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Abstract A 46-year-old man was
diagnosed clinically brain dead af-
ter sustaining head trauma. The pa-
tient was in deep coma, brain
nerves were unresponsive and spon-
taneous breathing was absent. How-
ever, EEG showed well preserved
activity, but no reactivity to exter-
nal srimuli. EEG activity disap-
peared within 40 h. BAEP were
highly abnormai, flash-VEP as re-
corded 3 h after the diagnosis of
brain stem death was of high am-
plitude but of simpiified form. The

neurophysiological findings reveaied
that the main reason for deep coma
was brain stem damage while corti-
cal activity was still present. This
condition raises ethical questions
when brain death is diagnosed clini-
cally prior to removal of organs for
transplantation.
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Significance of electrical brain activity
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lntroduction

According to most definitions, brain death is the irrever-
sible loss of functions of the whole brain [1, 2]. Clinical
examination for brain death is based mostiy on the disap-
pearance of brainstem activity. For the diagnosis of brain
death, it is generally required that the etiology is known
and the coma is associated with increased intracranial
pressure (e.g. the Finnish law 1971). In unclear cases addi-
tional testing should be undertaken. In primary infraten-
torial lesions clinical signs of brain death may be present
although the hemispheres still produce electrical activity
13,4).

We describe a patient who was clinically brain dead
with supratentorial intracerebral and subarachnoid haem-
orrhage and basal fracture of the skull, absent brain stem
activity, but preserved EEG and VEP activity of abnor-
mally high amplitude.

Case report

A 46-year-old man had fallen down on the stairs. He had been oth-
erwise healthy except for mild diabetes which had been treated with
diet, and mild hypenension which had been treated with a be-
ta-blocker. When admitted to the hospital he was deeply uncon-
scious. His blood sugar was almost normal (7"5 mmol,/l). Because
of poor breathing the patient was intubated and given er<tra oxygen.
On the head X-ray there was a fra$ure in the right occipiml bone
going to the base of the skull. CT examination showed an in-
tracerebellar haemorrhage causing disiocation of the fourth ventri-
c1e and blood in the subarachnoid space. During the first day in the
hospitai the patient was deeply comatose scoring only 3 points on
the Glasgow Coma Scaie; his blood pressure was around
140.z70mmHg (18.7/9.3 kPA), the heart rate around 80beats/min
and axillary temperature 37 "C. Initially the patient breathed spon-
taneously, but was later connected to a respirator in order to assist
respiration. PaO, was 55 mmHg (7.3 kPa) at its lowest. No drugs
affecting respiration were administered. The next morning the pa-
tient was pronounced clinically brain dead according to the follow-
ing criteria: while he still had adequate blood pressurg heart rate
and body temperaturg his pupils were maximaliy dilated and unre-
sponsive to light, caloric lest was negativg he was unresponsive to
all painful stimuli and spontaneous breathing was absent. The ab-
sence of breathing was tested twice within an intervai of 5 h using
apnoeic oxygenation technique. The respirator was disconnected
and oxygen was allowed to flow into the intubation tube. In order
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Fig. 1 EEG recorded 4 h after the time of dilaladon of rhe pupils.
The patient is clinically brain stem dead. Rh]'thmic alpha like activi-
ty is seen especially on the right hemisphere. There was no reacrivity
to scternal stimuli. Calibration is 100 pV and 1 s

to avoid hypoxia blood gas values were checked. The pre-test values
were initialiy PaCO, 45 mmHg (6.0 kPa) and then 56 mmHg
fi.a kPa). After 1 5 min of apnoea the respective values were 64 and
103mmHg (8.4 and 13.6kPa). The post-test PaO, values were
89mmHg (11.8kPa) for both times. No respiratory movements
were seen.

Neurophysiological tests

A 10 channel EEC was recorded according ro usual standards 4h
after dilatation of the pupils, rhe probable moment of bmin stem
death. I1 showed marked aoivity (Fig. 1). There was, however, no re-
afiivity to external stimuli. EEG was then monitored continuousiy
and its activity became isoelectric within about 40 h from the time
of dilatation of the pupiis. Brain stem auditory potenrials (BAEP)

Fig.2 BAEP recorded 7 h after the time of dilatation of the pupils
(the moment of brain stem death). There was no response to clicks,
except for a very early component

I

Fig.3 Flash VEP recorded 7 h after the time of dilatation of the
pupils (the moment of brain stem death). The responses are of high
amplitude and symmetrical

and flash visual evoked potentials (F-VEP) were recorded 7 h after
the time of dilatation of the pupiis. BAEP showed only a very early
component on the right, otherwise there was no response (Fig.2).
F-VEP showed marked potentials which were high in amplitude and
simplified in form as comparcd to our normal material (Fig.3).

Autopsy

The patient was disconnected from the respirator after the EEG was
found to be inactive. A forensic autopsy was carried ou!, in which
there was seen cerebellar and cerebral contusions and an aneurysm
in the anterior communicating anery. There may have first been a
subarachnoid haemorrhage followed by head trauma due to a fall
on the stairs.

Discussion

As transplantation surgery has developed in recent years,

the early recognition of brain death has become more im-
portant. Generaily, brain death has been defined as a con-
dition when all the functions of the whole brain have been
lost irreversibly 12, 51. In many countries where the con-
cept of brain death has been legislated, a ciinical diagno-
sis without neurophysioiogical or other testing is suffi-
cient for the diagnosis of brain death. According to the
Finnish law, the clinical diagnosis is based on the
aetiology of brain damage causing increased intracraniai
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pressurg and clinical signs indicating disappearance of
brain stem activity. In unclear cases additional tests
should be performed, e.g. cerebral angiography and,/
or EEG. According to British practicg for example, the
declaration of brain stem death is based on negative re-
sponses to a few simple tests, including tests for cephalic
reflexes [6].

Preserved EEG activity in brain stem dead patients has
been observed several times [4, 7]. In some cases EEG ac-
tivity has persisted for several days after diagnosis of
brain death due to primary supratentorial or infraten-
torial lesions [ ]. The occurrence of EEC activity foliow-
ing brain death has led some authors to question the val-
ue of the EEG in confirming brain death [7, 8]. Their ar-
gument is that EEG activity in such cases is due to residu-
al activity derived from islands of active cortical or sub-
cortical tissug and thus does not reflect integrated neuro-
nal function [7]. Occipitally preserved VEPs have been
found in patients in deep coma who have shown good
recovery [4], and also in cases of brain death and brain
stem death [3, 9]. Ingeneral, apreserved VEP means that
visual afferents reach the functioning striate cortex. Previ-
ously reported VEPs in brain death cases have been of
low ampiitude [3, 9]; this has been interpreted to be due
to a decreased generator volume. In this casq however, the
VEP was of a high amplitudg therefore substantial parts
of the corticai tissue would seem to have been intact. The
abnormally high amplitude of the VEP may have been
due to a ioss of the inhibitory function of the thalamic re-

gions; the ampiitude of the VEP is controlied by the thal-
amus, the roie of which is inhibitory. Augmentation of
the VEP has been found to result from thalamic, hypo-
thalamic, and mesencephaiic lesions [10].

In this case, the neurophysiologicai findings revealed
that the main reason for deep coma was brain stem dam-
agg while other regions of the brain still remained rela-
tively active. The ampiitude of the VEP would seem to in-
dicate a substantial amount of cortical cells to be func-
tioning. There were cortically active cells stiil present
when the patient was pronounced ciinically brain dead,
these active cortical regions were extensive enough to be
able to generate a high-amplitude VEP-response.

The clinical diagnosis of brain death is based on the
death of the brain stem. If there is an aetiological factor
that results in increased intracranial pressure, a clinical di-
agnosis of brain stem death also signifies brain death. In
unclear cases it is necessary to confirm the diagnosis with
other methods. In this case an aetiological factor (brain
haemorrhage) was determined that could well result in an
increase in intracranial pressure, and thus in brain death.

It is obvious that the prognosis of brain stem dead pa-
tients is poor. We think, however, that the bad prognosis
as such cannot be a criterion for a diagnosis of brain
death. Is it justified to remove organs from patients with
brain stem death but with marked coricai activity? If not,
neurophysiological tests shouid be recorded to assure
within a reasonable degree of certainty that no substantial
intracortical activity is present.
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