
Organ donation remains the optimal therapy for many pa-
tients with end-stage organ disease. Historically in Israel, 

the Chief Rabbinate signed an agreement with Hadassah Hospi-
tal regarding surgery on the body of a deceased person in 1944 
[1]. According to the agreement, the Chief Rabbinate would al-

low such surgery in four instances, one of them being 
, in which another patient might benefit from the surgery. 

This change represented an important starting point where Jew-
ish law (Halacha) and medicine cooperated for the benefit of 
patients. After the foundation of the State of Israel, the option 
of using the body of a deceased person, initially for tissue do-
nation, was regulated under the Anatomy and Pathology Law of 
1953, which embraced a model similar to the Hadassah-Rabbin-
ate agreement [2].

In 1967 a conflict arose in regard to the use of the body of 
a deceased person for donation between health experts and of-
ficials and the Ultra-Orthodox community regarding the use of 
corneas of deceased patients without the permission of the fam-
ilies. A few months later, Prof. Morris Levy performed the first 
heart transplant in Israel. The procedure led to a public debate 
and condemnation as the family of the donor claimed that Prof. 
Levy did not request their consent and blamed him for killing 
their loved one. The medical establishment claimed glory for 
this cutting-edge achievement while the orthodox leaders in par-
liament rejected such an innovation, focusing on the issue of the 
determination of death. 

The determination of brain death is, in fact, the defining pre-
condition in the process of organ donation. Since 1996, brain 
death determination in Israel was regulated as a clinical guideline 
for physicians by the Ministry of Health based on the American 
Academy of Neurology practice parameters [3]. For many years 
the consent rate for organ donation in Israel remained around 
45%, well below that of most western countries. A representa-
tive survey of the Israeli population performed in 2001 revealed 
that the most common reason for refusal to donate organs (45% 
of respondents) was related to religious objections [4]. While a 
religious decree issued in 1986 by the Chief Rabbinate accepted 
brain death as a valid determination of death, in practice, re-
ligious parties continued to dissuade the public from donating 
organs for transplantation until further requirements were met. 
In March 2008, an initiative of members of the Knesset (Par-
liament) promoted discussions between the medical community 
and representatives of the Chief Rabbinate that resulted in the 
passing of a law for the determination of brain death, which in-



corporated most of the requirements [5]. The changes and their 
rationale are shown in Table 1. An integral component of the 
law was related to the conviction of the Rabbinate that death 
may only be determined when spontaneous breathing function 
ceases irreversibly. For this reason, the law, which came into 

Death Determination Law (BRDDL) and formally validated the 
concept of brain death in Israel for the first time.

In this study, we describe our experience during the first 9 
years following the introduction of the BRDDL, in particular 
the obstacles that were raised, the consequences, and the solu-
tions applied.

This retrospective, observational study included all cases be-

(BRD) was formally or not formally determined (non-deter-
mination). The former required a clinical examination by two 
senior physicians, the performance of an apnea and ancillary 
test, and the completion of a death certificate, while the latter 
was based on an examination performed by the attending physi-
cian requiring the demonstration of deep coma (Glasgow Coma 
Score of 3) and absence of all brain stem reflexes and sponta-
neous breathing. Permission to perform the study was obtained 
from the Ministry of Health in Israel, which waived the need 

for Helsinki approval as this was a retrospective, observational 
study using data entered into central databanks. Clinical data 
were extracted from the National Transplantation Center Reg-
istry and included total number of potential BRDs, defined as 
a physical examination revealing deep coma (Glasgow Coma 
Score of 3) and absence of all brain stem reflexes and sponta-
neous breathing, number of formal BRDDs, number and rea-

of physicians accredited to perform the determination, number 
of completed BRD determination forms submitted to the accred-
itation committee, and consent rate. Obstacles raised by changes 
in the BRDDL were identified and solutions applied noted. 

The consequences of the changes required by the BRDDL and 
the solutions applied are shown in Table 2. Data relating to the 
number of BRDs, BRDDs, and non-determination are shown in 
Table 3. The total number of non-determinations decreased from 
64 in 2010 to 7 in 2019. This finding represented a decrease 
from 29% to 4% in the proportion of non-determinations rela-
tive to the total potential number of BRDs from 2010 to 2019 
(
from 56% to 89% in the proportion of actual BRDDs relative 
to the total potential BRDs from 2010 to 2012 (  < 0.0001). 
The number related to family opposition decreased from 31 in 





2010 to 5 in 2019. All these patients continued to receive full 
mechanical ventilation and supportive therapy until cardiac ar-
rest occurred. Practical reasons for non-determination decreased 
from 33 in 2010 to 2 in 2019. These reasons included an inabil-
ity to perform either an apnea test, due to the appearance of 
severe hypoxemia following disconnection from the mechani-
cal ventilator (decreased from 7 to 2 cases), or an ancillary test 
(decreased from 26 to 0). In all of these cases, cardiac arrest 
appeared before BRD could be determined. The number of phy-
sicians receiving accreditation increased from 210 in 2010 to 
456 in 2019. The number of BRD determination forms received 
by the accreditation committee reflected the number of donors 
for that year. Deviations from the protocol were mainly noted in 
the first 2 years following the introduction of the law, and were 
largely technical in nature, including absence of a signature in 
the appropriate place and errors in recording the date. Finally, 
the consent rate increased from 49.2% in 2010 to 60% in 2019.

Changes introduced by the BRDDL in 2008 initially led to sig-
nificant administrative, practical, and technical obstacles. The re-
sult was an inability to declare death, and therefore decreased the 
opportunities for life-saving organ donation from many potential 
organ donors. Following the identification of specific obstacles, 
the introduction of targeted solutions succeeded in significantly 
reducing this number. 

The scarcity of organs for transplantation is a challenge in 
most Western countries. Israel is not an exception in this regard. 
While every effort is made to secure and preserve organs [6] and 
to raise consent rates [7], in Israel an additional complexity arose 
in relation to the Halachic/religious tensions regarding BRDD. 

The main initial reason for non-determination of BRD was 
related to the requirement considering patient wishes regarding 
BRD, if expressed in writing. In practice, many physicians did 
not proceed with the determination when objections were ex-
pressed by the family, despite the absence of any written patient 
wishes.The reasons for this practice may have been multifacto-
rial, including an uncertainty with the intent of the requirement, 
a reluctance to confront a family in times of extreme stress, and 
the possibility of legal action when denying an apparent wish of 
the patient. However, there are distinct negative consequences 
to non-determination. Patients who should have been declared 
dead continue to receive full medical treatment in the intensive 
care unit, thus denying a bed for another patient in a reality of 
scarce health resources. The concept that BRD is actual death is 
severely challenged. Once this problem was identified, the legal 
and social intent of the requirement were conveyed to relevant 
healthcare personnel by the legal advisor to the National Trans-
plantation Center. This intervention was followed by a dramatic 
decrease in such cases (from 31 in 2010 to 5 in 2019) with no 
instances of animosity noted from donor families. In addition, it 

became clear that over time there has been general acceptance 
by the public of the new law resulting in more families under-
standing that the mechanism of declaration of BRD was an inte-
gral part of the law, and therefore legitimized.

Practical and technical obstacles also resulted in non-deter-
mination of BRD. The first was related to the mandatory re-
quirement for ancillary testing. Not all hospitals had the rele-
vant required equipment or appropriately trained personnel to 
perform a test and/or interpret the results. This situation im-
proved significantly following regular training seminars held 
for relevant physicians. Obstacles were also related to the tests 
themselves. Thus, for example, in the presence of skull defects, 
such as follow traumatic skull fractures, ventricular drainage, or 
decompressive craniotomy, the increase in intracranial pressure 
following severe brain injury may be compensated for [8,9]. In 
this instance, while clinical findings may be compatible with 
BRD, angiographic, or transcranial Doppler (TCD) studies may 
reveal persistence of some cerebral blood flow, giving a false 
negative result. Another situation relates to the nature of the test 
itself. Thus, evoked potentials, which appear as an option in the 
law, do not appear to be sufficient stand-alone tests for BRD 
determination [10]. In addition, numerous authors cautioned 
against the use of computed tomography angiography (CTA) as 
a standard ancillary test [9], including the most recent interna-
tional guidelines from 2019 [11]. This situation is due to the 
presence of both false negative (persistence of cerebral blood 
flow despite clinical evidence of brain death) and false positive 
results [12]. For these reasons, this test is no longer recommend-
ed as an ancillary test in Israel. To meet these challenges, rep-
resentation made to the Ministry of Health in 2011 resulted in 
the inclusion of single-photon emission computed tomography 
as an option for ancillary testing. This test, which is reliable in 
the diagnosis of brain death [13] and unaffected by the presence 
of skull defects [14], is now widely used in Israel where TCD 
is technically not possible (absent bone window) or inappro-
priate (decompressive craniectomy). Since its introduction, the 
number of BRD determinations that could not be completed has 
decreased from 26 in 2010 to 0 in 2019. 

The second practical obstacle was related to the mandato-
ry requirement for an apnea test. Typically, the period of apnea 
required to maximally stimulate the medullary respiratory cen-
ter (the result of an increase in the partial pressure of carbon 
dioxide > 60 mmHg) is between 7–10 minutes [15]. However, 
significant hypoxemia and severe respiratory acidosis may de-
velop during this period, resulting in hypotension, cardiac ar-
rhythmias, and even cardiac arrest [16]. For this reason, an alter-
native apnea test, during which the patient remains attached to 
the mechanical ventilator that is in turn connected to a gas mix-
ture comprising 97% oxygen and 3% carbon dioxide, was add-
ed to the protocol in 2012 [17]. Apnea time is thus decreased, 
and the consequences of disconnection avoided. This change 
has resulted in fewer apnea tests being aborted, although a few  



cases in which the apnea test cannot be completed are noted 
each year, for example in the presence of severe lung injury 
(marked hypoxemia) or high cervical spine injuries (inability to 
assess integrity of respiratory muscles). 

To meet the requirements for physician accreditation, an on-
line course was developed, and regular courses were held in all 
hospitals so that the number of accredited physicians increased 
from 210 in 2010 to 456 in 2019. Importantly, a recent survey 
revealed that most physicians viewed the course as being rel-
evant and necessary, an important source of knowledge that 
ensured that the BRDD was being properly performed [18]. Re-
garding the accreditation committee, members representing the 
requirements of the law (including three rabbis recommended 
by the Chief Rabbinate) were recruited. The committee meets 
regularly and provides feedback to the relevant personnel where 
irregularities are noted.

The BRDDL was introduced after 40 years of negotiation and 
is an example of the way the law enabled bridging between 
medicine and Halachic/religious perceptions. It resulted in sig-
nificant changes being made to the BRD determination, which 
were initially associated with a decrease in organ donation. 
In response, initiatives complying with the directives of the 
law were successfully introduced and resulted in increased op-
portunities for life-saving organ donation. Last, the consent 
rate for organ donation increased from 49.2% in 2010 to 60% 
in 2019. While the reasons for this may be multifactorial, the 
support of the Rabbinate and the confidence of the general 
public that the BRD determination is performed and moni-
tored according to strict criteria may have contributed to this 
important result.

A glioma is a tumor of the glial cells found in the brain 
and spinal cord. Glioblastoma multiforme (GBM) is the 
most common type of glioma, and is a highly aggressive 
brain tumor in dire need of new treatment strategies. 
GBM is frequently treated with the chemotherapy 
drug temozolomide (TMZ), but resistance develops in 
more than half of patients. Using a medical chemistry 
approach, Lin et al. designed TMZ analogs to overcome 

drug resistance in GBM. These agents generate a 
primary DNA lesion that can be repaired by healthy cells 
with intact DNA repair mechanisms. However, cancer 
cells that lack DNA-repair machinery are not able to 
repair the damage and slowly evolve to harbor more 
toxic secondary lesions that cause selective tumor cell 
killing.


