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SHORT REPORT

Short latency evoked potentials: new criteria for
brain death?
E Facco, M Casartelli Liviero, M Munari, F Toffoletto, F Baratto, G P Giron

Abstract
The aim of this study was to evaluate
whether the auditory brain stem respon-

ses (ABR) and short latency somatosen-
sory potentials (SEP) from median
nerve stimulation are effective tools in
the confirmation of brain death. Thirty
six brain dead patients were submitted
to ABR and 24 to SEP in the same ses-

sion. All waves of the ABR were absent
in 28 (77-8 per cent) patients, while only
wave I was present in the others (22-2 per
cent). In SEP recordings the components
later than P13 were absent in 17 (70-8 per
cent) of cases; in the remaining seven

patients (29-2 per cent) a N13/P13 dis-
sociation (namely, retention of the
cervical N13 and absence of the far-field
P13) was found. The results suggest that
SEP and ABR are reliable tools in the
diagnosis of brain death and should be
included in the criteria: they enable the
functional status of two pathways in the
brainstem to be checked, which cannot
be explored by the clinical examination.
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The diagnosis of brain death is an intriguing
and complex problem involving a large field of
knowledge and the subject has undergone a

great evolution during the past two decades.
Since the Harvard Criteria of brain death
were published in 1968,1 the very concept of
brain death has progressively changed and the
death of the brain stem has been increasingly
identified as the essential criterion of brain
death.2" However, some British physicians
appear dissatisfied with the United Kingdom
criteria,78 while in other countries, such as the
United States and Italy, the EEG is either
recommended or mandatory.9 10

There appear to be three main causes for
concern: a) the need for absolute certainty of
diagnosis; b) the feasibility of assessing the

death of the whole brainstem;' c) the request
for reliable instrumental investigations, to
assure an "objective" confirmation of the
diagnosis of brain death."
None of the proposed investigations (such

as EEG, angiography, cerebral blood flow and
echo-doppler) allow a direct exploration of the
brain stem. Furthermore, the EEG, which is
the most widely used and often mandatory
investigation, is far from being relevant."
Among instrumental techniques, short

latency evoked potentials are the only means

capable of checking brain stem function. In

this study we submitted 36 patients, brain
dead according the the United Kingdom
criteria, to auditory brainstem responses
(ABRs) and to somatosensory evoked poten-
tials (SEP) from the median nerve, to evaluate
whether ABR and SEP may be accurate
indicators of brain stem death and to help in
answering the concerns outlined above.

Subjects and methods
Thirty six patients ranging between six and 65
years were submitted to ABR recording; in 24
the SEP from median nerve stimulation was
recorded as well, at the same session. All the
patients were clinically brain dead following
structural brain damage; head injury was the
cause of coma in 19 cases (52-8 per cent),
subarachnoidal haemorrhage in 14 (38-8 per
cent), brain tumours (after surgery) in two
(5-6 per cent) and anoxia in one patient (2-8
per cent). Patients with lesions or diseases
capable of affecting or cancelling out the
evoked responses (such as haemotympanum,
fractures of the temporal bone or cervical
vertebrae, or lesions of the brachial plexus)
were discarded from this study.
SEP were recorded from each median nerve

using a non cephalic reference; methods for
ABR and SEP recordings are described in
detail elsewhere.'2 13 A BASIS EP equipment
(ESAOTE Biomedica, Florence, Italy) was
used for the ABR and SEP recordings.

Results
All waves of the ABR were absent in 28
patients (77-8 per cent), while in eight patients
only wave I was present (22-2 per cent) (fig 1).
Among the 28 patients, the ABR was mon-
itored during the clinical course of coma in
four cases, enabling us to follow the disap-
pearance of the waves.
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Figure 1 ABR in brain death: a) absent response; b)
only the I wave is present.
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Figure 2 SEPfrom
median nerve in brain
death: a) only the N9-
N13 and P9-P13
components are present; b)
dissociation N13/P13: the
cervical N13 is still
present, but thefar-field
scalp-recorded P13 is
absent. NC= non cephalic.
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In SEP recordings the N9-N13 and P9-P13
waves were present in 17 out of 24 patients
(70-8 per cent), but later components were

absent. In the remaining seven patients (29-2
per cent) a dissociation between the cervical
N13 and the far-field scalp-recorded P13
(namely, retained N13 and absent P13) was

found (fig 2).

Discussion
ABR and SEP allow a non-invasive explora-
tion of auditory and somatosensory pathways
in the brain stem; moreover they are not
abolished in reversible coma due to metabolic
or toxic causes, sedative or anaesthetic admin-
istration, not even in barbiturate coma. These
features make them potentially useful in the
diagnosis of brain death.
The absence of all waves of the ABR in

about 2/3-3/4 of brain death patients has been
reported in the- literature;'2 14-16 this picture,
which is due to cochlear ischaemia from arrest
of the cerebral circulation,'7 is the reason for
the limited value assigned to the ABR in
proving brain death. Conversely, the SEP is
able to assess the absence of brain activity in
60-100 per cent of cases,'2120 but in most
studies a frontal reference was used, which
does not allow the recording of far-field
potentials (P13, 14 and N18) generated in the
brain stem: consequently,- the use of frontal
reference cannot discriminate whether the
absence of N20 depends upon hemispheric or

brain stem damage.
The aim of this study was to evaluate the

role of ABR and SEP in the diagnosis of brain
death. As in our previous report,2 all waves of
the ABR were absent in some 3/4 of cases,
while no components beyond wave I were
recordable in the remaining patients; the serial
monitoring peformed in four cases during the
clinical course of coma gave evidence that the
progressive disappearance of the waves was
brain death-related. The diagnostic value of
ABR monitoring in pre-terminal states has
been recently emphasised by Garcia-Larrea et
al.20 Our data clash with those reported by
Goldie et al,'5 while Starr'4 found a slightly
lower rate of absent ABR (59 per cent); the
difference may reflect sample variations and/
or differences in test-timing in relation to the
onset of brain death state. In this series no
false positives were found.
Where SEP is concerned, there is now

evidence that the cervical N13 arises from the
cervical spinal cord, while the scalp-recorded
far-field P13 is generated just above the
foramen magnum, namely in the nucleus cun-
eatus or medial lemniscus:2' the presence of
P13 in some 70 per cent of cases indicated the
arrest of conduction in the lower brain stem,
whereas the dissociation N13/P13 was able to
show the absence of activity above the
foramen magnum in the remaining patients,
strictly in accordance with the concept of
brain stem death. These data agree with a
previous neuropathological study, showing an
intact cervico-medullary junction in 57 per
cent of brain dead patients.22 Furthermore,
they show that in most clinically brain dead
patients the most caudal part of the brain stem
is not yet dead: this may contradict the
theoretical concept of brain stem death, alth-
ough it does not necessarily appear to con-
tradict the actual death of the "brain stem as a
functional unit". Whatever the conceptual
aspect, these data suggest a great sensitivity of
SEP in confirming brain stem death.

In conclusion, our results suggest that: a)
The ABR can only confirm the diagnosis of
brain death in a minority of cases, unless serial
monitoring is performed in pre-terminal states
(to check the progressive disappearance of
waves). Conversely, the SEP is able to confirm
brain death in most, if not all, cases: the
disappearance of all waves beyond the P13
components in 100 per cent of cases in our
series, clearly showed the arrest of conduction
near the foramen magnum and gave evidence
of no residual sentience during organ donation.
b) The close correlation between clinical signs
of brain death and ABR and SEP data in our
series, as well as in the literature,'2 14 15 16 18-20
confirms the effectiveness of clinical diagnosis
of brainstem death; however the previous
report of sporadic false positives'2 18 suggests
that ABR and SEP might improve the safety of
diagnosis. As ABR and SEP are not seriously
affected by sedatives and anaesthetics nor by
metabolic disorders, they may play a double
role in the diagnosis of brain death: they can
both facilitate the exclusions and confirm the
clinical diagnosis. The ABR, although less
reliable than SEP in proving brain death, keeps
all its value in its exclusion. Moreover, both

352

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.53.4.351 on 1 A

pril 1990. D
ow

nloaded from
 

http://jnnp.bmj.com/


Short latency evoked potentials: new criteria for brain death?

ABR and SEP allow the assessment of brain
stem function even when brain stem reflexes
are not reliable because of facial trauma. c)
ABR and SEP are able to provide an "objec-
tive" confirmation of the clinical diagnosis of
brain death, the need for which has been
already discussed."' d) Finally, ABR and SEP,
like any other sign, have limits and pitfalls (that
is, factors capable of affecting the evoked res-
ponses, but unrelated to brain death), which
must be carefully excluded.
Although the United Kingdom criteria for

brain death give a reasonable certainty of
diagnosis, we believe that ABR and SEP
should be included in the criteria. As the
concept of brain stem death implies the
assessment of death of the whole brain stem
(or, of all explorable pathways in the brain
stem), ABR and SEP should be regularly
recorded: for they provide a check on the
functional status of two pathways which can-
not be explored by the clinical examination.
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