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a b s t r a c t
Purpose: The purpose of the study is to describe the implementation of measures introduced in Israel in 2009
to promote the safe practice of brain death determination (BDD).
Materials and methods: The measures require (1) physicians to undergo a mandatory training course, (2) the
mandatory performance of an ancillary test, and (3) retrospective examination of all BDD forms by an
independent committee. Any deviations from practice parameters were noted. Surveys were also undertaken
to assess (i) the attitude of local physicians to the measures and (ii) whether similar measures are in place in
Europe and whether they were considered necessary.
Results: After implementation, the measures resulted in the absence of deviations from practice parameters
over time. A majority of local physician (n = 64) felt the measures added a sense of security to BDD (73%) and
ensured its proper performance (85%). The European survey (n = 20 countries) revealed (1) specialized BDD
training is required in 60%, provided in 50%, while felt necessary by 80%; (2) independent supervision of BDD
is performed in only one other country; and (3) BDD is performed country-wide using the same criteria in 80%
while felt necessary by 95%.
Conclusion: The measures were successfully implemented, reduced diversity in patient testing, and positively
accepted by local physicians. Wider application of the measures may be appropriate as suggested by the
results of a European survey and the variability of BDD reported in the literature.
© 2014 Elsevier Inc. All rights reserved.

1. Introduction
The concept that patients with irreversible loss of brain function
are, in fact, dead has become nearly universally accepted. In this
regard, practice parameters for brain death determination (BDD) exist
in most Western countries [1] and are typically adopted from the
American Academy of Neurology (AAN) practice parameters [2],
which have recently been updated [3].
The importance of the determination is clear, both for declaring a
patient dead and, where appropriate, proceeding with organ and/or
tissue retrieval and transplantation. However, studies have shown
that there is great variability in the practice of BDD. A very recent
study examining the actual practice of BDD relative to contemporary
AAN guidelines from 68 heterogeneous hospitals in the Midwest
United States found that only 44.7% of 226 determinations met level I
(strict) criteria for adherence to AAN guidelines, 37.2% met level II
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(loose) criteria, and 18.1% met level III (incomplete) criteria [4].
Deviations from practice guidelines included core body temperature
less than 36.6 in 15.5%, absence of complete documentation of
brainstem areﬂexia, and absent motor responses in 54.9% and failure
to perform an apnea test in 7%. In a study of the top 50 institutions for
neurology and neurosurgery in the United States, variability existed in
the guidelines' requirements for performance of the evaluation,
prerequisites prior to testing, speciﬁcs of the brainstem examination
and apnea testing, and what types of ancillary testing could be
performed [5]. Finally, a study of 600 hospitals randomly selected
from the American Hospital Association registry revealed signiﬁcant
variability in policy criteria compared with the AAN practice
parameters and other authoritative standards [6]. These differences
were greatest in specifying methods of cranial nerve examination and
in identifying conditions/agents that may confound the accuracy of
testing. In addition to this variability, conditions have been described,
which may mimic brain death, including cases of Guillain-Barre
syndrome [7,8] and others related to the effect of medications [9,10],
further emphasizing the need for strict adherence to AAN guidelines.
The variability in practice may also contribute to doubts and
misconceptions about the concept of brain death in the general public,
fueled by reports in the lay press purporting to describe instances
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where brain death was diagnosed but the patient subsequently
recovered [11].
In many countries, the diagnostic procedures for BDD are not
deﬁned by the legislature but rather are the responsibility of national
medical societies [1,12]. In very few countries, Finland, being one
example [13], have detailed instructions for BDD been written into
law. In Israel, an act formally validating the concept of brain death was
passed into law in March 2008 and came into effect in June 2009 [14].
In this article, we describe the implementation of measures,
central to the new act, which were intended to promote the safe
practice of BDD. The changes in BDD were largely driven by societal
demands resulting in an interaction between religious and medical
authorities, which we have previously described [15]. In addition, we
performed a survey of (i) local physicians to assess their attitudes to
the measures and (ii) practices in Europe to assess whether similar
measures are in place and considered necessary.
2. Materials and methods
Permission to conduct the study, which covered the period from
November 2011 to December 2013, was obtained from the Israel
Ministry of Health who waived the need for Helsinki approval as this
was a retrospective, observational study using data entered into a
central databank.
2.1. Description of measures to promote the safe practice of BDD
Physicians taking part in BDD are required to undergo a training
course whose content includes medical, ethical, legal and religious
aspects related to the procedure (Fig. 1). An accreditation committee
was established to deﬁne the content of the physician training course.
The committee comprises physicians; rabbis; representatives from
the disciplines of ethics, philosophy, and law; and a member of a
religious group other than a Jew. Importantly, none of the members
play an active role in the organ donation processes. Physicians
undergoing the course are designated by the directors of their
hospitals according to profession (from the disciplines of neurology,
neurosurgery, intensive care, anesthesia, cardiology, and internal
medicine) and seniority (certiﬁed specialists). After the training
course and the successful completion of a multiple-choice examination, physicians receive accreditation and a unique identiﬁcation
number. The training course is available via an interactive Internet
presentation, whereas the examination is conducted on a formal basis.
Brain death is determined according to AAN practice parameters [3]
with the exception that the performance of an apnea test and ancillary
test is mandatory [15]. After the determination, a BDD form is
completed (the same form is used throughout Israel) and signed by
the examining physicians and by the expert physician performing the
accessory test. Finally, 4 physicians from the accreditation committee,

whose specialty qualiﬁes them to perform a BDD, are responsible for
the retrospective supervision of all BDD forms. All completed BDD
forms are forwarded to the supervising physicians and thereafter to
the full accreditation committee, either (i) immediately, in the
absence of any queries regarding the BDD, or (ii) after receiving
clariﬁcation/s from the relevant physician/s where queries are raised.
The full accreditation committee then ﬁnally approves each BDD.
2.2. Survey of local physician attitudes
A survey relating to the measures described above was conducted
in August 2013. The survey was distributed personally to all
physicians who had participated in the accreditation process and
who were actively involved in BDDs. The survey comprised 5
questions, and answers were based on a 5-point Likert scale (from
not at all to a large extent). In addition, respondents were asked to
provide information regarding their medical specialty (intensive care,
internal medicine, neurology, pediatrics, anesthesia, or cardiology) as
well as whether they had performed BDDs before the new measures.
2.3. Survey of European national transplant agencies
This survey, conducted in June 2013, was designed to assess to
what extent the measures were unique to Israel and considered
necessary and/or desirable. The questionnaire, which was available
only in English, was sent by email to senior representatives of national
transplant agencies in Europe (n = 25).
2.4. Data collection
The following data were also collected: the number of physicians
undergoing the training course, the number passing the multiplechoice examination and receiving accreditation, the number of BDDs
performed since the implementation of the present system, and the
ﬁndings of the supervising committee.
3. Results
3.1. Training course
Since implementation of the requirement, 149 physicians have
completed the training course, of whom 148 subsequently passed the
examination and received accreditation.
3.2. Supervisory committee ﬁndings
Over the study period, 160 BDD forms were forwarded to the
supervisory committee for evaluation. Of these, 128 were approved
immediately and 32 after further clariﬁcation. Reasons for clariﬁcation

Accreditation committee

Supervisory committee

Specialized training course for physicians

Ancillary testing

Brain death determination

Fig. 1. Flow chart of measures implemented to promote the safe practice of BDD.
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Table 1
Findings of supervisory committee (from November 2011 to December 2013)

Table 3
Results of European survey (n = 20; response rate, 80%)

Number (total, 160 BDD forms)
Forms approved without queries
128
Clariﬁcation required
32
Reasons for clariﬁcation
Failure of examining physician to sign BDD form
8
Failure of examining physician to note
3
accreditation number
Date of BDD not noted
7
Failure of specialist performing
8
accessory test to sign report
Failure to describe details of
3
the accessory test performed
Apnea test not performed
1
according to practice parameters
Body temperature not noted prior to examination
1
Oculovestibular reﬂex response not noted
1

are shown in Table 1. These included failure of an examining
physician to sign the completed form (8 cases); failure of an
examining physician to note his/her unique accreditation number (3
cases); related to performance of the ancillary test, namely, failure of
the specialist to sign the report (n = 8), failure to describe details of
the test performed (n = 3); failure to note the date of the BDD (n =
7); apnea test declared compatible with brain death (BD), although
the recorded pCO2 did not reach the required level (n = 1); body
temperature not noted before the clinical examination (n = 1); and
failure to perform the oculovestibular reﬂex (n = 1). No deviations
from the BDD requirements were noted in the last 6 months of
the study.
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Yes, n (%)
Do physicians determining BD
require special training?
Do physicians determining brain
death receive any special training?
During their general specialist training
Speciﬁc training for BDD
Do you think physicians should have
special training for the BDD?
Is there any supervision of the
brain death determination?
Supervision by independent agency
Each physician of BD committee
supervises the other
Do you think there should be
supervision in any way of the BDD?
Is the BDD performed using the same
criteria throughout your country?
Do you think the BDD should be performed using
the same criteria throughout your country?

No, n (%)

12 (60)

8 (40)

10 (50)

10 (50)

8
2
16 (80)

4 (20)

11 (55)

9 (45)

1
10
12 (60)

8 (40)

16 (80)

4 (20)

19 (95)

1 (5)

3.4. Results of the international survey
Of the 25 questionnaires sent out, 20 responses were received
(response rate, 80%). The survey revealed that specialized training for
BDD is required in 60% of countries, received in 50%, whereas felt
necessary by 80%. Independent supervision of the BDD was performed
in only 1 country, namely, France, whereas in 9 others, supervision
was considered internal, that is, physicians performing the BDD
supervise each other. Some supervision of the BDD was considered
necessary by 60%. The BDD is performed using the same criteria in 80%
of countries, whereas considered necessary in 95% (Table 3).

3.3. Results of the local survey
4. Discussion
Responses were received from 64 physicians (response rate, 43%).
Of these, 29% were critical care specialists; 26%, specialist physicians;
21%, anesthesiologists; 12%, neurologists; 7%, pediatricians; and 5%,
cardiologists; 71% had experience with BDD before the new
regulations. The ﬁndings of the survey are shown in Table 2. Most
responded that (i) the requirements of the new act added a sense of
security to performing the BDD (42% to a very large and 34% to a large
extent), (ii) accreditation was a valuable source for refreshing
knowledge (37% to a very large and 33% to a large extent) and a
necessary and relevant process (51.5% to a very large extent), and
(iii) the supervisory committee ensured proper performance of the
BDD (51% to a very large and 34% to a large extent). Half of the
respondents felt that this resulted in an increased workload (25% to a
small and 25% to some extent).

Table 2
Results of local physician attitude survey (n = 64; response rate, 43%)

To what extent does the new act
Give physicians a sense of security
in performing BDD (n = 62)
Create excessive work
for physicians (n = 64)
To what extent is the accreditation
process (n = 64)
A source of knowledge
Relevant or necessary
To what extent does the supervision
process ensure BDD is properly
performed (n = 61)

To a very To a
large
large
extent
extent

To a
To
some small
extent extent

Not at
all

26

21

10

3

2

7

13

20

16

8

24
33
31

21
5
21

10
9
2

5
4
9

3
2
2

We have described the implementation of a bundle of measures
introduced in the new BD act with the aim of promoting the safe practice
of BDD. Initial experience revealed that the process was successfully
implemented and feedback provided by the supervisory committee has
resulted in the absence of deviations from practice parameters. A survey
of local physicians revealed an overall high level of satisfaction with the
measures, whereas certain elements of the bundle were found to be
unique and considered necessary in a survey of European countries.
In light of the importance of promoting safe practices of BDD for both
patients and health care professionals, many authors have concluded
that standardization be considered so as to ensure the highest possible
accuracy and reliability of the diagnosis [1,5,6]. In addition, it has been
suggested that physicians performing BDDs be intimately familiar with
BD criteria and to have demonstrated competence in the examination
[3]. In this regard, several measures were recently undertaken in Israel.
First, determinations are restricted to physicians who have received
accreditation after a training course. This is in line with the conclusions of
Shappell et al [4], based on their study demonstrating wide variability in
the documentation of BDD likely reﬂecting similar variability in practice,
calling for comprehensive and targeted educational initiatives to ensure
consistently contemporary approaches to the BDD in every patient. An
interactive e-learning tool has also been developed allowing easy access
to a practical resource, which provides real-time assistance with the BDD
when needed. This may be especially relevant in peripheral hospitals
where the number of BDDs is lower. It should be stated that the
requirement for training and accreditation was not initially universally
accepted. Some physicians refused to participate in these courses due to
rejection of elements of the new act (eg, the compulsory performance of
ancillary testing) and resentment of the fact that a senior physician with
many years of experience was required to undergo “retraining.” For this
reason, a survey of physicians was conducted 2 years after introduction
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of the act to assess their attitudes to the measures. The results revealed
that most considered the accreditation process to be necessary and
relevant, to provide knowledge and to impart a high level of certainty in
the BDD. Most, however, felt that this was at the price of an increased
workload. Second, physicians are required to complete and sign a BDD
form, in effect a checklist, which includes all elements of the
determination, regarding both the clinical examination and the
accessory test performed. This form then comprises the third element
of the measures introduced, namely, the retrospective supervision of the
BDD. In this regard, ensuring compliance with and accountability for
upholding BD criteria has been advocated by a number of authors [5,6].
In our experience, deviations from practice parameters were largely
related to administrative errors (eg, failure to sign or date the BDD form,
etc); however, 3 instances directly related to the performance of the BDD
were also noted (body temperature not noted, oculovestibular reﬂex not
performed, and target pCO2 not reached during apnea testing). All
deviations are brought to the attention of the relevant physician/s both
for clariﬁcation and as a learning opportunity. Indeed, in the last 6
months of the study, no deviations have been noted.
Another component of the practice parameters deﬁned in the new
act, namely, the mandatory performance of an ancillary test, may also
promote uniformity of the BDD. Their routine use remains controversial, and they are not considered mandatory in many BDD
guidelines [1] but typically recommended only in the presence of
confounding factors [3]. In addition, numerous articles have stressed
the potential pitfalls associated with their use [16-18]. However, a
survey of brain death criteria throughout the world revealed that the
requirement for mandatory conﬁrmatory laboratory testing is
common, being present in 28 of 70 practice guidelines, that is, 40%
[1]. Indeed, some authors have recommended their more routine use,
considering the complexities of the clinical examination and possible
knowledge deﬁcits concerning confounding factors, even when the
determination is performed by experienced physicians [19,20]. In this
regard, Bernat [21] has reported his personal experience of witnessing
errors in the examination of patients purported to be brain dead who
were not and has suggested that an accessory test showing the
absence of intracranial blood ﬂow be routinely practiced to conﬁrm
the clinical diagnosis and reduce variability.
The results of the limited international survey yielded 2 interesting
ﬁndings. First, elements of the measures instituted in Israel appear to be
unique. Thus, a requirement for special physician training for BDD is
required in 60% of these countries surveyed and for the most part when
provided (50% of countries), it is as part of a general medical education.
An active process of supervision by an outside agency was reported in
only one other country, namely France; in all other countries
supervision of the process is implied by the fact that each physician of
the BD committee supervises the other. In the majority, but not all (80%),
the BDD is performed using the same criteria throughout the country.
Secondly, most respondents felt that at least some of the measures were
necessary. Thus, 80% felt that physicians should have special training for
BDD, 95% felt that the BDD should be performed in the same way
throughout their country, whereas a much smaller number (60%) felt
that supervision of the BDD is necessary.
This study has several limitations. First, national practice parameters
for BDD were in place before the new act. Because there was no external
supervision of BDD at that time, no effective comparison for the 2
periods (before and after changes to the Act) can be made regarding
deviations from practice parameters. However, the fact that deviations
were found by the supervisory committee suggests that they may have
also have occurred in the past. Second, the response rate from the local
physician survey was relatively low, namely, 43%. The reason(s) for this
are not clear. However, the fact that respondents included all medical
disciplines performing BDD and physicians who both had and had not
been involved in BDD before the implementation of the new measures
and that the views expressed were largely uniform suggests that the
sample may be representative of the larger group. Third, the

international survey was limited to European countries because Israel
Transplant is most closely linked with these countries in educational and
quality control programs. In addition, the response rate, although high
(80%), was expected to be 100%.
5. Conclusion
In conclusion, measures introduced to promote the safe practice of
the BDD for both patients and health care professionals have resulted in
reduced diversity of the determination. Wider application of the
measures, which were readily implemented and positively accepted
by local physicians, may be appropriate as suggested by the results of a
European survey and the variability in BDD reported in the literature.
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