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Abstract: Electroencephalography (EEG) and evoked potential studies are established monitoring 
tools in the neurological intensive care unit (ICU). These neurophysiologic techniques provide information 
on physiological state and response to therapy, and may aid diagnosis and prognosis. Serial studies or 
continuous monitoring may enable changes to be detected prior to irreversible deterioration in the 
patient's condition. Current computer technology allows simultaneous display and correlation of 
electrophysiologic parameters, cardiovascular state and intracranial pressure (ICP). Continuous EEG 
monitoring in the ICU has been shown to have a decisive or contributing impact on medical decision 
making in more than three-quarters of patients. In addition, continuous EEG monitoring has revealed 
previously unsuspected non-convulsive seizures in one-third of patients. SEPs and BAEPs can provide 
useful prognostic information in coma - however, these tests are etiologically nonspecific and must be 
carefully integrated into the clinical situation. Motor evoked potentials offer a potentially useful tool for 
evaluating motor system abnormalities in the ICU. 

Resume: Surveillance electrophysiologique a 1'unite de soins intensifs. L'electroencephalographie et les etudes 
de potentiels evoques sont des methodes de surveillance reconnues a l'unite de soins intensifs neurologiques. Ces 
techniques neurophysiologiques fournissent de l'information sur l'etat physiologique et sur la reponse therapeutique et 
peuvent aider a etablir le diagnostic et le pronostic. Des etudes en serie ou une surveillance continue peuvent 
signaler des changements avant qu'une deterioration irreversible de la condition du patient ne survienne. La 
technologie informatique actuelle permet la visualisation et la correlation simultanees des parametres electro-
physiologiques, de l'etat cardiovasculaire et de la pression intracranienne. II a ete demontre que le monitoring 
continu de l'EEG a l'unite de soins intensifs a un impact decisif ou tout au moins contribue au processus de 
decision medicale chez plus des trois-quarts des patients. De plus, le monitoring EEG continu a revele des crises 
non convulsives qu'on n'avait pas soupconnees anterieurement chez un tiers des patients. Les pontentiels evoques 
sensitifs et auditifs peuvent fournir une information pronostique utile chez les patients comateux. Cependant, ces 
epreuves ne sont pas specifiques quant a la cause et doivent etre integrees avec prudence a la clinique. Les 
potentiels evoques moteurs sont un outil qui peut s'averer utile dans 1'evaluation des anomalies du systeme moteur 
a l'unite de soins intensifs. 
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Neurophysiologic techniques (electroencephalogram and 
evoked potentials) can be used in the neurologic intensive care 
unit (neuro-ICU) for: 1) monitoring physiological state, 2) 
response to therapy, 3) supplementing or replacing the neurologi
cal examination in iatrogenic coma and/or paralysis, 4) prognos
ticating, and 5) defining the disease process. In addition, the 
computer technology that is being developed to manage the 
large volume of data generated by electrophysiologic monitoring 
may be useful for the analysis and display of other data collected 
in the neuro-ICU. For example, the same computer display may 
be used to show trends in the EEG, evoked potentials, intracranial 
pressure, blood pressure, heart rate, and others. Only these com
bined displays, which are currently available, allow effective 
study of the interaction between these variables. 

Serial neurologic examination is not an adequate way to 
monitor central nervous system (CNS) levels of functioning in 
the neuro-ICU. Patients may be therapeutically paralyzed and 
serial neurologic examinations, even when performed conscien

tiously, are discontinuous, may miss important changes in the 
patients condition and vary according to the expertise of the 
examiner. A single or even repeated electrophysiologic study 
may suffer from the same problems - it is a discrete, brief sample 
of data that may not reflect the patient's overall condition. 
However, the electrophysiologic studies may yield brain wave 
patterns (e.g., suppression, burst-suppression, spindles, seizures, 
cycling) or evoked potentials which have possible therapeutic 
and prognostic significance. 

Advances in technology have made possible the collection, 
storage and analysis of continuously collected EEG and repeated 
evoked potential studies. Such monitoring should enable the clini
cian to detect CNS injury at a time when meaningful intervention 
is still possible. For example, when temporal lobe herniation has 
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reached the stage of third cranial nerve compression and pupillary 
dilation, a common signpost, some irreparable damage has prob
ably already been done. In the case of arterial occlusion or 
vasospasm, clinical signs may be instantaneous or hours can 
intervene between the occlusion and clinical manifestations. In 
these cases, the EEG would change dramatically and could be 
used as a continuous monitor of cerebral function in the ICU. 
Studies of continuous EEG monitoring, transcranial doppler and 
cerebral blood flow are needed to evaluate this potential role of 
EEG monitoring. 

ELECTROENCEPHALOGRAPHY 

The most commonly used analysis technique for assessing 
EEG changes over time is the compressed spectral array (CSA) 
devised by Bickford.1 Many other computer analysis techniques 
have also been applied, including the calculation of peak and 
mean power, spectral edge frequencies, frequency bin activity 
totals, and frequency bin ratios.26 

Changes in the EEG that may have pathological significance 
must be clearly differentiated from the normal cycling seen in 
the EEG. Fluctuations in EEG and other physiologic parameters 
may reflect the sleep/wake cycle, stages of normal sleep, or 
cycling in pathologic states. EEG variation has been seen in 
comatose patients for approximately 25 years.7" Prognosis has 
been reported to be better when the EEG pattern is variable; 
Bricolo and co-workers1213 and Bergamasco et al.8-9 found that a 
monophasic or unvaried EEG pattern carried a significantly 
worse prognosis than an alternating or cycling pattern. In some 
cases, typical EEG sleep patterns were seen. Alexandre et al.14 

found a very good correlation between the presence of REM 
sleep and outcome. If sleep patterns were not present, a cycling 
or bi-phasic record still predicts a better outcome. In one study, 
an unfavorable outcome was noted in 95% of patients whose 
CSAs were slow and monotonous.15 

Several investigators have begun to routinely use continuous 
neurophysiologic monitoring for patient management. The 
impact of this monitoring on clinical decision making has been 
investigated by Jordan.16 The EEGs were continuously moni
tored in 73 patients. The impact was considered "decisive" 
when at least one major clinical decision, such as initiating or 
changing antiepileptic therapy or transporting the patient out of 
the NICU, was made solely on the basis of the EEG findings. 
The impact was considered "contributory" when at least one 
major decision was based on the EEG plus clinical examination. 
The EEG was found to have a decisive or contributing impact 
on medical decision making in 82% of patients. A follow-up 
study17 of 100 ICU patients monitored with EEG revealed 29 
with nonconvulsive seizures (NCS), 65% of whom had noncon-
vulsive status epilepticus (NCSE). Twenty-one percent of the 
NCS patients were initially (without EEG) misdiagnosed with 
nonepileptic conditions. Sixty-eight percent of NCS patients 
compared to 27% of non-NCS patients died or required custodial 
care. Seizure activity, even without motor manifestations, results 
in detrimental effects including increased intracranial pressure, 
increased cerebral blood flow and oxygen use.18 Young et al.19 

studied 350 comatose ICU patients with EEG and found 41 with 
epileptiform activity, one-third of whom had clinical seizures. 
Twenty-one had anoxic-ischemic encephalopathy and all 19 of 
these who had generalized epileptiform activity died. Further 
studies are needed to determine the impact of early recognition 
and treatment of unsuspected seizure activity on outcome. 

Whereas the automatic, computerized detection of focal cerebral 
dysfunction secondary to ischemia or mass lesions can be 
accomplished using a variety of extracted features, seizure detec
tion is best accomplished using pattern recognition. Seizure 
detection software has been routinely applied in epilepsy moni
toring units20 and these algorithms can be effectively applied to 
the ICU so that the tools are at hand to implement effective 
monitoring protocols for these patients. The role of EEG moni
toring in patients in the neuro intensive care unit has been 
described by several authors including Suzuki et al.42124 

EVOKED POTENTIALS 

Evoked potentials have begun to be utilized for following the 
level of functioning of the CNS in comatose patients. Clinical 
utility of brainstem auditory (BAEP) and short-latency 
somatosensory (SEP) evoked responses stems from the close 
relationship between the EP waveforms and specific anatomic 
structures. This specificity allows localization of conduction 
defects to within a centimetre or so (BAEPs) or a few centimetres 
(SEPs). In addition, these EPs are essentially unaffected by general 
anesthesia, and even high-dose barbiturate therapy (sufficient to 
render the EEG "flat") for raised ICP does not significantly alter 
the EP components. These factors of anatomic specificity and 
physiologic and metabolic immutability are the basis of the clini
cal utility of EPs. They thus provide a reliable look at "physio
logic anatomy". However, abnormalities demonstrated by these 
tests are etiologically non-specific and must be carefully inte
grated into the clinical situation by a physician familiar with the 
clinical use of the tests. 

The SEP shows special promise in the ICU field because 
components generated supratentorially in the thalamus and 
primary sensory cortex can be identified and followed over 
time. Shifts in intracranial structures leading to herniation syn
dromes can be expected to be reflected in abnormalities in this 
test, whereas BAEPs are generated entirely at or below the 
lower midbrain and would be less likely to be affected. 

Brainstem Auditory Evoked Potentials 

Use of BAEPs to assess brainstem integrity in comatose 
patients is, to some extent, limited by the anatomic specificity of 
the test. BAEPs can be normal in patients completely paralyzed 
from brainstem infarction. Thus, there can be major brainstem 
lesions without involvement of the auditory tracts and therefore 
normal BAEPs are not indicative of functional integrity of the 
entire brainstem. Since BAEPs are generated by structures 
mostly below midbrain levels, progressive space-taking lesions 
in the cerebral hemispheres will not produce BAEP changes 
until structures in the low midbrain or below are involved. 
Impressions of clinical utility of BAEPs in comatose patients 
have varied according to whether or not these factors were taken 
into account, the statistical limits of normality used in interpre
tation and the time of BAEP testing in relation to the cerebral 
insult.2546 

The limited statistical relationship between BAEP results and 
clinical outcome is not particularly useful in the clinical situation 
where one is faced with an individual patient; there is no way of 
knowing into which outcome group the individual patient will 
fall, except in those who are the worst clinically. In these 
patients the clinicians do not need prognostic help. However, if 
damage to the peripheral hearing apparatus can be ruled out, 
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the absence of B AEPs is strongly correlated with a poor outcome. 
The addition of this data to other prognostic indicators, none of 
which by themselves are conclusive, may be helpful in assigning 
a patient to a poor prognosis category with a high degree of 
certainty. Nagao et al.47 have'suggested that immediate medical 
or surgical decompression of ICP should be performed when 
ICP approaches 30 mm Hg with significant prolongation of 
wave V latency. 

The functional integrity of the brainstem has been studied 
using BAEPs in brain-dead patients.253648 51 However, a majority 
of these patients lack the eighth nerve activation potential (wave 
I). Without wave I present, no inferences can be made as to the 
localization of the interruption of the auditory signal since the 
integrity of the peripheral apparatus in any individual patient is 
often not known. For example, a traumatic transverse fracture of 
the temporal bone might have damaged the cochlea, or, in a case 
where the clinical history is poor, the patient might have had a 
pre-existing deafness in the only ear available for BAEP testing. 
Wave I absence in these patients is thought to be secondary to 
interference with the Vlllth nerve and cochlear blood supply 
which is derived primarily from intracranial circulation via the 
anterior inferior cerebellar and internal auditory arteries. 
However, if wave I is present initially, serial testing may allow 
deterioration in the BAEPs to be followed and clinically corre
lated. 

Patients in an ICU are vulnerable to damage to the peripheral 
hearing apparatus via antibiotics, infections, etc. Since conven
tional behavioural hearing test may be difficult to perform reli
ably in infants and children, the use of BAEPs in this patient 
population has been the subject of much attention. Hecox and 
Galambos,52 Sohmer and Feinmesser,53 Mokotoff et al.,54 Smith 
and Simmons55 and Starr et al.56 studied normal and hearing-
impaired infants and children, comparing BAEP results with 
those obtained from conventional audiometric testing; good cor
relations were found. The importance and utility of testing hearing 
function in at-risk patients has been shown in several studies. 

Somatosensory Evoked Potentials 
Electrical stimulation of large nerves (e.g., median, ulnar) in 

the upper limbs elicits a set of waveforms that are generated in 
the brachial plexus, upper cervical cord, dorsal column nuclei, 
thalamic nuclei (presumably mostly VPL) and primary sensory 
cortex. These waveforms, similar to BAEP waves, are extremely 
resistant to being altered by non-pathologic factors. For example, 
SEPs can be recorded unchanged from patients whose EEG has 
been rendered "flat" during high dose barbiturate therapy for 
increased ICP, and other studies also show no significant effects 
on SEPs relative to clinical interpretation.41'5758 

Goldie et al.25 studied median SEPs in 36 patients who were 
in coma (clinically poorly responsive but with some preservation 
of brainstem function) from various etiologies. All had identifiable 
Erb's Point and P/N13 waves. Twelve patients (33%) had no 
identifiable N19-P23 waves bilaterally; 6 of them died and 6 
remained in a vegetative state. This finding remains one of the 
best prognostic rules in these patients, i.e., if a comatose patient 
is missing N19-P22 bilaterally, then that patient's outcome will 
be a persistent vegetative state at best. Subsequent studies in 
adults40-59 and children42-45'60-61 have revealed no exceptions to 
this rule. A review of 14 international studies (summarized in 
Table 9-1 in Chiappa and Hoch62) encompassing 629 comatose 
patients revealed that 258 had bilaterally absent N19/P22 and 

83% of these died, 11% were left in a persistent vegetative state 
and 6% were left disabled (3 described as "dependent" and 10 
"severe" without further descriptions) - only 2 were reported to 
have had a good recovery (1 without further clinical details and 
1 a child who had suffered a lightening strike). This bilateral 
absence of N19-P22 needs to be clearly distinguished from uni
lateral absence since these patients may have a good outcome 
(although the absent EP waveforms indicates that the functional 
recovery of the involved limbs will be poor). 

Preservation of the P/N13 wave in 69% of brain-dead 
patients indicates that the stimulus-generated signal has reached 
the spinal cord. Failure of further rostral conduction, indicated 
by lack of subsequent waves, is then an indicator of brainstem 
dysfunction. This situation contrasts with the BAEP where 77% 
of brain-dead patients did not have a wave (wave I) that proved 
the input signal had activated the Vlllth nerve. 

The variable preservation of P/N13 in brain-dead patients is 
probably the result of an interaction between cessation of 
intracranial circulation (due to increased intracranial pressure 
following cerebral necrosis) and the pattern of blood supply to 
the lower medulla. The site of P/N13 generation, in the region 
of the cervico-medullary junction, is at an interface between 
intracranial and extracranial blood supply. Since the dorsal col
umn nuclei are the most likely candidates for the P/N13 generator, 
this suggests that these nuclei were functionally preserved in 
69% of brain-dead patients. In a multicenter study, 57% of 127 
brain-dead patients had neuropathologically intact cervico-
medullary junctions,63 although the state of the dorsal column 
nuclei themselves was not systematically defined. Preservation 
of the lower medulla and P/N13 might also parallel preservation 
of some cerebral respiratory function in patients who meet all 
other criteria of brain death. 

Eidridge et al.64 evaluated the use of cortical SEPs to monitor 
cerebral perfusion pressure in patients with raised intracranial 
pressure. They found the SEP was not abolished until the cere
bral perfusion pressure was as low as 25 mm Hg, which is far 
below the generally accepted level of 40-60 mm Hg. This sug
gests that the SEP is resistant to levels of ischemia that could 
compromise cerebral cortex outside the somatosensory path
ways.65 SEP testing is therefore not routinely used to monitor 
focal cerebral ischemia. Systematic studies of SEPs in herniation 
syndromes have not been reported. 

Motor Evoked Potentials 

The motor cortex in awake humans may be stimulated elec
trically from electrodes on the scalp or magnetically and the 
resultant muscle twitch recorded peripherally gives a measure of 
function in the motor system tracts. Studies of MEPs in stroke 
have provided very reliable prognostic information.66-67 Absence 
or low amplitude of MEPs was always associated with a very 
poor outcome, and this was occasionally seen even when the 
SEPs were normal. Stroke patients followed over time showed 
that improvement in MEP amplitude paralleled clinical 
improvement.67 Motor evoked potentials have also been investi
gated in comatose patients in the ICU with inconsistent results 
regarding their prognostic significance,6871 although further 
studies are required. 
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