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Abstract

Background We aimed to verify the usefulness of electroencephalographic (EEG) activity recording (that is mandatory
according to the Italian law), in addition to two clinical evaluations spaced 6 h, among the procedures of brain death deter-
mination (BDD) in adult individuals.

Methods The study is a monocentric, retrospective analysis of all BDDs performed in the last 10 years at Policlinico Le
Scotte in Siena (Italy).

Results Of the 428 cases revised (mean age 67.6 +15.03 years; range 24-92 years), 225 were males and 203 females. In
total, 212 out of 428 patients (49.5%) were donors. None of the BDD procedures were interrupted due to the reappearance
of EEG activity (neither for clinical reasons) at any sampling time, with the exception of one case that was considered a
false negative at critical reinspection of the EEG. In 6/428 cases (1.4%), a cardiac arrest occurred during the 6 h between
the first and second evaluation, thus missing the opportunity to take organs from these patients because the BDD procedure
was not completed.

Conclusions Once the initial clinical examination before convening the BDD Commission has ascertained the absence of
brainstem reflexes and of spontaneous breathing, and these clinical findings are supported by a flat EEG recording, the rep-
etition of a 30-min EEG twice over a 6 h period seems not to add additional useful information to clinical findings. Current
data, if confirmed in other centers and possibly in prospective studies, may help to promote a scientific and bioethical debate
in Italy, as well as in other countries where the EEG is still mandatory, for eventually updating the procedures of BDD.
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Introduction

In 1967, the South African heart surgeon Christian Barnard
performed the first organ transplant from a human donor to
a human cardiopathic recipient. It was necessary to obtain a
still-beating and healthy heart from a donor (a patient with
severe post-traumatic brain injury under assistive ventila-
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tion) who had to be clinically dead. However, there was no
legislation at that time on this issue, and the surgeon himself
assumed all ethical responsibilities to pick up the still-beat-
ing heart of the donor 3 min after his own decision to stop
his ventilatory support [1]. Likely, the donor was in the state
of coma depasse, a condition previously described in the fif-
ties as a state beyond the coma, when the patient is not able
to breathe, has no reflexes to external stimuli, no motility
and no consciousness [2], without overt chance of recovery.
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Due to the novel emerging ethical issue and increased
attention on the topic, in the following year, a committee
of experts was formed at Harvard University to formally
define the concept of brain death. They produced a docu-
ment in which the irreversibility of the coma had to include
(1) absence of receptivity and responsivity, (2) absence of
spontaneous movements and breath, (3) absence of reflexes,
and (4) a flat EEG recording as a confirmation of the clinical
diagnosis [3]. About 30 years later, the American Academy
of Neurology (AAN) basically confirmed the three neces-
sary conditions (irreversible coma, absence of all brainstem
reflexes, and apnea) to define “whole brain death” [4], while
in other countries such as Canada and UK, the brain death
corresponds to “brainstem death,” as defined by the absence
of brainstem reflexes and apnea, thus giving more relevance
to vital functions rather than to neocortical activity [5].

The EEG, which reflects thalamus-cortical rather than
brainstem oscillatory activity [6], is generally considered
among ancillary tests to support clinical examination; some-
times, also another neurophysiological testing, such as brain-
stem auditory evoked potentials or somatosensory evoked
potentials, are considered, as well as other testing addressing
cerebral perfusion [7]: indeed, also the absence of cerebral
blood flow, including the brainstem, is considered an evi-
dence of brain death, due to the strict correlations between
cerebral perfusion and electrical cortical activity [8] (see
Discussion Section).

The specific procedures for brain death determination
(BDD) (i.e., mandatory observation period(s), number of
required examinations, qualifications of medical personnel,
use of ancillary testing) largely vary from country to country
around the world. In Italy, the current law (number 578 dated
December 29, 1993, and following Decreti Ministeriali dated
August 22, 1994, and April 11, 2008, and published in the
Gazzetta Ufficiale on June 12, 2008) requires two 30-min
EEG recordings spaced 6 h as an integral, not ancillary, part
in the identification process of an individual’s brain death,
as in about a half of the other European countries [9]. The
Commission for Death Determination, which includes one
anesthesiologist-intensivist, one neurologist expert in EEG,
and one forensic doctor, is convened after having verified
the loss of brainstem reflexes and the absence of oscillatory
brain activity of the individual (or of the cerebral perfusion
if the EEG cannot be performed for some reason), generally
an in-patient in the intensive care unit.

The primary aims of this study were (i) to verify the
real additive value of the second EEG sampling after hav-
ing ascertained the absence of EEG activity for 30 min 6 h
before, at the beginning of the BDD; (ii) to verify also the
usefulness of the first EEG recording of the BDD after hav-
ing already verified the absence of EEG activity, brainstem
reflexes and of spontaneous breathing before starting the pro-
cedure itself. To accomplish these goals, we retrospectively
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evaluated all the reports of the BDD Commission collected
at our university hospital over the last 10 years, in the period
2012-2021.

Materials and methods

A retrospective analysis of all procedures of BDD car-
ried out at our university hospital from January 1, 2012,
when digital storage of EEG recordings became available,
to December 31, 2021, has been performed. The study has
been approved by the Local Ethic Committee under the code
CAM-2022.

All reports written by the death commission board (the
Italian acronym CAM, which means Commissione di Accer-
tamento Morte) concerning adults in this period have been
reviewed. The number of interrupted brain death procedures
at the first or the second sampling time was recorded, and
motivations were collected. In case the interruption of the
procedure was due to the presence of EEG activity, digital
records were independently reexamined by two neurologists
who are experts in EEG, included in the local commission
for BDD, and who critically discussed those EEG findings.

Results

As shown in Fig. 1(A), 428 cases were collected (225 males
and 203 females; mean age: 67.6 + 15.03 years; range:
17-94 years). In total, 212 out of 428 (49.5%) patients were
donors.

The prevalent cause of death was spontaneous hemor-
rhage (161), followed by traumatic brain injury (88), suba-
rachnoid hemorrhage (60), ischemic stroke (48), and others
(see Fig. 1A for the complete picture, with percentages).

Only in one case out of 428 (0.23%), there was an inter-
ruption of the BDD due to the description of a “doubtful
presence of brain activity” in the first EEG recording; in
this case, the commission was reconvened after 6 h and the
procedure was successfully concluded. A subsequent critical
reinspection of the EEG recording, performed independently
by two neurologists, agreed that the doubtful cerebral activ-
ity was artifactual.

Irrespective of the patient’s age (see Fig. 1B for age dis-
tribution), no procedures of BDD were interrupted for the
same motivation at the second EEG sampling after 6 h. No
procedures were interrupted, neither at the first nor at the
second sampling time after 6 h, for other clinical reasons
such as the reappearance of brainstem reflexes or recovery
of spontaneous breathing.

In six cases out of 428 (1.4%), a cardiac arrest occurred
during the 6 h between the first and second commission
evaluation, thus losing the opportunity to pick up organs
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Fig. 1 A Causes of death in the 428 patients. Legend: ICH, sponta-
neous hemorrhage; TBI, traumatic brain injury; SAH, subarachnoid
hemorrhage; AIS, acute ischemic stroke; HIE, hypoxia; NEO, neo-
plasia, tumor or metastasis; SDH, subdural hematoma; CI, menin-

from these patients because the BDD procedure was not
completed.

Discussion

The main finding of the current study is that the second EEG
performed after 6 h of observation seems not to provide
additional information on the clinical state beyond those
gathered by objective neurological examination and dem-
onstration of the absence of spontaneous breathing; indeed,
in none of the 428 cases a reappearance of EEG activity was
observed at this sampling time.

A similar consideration could be put forward also regard-
ing the first EEG recording coupled to the clinical evalua-
tion: in our sample of 428 cases, there was only one case
with suspected EEG activity of cortical origin (not con-
firmed after the critical reinspection), hence no procedures
of BDD were interrupted due to a true reappearance of oscil-
latory cortical activity at the first sampling time.

Therefore, the current study suggests that once the ini-
tial clinical examination before convening the commission
for BDD has ascertained the absence of brainstem reflexes
and of spontaneous breathing, and these clinical findings
are supported by a silent EEG recording for 15-20 min,
the repetition of a 30-min EEG two times spaced 6 h does
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gitis or abscess; CVT, cerebral venous thrombosis; WEA, weapon;
OD, overdose. B Age distribution of the 428 patients. Most of
the patients were over 59 years of age (n=285, corresponding to
66.6% of the population)

not seem to provide additive useful information to those
derived by the clinical observation only in this time period.

This is not physiologically surprising, taking into
consideration the close relationships between the EEG
activity and the reduction of cerebral perfusion: reversible
oscillatory changes appear when the CBF decreases below
25 mL/100 g/min [10] and the cortical activity is totally
suppressed when CBF reduces below 12-16/mL/100 g/
min [11]. A few seconds of the absence of perfusion
are sufficient to determine neural cell death and loss of
brain functions due to irreversible membrane failure in
ion transportation [12]. In other words, it is physiologi-
cally unlikely that either brainstem reflexes, spontaneous
breathing, or cortical oscillatory activity could reappear
after about 1 h from the initial clinical and neurophysi-
ological evaluation that determines the convocation of
the commission for BDD: indeed, this is the average time
generally elapsing from the moment of the decision to
proceed with death determination and the formal begin-
ning of the required clinical and neurophysiological pro-
cedures according to the current Italian law. Moreover,
there is to consider that prolonging the period of observa-
tion beyond the first evaluation may result in the loss of
organs available for transplantation: this occurred in 1.4%
of our sample of cases, that died from a cardiac arrest
despite ventilation support.
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Thus, current data strongly agree with the suggested prac-
tice parameters of the American Academy of Neurology that
does not recommend the use of EEG (as well as other ancil-
lary testing) beyond noting the presence of apnea and the
absence of brainstem reflexes, with the only exception of
conditions that in adults prevent the execution of a reliable
clinical/neurological examination, as high blood levels of
sedative drugs or severe hypothermia, craniofacial or cervi-
cal spinal cord injuries, or severe metabolic derangements
[4].

In the current study, no false negative EEG findings
emerged (i.e., when the patient meets the clinical criteria
of brain death and the EEG suggests residual brain func-
tion) [13], but the sensitivity of EEG in detecting the so-
called electrocerebral inactivity (ECI) [14] in the presence
of clinically evident brain death has been described to vary
from 53 to 94.6% (see [7]) in different case series, especially
concerning posterior fossa lesions [15] or elevated levels
of central nervous system acting drugs [16]. Other factors
potentially affecting EEG interpretation during BDD could
be represented by environmental artifacts of the ICU and by
poor inter-rater reliability [17], although this did not occur
in our sample of patients.

The current study has several limitations that should be
taken into account due to the ethical implications of such a
delicate issue and the possible clinical and organizational
consequences: first, it is a monocentric and retrospective
investigation. Therefore, results will need to be confirmed
in other centers with similar studies, and even prospectively,
possibly on a multicentric basis. Second, the mean age of
the patients is relatively high (67.6 +15.03 years), with
most of the population more than 59 years of age (Fig. 1B):
in younger subjects, for example, brain resistance (includ-
ing electrical activity) to insults/lesions could be higher,
although this was not the case in the current sample. Moreo-
ver, and crucially, we did not include pediatric patients in
the studied population, so no suggestions can be put forward
regarding procedures of brain death determination in these
particular patients.

Neither it is our intention to capitalize on the results of
this single-center and retrospective study for claim changes
in the current Italian law for brain death determination in
adult patients. However, if the results of the current study
will be replicated in other national and international centers
so that a critical mass of data will be achieved, they would
be collectively taken into account to promote a scientific and
bioethical discussion on the possibility of revising the timing
of death assessment procedures in our country. Following
this reasoning, one possibility could be maintaining the EEG
(or the investigation of the cerebral perfusion when EEG is
not feasible) as mandatory to support the initial decision
of going further with the formal activation of the commis-
sion for BDD once the absence of brainstem reflexes and
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spontaneous breathing, coupled with a flat EEG recording,
is detected in a patient. Then, once the procedure is formally
activated, the clinical evaluation could be supported by the
EEG (or another ancillary testing) only in those cases in
which brainstem reflexes and/or apnea testing could result
not reliable (i.e., the conditions indicated by the AAN) [4].

This would help to optimize the allocation of human
resources (medical, technical, nursing, and administrative
staff) in the clinical daily activities and will prevent potential
loss of organs for transplantation, meanwhile aligning Italy,
as well other European countries in which the EEG is still
an integral part of BDD procedures, to currently operative
guidelines of the AAN and UK, in the frame of a full scien-
tific and ethical respect of the patient’s end of life.

Author contribution All authors contributed to the study’s concep-
tion and design. Material preparation and data collection and analy-
sis were performed by Gionatan Mazza, Massimiliano Del Testa, and
Alessandro Giannotta. A critical discussion of results was performed
by Sabina Bartalini, Elisa Testani, Laura Savelli, Mario Gabbrielli,
Giampaolo Vatti, and Sabino Scolletta. The first draft of the manuscript
was written by Simone Rossi, and all authors commented on the vari-
ous versions of the manuscript. Simone Rossi, Mario Gabbrielli, and
Sabino Scolletta supervised the study. All authors read and approved
the final manuscript.

Declarations

Ethics approval None.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Baker RP, Hargreaves V (2001) Organ donation and transplanta-
tion: a brief history of technological and ethical developments.
In: The Ethics of Organ Transplantation, vol. 7, W. Shelton e
J. Balint, A c. di Emerald Group Publishing Limited, pp 1-42.
https://doi.org/10.1016/S1479-3709(01)80005-4

2. Mollaret P, Goulon M (1959) The depassed coma (preliminary
memoir). Rev Neurol (Paris) 101:3-15

3. (1968) A definition of irreversible coma: report of the ad hoc com-
mittee of the Harvard Medical School to examine the definition
of brain death. JAMA 205(6)L.337-340. https://doi.org/10.1001/
jama.1968.03140320031009


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1479-3709(01)80005-4
https://doi.org/10.1001/jama.1968.03140320031009
https://doi.org/10.1001/jama.1968.03140320031009

Neurological Sciences

10.

11.

Wijdicks EFM, Varelas PN, Gronseth GS, Greer DM (2010) Evi-
dence-based guideline update: determining brain death in adults:
report of the quality standards subcommittee of the American
Academy of Neurology. Neurology 74(23):1911-1918. https://
doi.org/10.1212/WNL.0b013e3181e242a8

(1995) Criteria for the diagnosis of brain stem death. Review by
a working group convened by the Royal College of Physicians
and endorsed by the Conference of Medical Royal Colleges and
their Faculties in the United Kingdom. J R Coll Physicians Lond
29(5)381-382

Busl KM, Greer DM (2009) Pitfalls in the diagnosis of brain
death. Neurocrit Care 11(2):276-287. https://doi.org/10.1007/
$12028-009-9231-y

Koenig MA, Kaplan PW (2019) Chapter 5 - brain death. In: Hand-
book of Clinical Neurology, vol. 161, K. H. Levin e P. Chauvel,
A c. di Elsevier, pp 89-102. https://doi.org/10.1016/B978-0-444-
64142-7.00042-4

Mecarelli O (ed) (2019) Clinical electroencephalography -
Springer Verlag

Citerio G, Crippa IA, Bronco A, Vargiolu A, Smith M (2014)
Variability in brain death determination in Europe: looking for a
solution. Neurocrit Care 21(3):376-382. https://doi.org/10.1007/
$12028-014-9983-x

Latchaw RE et al (2003) Guidelines and recommendations for
perfusion imaging in cerebral ischemia. Stroke 34(4):1084-1104.
https://doi.org/10.1161/01.STR.0000064840.99271.9E
Sharbrough FW, Messick JM, Sundt TM (1973) Correlation of
continuous electroencephalograms with cerebral blood flow meas-
urements during carotid endarterectomy. Stroke 4(4):674—683.
https://doi.org/10.1161/01.str.4.4.674

12.

13.

14.

15.

16.

17.

Harris RJ, Symon L, Branston NM, Bayhan M (1981) Changes in
extracellular calcium activity in cerebral ischaemia. J Cereb Blood
Flow Metab. 1(2):203-209. https://doi.org/10.1038/jcbfm.1981.
21

Wijdicks EFM (2010) The case against confirmatory tests for
determining brain death in adults. Neurology 75(1):77-83. https://
doi.org/10.1212/WNL.0b013e3181e62194

Kane N et al (2017) A revised glossary of terms most commonly
used by clinical electroencephalographers and updated proposal
for the report format of the EEG findings. Revision 2017. Clin
Neurophysiol Pract 2:170-185. https://doi.org/10.1016/j.cnp.
2017.07.002

Fernandez-Torre JL, Hernandez-Hernandez MA, Muifioz-Esteban
C (2013) Non confirmatory electroencephalography in patients
meeting clinical criteria for brain death: scenario and impact on
organ donation. Clin. Neurophysiol. 124(12):2362-2367. https://
doi.org/10.1016/j.clinph.2013.05.028

Szurhaj W, Lamblin M-D, Kaminska A, Sediri H (2015) EEG
guidelines in the diagnosis of brain death. Neurophysiol. Clin
Neurophysiol 45(1):97-104. https://doi.org/10.1016/j.neucli.2014.
11.005

Guérit J-M (2007) Electroencephalography: the worst traditionally
recommended tool for brain death confirmation. Intensive Care
Med. 33(1):9-10. https://doi.org/10.1007/s00134-006-0430-0

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1212/WNL.0b013e3181e242a8
https://doi.org/10.1212/WNL.0b013e3181e242a8
https://doi.org/10.1007/s12028-009-9231-y
https://doi.org/10.1007/s12028-009-9231-y
https://doi.org/10.1016/B978-0-444-64142-7.00042-4
https://doi.org/10.1016/B978-0-444-64142-7.00042-4
https://doi.org/10.1007/s12028-014-9983-x
https://doi.org/10.1007/s12028-014-9983-x
https://doi.org/10.1161/01.STR.0000064840.99271.9E
https://doi.org/10.1161/01.str.4.4.674
https://doi.org/10.1038/jcbfm.1981.21
https://doi.org/10.1038/jcbfm.1981.21
https://doi.org/10.1212/WNL.0b013e3181e62194
https://doi.org/10.1212/WNL.0b013e3181e62194
https://doi.org/10.1016/j.cnp.2017.07.002
https://doi.org/10.1016/j.cnp.2017.07.002
https://doi.org/10.1016/j.clinph.2013.05.028
https://doi.org/10.1016/j.clinph.2013.05.028
https://doi.org/10.1016/j.neucli.2014.11.005
https://doi.org/10.1016/j.neucli.2014.11.005
https://doi.org/10.1007/s00134-006-0430-0

	Suitability of electroencephalography in brain death determination: a monocentric, 10-year retrospective, observational investigation of 428 cases
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	References


