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Abstract

Objective To determine the optimal observation period (OBP) in adults with a clinical diagnosis of brain death (BD) using
electroencephalography (EEG) or computerized tomography angiography (CTA).

Methods We conducted a retrospective observational analysis of adult patients with a diagnosis of BD from January 2000
to February 2017. The optimal OBP was defined as the minimum time interval from the first complete clinical neurological
examination (CNE) that ensures that neither a second CNE nor any ancillary test (AT) performed after this period would
fail to confirm BD.

Results The study sample included 447 patients. In the supratentorial group, the first AT confirmed BD in 389 cases (98%),
but in 8 (2%) cases the complementary test was incongruent. In this group, 8 of 245 patients in whom the first AT was carried
out within the first 2 h after a complete CNE had a non-confirmatory test of BD versus none of 152 in whom the first AT
was delayed more than 2 h (3.0% vs 0.0%; p=0.026). In the infratentorial group, we found a higher probability of obtaining
a first non-confirmatory AT of BD (34% vs 2%; p=0.0001) and an OBP greater than 32.5 h was necessary to confirm a BD
diagnosis.

Conclusions We found important differences in the confirmation of BD diagnosis between primary supratentorial and
infratentorial lesion, and identified an optimal OBP of 2 h in patients with supratentorial lesions. By contrast, in primary
posterior fossa/infratentorial lesions, the determination of an optimal OPB remains less accurate and hence more challenging.

Keywords Brain death - Observation period - Clinical examination - Ancillary test - Computerized tomography
angiography - Electroencephalography

Introduction

Catastrophic brain injury can lead to a determination of
death by neurological criteria or brain death (BD), defined
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Although there is agreement that the cornerstone of the BD
diagnosis is the clinical neurological examination (CNE),
many controversies persist and a global international consen-
sus is needed to standardize clinical practices [4-9].

In some European countries such as Spain, the diagnosis
of death using neurological criteria is based on a “whole
BD” concept, which requires that all clinical functions of
the entire brain, including those subserved by the cerebral
hemispheres, diencephalon and brain-stem, have ceased [5,
6, 10—12]. Under this policy, an ancillary test (AT) is man-
datory so as to examine both cerebral hemispheres in cases
of primary infratentorial lesions [10, 11]. In contrast, some
other countries, including the UK, Canada and India, sup-
port the concept of “brainstem death”, and a complete CNE
is enough to declare BD, regardless of the localization of
the brain injury [12].

There is controversy regarding the recommended number
of CNEs and minimum observation period (OBP) between
examinations [7, 13]. It has been noted that no patients have
ever recovered after a first complete BD CNE. Hence, many
authors advocate omitting a second CNE, thus avoiding
loss of potential organ donors [14—16]. This idea has gained
ground in US, and the updated guideline of the American
Academy of Neurology (AAN) is similar to the UK BD cri-
teria since they do not recommend performing an AT if the
clinical BD criteria are fulfilled [14]. However, Greer et al.
[17] reported that most hospitals in US (65.9%) required two
or more separate CNEs to declare BD and 20.9% carried
out more than two. Most often, the minimum OBP between
CNE was established to be at least 6 h in 71.1% of these
hospitals. In Europe, Citerio et al. [5] examined the vari-
ability in BD determination in 28 countries and reported that
82% of them required more than one CNE to confirm BD,
with a median for a minimum OBP of 3 [0-12] hours. In
Spain, the recommended OBP between the first and second
CNE is at least 6 h in supratentorial brain injury, or 24 h in
hypoxic—ischemic encephalopathy [11].

The word “irreversible” inherently implies an OBP long
enough to assure that brain functions will not return. The
OBPs are arbitrary and, up to now, there is insufficient evi-
dence to determine which is the minimally acceptable wait-
ing time [14]. Of note, we recently reported that the inci-
dence of electrocerebral activity on electroencephalography
(EEG) despite clinical findings consistent with BD was 3.5%
[18]. Thus, we have defined as the optimal OBP, the mini-
mum time elapsed from the first complete CNE that would
ensure that neither a second CNE nor any AT performed
after this period would fail to confirm BD.

There is international consensus that an AT may be use-
ful (or even mandatory in some countries) for declaring BD
when there are confounding factors that could interfere with
the CNE, for example, by the inability to complete the apnea
test or when some reflexes of the CNE cannot be performed
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due to anatomic limitations or severe injuries [2, 4, 8, 12,
14]. Operationally, in these cases, the AT is equivalent to a
second CNE. In addition, the Spanish legislation establishes
that performing an AT after the first confirmatory CNE is
sufficient to certify BD. Therefore, the period between the
CNE and the AT may represent a valid OBP.

The aim of the present study was to determine the opti-
mal OBP in adults with a complete clinical diagnosis of
BD using EEG or computerized tomography angiography
(CTA). We think that obtaining evidence-based data for BD
diagnosis will improve and help standardize international
guidelines.

Methods
Study design

We conducted a retrospective observational analysis of all
the patients older than 14 years, admitted to our Neuroin-
tensive Care Unit (NICU) at “Marqués de Valdecilla” Uni-
versity Hospital, from January 2000 to February 2017 with
a diagnosis of BD following the Spanish law [10, 11]. Our
centre is a teaching hospital which provides care to near
590,000 inhabitants, and we have an official organ transplant
program since 1984.

Inclusion criteria were for those patients with brain injury
of known cause, without confounding factors and fulfilled
prerequisites, in whom the determination of BD was carried
out through the combination of a complete CNE, includ-
ing apnea test and a confirmatory AT that corroborated the
clinical diagnosis. We excluded patients if the cause of coma
was in doubt, if there were confounding factors (such as
hypothermia or sedative drugs), if the CNE was incomplete
or the apnea test could not be performed. In addition, those
patients in whom BD was established by two CNEs or who
had had hypoxic—ischemic encephalopathy were excluded.

Because of the historical controversy regarding BD being
one of whole BD versus brainstem death [19], we divided
patients according to the anatomical localization of brain
injury into two groups: supratentorial (SG) or infratentorial
(IG). Patients with subarachnoid hemorrhage were included
into the SG. All details of these data have been previously
published as a Doctoral Thesis [20].

Determination of death by neurological criteria
or brain death

Following Spanish law [10, 11], a systematic and rigorous
CNE was carried out in all cases by a senior intensivist and
certified by three physicians, one of them a neurosurgeon.
According to our hospital protocol, we used two types of
ATs to certify BD: EEG as a brain function test and CTA to
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evaluate cerebral blood flow (CBF). When the first AT did
not confirm BD, another AT was performed. The prerequi-
sites for clinical testing, conditions of CNE, regulation of
OBP and ATs can be found in the supplementary material
[18, 21, 22].

Data collection and analysis

Baseline demographic and clinical data as well as AT results
were gathered from clinical charts according to a standard-
ized protocol. We calculated the AT interval (ATI) as the
time in hours between the date and the time of the complete
CNE and the onset of the first AT (ATI-1) or subsequent
testing (ATI-2, ATI-3, etc.). The brain death interval (BDI)
was defined as the time in hours from the complete CNE to
the certification of death. A summary of all collected infor-
mation and details of the statistical analysis can be found
as supplementary material. The study was approved by the
local Ethics Committee.

Results

A total of 8226 patients were admitted to our NICU dur-
ing the study period. A legal diagnosis of BD was obtained
in 523 (6.3%) subjects. The cause and number of excluded
patients were: incomplete CNE of BD due to failure to be
able to complete the apnea test, 42 (8%); hypoxic—ischemic
encephalopathy, 14 (2.7%); and diagnosis of BD exclusively
by clinical criteria without AT, 20 (3.8%) (Fig. 1). In all 20
patients, the second CNE (including apnea test) was always
confirmatory of BD and the median time of BDI was 6
[6-7.6] (mean 8.1 +4.0) hours.

The study sample thus included 447 (85.5%) patients with
a complete CNE and at least one AT confirmatory of BD. Of
these patients, 397 (88.8%) had a predominately supratento-
rial brain damage and 50 (11.2%) had primarily infratento-
rial lesions (Fig. 1). Overall, the median time of BDI was 2
[1-5] (mean 5.1 +7.7) hours. All demographic and clinical
features of the study sample are summarized in Table 1.

In the SG, although an exclusively clinical diagnosis of
BD could have been done by a second CNE after a minimum
OBP of 6 h, an AT was performed following the recommen-
dations of Spanish law to shorten the OBP. Of 397 patients,
the first AT confirmed BD in 389 (98%), but in 8 (2%) the
complementary test was not confirmatory. The ATI-1 in
patients with confirmation of BD was 1.7 [1-3.5] (mean
3.5+4.6) hours versus 0.6 [0.4—1.3] (mean 0.9 +0.5) when
AT was non-confirmatory (p =0.004).

The first AT was an EEG in 354 (89.2%) patients of
the SG (Fig. 1). Of them, 350 (98.9%) showed electrocer-
ebral inactivity. In two cases, the evaluation by a second
electroencephalographer was required. In both cases,

electrocerebral inactivity was confirmed. The median
time of ATI-1 was 1.6 [1-3.5] hours (mean 3.6 +4.7 h).
Only in 4 (1.1%) patients, the EEG showed persistence
of electrocerebral activity. In these four cases, the ATI-1
was 1 h or less with a median of 0.5 [0.4-0.8] hours (mean
0.6+0.2 h), lower than in cases with isoelectric EEG
(»p=0.007). A second EEG was repeated between 16.5 and
23.2 h from CNE, showing electrocerebral inactivity in all
cases. EEG patterns and clinical characteristics of these 4
patients can be found in Table 2.

In 43 (10.8%) of 397 cases with supratentorial lesions,
CTA was the first AT (Fig. 1). Using the old CTA criteria
(absence or persistence of intracranial contrast), 29 (67.4%)
patients had absence of CBF and intracranial contrast was
observed in 14 (32.6%). However, when we used the 4-vessel
CTA criteria for BD confirmation [22], 39 (90.7%) patients
had absence of CBF with a median of ATI-1 of 2 [1.2-4]
hours (mean 3 +3 h). Only 4 (9.3%) subjects had evidence of
contrast in any of the vessels evaluated. In these 4 patients,
the ATI-1 was 2 h or less with a median of 1.1 [0.5-1.8]
hours (mean 1.2 +0.7 h), lower than when CBF arrest was
observed, but without statistical significance (p =0.1). In
all cases, EEG was selected as the second AT and showed
electrocerebral inactivity between 9 and 25.5 h after the
complete CNE (Table 2).

To select the cutoff point for the ATI, we perform an ROC
curve analysis in the SG. The ATI of 2 h showed the best fit
(sensitivity 42% and specificity 100%). In this group, 8 of
245 patients in whom the first AT was carried out during the
first 2 h after a complete CNE, had a non-confirmatory test
of BD versus none of 152 in whom the first AT was delayed
for more than 2 h (3.0% vs 0.0%; p=0.026). All results of
405 ATs in the SG related to the ATT are shown in Fig. 2.

On the other hand, the IG included 50 (11.2%) patients.
In these cases, an AT was mandatory following Spanish leg-
islation. Converse to the findings with primary supratento-
rial damage, we found a higher probability of obtaining a
non-confirmatory AT of BD (34% vs 2%; p=0.0001). Of
note, there was no difference in the median value for ATI-1
between IG and SG (1.6 [1-3.5] h vs 2 [1-3.4] h; p=0.45).

In primary posterior fossa lesions, EEG was selected as
the first AT in 41 (82%) patients and CTA in 9 (18%). Of
them, 11 (26.8%) of 41 EEGs and 6 (66.7%) of 9 CTA using
4-vessel criteria (7 when using old CTA criteria) were not
confirmatory. The median ATI-1 between confirmatory and
non-confirmatory first ATs was 1.7 [1-3] h. vs 3 [1.5-4.5]
h. (p=0.15). Second ATs were 16 EEGs and 1 CTA with a
median ATI-2 of 24.1 [20.6-29.1] (mean 26.6+ 10.1) hours.
The unique CTA and 14 of 16 (87.5%) EEGs corroborated
BD. In two patients, the second EEG showed persistence
of electrocerebral activity for 22.5 and 32.5 h. The EEGs
traces included a low diffuse voltage pattern and alpha-theta
coma. A third EEG was necessary in these two patients for
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Fig. 1 Flowchart of study population. A number of patients are expressed in parentheses. AT ancillary test, BD brain death, CNE clinical neuro-
logic examination, CTA computerized tomography angiography, EEG electroencephalogram, NICU neurointensive care unit
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Table 1 Baselin.e character ist.ics Variable Supratentorial Infratentorial P
of the study subjects by location N=397 N=50
of the primary brain injury
Sex, men 223 (56.2) 32 (64.0) 0.3
Age, mean+SD 57.5+16.8 61.4+13.5 0.1
Cause of death
Stroke 275 (69.3) 50 (100.0) <0.0001
Cranial trauma 111 (28.0) 0(0.0) <0.0001
Other 11 (2.7) 0(0.0) 0.6
Surgical procedure, yes 49 (12.3) 6 (12.0) 0.9
Decompressive craniectomy, yes 9(2.3) 1(2.0) 0.9
First ancillary test: EEG 354 (89.2) 41 (82.0) 0.1
Non-confirmatory of BD 4 (1.1) 11 (26.8) <0.0001
First ancillary test: CTA 43 (10.8) 9 (18.0) 0.1
Non-confirmatory of BD 4(9.3) 6 (66.7) <0.0001
ATI-1 (h), mean+SD, 35+4.6 33+3.8 0.4
median [IQR] 1.6 [1.0-3.5] 2.0[1.0-3.3]
BDI (h), mean+SD, 42+55 12.5+15.1 0.01
median [IQR] 1.7 [1.0-4.0] 3.2[1.1-22.9]
Donation, yes 291 (73.3) 33 (66.0) 0.3
Family refusal, yes? 42 (12.6) 7(17.5) 0.4

Percentages are expressed in parentheses

ATI ancillary test interval, BD brain death, BDI brain death interval, CTA computed tomography angiogra-
phy, EEG electroencephalogram, SD standard deviation, /QR interquartile range

2Qver total interviews (n=373)

confirming the electrocerebral inactivity (Fig. 1). The ATI-3
was 47.5 and 57 h (Table 2).

In patients with primary infratentorial damage, the
median BDI was 3.2 [1.1-22.9] hours longer than 1.7
[1.0-4.0] hours in the SG (p=0.012). Results of 69 ATs
performed in the 50 patients included in the IG are shown
in Fig. 3.

Multivariable analysis showed that primary infratentorial
damage (OR 24.2; 95% CI 8.7-66.8; p <0.0001) and an age
younger than 50 years (OR 3; 95% CI 1-8.3; p=0.04) were
associated with a higher probability of a first non-confirm-
atory AT. When the binary logistic model was exclusively
applied to the SG, a shorter ATI-1 was the only variable
associated with a non-confirmatory AT (OR 0.29; 95% CI
0.1-0.9; p=0.04).

Discussion

To the best of our knowledge, this is the first study focused
on determining the optimal OBP after a complete CNE of
BD, using EEG or CTA. We employed the same methodol-
ogy to declare the BD as that used in Spain when a CNE
cannot be completed. In these cases, the international con-
sensus recommends an AT after the clinical assessment. In
other European countries (e.g., Germany), the EEG would
not be used (since lower brainstem function is not assessable

on EEG), and only a test showing the cerebral circulatory
arrest is allowed in such situations. If these investigations
demonstrate residual cerebral electrical activity or CBF, a
repetition of the test will be required to declare BD [4, 14,
23]. Here, we used an AT (EEG or CTA) as equivalent to
a second CNE. Our results can be useful in standardizing
approaches for the determination of BD.

In patients with supratentorial damage and a first com-
plete clinical diagnosis of BD (including atropine and apnea
test), 98% of the first ATs corroborated clinical assessment.
All EEGs performed later than 1 h, and all CTAs later than
2 h, supported the diagnosis of BD. Moreover, there were
no cases with a “reversible” clinical BD syndrome, when
the BD was certified through a second CNE without AT. We
considered non-confirmatory ATs of BD as true positives,
and a second test was necessary to declare BD. Based on our
findings, in patients with supratentorial lesions that meet all
clinical criteria of BD, we propose an interval of at least 2 h
as the optimal OBP for ensuring the permanent cessation of
neurological functions.

In the SG, multivariable analyses showed that a shorter
ATI was associated statistically with non-confirmatory
AT (OR 0.29; 95% CI 0.1-0.9; p=0.04). This association
between the ATI and the result of ATs has been previously
reported in several blood flow investigations [24-26]. Of
note, the study of Kerhuel et al. [26] found a much longer
time period between the determination of the clinical BD

@ Springer
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Fig.2 Results of ancillary tests
in the supratentorial group
according to the ancillary test
interval (n=405). AT ancillary
test, BD brain death, CTA com-
puted tomography angiography,
EEG electroencephalogram
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Ancillary test interval (hours)

Fig.3 Results of ancillary

tests in the infratentorial group
according to the ancillary test
interval (n=69). AT ancillary
test, BD brain death, CTA com-
puted tomography angiography,
EEG electroencephalogram
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syndrome and the time point when nearly all CTAs were
negative. It could be argued that a more rigorous screening
for the onset of the clinical BD syndrome may lead to an
earlier clinical BD determination and, as a consequence, to
a longer time interval until confirmatory AT findings are
obtained. However, the study by Kerhuel and colleagues [26]
has important differences with respect to ours that might
explain the greater persistence of CBF over time. They
included patients with hypoxic—ischemic encephalopathy
(21%), where CBF can persist for days despite the existence
of a diagnosis of BD. Moreover, in more than half of the
patients the examination of reflexes was not possible (9%)
and the apnea test was not completed (44%). Therefore, our
inclusion criteria were more demanding.

In the IG, a greater interval of 32.5 h as OBP was nec-
essary for confirming BD diagnosis. In these patients,
we found a 34% failure rate for ATs. Of note, one patient
described by Varelas et al. [27] with primary posterior fossa
lesion needed an interval of 6 days (144 h) to be declared
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BD. Thus, the optimal OPB for infratentorial lesions remains
challenging.

Our study demonstrates that there are important differ-
ences in the confirmation of BD diagnosis using a first AT
between primary supratentorial and infratentorial lesions.
These results are not surprising because they may be due
to the anatomical location and different pathophysiological
mechanisms of primary lesions [19]. In a German study,
Hoffmann and Masuhr [28] found that the first AT showed
persistence of electrocerebral activity or perfusion, with a
difference between primary supratentorial and infratento-
rial damage (2.9% vs 14.3%) similar to our study. Although
multiple studies have also evaluated the global sensitivity of
ATs for confirming clinical BD [13, 29-32], the specific data
for each patient related to the primary location of the brain
lesion, the failure to complete CNE and the interval from
clinical BD to AT were not analyzed in detail.

Some case reports or short case series of non-confirm-
atory ATs of BD leading to delay in diagnosis have been
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published for primary infratentorial lesions [27, 33]. Of note,
a comprehensive review by Walter et al. [34] has recently
shown that the clinical brainstem death syndrome in patients
with a primary infratentorial brain lesion cannot, with 100%
certainty, be discriminated from total locked-in syndrome
without ancillary testing.

Our study is the first to demonstrate that a primary
infratentorial lesion was the most important variable associ-
ated with a non-confirmatory first AT despite complete CNE
of BD (OR 24.2; 95% CI 8.7-66.8; p <0.0001). This result
supports the concept that in patients with posterior fossa
injuries, an OBP cannot be accurately defined. Therefore,
the need to perform an AT for declaring BD in this clinical
situation appears to be sufficiently justified. An age younger
than 50 years (OR 3; 95% CI 1-8.3; p=0.04) was the other
variable associated with a non-confirmatory first AT. This
issue has not been previously reported, and a tentative expla-
nation could be an increased resistance to ischemic damage
of brain structures in younger patients [35].

The pathophysiological differences of BD depending on
the site of the primary brain lesion could explain the dis-
crepancies between clinical examination, electrical brain
function and CBF. We found that CBF with almost residual
contrast or stasis filling persisted for longer time than elec-
trical brain activity in the SG, although less than 2 h in all
the cases. Rostrocaudal herniation due to intracranial hyper-
tension causes ensures that brainstem function is the last
to disappear [2]. In contrast, in the IG, a non-confirmatory
AT after a clinical diagnosis of BD was more frequent and
delayed in days. In these cases, the first structure to be dam-
aged is the brainstem and cortical function may be preserved
for longer.

As in our study, a systematic review of CTA to BD diag-
nosis [36] concluded that the sensitivity of CTA changed
according to interpretation criteria and was higher when the
criterion for BD involved the lack of contrast of the inter-
nal cerebral veins (97-100%). We applied the 4-vessel CTA
criteria instead of old CTA criteria (absence or persistence
of intracranial CBF), showing a notable improvement in test
sensitivity (80.8% vs 59.6%; p <0.0001).

Prolonged BDI has been associated with economic costs
and difficulties in the organ donation process [16]. Likewise,
we have demonstrated that a BD diagnosis delay more than
6 h negatively affects the consent for organ donation [18].
Similar arguments were support by Varelas et al. [15] who
found lower costs when a single BD examination was com-
pared with a dual BD examination. However, OBPs were
longer than 6 h, with a mean of BDI of 14.4 +12.9 h, three
times higher that our mean of 5.1 +7.7 h.

Our study has some limitations. Firstly, it is based on
a single hospital experience, and may not be applicable to
other institutions with different populations. Second, it is
a retrospective investigation, which may have introduced

biases and weakened the results due to missing data in
some of the variables. There was no a strict protocol used
to determine the exact moment at which BD was clinically
suspected, which was based on the presence of mydriasis,
loss of the cough reflex detected by the nurses during the
endotracheal suctioning and the drop to O of the bispectral
index value when it was available. Therefore, some of these
data could be lost in the retrospective review of the medical
records.

Only two ATs (EEG and CTA) were employed for com-
pleting BD diagnosis and radionuclide scintigraphy, soma-
tosensory and brainstem auditory evoked potentials and
TCD were not included [37-39]. Moreover, the low number
of cases and wide ATI range for non-confirmatory ATs could
detract value to our results in the IG.

Conclusions

Our study demonstrates that there are important differences
in the confirmation of BD diagnosis by EEG or CTA when
comparing primary supratentorial and infratentorial lesions.
Using an AT (EEG or CTA) as equivalent to a second CNE,
we have identified an optimal OBP of 2 h in patients with
supratentorial damage. By contrast, in primary posterior
fossa lesions, a greater interval of up to 32.5 h is necessary
to confirm BD. The optimal OPB for infratentorial lesions
remains unclear.

Acknowledgements The authors are indebted with Professor Peter W.
Kaplan (Baltitmore, USA) by his kind revision of the manuscript and
invaluable comments and suggestions.

Compliance with ethical standards

Ethical standards The authors declare that this research has been
approved by the appropriate ethics committee and has, therefore, been
performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments. Spanish laws
have been observed, too.

Conflicts of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References

1. Escudero D (2009) Brain death diagnosis. Med Intensiva
33:185-195

2. Wijdicks EF (2015) Determining brain death. Continuum (Min-
neap Minn) 21:1411-1424

3. Citerio G, Murphy PG (2015) Brain death: the European perspec-
tive. Semin Neurol 35:139-144

4. Gardiner D, Shemie S, Manara A, Opdam H (2012) International
perspective on the diagnosis of death. Br J Anaesth 108:14-28

@ Springer



1868

Journal of Neurology (2019) 266:1859-1868

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Citerio G, Crippa IA, Bronco A, Vargiolu A, Smith M (2014)
Variability in brain death determination in Europe: looking for a
solution. Neurocrit Care 21:376-382

Bernat JL (2015) Comment: Is international consensus on brain
death achievable? Neurology 84:1878

Wabhlster S, Wijdicks EF, Patel PV, Greer DM, Hemphill JC, Car-
one M, Mateen FJ (2015) Brain death declaration. Practices and
perceptions worldwide. Neurology 84:1870-1879

Smith M, Citerio G (2017) Death determined by neurological cri-
teria: the next steps. Intensive Care Med 43:1383-1385

Lewis A, Greer D (2017) Current controversies in brain death
determination. Nat Rev Neurol 13:505-509

Real Decreto 2070/1999, de 30 de diciembre, por el que se regu-
lan las actividades de obtencion y utilizacion clinica de érganos
humanos y la coordinacién territorial en materia de donacion
y trasplante de organos y tejidos. https://www.boe.es/boe/
dias/2000/01/04/pdfs/A00179-00190.pdf. Accessed 3 July 2018
Real Decreto 1723/2012, de 28 de diciembre, por el que se regulan
las actividades de obtencidn, utilizacidn clinica y coordinacién
territorial de los 6rganos humanos destinados al trasplante y se
establecen requisitos de calidad y seguridad. http://www.boe.es/
boe/dias/2012/12/29/pdfs/BOE-A-2012-15715.pdf Accessed 3
July 2018

Smith M (2015) Brain death: the United Kingdom perspective.
Semin Neurol 35:45-151

Wijdicks EF (2010) The case against confirmatory tests for deter-
mining brain death in adults. Neurology 75:77-83

Wijdicks E, Varelas P, Gronseth G, Greer D (2010) Evidence-
based guideline update: Determining brain death in adults Report
of the Quality Standards Subcommittee of the American Academy
of Neurology. Neurology 74:1911-1918

Varelas PN, Rehman M, Abdelhak T, Patel A, Rai V, Barber A,
Sommer S, Corry JJ, Venkatasubba Rao CP (2011) Single brain
death examination is equivalent to dual brain death examinations.
Neurocrit Care 15:547-553

Lustbader D, O’Hara D, Wijdicks EF, MacLean L, Tajik W, Ying
A, Berg E, Goldstein M (2011) Second brain death examination
may negatively affect organ donation. Neurology 76:119-124
Greer DM, Wang HH, Robinson JD, Varelas PN, Henderson
GV, Wijdicks EF (2016) Variability of brain death policies in the
United States. JAMA Neurol 73:213-218

Fernandez-Torre JL, Hernandez-Hernandez MA, Muiioz-Esteban
C (2013) Non confirmatory electroencephalography in patients
meeting clinical criteria for brain death: Scenario and impact on
organ donation. Clin Neurophysiol 124:2362-2367

Wijdicks EF (2012) The transatlantic divide over brain death
determination and the debate. Brain 135:1321-1331
Hernandez-Hernandez MA (2017) Persistence of cerebral electri-
cal activity after the clinical diagnosis of brain death: incidence,
outcome and comparative analysis of the electroencephalogram
versus computed tomography angiography. Doctoral Thesis. Uni-
versity of Cantabria, Spain

Stecker MM, Sabau D, Sullivan L, Das RR, Selioutski O, Dris-
lane FW, Tsuchida TN, Tatum WO 4th (2016) American Clini-
cal Neurophysiology Society Guideline 6: minimum technical
standards for EEG recording in suspected cerebral death. J Clin
Neurophysiol 33:324-7

Frampas E, Videcoq M, de Kerviler E, Ricolfi F, Kuoch V, Mourey
F, Tenaillon A, Dupas B (2009) CT angiography for brain death
diagnosis. Am J Neuroradiol 30:1566-1570

Kramer AH (2015) Ancillary testing in brain death. Semin Neurol
35:125-138

Soldatos T, Karakitsos D, Wachtel M, Boletis J, Chatzimichail K,
Papathanasiou M, Gouliamos A, Karabinis A (2010) The value

@ Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

of transcranial Doppler sonography with a transorbital approach
in the confirmation of cerebral circulatory arrest. Transpl Proc
42:1502-1506

Orban JC, El-Mahjoub A, Rami L, Jambou P, Ichai C (2012) Tran-
scranial Doppler shortens the time between clinical brain death
and angiographic confirmation: a randomized trial. Transplanta-
tion 94:585-588

Kerhuel L, Srairi M, Georget G, Bonneville F, Mrozek S, Mayeur
N, Lonjaret L, Sacrista S, Hermant N, Marhar F, Gaussiat F,
Abaziou T, Osinski D, Gaillard B, Menut R, Larcher C, Fourcade
O, Geeraerts T (2016) The optimal time between clinical brain
death diagnosis and confirmation using CT angiography: a retro-
spective study. Minerva Anestesiol 82:1180-1188

Varelas PN, Brady P, Rehman M, Afshinnik A, Mehta C, Abdel-
hak T, Wijdicks EF (2017) Primary posterior fossa lesions and
preserved supratentorial cerebral blood flow: implications for
brain death determination. Neurocrit Care 27:407-414
Hoffmann O, Masuhr F (2015) Use of observational periods or
ancillary tests in the determination of brain death in Germany. Eur
Neurol 74:11-17

Quesnel C, Fulgencio JP, Adrie C, Marro B, Payen L, Lembert N,
El Metaoua S, Bonnet F (2007) Limitations of computed tomo-
graphic angiography in the diagnosis of brain death. Intensive
Care Med 33:2129-2135

Welschehold S, Boor S, Reuland K, Thomke F, Kerz T, Reuland
A, Beyer C, Gartenschldger M, Wagner W, Giese A, Miiller-Forell
WA, Miiller-Forell W (2012) Technical aids in the diagnosis of
brain death: a comparison of SEP, AEP, EEG, TCD and CT angi-
ography. Dtsch Arztebl Int 109:624-630

Heran MK, Heran NS, Shemie SD (2008) A review of ancillary
tests in evaluating brain death. Can J Neurol Sci 35:409—419
Escudero D, Otero J, Marqués L, Parra D, Gonzalo JA, Albaiceta
GM, Cofifio L, Blanco A, Vega P, Murias E, Meilan A, Roger RL,
Taboada F (2009) Diagnosing brain death by CT perfusion and
multislice CT angiography. Neurocrit Care 11:261-271

Ferbert A, Buchner H, Ringelstein EB, Hacke W (1989) Brain
death from infratentorial lesions: clinical neurophysiological
and transcranial Doppler ultrasound findings. Neurosurg Rev
12:340-347

Walter U, Fernandez-Torre JL, Kirschstein T, Laureys S (2018)
When is “brainstem death” brain death? The case for ancillary
testing in primary infratentorial brain lesion. Clin Neurophysiol
129:2451-2465

Ferreri F, Guerra A, Vollero L, Ponzo D, Maatta S, Mervaala E,
Iannello G, Di Lazzaro V (2017) Age-related changes of corti-
cal excitability and connectivity in healthy humans: non-invasive
evaluation of sensorimotor network by means of TMS-EEG. Neu-
roscience 357:255-4263

Kramer AH, Roberts DJ (2014) Computed tomography angiog-
raphy in the diagnosis of brain death: a systematic review and
meta-analysis. Neurocrit Care 21:539-550

Machado C, Perez J, Scherle C, Korein J (2009) When are ancil-
lary tests recommended in brain death confirmation? Internet J
Neurol 12(2):1-9

Machado C, Valdés P, Garcia-Tigera J, Virues T, Biscay R,
Miranda J, Coutin P, Roman J, Garcia O (1991) Brain-stem audi-
tory evoked potentials and brain death. Electroencephalogr Clin
Neurophysiol 80:392-398

Machado C, DeFina PA, Estévez M, Leisman G, Rodriguez R,
Prestigiacomo C, Fellus J, Halpe J, Chinchilla M, Aubert E,
Machado Y, Machado-Ferrer Y (2017) A reason for care in the
clinical evaluation of function on the spectrum of consciousness.
Funct Neurol Rehabil Ergonom 7:89-99


https://www.boe.es/boe/dias/2000/01/04/pdfs/A00179-00190.pdf
https://www.boe.es/boe/dias/2000/01/04/pdfs/A00179-00190.pdf
http://www.boe.es/boe/dias/2012/12/29/pdfs/BOE-A-2012-15715.pdf
http://www.boe.es/boe/dias/2012/12/29/pdfs/BOE-A-2012-15715.pdf

	The observation period after clinical brain death diagnosis according to ancillary tests: differences between supratentorial and infratentorial brain injury
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Determination of death by neurological criteria or brain death
	Data collection and analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




