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h i g h l i g h t s

� EEG continues being a valuable ancillary test in the diagnostic confirmation of brain death, and its use
may lessen the time interval for its determination.

� Non confirmatory EEG despite clinical findings suggesting brain death, occurs most frequently with
severe brainstem damage and massive subarachnoid hemorrhage.

� A brain death diagnosis delay >6 h negatively affects the consent for organ donation.

a b s t r a c t

Objective: To describe the causes and outcome of adult patients with preserved electroencephalographic
activity despite clinical findings suggesting brain death (BD), and its impact on organ donation.
Methods: Retrospective study of the clinical and electroencephalography (EEG) data of all adult patients
admitted to our hospital between January 2001 and December 2011 in whom a comprehensive clinical
diagnosis of BD was reached following absence of brainstem reflexes and confirmatory apnea tests, were
obtained. All patients with clinical findings suggesting BD and an EEG showing brain activity were
selected for the analysis. We calculated the brain death interval (BDI) as the time between the first com-
plete clinical examination and confirmatory ancillary test, or the time between the first and second com-
plete clinical examination for BD, in order to analyze the impact on family consent for organ donation.
Results: A complete clinical examination and EEG were diagnostic in 289 patients. In 279 (96.5%), the first
EEG showed electrocerebral inactivity corroborating the clinical findings of BD. The mean BDI in this
group was 4.2 ± 5.8 h (median; 1.8[1.0–3.5]). This value was significantly lower than in the group in
which only two full clinical evaluations were performed (p < 0.0001). In 10 out 289 (3.5%), the first
EEG showed at least some brain activity. The mean BDI in this group was 27.2 ± 13.8 h (median; 22.9
[19.1�31.2]). In two cases, a third EEG was necessary before obtaining electrocerebral inactivity. A
BDI > 6 h, was positively associated with a family refusal for organ donation (p = 0.02).
Conclusions: The rate of EEGs with electrocerebral activity despite clinical findings suggesting BD was
only 3.5%. It occurred most frequently with severe brainstem damage. Although in this small percentage
of patients, BD diagnosis was notably delayed, in the great majority of cases the use of EEG shortened the
BDI. In our series, a BD diagnosis delay >6 h negatively affected consent for organ donation.
Significance: The use of EEG can decrease the time interval for brain death diagnosis.
� 2013 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights

reserved.

1. Introduction

Over recent years, there has been much controversy about the
need for confirmatory testing to make a brain death (BD) diagnosis,
and its impact on organ donation (Wijdicks, 2010; Sung and Greer,
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2011; Lustbader et al., 2011). Unfortunately, diagnostic criteria of
BD vary widely among countries and universal consensus has not
been reached (Wijdicks, 2002; Wijdicks et al., 2010; Gardiner
et al., 2012).

In Spain, the diagnosis of death using neurological criteria is
based on a ‘‘whole brain’’ concept, which requires that all clinical
functions of the brain, including those served by the cerebral hemi-
spheres, diencephalon and brainstem, have ceased (Spanish Royal
Decree (‘‘Real Decreto’’), 2070/1999, 1723/2012; Gardiner et al.,
2012; Bernat, 2013). A similar approach has been adopted in many
parts of the world including the United States (Wijdicks, 2002;
Gardiner et al., 2012; Bernat, 2013). By contrast, other countries
(UK, Canada, India) accept a definition based solely on the absence
of functions of the brainstem.

Spanish law does not require confirmatory tests for the diagno-
sis of BD in patients with known supratentorial structural damage
without clinical confounders (extensive craniofacial lesions, apnea
test intolerance, hypothermia <32 �C, intoxication or treatment
with sedative drugs). In these cases, two clinical examinations sep-
arated by a minimum recommended observation period of 6 h for
destructive brain lesions, or 24 h in anoxic encephalopathy (i.e.
two clinical BD examinations separated by 6 h or 24 h in anoxic
encephalopathy with an apnea test) are legally sufficient. The
observation period must be assessed individually, taking into ac-
count the type and severity of the causative lesion, and diagnostic
tests available. The period of observation may be shortened or even
omitted according to medical judgment, depending on the ancil-
lary tests carried out. These criteria do not apply when the cause
is primarily infratentorial, or if there is no a cerebral destructive le-
sion demonstrable by clinical exam or neuroimaging. In both situ-
ations, confirmatory tests are mandatory. Spanish law permits the
utilization of confirmatory investigations that evaluate neuronal
function (electroencephalography (EEG) and evoked potentials)
or cerebral blood flow (four-vessel intra-arterial catheter angiogra-
phy, computed tomography angiography (CTA), magnetic reso-
nance angiography, cerebral scintigraphy, and transcranial
doppler ultrasonography). The number and type of complementary
diagnostic tests used should be assessed individually, taking into
account the particular clinical features of each case, and the diag-
nostic contributions of the confirmatory investigations. However,
when the cause of coma is due to infratentorial pathology, then
ancillary tests performed must demonstrate the existence of
irreversible damage to the cerebral hemispheres (e.g. by EEG or
cerebral blood flow testing).

Although Spanish law does not require performing confirma-
tory tests except in situations noted above (presence of clinical
confounders, infratentorial lesions or absence of destructive brain
lesion), EEG or other laboratory tests are usually carried out in
most cases to complete the diagnosis and shorten the time of
observation. This clinical practice is recommended by the law,
and is considered a safeguard and guarantor of our model (Spanish
model), and is also followed by many other countries of the Euro-
pean Union (Wijdicks, 2010).

The aim of the present study is to describe the causes and out-
come of adult patients with preserved EEG activity despite clinical
findings suggesting BD, and to discuss how the diagnostic delay
can affect organ donation.

2. Material and methods

2.1. Patients

Marqués de Valdecilla University Hospital is a teaching hospital
that provides adult and pediatric care to 591,886 inhabitants in
Cantabria, a region in northern Spain. An official organ transplant
program was begun in 1984 and has been growing progressively.

Our region has one of the highest rates of organ donation in Spain
(67.8/1000000habitants, in 2011) (http://www.ont.es).1

This study is a retrospective descriptive analysis of all adult pa-
tients >16 years, admitted to the neurointensive care unit (NICU)
from January 2001 to December 2011, in whom a comprehensive
clinical diagnosis of BD, including an apnea test, was obtained. We
calculated the brain death interval (BDI) as the time between the
first complete clinical examination and confirmatory ancillary test,
or the time between the first and second complete clinical examina-
tion for BD, in order to analyze the impact on consent for organ
donation. Family refusal refers to a situation in which a patient with
BD diagnosis had next of kin who refused organ donation.

For the purposes of the study, we divided BDI into two catego-
ries: 66 h and >6 h. We have chosen this cut-off point, as a 6-h
observation period is recommended by Spanish law to confirm
BD in adults with cerebral injuries.

2.2. Brain death diagnosis

In all cases, a complete clinical neurologic examination, under
stable hemodynamic and adequate oxygenation conditions, was
carried out by a senior intensivist and certified by three physicians,
one of them being a neurosurgeon. All patients had a known and
irreversible cause of coma, absence of responsiveness, absence of
brainstem reflexes, and apnea. Apnea testing was always initiated
after brainstem reflexes were found to be absent following an estab-
lished protocol (Escudero, 2009). In all cases, complicating medical
conditions that might confound clinical assessment such as hypo-
thermia, sedative drug intoxication, acid–base disturbances, or neu-
romuscular junction blockers were excluded. Patients with a
neurologic examination of BD, in whom the apnea test could not
be completely performed, were excluded from the analysis.

2.3. Electroencephalography

EEG recordings were performed for a minimum of 30 min, using
10 scalp subdermal needle electrodes placed according to the
International 10–20 System and fulfilling international recommen-
dations for the diagnosis of BD (ACNS, 2006). Double the standard
longitudinal 10–20 interelectrode distances was used (FP1-C3, C3-
O1, FP2-C4, C4-O2, FP1-T3, T3-O1, FP2-T4, T4-O2, FZ-PZ), with one
channel for electrocardiography. Sensitivities of 2 lV/mm and
electrode impedances between 100 and 6000 ohms were used
throughout. All recordings were performed in patients in whom
central nervous system-depressant drugs were not present, and
not during hypothermia. All EEGs were always performed after a
definite clinical confirmation of BD, and read by a senior certified
neurophysiologist. The EEG was considered to reflect electrocere-
bral inactivity when there was no activity above 2 lV for 30 min
of recording at a sensitivity of 2 lV per millimeter. Usually only
one EEG interpreter, not involved in the clinical care of the patient,
was required. However, when the first EEG interpreter had any
doubts, a second neurophysiologist reevaluated the recording in
order to make a final decision. EEG was available 24 h a day, 7 days
a week through February 2007. From March 2007 to December
2011 EEGs were only available 7 h a day, 5 days a week (from
8.00 AM to 15.00 PM). EEGs were divided as showing: (1) electro-
cerebral inactivity; and (2) electrocerebral activity (ACNS, 2006).

2.4. Data collection and analysis

All patients with a clinical diagnosis of BD were selected for
analysis. Baseline demographic, clinical and imaging tests data

1 Organización nacional de Trasplantes. Available at: http://www.ont.es/infesp/
Paginas/Memorias.aspx.
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were gathered from chart review and recorded according to a stan-
dardized protocol. This protocol was approved by the local Ethics
Committee.

All data were coded and entered into a database in SPSS version
15.0 (Chicago, Ill) for statistical purposes. Quantitative variables
were expressed as mean and standard deviation (SD), or median
and interquartile range. Qualitative variables were presented as to-
tal number of events and percentages. The comparison of qualita-
tive variables was done by chi-square test or 2 � 2 tables.
Quantitative variables were compared by Student t test or
non-parametric Mann–Whitney U test, as appropriate, verified by
Kolmogorov–Smirnov test. One-way analysis of variance was per-
formed using the log-transformed brain death interval to compare
its mean value across age groups, and cause of death. Binary logis-
tic regression was used to analyze the influence of brain death
interval upon the dependent variable (‘‘family refusal’’), after
accounting for age and sex. A p value of <0.05 was considered sta-
tistically significant in all calculations.

3. Results

A total of 5104 patients were admitted to the NICU in the study
period. A clinical evaluation for diagnosing BD was carried out in
389 cases (Fig. 1). A legal definition of BD (Real Decreto, 2070/

1999, 1723/2012) was obtained in 345 subjects. Sixteen patients
(4.6%) were excluded because of an incomplete clinical procedure
of BD diagnosis due to apnea test intolerance. Therefore, the study
sample included 329 subjects. Brain death was confirmed by EEG
in 289 cases (87.8%) and by CTA in 22 (6.7%). In two cases, the eval-
uation by a second EEG interpreter was required. In both cases,
electrocerebral inactivity was confirmed. No ancillary test was car-
ried out in 18 patients (5.5%) and two comprehensive clinical eval-
uations were sufficient for BD diagnosis. The mean BDI was
9.5 ± 6.9 h (median; 6 [6.0–9.4]) in the group of patients diagnosed
by two complete clinical examinations, and 5.0 ± 7.4 h (median;
2.0 [1.0–4.8]) in the subjects with BD diagnosed by one clinical
examination and EEG (p < 0.0001). The mean BDI in the group car-
ried out by CTA was 5.1 ± 8.7 h (median; 2.0 [1.0–4.4]). This differ-
ence was also statistically significant when compared with the
mean BDI of the group of patients diagnosed by two clinical exam-
inations (p < 0.005).

Regarding the group of patients who underwent EEG (Table 1), in
279 subjects (96.5%), the first EEG showed electrocerebral inactivity
corroborating the clinical judgment. The mean BDI in this group was
4.2 ± 5.8 h (median; 1.8[1.0–3.5]). In 10 out of 289 patients (3.5%),
EEG revealed electrocerebral activity. All demographic and clinical
features, EEG patterns and neuroimaging findings of the subjects
are summarized in Table 2. There were six men and four women,

Fig. 1. Schematic representation of the groups, number of donors and results of ancillary tests of the patients included in this study. BD: brain death; CCE: complete clinical
examination; BDI: brain death interval; CTA: computed tomography angiography; ECI: electrocerebral inactivity; EEG: electroencephalography.
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with a mean age of 53.1 ± 16.5 years (range, 25–79). The mean BDI
in this group was 27.2 ± 13.8 h (median = 22.9 [19.1–31.2]). This va-
lue was significantly higher than in the group showing electrocere-
bral inactivity in the first EEG (p < 0.0001). In 8 out 10 cases, a second
EEG revealed electrocerebral inactivity. The mean BDI in this group
was 21.0 ± 4.1 h (median = 21.5 [17.4–24.7]). Finally, in two cases a
third EEG was necessary for obtaining electrocerebral silence. In
these two patients, the mean BDI was 52.2 ± 6.7 h (47.5 and
57.0 h, respectively).

On the one hand, we found a total of 232 donors (70.5%) with
complete clinical examinations during the study period (Table 3).
In 202/232 donors, an EEG was performed as an ancillary test. Nine

out of ten patients (90%) with an initial EEG showing brain activity
were donors despite BD delay, requiring 2 or 3 EEGs, versus 69.2%
(193 out of 279) of donors in the group of patients showing electro-
cerebral inactivity in the first EEG (p = 0.3). Family refusal was 0 in
the group of 10 subjects with electrocerebral activity in the EEG,
and 32 in the group of patients with the first EEG revealing electro-
cerebral inactivity (p = 0.6). Overall, when all the interviews con-
ducted to obtain organ donation were considered (n = 266) and
covariates (age and sex) were entered into the binary logistic mod-
el, we found that a BDI > 6 h was related to a higher likelihood of
family refusal for donation, than if there was an interval 66 h (OR
2.22; 95% CI, 1.01–4.76; p = 0.04). Analyzing only the interviews

Table 1
Baseline characteristics of the patients diagnosed by complete clinical examination and EEG.

Electrocerebral inactivity N = 279 Electrocerebral activity N = 10 p

Sex, men 147 (52.7) 6 (60.0) 0.8
Age, mean ± SD 57.5 ± 16.3 53.1 ± 16.5 0.4

Cause of death
Stroke 192 (68.8) 9 (90.0) 0.3
Cranial trauma 74 (26.5) 1 (10.0) 0.5
Anoxia 8 (2.9) 0 (0.0) 0.9
Other 5 (1.8) 0 (0.0) 0.9

Infratentorial first injury, yes 28 (10.0) 7 (70.0) <0.0001
BD interval (h), mean ± SD, median [IQR] 4.2 ± 5.8

1.8 [1.0–3.5]
27.2 ± 13.8
22.9 [19.1–31.2]

<0.0001

Neurophysiologist on call, yes 155 (55.6) 7 (70.0) 0.5
Donation, yes 193 (69.2) 9 (90.0) 0.3
Family refusal, yes* 32 (14.2) 0 (0.0) 0.6

Percentages are expressed in parentheses. BD: brain death. SD: standard deviation. IQR: interquartile range.
* Over total interviews (n = 234).

Table 2
Demographic and clinical characteristics, EEG patterns and neuroimaging findings of patients with electrocerebral activity on EEG despite clinical findings suggesting BD (n = 10).

Sex/age Cause of admission EEG pattern Brain death interval (h) Neuroimaging

M/55 Headache Alpha-theta coma 25.2 Left cerebellar hematoma, brainstem damage
M/51 GTCS, stupor Diffuse low voltage 23.2 Basilar thrombosis
M/55 Consciousness impairment Diffuse low voltage 47.5 Bihemispheric cerebellar infarct
F/35 Severe cranial trauma Diffuse low voltage 20.5 Diffuse brain edema, subarachnoid hemorrhage
F/79 Dizziness, vomiting Alpha-theta coma 57.0 Basilar thrombosis
F/65 Headache Diffuse low voltage 16.5 Massive spontaneous subarachnoid hemorrhage
M/38 Headache, vomiting Burst-suppression 14.2 Brainstem hematoma
M/69 Headache, dizziness Alpha coma 22.5 Left cerebellar hematoma
M/59 Headache, vomiting Alpha coma 20.0 Spontaneous subarachnoid hemorrhage
F/25 Cardiorespiratory arrest Alpha coma 25.7 Cerebellar hematoma

GTCS: Generalized tonic-clonic seizures.

Table 3
Results on organ donors.

N Excluded from donation Family interviews for donation

Family refusal Family consent (donors)

Total BD diagnosis 329 63 (19.1) 34 (10.3) 232 (70.5)
BDI 6 6 h 255 50 (19.6) 22 (8.6) 183 (71.8)
BDI > 6 h 74 13 (17.6) 12 (16.2) 49 (66.2)

BD diagnosis by two clinical examinations 6 h apart 18 4 (22.2) 0 (0) 14 (77.8)
BD diagnosis by one clinical examination and CTA 22 4 (18.2) 2 (9.1) 16 (72.7)

BDI 6 6 h 19 3 (15.8) 1 (5.3) 15 (78.9)
BDI > 6 h 3 1 (33.3) 1 (33.3) 1 (33.3)

BD diagnosis by one clinical examination and EEG 289 55 (19) 32 (11.1) 202 (69.9)
BDI 6 6 h 223 44 (19.7) 21 (9.4) 158 (70.9)
BDI > 6 h 66 11 (16.6) 11 (16.7) 44 (66.7)

1st EEG with ECI 279 54 (19.4) 32 (11.4) 193 (69.2)
2nd EEG with ECI 8 0 (0) 0 (0) 8 (100)
3rd EEG with ECI 2 1 (50) 0 (0) 1 (50)

Percentages are expressed in parentheses. BD: brain death; BDI: brain death interval; CTA: computed tomography angiography; ECI: electrocerebral inactivity; EEG:
electroencephalography.
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conducted with relatives of patients whose BD was diagnosed fol-
lowing an initial complete clinical examination and EEG (n = 234),
the OR was 2.70; 95% CI, 1.13–6.67 (p = 0.02).

During the study period, when a neurophysiologist was on call,
27 patients (16.2%) had a BD interval greater than 6 h, compare to
47 (29%) when there was not (p = 0.005).

4. Discussion

Although different techniques can be used in the examination of
brain function, this study highlights that EEG continues to be a
valuable ancillary test in clinical practice, for confirmation of BD.
We found 10 patients with brief periods of electrical brain activity
despite rigorous clinical findings suggesting BD, including an apnea
test. None of the patients survived. The mean BDI was significantly
higher than in the group with electrocerebral inactivity in the first
EEG; 27.2 vs. 4.2 h respectively (p < 0.0001). This delay was influ-
enced by the availability of EEG recordings in our hospital. Thus,
the BDI was shorter than 6 h when the EEG was available 24 h a
day, 7 days a week. Severe brainstem damage was the most fre-
quent cause of persistence of brain activity on EEG and included
patterns such as alpha and alpha-theta coma, nonreactive diffuse
low voltage patterns, and burst-suppression. The major mean BDI
(52.2 h) was seen in two patients with brainstem vascular pathol-
ogy in which 3 EEG recordings were necessary to demonstrate a
complete absence of cortical activity. Infratentorial lesions proba-
bly abolished brainstem reflexes and respiratory drive, even
though the patients did not have ‘‘whole brain death.’’ Although
some countries utilize a ‘‘brainstem’’ definition for death (e.g. UK,
Canada or India), most jurisdictions (including Spain) use a ‘‘whole
brain’’ definition which requires a loss of all functions of the entire
brain and brainstem (Gardiner et al., 2012). In this context, the dis-
cordance rate of 3.5% between clinical exam and EEG is reason en-
ough to justify its use in those cases with pathology that mostly
affects the posterior fossa. Grigg et al. (1987) also called attention
to this topic and found EEG activity in 11 (19.6%) of 56 patients
clinically diagnosed with BD. This was significantly higher than
the 3.5% obtained in our study; however, apnea testing was only
performed in 36 subjects. Interestingly, in some countries, includ-
ing Spain, despite having a ‘‘whole brain’’ concept of death, a clin-
ical examination may be all that is required for BD diagnosis,
provided the usual preconditions are satisfied and the etiology of
the structural damage of the brain is not restricted to the brain-
stem (Real Decreto, 2070/1999; Real Decreto, 1723/2012; Gardiner
et al., 2012).

An important finding of our study is that the utilization of EEG
significantly shortened the BDI even when using only two clinical
evaluations. Although many jurisdictions require a second clinician
to corroborate the diagnosis of BD, it is not universally accepted
that the second assessment be separated in time. However, the
arbitrary 6-h interval in our practice is not only included in the
Spain’s legal framework; a recent research showed that it is also
used in North America (Lustbader et al., 2011). Therefore, this re-
mains relevant, and suggests that its use could reduce the time
of observation as already suggested by some guidelines (Guide-
lines, 1981). Of note, CTA was also an important ancillary test in
the confirmation of BD. The BDI was similar than in the group diag-
nosed by one clinical examination and EEG. However, we think
that the EEG offers clear advantages since it is portable, cheaper
and harmless. Obviously, confirmatory tests including EEG are
helpful when they confirm BD (Wijdicks, 2010). However, in a
small percentage (3.5%) in whom the first EEG showed electrocere-
bral activity, BD determination was notably delayed. We also found
that a longer BDI (>6 h) was associated with a family refusal for or-
gan donation. Interestingly, Lustbader et al. (2011) obtained

similar results in a recent study in which donations decreased with
an increasing time interval to diagnosis of BD. Of interest, the BDI
was 19.2 h notably longer than that observed in our study. The
authors collected data from 88 hospitals, and there was a wide-
spread variability in mean BD declaration interval among centers,
which might explain this discrepancy.

Most importantly, no patient meeting clinical criteria for BD
with electrical activity in EEG regained neurological functions. In-
deed, all cases with clinical findings suggesting BD after an initial
EEG showing electrocerebral activity eventually evolved to cortical
inactivity. This finding is crucial and seems to support the fact that
in a small percentage of patients a single BD clinical evaluation
might supercede an EEG diagnosis. This argument could be em-
ployed by those authors who maintain that a single BD examina-
tion would be sufficient for a declaration of BD (Wijdicks, 2010;
Lustbader et al., 2011; Varelas et al., 2011). However, there is a
more strictly logical approach leading to a wholly different conclu-
sion. If BD is defined as ‘‘whole BD’’, then an EEG with unequivocal
cortical brain activity proves without doubt that the entire brain is
not dead. This is of vital importance with an infratentorial cause of
BD since under these circumstances, cortical functions cannot be
clinically evaluated. This indicates that in such cases, confirmatory
tests are needed. The ‘‘whole-brain’’ formulation, therefore, con-
tains a fail-safe mechanism that ensures that the definition encom-
passes global neuronal damage and loss of all clinical functions
(Bernat, 2013). Taking into account that fact that in a high number
of patients the use of EEG decreased the BDI and confirmed cessa-
tion of cortical functions, would support the use of our study
protocol.

In summary, the rate of EEGs with electrocerebral activity de-
spite clinical findings suggesting BD was only 3.5%. It occurred
most frequently with severe brainstem damage and massive sub-
arachnoid hemorrhage. Although in this small percentage of pa-
tients BD diagnosis was delayed, in the great majority of cases
the use of EEG shortened the time interval to BD determination.
In our series, a BD delay in diagnosis of >6 h negatively affected
the family consent for organ donation.
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