubated, regular breathing pattern; R3 not intubated, Cheyne-
Stokes breathing pattern; R2 not intubated, irregular breathing;
R1 breathes above ventilatory rate; R0 breathes at ventilator rate
or apnea
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If a patient, who meets every criterion of a potential
heart-beating organ, does not become a donor, it is de
facto because of factors on a medical level or on a social
level. Reasons on a medical level are patients who do not
fulfil the formal criteria for complete brain death, are not
considered or recognised by physicians and nurses, or
who suffer from circulatory instability or cardiovascular
arrest during the procedure. However, these patients could
become non-heart beating organ donors, if logistically
possible, after they died of circulatory arrest. Optimisa-
tion of the haemodynamic system and overall physiology
of patients with imminent brain death will decrease the
number of donors lost for this reason [23, 25]. Education
of physicians and nurses has been shown to be an
improvement for consent rates [38]. Reasons of non-
procurement on a social level include family refusal or
prior patient refusal. These reasons are modifiable by
education of the general population to increase awareness
and understanding of brain death [39, 40]. Targeting such
education campaigns appropriately requires insight into
the relative contribution of medical and social attitudes on
non-organ procurement.

Simpkin et al. [26] and Siminoff et al. [39] both
evaluated the factors that influence relatives’ consent for
donation of solid organs. Families were more willing to
give consent for donation when they had been given
enough information about brain death and the donation
process to make an informed decision. The time given to
families to make the decision was also an important factor

in the discussion and consent process of a family. With
timely recognition of a potential organ donor and ade-
quate specialised care to preserve the organs for donation,
should that be the case, it is possible to offer families
information and time for ample discussion.

We choose to make a more strict definition of a potential
organ donor than, for example, the OPTN criteria. The
reason for this is twofold. First, with a stricter definition,
used as clinical recognition tool and referral tool, the sparse
resources of an OPO (and ICU) will only be deployed for
those patients with the highest chance to become brain(-
stem) dead and eventually, if consent is given, become a
donor. Second, systematic chart reviews for measuring the
actual potential for organ donation has become the gold
standard in the US and Europe [41]. With this in mind, we
aimed to develop a tool that measures a realistic pool of
potential organ donors and thus a realistic conversion rate
that can be widely applied. We think that our proposal is
open for debate by the professionals and procurement
organisations. One of the aims of this paper is to engage
a discussion about the potential of heart-beating organ
donors in a group with a hopeless neurological outcome.

Conclusion

In this article we propose criteria for determination of
Imminent Brain Death and a practical, widely applicable

Fig. 2 Flowchart of potential
organ donors
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definition of a potential organ donor based on unam-
biguous criteria for imminent brain death, which can be
seen as a precursor for organ donation. The definition of
imminent brain death can be used as a starting point for
potential organ donor recognition on the ICU or retro-
spective medical chart analysis. Further study is needed
to determine how many patients fulfilling the definition
of imminent brain death will actually become organ
donors.
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