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Although each of these techniques has ad-
vantages and limitations, the beneficial attribut-
es of evoked potentials in comparison with other
techniques include (1) simplicity in the identifi-
cation and measurement of critical responses, (2)
uncomplicated characterization of the effects of
temperature and anesthesia on responses, and
(3) selectivity in the functional assessment of
subcortical structures and pathways. This latter
point is especially relevant to the measurement
of intra-operative peripheral nerve and spinal
cord function.

This review will primarily deal with so-
matosensory evoked potentials (SSEP), because
this modality is most commonly used during car-
diac operations. It will first address some impor-
tant technical issues in the recording of evoked
responses during cardiac operations, including
the effects of temperature and anesthesia.
Subsequently, the role of SSEP monitoring in de-
tecting peripheral nerve, brachial plexus, spinal
cord, and brain injury will be discussed in both
cardiac and aortic operations. 

The two most commonly used types of SSEP
recording in cardiac/aortic surgery involve the
upper or lower extremity. Because the informa-
tion that can be gained from these studies is high-
ly dependent on the recording methodologies,
their review is important prior to a discussion of
the clinical applications.

Somatosensory Evoked 
Potential Methodology

In order to monitor upper extremity evoked re-
sponses, stimulating electrodes are typically
placed over the surface of the skin on the medial
side of the wrist over the ulnar nerve. This mini-
mizes the interference with the placement of ra-
dial artery catheters. It also allows for monitor-
ing of both the ulnar nerve and the lower brachial
plexus, which are more likely to be injured than
the median nerve and upper plexus. Subdermal
needle electrodes may also be used, but are less
than optimal because of additional risks of bleed-
ing and burns.

Over 200,000 coronary bypass operations
(CABG) are performed each year in the

United States yet even for this common surgical
procedure, the 30-day risk of death remains 3.0%,
with a 1.6% risk of stroke.1,2 Because of the con-
tinued risk of neurologic complications, many
techniques have been used to evaluate the ner-
vous system during cardiac operations with a goal
of detecting and potentially treating nervous sys-
tem injuries in real time.

In general, these neuromonitoring techniques
can be divided into three categories. Transcranial
Doppler quantification of cerebral arterial blood
flow velocity, transcranial near-infrared spectro-
scopic assessment of cerebrocortical oxygen bal-
ance, and invasive measurement of jugular ve-
nous oxygen saturation fall into the first category.
They provide indirect evidence of neurologic sta-
tus by measuring basic substrates required for
brain function and the metabolites produced by
cellular activity. The techniques in the second cat-
egory measure spontaneous activity generated in
the nervous system such as the EEG. The third
category consists of those methodologies such as
evoked potentials that measure the response of
the nervous system to external stimuli.

Somatosensory evoked potentials are widely used in spine
surgery to prevent injury to the spinal cord. However, their
application in cardiac and major vascular surgery is largely
unappreciated. This paper will review the unique stresses
placed on peripheral nerves, spinal cord, and brain during
these operations. In addition, the potential benefits of peri-op-
erative somatosensory evoked potentials monitoring are de-
scribed in detail.
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Lower extremity evoked potentials are most
typically obtained after stimulation of the poste-
rior tibial nerve at the medial malleolus.
However, in cases where the possibility of is-
chemia to the legs is likely, it is also advantageous
to place stimulators more centrally over the per-
oneal nerve at the fibular head. The responses to
more central stimulation are somewhat less af-
fected by peripheral ischemia and may allow dif-
ferentiation between combined leg and cord is-
chemia and pure extremity ischemia during sur-
gical procedures on the aorta. 

Recording electrodes are generally placed to
record peripheral, brainstem, and cortical poten-
tials. These typically involve electrodes placed
over peripheral locations such as the Erb point to
record potentials at the brachial plexus, or the
popliteal fossa to record peripheral potentials at
the level of the knee. Electrodes placed either in a
longitudinal or transverse orientation on the scalp
are best used to record the cortical potentials,
while subcortical potentials generated in the
brainstem and the cervico-medullary junction are
best recorded in a derivation in which a scalp
electrode is referenced to a noncephalic locus. 

Once appropriate stimulating and recording
electrodes are placed, it is important to identify as
many of the waveforms as possible (Table 1) and
establish a reliable baseline (Figure 1). The ac-
quisition settings used to acquire evoked poten-
tials during cardiac operations are similar to those
used in recording other intraoperative evoked po-
tentials. The major exception is that the sweep
duration should be roughly twice that used dur-
ing procedures that do not involve hypothermia
so that the prolonged latency of the potentials
during the period of hypothermia may still be
recorded.

Temperature Effects on SSEP

Unlike other surgical procedures, in cardiac oper-
ations there are often major changes in body tem-
perature. It is well known that as temperature de-
clines, the rate of conduction along an axon de-
clines as well,9,10 and at temperatures of 2.7°C in
unmyelinated and 7.2°C in myelinated axons,11

complete conduction block occurs. In evoked po-
tential studies, this implies that as the tempera-
ture is lowered the latency of the various poten-
tials increases (Figure 2).12 With small tempera-
ture changes, the amplitude of the waves does not

change significantly, but at sufficiently low tem-
peratures, the waves disappear (Figure 3). The
N20 potential disappears at roughly 21.4°C and
the N13 disappears at 17.3°C.13

A major difficulty in understanding tempera-
ture effects on the SSEP in individual patients is
that the body is not in thermal equilibrium during
cooling. As a result, significant differences in the
tissue temperature often occur at different body
locations.14 The thermal gradients depend on the
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Figure 1. This figure illustrates normal somatosensory
evoked potential (SSEP) waveforms produced by repetitive
pulsatile electrical stimulation of the right median nerve at
the wrist. The first (top) trace indicates the response
obtained from electrodes placed on right (EPR) and left
(EPL) supraclavicular Erb points. The resultant N9 Erb
potential represents the passage of afferent volleys through
the brachial plexus ipsilateral to the stimulation site. The
second trace was obtained from electrodes placed over the
fifth cervical vertebra and a noncephalic (NC) reference.
The N11 and N13 components indicate afferent volley
passage through the dorsal columns of the cervical spinal
cord near the brainstem. Signals in the third trace were
obtained from a NC reference and an active electrode
located over sensory cortex (C4 is 2 cm posterior to the C4
electrode location in the standard international 10-20
system of electrode placement) ipsilateral to the stimulation
site. The N18 component is thought to represent volley
passage through the thalamic sensory relay nucleus. The
N20 component in waveforms four and five, recorded
contralateral to the side of stimulation, indicate afferent
activation of sensory cortex.
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rate of cooling, body habitus, and regional blood
flow. In addition, the relationships between tem-
perature and SSEP waveform component laten-
cies and amplitudes demonstrate significant and
variable hysteresis.15,16

Thus, the latency of a particular SSEP com-
ponent at a specified temperature may differ be-
tween cooling and re-warming phases. For ex-
ample, the cortical N20 component disappears
at 21.4°C during cooling, but reappears at
18.8°C during rewarming.16 On the other hand,
the shorter latency brainstem N13 component
reappears during rewarming at nearly the same
temperature at which it disappeared during
cooling.16

A third factor complicating the interpretation
of evoked responses during hypothermia is the ef-
fect of temperature on the recovery of the ex-
citability after stimulation. It is well known17 that
the rate of change in the state of sodium channels
that is required to generate an action potential is

reduced at low temperatures. Thus, the time dur-
ing which an axon remains refractory after a stim-
ulus will increase at cold temperatures. This is im-
portant because the evoked potential recordings
typically cannot be distinguished from noise with-
out averaging the responses to multiple stimuli
presented at a regular interval.

Studying the effects of paired-pulse stimuli
can provide important insight into the recovery
of excitability after stimulation. As expected, the
time to recover after stimulation is greater at low
temperatures and for the longer latency multisy-
naptic cortical components such as the N20 and
P22. In fact, with an interstimulus interval of 50
milliseconds, the N20-P22 amplitude ratio of the
second to the response of the pair decreases ten-
fold from 2.0 at 37°C to 0.2 at 24°C.18 Practically,
this suggests that the use of very low stimulus
rates with interstimulus intervals of at least 100
milliseconds (rate < 10 Hz) may be helpful in
eliciting clear responses at low temperatures. 
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Figure 2. This figure shows the differential sensitivity to cooling of various
components of the neuraxis. Note the relatively uniform and limited sensitivity of
brachial plexus transmission (ERB) to deep cooling. In contrast, responsiveness in
the cerebral cortex during cooling is more markedly and variably affected, as
shown by the prolonged latencies.
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Anesthesia Effects on SSEP

General anesthetic agents work at both the corti-
cal and spinal levels,19 a fact that is clinically ev-
ident in the extreme sensitivity of motor-evoked
responses that are elicited by transcranial electri-
cal stimulation. Although anesthetic agents do
have direct effects on axonal membranes,20 much
of their effect is exerted as synapses. Evoked re-
sponses that are separated from the stimulus by
multiple synapses are thus much more sensitive
to anesthetic effects than responses with shorter
latency that are separated from the stimulus by
fewer synapses (Table 1). 

Anatomically, the impulses that form the
SSEP travel along single axons from the point of
stimulation through the posterior columns to its
first synapse at the posterior column nuclei at the
cervicomedullary junction. Thus, potentials gen-
erated distal to this point are relatively indepen-
dent of anesthesia. Of the potentials typically
recorded during cardiac and aortic operations,
the N20–P22 responses after stimulation of the

upper extremity and the P40 cortical responses
from the lower SSEPs are the most sensitive to
the effects of anesthesia.

Since different anesthetic agents have distinct
mechanisms of action, they also have unique ef-
fects on the SSEP. Particularly important is the
fact that halogenated inhalational agents such as
isoflurane have the greatest effects on the
SSEP,21,23,24,26 although nitrous oxide26 also exerts
potent effects. Intravenous opioid analgesics and
benzodiazepines amnestics have the least ef-
fects.27 The hypnotics (propofol,23 etomidate), the
barbiturates,25 and dissociative anesthetics (ket-
amine) produce much less SSEP suppression than
the halogenated anesthetics and nitrous oxide. In
addition to the inherently complex effects of anes-
thetic agents on the SSEP, these effects may also
be strongly influenced by the temperature
changes occurring during cardiac operations.28-29

Certain indicators can help to distinguish be-
tween SSEP alteration caused by ischemia and
that caused by changes in anesthesia or tempera-
ture. First, temperature- and anesthesia-related
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Figure 3. This figure describes the effect of cooling and rewarming on SSEP
latency and amplitude. The marked variability in SSEP amplitude makes it an
impractical method to assess the effect of cooling on cerebral function. In contrast,
the stable latency measure seems ideal as a method to functionally characterize
temperature effects on the brain.
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changes are typically bilateral, although they may
be accentuated on the side of a previous injury or
may vary with local variations in blood flow.
Second, changes produced by anesthesia and
temperature are often gradual,24 while acute is-
chemic change is often rapid. 

Again, measurement of the unconditioned
and subsequent conditioned SSEP responses to
paired stimulus patterns may aid interpretation.
The different effects of falling temperature and
increasing volatile anesthetic dose on the condi-
tioned responses are separable through variation
in the interstimulus interval.18 However, neuro-
logic injuries may also result in reductions in the
relative amplitude of the conditioned response.30

It is hoped that studies of the SSEP paired re-
sponses to variable interstimulus intervals in hu-
mans may clarify the situation.

Ulnar Nerve Monitoring
Ulnar nerve injuries can be seen during of all
types of surgery31-33 including cardiac opera-

tions.34 Stimulation of the ulnar nerve at the wrist
produces impulses that traverse the critical seg-
ment of the ulnar nerve at the elbow prior to their
arrival at the brachial plexus, so that injury of the
ulnar nerve may produce changes in the latency or
amplitude of the Erb point potential and following
waves.35 No studies have been performed using
this technique to detect ulnar neuropathy during
cardiac operations, although changes in the SSEP
have been demonstrated to be strongly associated
with clinical symptoms related to the ulnar nerve
during positioning of awake patients.36

One problem in using the SSEP to detect
ulnar nerve injury is that with the standard
montage as described, the first recorded wave
is generated in the brachial plexus. Thus, it is
impossible to distinguish ulnar nerve injury
from plexopathy. Use of other electrode place-
ments to record more distal potentials, includ-
ing electrodes just above the elbow or near the
axilla,37 may provide helpful information in
high risk patients. 
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Table 1. Properties of Important SSEP Potentials 

Sensitive to Sensitive to Sensitive to
Stimulation Latency Anesthesia Sensitive to Spinal Cord Brainstem Cortical Ease of 

Potential Site Montages (msec) Origin3 Sensitivity Nerve Injury Injury Injury Injury Recording

Erb’s Wrista Erbs-Anyb 10 Brachial - ++ - - - ++
Plexus 

N13 Wrist Fpzd-Cervical 13 Cervico- - ++ +C - - +
Medullary 
Junction4

N18 Wrist Ice-Non 18 Brainstem5,6 - ++ ++ + - ±
Cephalic 

N20 Wrist Cc-Icf Or 20 Thalamus/ + ++ ++ + ± ++
Fpz-Cc Cortex3,7

P22 Wrist Cc-Ic Or Fpz-Cc 22 Cortex3,7 ++ ++ ++ ++ ++ +

Popliteal Ankle Popliteal 10 Sciatic - + - - - +
Nerve8

N21 Ankle Lumbar-Iliac  21 Cauda - + - - - -
Crest Equina 8

N34 Ankle Fpz-Cervical 34 Brainstem8 ± ++ ++ ± - +

P40 Ankle Cc-Icf Or Fpz-Cc 40 Cortex8 +++ ++ ++ ++ + +

aEither the median or ulnar nerve at the wrist or the superficial radial nerve at the wrist.
bTypical montages include Left Erbs-Right Erbs or Erbs to a cervical or scale electrode.
cThe N13 has components that arise out of the cervico-medullary junction as well as more distal structures in the cord thus high cervical injuries
may not always cause large changes in the N13 (Maugierre).

dFpz is an electrode position over the prefrontal area in the midline.
eIc is an electrode over that part of the scalp over the somatosensory cortex ipsilateral to the stimulus (C3’ or C4’).
fCc is an electrode over that part of the scalp over the somatosensory cortex contralateral to the stimulus (C4’ or C3’).

 by guest on April 22, 2009 http://scv.sagepub.comDownloaded from 

http://scv.sagepub.com


Brachial Plexus Monitoring

Brachial plexopathies occur in up to 15% of pa-
tients undergoing cardiac operations and are es-
pecially prevalent in patients undergoing dissec-
tion of the internal mammary artery.38-41 Because
of the frequency of plexopathies, a number of
studies have addressed the ability of SSEP moni-
toring to detect brachial plexus injuries.

Hickey et al used the amplitude of the cortical
component of the upper extremity SSEP
(N19–P22) to study 30 patients.42 They found
that noteworthy changes occurred in waveform
alteration during insertion of the central venous
catheter (13%), Favaloro retractor application for
internal mammary artery dissection (57%), and
symmetrical sternal retraction (57%). All patients
with absent (or >3 standard deviation amplitude
reduction from baseline) potentials (20% of study
population) at the end of surgery had a clinical
brachial plexus injury. Patients who experienced
transient changes in the evoked potentials, with
only one exception, had no evidence of brachial
plexopathy. 

Jellish and colleagues43,44 recorded Erb point
potential as well as a subcortical far-field poten-
tial (N13) and cortical N20 potentials in 44 pa-
tients who were undergoing elective myocardial
revascularization, while trying to maintain con-
stant temperature and anesthesia. They found
that both Rultract and Pittman IMA retractors
were frequently (85% and 65%, respectively) as-
sociated with greater than 50% decreases in the
cortical SSEP amplitude. The authors did not
comment on the subcortical responses, but their
figures suggest that major changes did not occur
in these potentials even when the cortical poten-
tials did show changes. 

In still another study, Seal and colleagues45

found statistically significant changes in the SSEP
in relation to the use of a sternal retractor, but
not the Favolaro retractor. However, the SSEP
changes were not reliably predictive of postoper-
ative neurologic deficit. My personal experience
with SSEP monitoring during cardiac operations
mirrors that of Porkkala and colleagues,46 who
found no significant changes during sternal re-
tractor placement.

The markedly different results have a num-
ber of potential explanations:

• First, significant differences may exist in
surgical technique among the surgeons involved
in these studies. 

• Second, because of the slow time course of
anesthesia related effects on the SSEP, progres-
sive changes may be seen in the cortical evoked
potentials even 20 to 30 minutes after a change in
anesthetics. This effect could cause a neurophys-
iologist to falsely attribute changes in the SSEP
caused by a prior change in anesthesia to a cur-
rent surgical event. The complicating effects of
anesthesia could be minimized by looking care-
fully at the Erb point potential, as well as subcor-
tical potentials such as the N13, which clearly
originate central to the brachial plexus. 

• A third complicating factor is that the crite-
ria for a significant change used in some of these
studies may have been too liberal. If this were the
case, there would be many false-positives and
wide interstudy variation. 

• Finally, inconsistencies in the technical pro-
duction and measurement of the SSEP (especial-
ly the stimulus amplitude) also may represent an
important source of variability.

Given the confusing evidence in the litera-
ture, the conservative approach to this problem
may be the most appropriate until more informa-
tion is available. Significant SSEP changes should
only be attributed to a plexus injury if both sub-
cortical responses generated central to the plexus
and cortical responses show at least a 50% am-
plitude decrease and a 10% latency increase in
the absence of other potential explanations.

This approach is supported by Lorenzini et
al,47 who recorded the SSEP during positioning of
awake patients. Criteria for change in the SSEP
were selected as 60% amplitude reduction or
10% latency increase. All evoked potential
changes that met these criteria were associated
with immediate clinical symptoms. However,
21% of patients had some symptoms such as tin-
gling, numbness or aching that were not associ-
ated with any SSEP changes. 

Spinal Cord Monitoring

The potentials that produce the SSEP after stimu-
lation of either the ulnar or median nerves at the
wrist are generated by the impulses traveling
along the fastest conducting (ie, largest diame-
ter) sensory axons. These axons traverse the
brachial plexus before ascending in the posterior
columns (fasiculus cuneatus) of the spinal cord
to the posterior column nuclei. The N13 and all
later waves will thus be sensitive to any injury to
the posterior columns of the spinal cord. 

Stecker106

 by guest on April 22, 2009 http://scv.sagepub.comDownloaded from 

http://scv.sagepub.com


Because the dorsal spinocerebellar tract 48-51

in the anterior part of the cord is also involved in
conducting impulses that generate the SSEP, in-
jury to the anterior cord may also produce
changes in the SSEP, but to a smaller degree. In a
like manner, the impulses producing the SSEP
from the lower extremity also ascend in the pos-
terior columns (fasciculus gracilis) and to a lesser
extent the dorsal spinocerebellar tract, but follow
a longer course throughout the spinal cord and
so are also more sensitive to posterior than ante-
rior spinal cord injury. This provides the anatom-
ic substrate for the use of SSEP to monitor the
spinal cord. The main utility of spinal cord SSEP
monitoring during cardiac surgery is in operations
that also involve the descending aorta. This spe-
cific application is discussed in detail in an ac-
companying article. 

Brain Monitoring

Compared with other electrodiagnostic tech-
niques used to monitor brain function during car-
diac operations such as the EEG, the SSEP re-
quires relatively little signal processing and inter-
pretation is more straightforward. Despite this,
surprisingly few studies have addressed the po-
tential role of the SSEP as a monitor of brain
function during cardiac operations. 

Existing studies have, however, suggested at
least three separate SSEP applications: (1) detec-
tion of cerebral ischemia during cardiopulmonary
bypass, (2) determination of the appropriate tem-
perature for hypothermic circulatory arrest, and
(3) measurement of cerebral function during sys-
temic circulatory arrest with supplementary cere-
bral perfusion.

Cerebral Ischemia Detection

Cheung et al52 demonstrated in a single case that
the SSEP could be sensitive to the appearance of
intraoperative cerebral ischemia (Figure 4). A
subsequent study53 of 25 patients undergoing car-
diac operations demonstrated that SSEP monitor-
ing was able to correctly identify 2 patients who
experienced intraoperative stroke without any
false-positive results.

These authors, recognizing that variations in
temperature and anesthesia can produce sub-

stantial changes in the evoked responses, at-
tempted to determine rational criteria for making
the decision as to whether a given change in the
SSEP indicates cerebral ischemia. They found that
even in patients with normal preoperative and
postoperative neurologic examinations, it was not
uncommon to observe 20-fold changes in the am-
plitude of the N20–P22 complex during the
course of cardiac operations.

In addition, the absolute latency difference
between the right and left N20 and P22 poten-
tials often varied by more than 4 milliseconds in-
traoperatively. Both of these are relatively larger
than the typically used criteria of a 50% decrease
in amplitude or a 10% change in latency. In fact,
the only criterion which distinguished the group
of patients that experienced an intraoperative
stroke from the other patients was a greater than
21-fold change in the right/left N20–P22 ampli-
tude ratio during surgery.

This study also noted that the variations in
this right/left N20–P22 amplitude ratio could be
strongly dependent on technical factors such as
the stimulus intensity. The use of higher stimulus
intensities tended to reduce the effects of any
variations in the threshold of the peripheral nerve
to stimulation during the surgical procedure and
hence the variability. This emphasizes the fact
that SSEP methodology may critically affect the
clinical significance of waveform changes. 

These small sample studies are suggestive of
SSEP benefit, but larger patient populations must
be examined in order to provide reliable estimates
of the sensitivity and specificity for ischemia de-
tection. When ischemia is identified by SSEP
monitoring, a number of actions may be taken to
prevent injury. These include blood pressure ele-
vation, transesophageal echocardiographic deter-
mination of an embolic or occlusive source, and
the administration of neuroprotectants. Although
no prospective studies have addressed the utility
of this approach, my experience suggests that
SSEP monitoring is beneficial. 

Indirect Monitoring of Brain Temperature

Guérit et al54 recorded the N20 potential as well
as the subcortical P14 potential in 32 patients un-
dergoing deep hypothermic circulatory arrest. All
patients in whom the disappearance of P14
(mean temp 16.9°C) was taken as a measure of
adequate cooling prior to circulatory arrest suf-
fered no neurologic sequelae. However, all pa-
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tients in whom SSEPs disappeared because of a
nontemperature-related cause showed demon-
strated postoperative neurologic abnormalities. 

On the basis of these observations, these au-
thors suggested using the temperature of the dis-
appearance of the P14 potential as the appropri-
ate temperature for circulatory arrest. Other au-
thors55,56 have suggested using the temperature
at which electrocerebral silence appears on the
EEG as the marker of the best temperature for hy-
pothermic circulatory arrest. However, the tem-
perature at which electrocerebral silence appears
(17.8°C)13 is very close to the temperature at
which the P14 disappears, and so either choice is
probably appropriate. 

Both Guérit,54 Coles,57 and later Stecker16

demonstrated that, in addition to its use as a “brain

thermometer”, the SSEP can also yield important in-
formation on the effects of circulatory arrest on
brain function. In particular, each study demon-
strated that during rewarming after a period of cir-
culatory arrest, the time to recovery of the N20 po-
tential increased by 0.3 to 1.0 minutes for every
minute of circulatory arrest. Stecker16 further
demonstrated that the risk of neurologic deficit after
circulatory arrest (with retrograde cerebral perfu-
sion) is dependent upon the temperature at which
the N20–P22 complex returns during rewarming
after circulatory arrest. Specifically, the risk of neu-
rologic deficit increases by a factor of 1.27 for every
degree increase in the nasopharyngeal temperature
at which the N20 potential returns during rewarm-
ing. This effect was independent of the effects of the
temperature at which continuous EEG returns dur-
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Figure 4. Vertical panel (A) represents the “normal” SSEP morphology observed during
cardiac surgery. L and R refer to left and right ulnar nerve stimulation. In panel (B),
generated after initiation of cardiopulmonary bypass, the N20-P22 complex arising from
left arm stimulation has disappeared, whereas that arising from right arm stimulation
remains intact. Latencies are prolonged as a result of cooling and note bilateral retention
of the subcortical N18 and spinal N13 potentials. In panel C shows the continued loss of
response to left arm stimulation and further suppression of the cerebral and spinal cord
responses to additional cooling. Panel D shows only slight recovery of the response to left
arm stimulation at the end of the case. Post-operative CT demonstrated an infarct in the
posterior limb of the right internal capsule. (Figure reproduced with permission of the
publisher52).
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ing rewarming and so indicates that the SSEP pro-
vides information in addition to that provided by the
EEG, as suggested by Guérit.54

SSEP monitoring has a role not only in deter-
mining optimal hypothermic circulatory arrest
temperature and the cerebral response to re-
warming, but also in characterizing brain func-
tion during hypothermic circulatory arrest.
Cheung et al,58 using electrocerebral silence as
the criterion for hypothermic circulatory arrest,
demonstrated that subcortical SSEP waveforms
often persisted during hypothermic circulatory ar-
rest. Although present, the key SSEP waveform
components gradually declined in amplitude over
time. The thalamocortical N18 potential ampli-
tude halved within 16 minutes, while similar de-
creases in the brainstem N13 and brachial plexus
N11 components required 19 and 30 minutes, re-
spectively. More important, the rate at which the
N18 declined was dependent on the fraction of
time that retrograde cerebral perfusion was used
during circulatory arrest. Greater use of retro-
grade cerebral perfusion was associated with a
longer time to disappearance of the N18. In that
study,58 the N18 persisted almost twice as long
when retrograde cerebral perfusion was used
throughout the period of hypothermic circulatory
arrest as when retrograde cerebral perfusion was
not used at all. Further demonstration of the sig-
nificance of these changes is found in the obser-
vation that the time course of N18 amplitude re-
duction mirrored the temporal changes in oxygen
extraction during circulatory arrest with retrograde
cerebral perfusion.59

Finally, it should be noted that the SSEP may
also be very helpful in other ways during complex
cardiac and aortic operations. In particular, the
SSEP can aid in determining optimal circulation
management. This is of particular interest during
aortic operations. The SSEP may, for example, be
used to detect the inadvertent placement of a
clamp that eliminates flow to either the right or
left carotid artery. Another example is that SSEP
monitoring during aortic dissection repair can
quickly detect malperfusion through the false
lumen that compromises the cerebral circulation. 

Conclusion

SSEP monitoring during cardiac and major vas-
cular surgery provides vital information about the
functional status of peripheral nerve, brachial

plexus, spinal cord, and brain. This technique can
detect cerebral ischemia or stroke and provides
an indirect functional measure of temperature ef-
fects on the central nervous system. Additionally,
it appears to offer new insight into the dynamics
of deep hypothermic circulatory arrest and sup-
plementary cerebral perfusion. However, evi-
denced-based medicine demands a series of ap-
propriately controlled and adequately powered
prospective studies to objectively determine the
cost-benefit of this monitoring modality. 
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