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Abstract

Predicting the fate of ICU patients who are in
coma is extremely challenging. In this context,
somatosensory evoked potential (SSEP) can
assist the multimodal neurological evaluation.
In this chapter, we discuss the principles, appli-
cations and limitations of the SSEP in the ICU,
with a focus on prognostication in comatose
patients. Registration of the SSEP is a very
reliable and reproducible method, if performed
and interpreted correctly. During recordings,
great care should be taken in improving the
signal-to-noise ratio: if the noise level is too
high, the peripheral responses are abnormal,
or the response is not reproducible in a second
set of stimuli; in these cases, interpretation of
the SSEP cannot be done reliably. A bilaterally
absent cortical response is a reliable predictor
for poor neurological outcome in patients with
a postanoxic coma, but not in patients with
traumatic brain injury or stroke.

6.1 Introduction

Every patient remaining in coma in the intensive
care unit (ICU) raises the question regarding out-
come prediction (Chap. 1). Both the treating team
and family members need information about the
chances of recovery of consciousness and long-
term functional outcome. Reliable information
on this topic is necessary to decide on limitations
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or even withdrawal of supportive intensive care
treatment. Somatosensory evoked potentials
(SSEPs) are often used in this situation and can
prove very useful depending on the condition
underlying the coma.

6.2  SSEP Principles (see also

Chap.2)

The SSEP is a small (<10-50 pV) electrical sig-
nal, which can be recorded noninvasively from
the skull, after giving a set of electrical stimuli
to one of the peripheral nerves, evaluating the
complete pathway from the peripheral sensory
nervous system to the sensory cortex, running
via the dorsal column and lemniscal pathway
through the spinal cord, brainstem and thalamus
(Cruccu et al. 2008). This pathway consists of
four neuronal populations: the cell bodies of the
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Cuneate nucleus
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first-order neurons are situated in the dorsal root
ganglia, the trigeminal ganglion, the midbrain
trigeminal nucleus and the vagal ganglion nodo-
sum. The second-order neuron lies in the rostral
part of the dorsal column (cuneate and gracile
nuclei). Axons of these second neurons cross
the midline and project to the ventroposterior
nuclei of the thalamus (third-order neuron). From
there, the pathway projects into the network of
somatosensory cortex areas (fourth-order neu-
rons), which include the primary and secondary
somatosensory cortex, posterior parietal cortex,
posterior and mid-insula and mid-cingulate cor-
tex (Fig. 6.1).

SSEPs are usually evoked by bipolar transcu-
taneous electrical stimulation applied on the skin
over the selected nerve and registered with disc
electrodes along the tract. For example, in record-
ings of the median nerve, registration electrodes
can be placed at the elbow, Erb’s point (over the


http://dx.doi.org/10.1007/978-3-7091-1634-0_2

6 Prognostic Use of Somatosensory Evoked Potentials in Acute Consciousness Impairment 75

Median nerve sep

N19

N19
P22

Io.z nv
+

Iqr.s uv

50 ms
1

Fig.6.2 Multiple recording sites of SSEP

plexus, above the clavicle) and cervical, parietal
and frontal cortex (Fig. 6.2; see also Chap. 2).
Cortical responses can only be interpreted reliably
when the peripheral responses are present. In the
nomenclature of SSEP waveforms, N or P fol-
lowed by an integer is used to indicate the polarity
(positive, respectively, negative) and the nominal
poststimulus latency (in ms) of the recorded wave
in a healthy reference population (e.g. P15, N20).
The earliest cortical potential is the N20, which is
generated in the primary somatosensory cortex,
where thalamocortical cells undergo synaptic
connections with the superficial and deep pyrami-
dal cell layers (Allison et al. 1991). In comparison
to cortical responses of greater latency, the N20 is
the most robust, as this is the latest waveform to
disappear following increasing levels of encepha-
lopathy or pharmacological sedation; of note,
however, the N20 is relatively independent to the
level of sedation used in clinical settings (Cruccu
et al. 2008). Since the cortical waveforms appear-
ing later (such as P45, N60 and P/N100) are less
reliable and more susceptible to changes by seda-
tion, the N20 is widely used in almost all clinical
prognostic questions.

6.3 Pitfalls and Limitations
of SSEP Recordings

in the ICU

One of the main problems of the SSEP inter-
pretation is the interobserver agreement,
which has been extensively described in sev-
eral studies (Zandbergen et al. 2006a; Pfeifer
et al. 2013). Zandbergen et al. investigated 56
consecutive patients with anoxic—ischaemic
coma (Zandbergen et al. 2006a); these regis-
trations were interpreted independently by five
experienced clinical neurophysiologists. The
interobserver agreement for SSEPs in anoxic—
ischaemic coma was only moderate (kappa
0.52, 95 % CI 0.20-0.65): the main source of
disagreement was related to the underlying elec-
trical noise, implying difficulties in obtaining a
reasonable signal-to-noise ratio. For recordings
with a noise level of 0.25 pV or more, the mean
kappa was as low as 0.34 (fair agreement), while
for recordings with noise levels below 0.25 pV,
the mean kappa improved to 0.74, which is a
substantial agreement. Similar results have
been reported by Pfeifer et al., again in subjects
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admitted after cardiac arrest (Pfeifer et al. 2013).
One way of integrating the SSEP informa-
tion with other neurophysiological variables,
in order to limit the aforementioned problems,
may be a continuous SSEP registration com-
bined with continuous EEG. This can be used
to monitor deterioration in patients with severe
brain injury (Amantini et al. 2009); however,
such approaches are still rare in clinical prac-
tice. Of note, almost all literature regarding
the use of SSEP for prognostication uses the
absence or presence of short-latency cortical
responses (N20). Whether the amplitude of cor-
tical responses can be used is uncertain. During
continuous SSEP and EEG registration, an N20
amplitude <1.2 pV has been used as a cut-off to
describe an abnormal SSEP (Bosco et al. 2011),
but it is important to underscore that this thresh-
old does not reflect any evidence nor current
practice for N20 analyses in the prognosis after
cardiac arrest.

Efforts should be made to increase the
signal-to-noise ratio as much as possible. As
an orienting threshold, Zandbergen et al. rec-
ommend that the peak-to-peak amplitude of
noise of the cortical and cervical leads should
be lower than 0.25 pV after averaging, espe-
cially in the frequency of the SSEPs them-
selves (20-500 Hz) (Zandbergen et al. 2006a).
Administration of muscle relaxants (together
with modest doses of sedation, such as 5 mg
of midazolam) often improves the quality of
the SSEP registrations in patients with abun-
dant muscle activity. Furthermore, disturbing
electrical ICU equipment should be turned off
as much as possible. Also, delivering more
stimuli (up to 1,000 or more) and increasing
the stimulus intensity could contribute to opti-
mize the signal-to-noise ratio. In addition, it
has been also suggested that the stimulus rate
may influence the results of an SSEP record-
ing (Robinson and Micklesen 2010) (see Chap.
2). Since the interpreting clinician is often not
present during the actual SSEP registration
itself, the role of the technician is crucial in
obtaining reliable results.
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6.4 Interpretation Criteria

of SSEP

Additional criteria apart from the signal-to-noise

ratio should be kept in mind when interpreting

SSEP recordings. An N20 peak on one side can

only be considered as present if it fulfils all of the

following criteria (Zandbergen et al. 2006a):

e It should have an appropriate latency (i.e.
appearing at least 4.5 ms later than the cor-
responding N13 peak recorded from the pos-
terior cervical region in normal-stature
adults).

e It should be present on the other side, and
there should be a clear difference with the
recording from the side ipsilateral to the stim-
ulus. Therefore, it is recommended to record
not only the contralateral sensory cortex after
stimulation but also co-register the ipsilateral
side. This prevents misinterpretation of the
N18, which has its origin in the brainstem, as
an N20 potential.

* Any potential should be clearly reproducible
in a second set of stimuli.

Bilateral absence of N20 peaks requires the
presence of normal potentials over Erb’s point
and the neck (N13), in order to ensure that the
impulses have arrived in the central nervous sys-
tem through an integer peripheral pathway.
Figure 6.3 illustrates an example of an SSEP reg-
istration with present and absent N20 cortical
responses.

6.5 Confounding Factors

and Sedation

Cortical responses are generally not influenced
by moderate pharmacological sedation or meta-
bolic disturbances, factors that often hamper the
clinical neurological examination in the
ICU. However, massive intoxications, very severe
biochemical or metabolic disturbances and ana-
tomical (e.g. a high cervical) lesions should be
actively ruled out. The cortical N20 responses
may remain still visible even at sedation levels
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Fig. 6.3 Median nerve SSEP registration with and
without cortical responses

sufficient to induce an isoelectric EEG (Cruccu
et al. 2008; Rothstein 2004); nevertheless, care
should be taken when high-dosed barbiturates are
administered: high-dosed sodium thiopental
induces an increase in latencies and decrease in
amplitudes for median nerve SSEP and brainstem
auditory evoked responses (Drummond et al.
1985). It is uncertain whether the amplitudes
decrease to a level that the cortical response can
no longer be identified. Patients with absent corti-
cal responses during thiopental (or pentobarbital)
coma prescribed to treat increased intracranial
pressures who made a good recovery in the end
have been reported in the literature (Robe et al.
2003). This suggests that very high-dosed barbi-
turates can depress SSEP cortical responses.
Propofol produces minimal suppression of the
SSEP amplitude, which at most may be quanti-
fied to a loss of less than 10 % (Langeron et al.
1999). Also, midazolam and opioids have only
moderate effects on SSEP amplitudes and laten-
cies (Langeron et al. 1999; Asouhidou et al. 2010;
Laureau et al. 1999; Taniguchi et al. 1992).
Remifentanil can lower the cortical components
by 20-80 % when given at a high dose (0.8 mcg/
kg/min) as used during neuromonitoring in the
operating room (Asouhidou et al. 2010). On the
other hand, as stated above, in some cases it may
be even advisable to administer low-dose seda-
tion to improve the quality of the SSEP record-
ings. This is especially the case in patients with

generalized periodic discharges on the EEG (see
Chaps. 3, 4 and 5), which in some situations can
be suppressed after the administration of propo-
fol. These periodic discharges often have larger
amplitudes in comparison to the evoked potentials
and can disturb the detection of cortical response.

6.6  Prognostication

in Postanoxic Coma

Bilateral absence of short-latency (N20) SSEP
responses has been identified as the most powerful
prognosticator of poor outcome in patients who
remain unconscious after a circulatory arrest
(Rossetti et al. 2010; Bouwes et al. 2012). In
patients not treated with hypothermia, bilateral
absence of cortical N20 responses 24 h or more
after the event represents a reliable predictor for a
poor neurological outcome (which is understood
as no recovery of awareness) (Zandbergen et al.
2006b). A recent systematic review of all SSEP
registrations reported in patients admitted to the
ICU after resuscitation from a cardiac arrest and
treated with hypothermia showed a false-positive
rate (FPR) as low as 0.007, with a 95 % confidence
interval of 0.001-0.047 (Kamps et al. 2013). These
registrations were performed after return of nor-
mothermia. Even registration during therapeutic
hypothermia might already have a solid good
prognostic value, but the confidence interval is
wider (Tiainen et al. 2005; Bouwes et al. 2009).
Unfortunately, a bilateral preservation of the
N20 does not imply a favourable outcome in
patients after cardiac arrest. In fact, only a small
proportion of patients with a poor outcome after
resuscitation have negative SSEP responses
resulting in a low sensitivity (Kamps et al. 2013;
Cloostermans et al. 2012). This low sensitivity
of the SSEP is also reflected in the large variabil-
ity of EEG patterns that can be observed in
patients with a preserved N20, including status
epilepticus, or even extremely low-voltage
EEG. As pyramidal cell synaptic function is
mainly reflected by the EEG, while SSEP mainly
evaluates the thalamocortical synaptic function,


http://dx.doi.org/10.1007/978-3-7091-1634-0_3
http://dx.doi.org/10.1007/978-3-7091-1634-0_4
http://dx.doi.org/10.1007/978-3-7091-1634-0_5

78

a possible explanation for this peculiar constella-
tion is selective hypoxic damage to the cortical
pyramidal cells’ synaptic function, with pre-
served thalamocortical synapses (van Putten
2012)

The prognostic value of late cortical SSEP
responses reflects the function of associative cor-
tical areas beyond the primary sensory cortex;
although promising from a scientific point of
view, it seems still not to be reliable enough to be
used in daily clinical practice for treatment deci-
sions in the clinical setting (Pfeifer et al. 2013;
Zandbergen et al. 2006c¢).

6.7  Prognostication in Traumatic

Brain Injury

In patients with severe traumatic brain injury
(TBI), the results available on the reliability of
SSEP to predict outcome have been contradic-
tive. Sleigh et al. suggested, in a prospective and
blinded cohort study including 105 patients, that
median nerve SSEPs are reliable predictors for
poor neurological outcome, with a 43 % sensitiv-
ity and no false positives (Taniguchi et al. 1992).
In contrast, in several other studies, TBI patients
have been described initially showing bilaterally
absent N20 responses, who nevertheless later
regained consciousness, with only minor dis-
abilities (Cruccu et al. 2008). These results show
that the absence of cortical SSEP responses does
not represent a reliable predictor in this clinical
context. The most likely explanation is that in
head trauma, a transient N20 disappearance may
be consecutive to focal midbrain dysfunction due
to oedema (Cruccu et al. 2008) or focal corti-
cal lesions. Therefore, SSEP should always be
integrated with other neurophysiologic tools and
clinical examination to improve the predictive
value (Cruccu et al. 2008; Taniguchi et al. 1992).
Moreover, in TBI patients, it is especially impor-
tant to rule out traumatic lesions of the peripheral
nerves, nerve roots or spinal cord, when using
clinical neurophysiologic tests. To complicate
issues, clinical examination of the peripheral
nerves at times can prove difficult in patients with
diminished consciousness.
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6.8  Prognostication in Stroke

The use of median nerve SSEP registration in
patients with severe ischaemic or haemorrhagic
stroke was investigated by Su et al. (2010) and
Zhang et al. (2011). The absence of cortical N20
response, at least on one side, or an abnormal
bilateral N20-P25 amplitude ratio was reported
to be statistically significantly correlated with a
poor outcome (Su et al. 2010). Zhang reported
that especially the absence of the N20 or the N60
(a late potential) contralateral to the lesion could
help to predict a poor outcome in patients with
severe stroke (Zhang et al. 2011). Besides the sci-
entific interest of these studies, a sequential clini-
cal assessment integrated with brain imaging
studies appears more reliable and robust than the
use of SSEP in this clinical setting.

In patients with subarachnoid haemorrhage,
neither median nor tibial SSEP nor central con-
duction time of the median nerve SSEP can be
reliably used as a valid outcome predictor. The
patient’s initial clinical grading still provides the
only satisfying predictor (Wachter et al. 2011).

6.9  Prognostication in Sepsis

In patients with severe sepsis and septic shock,
prolonged cortical SSEP peak latencies occur in
84 % of the patients. These latencies can be used
to diagnose septic encephalopathy and its sever-
ity (Zauner et al. 2002). In these patients, how-
ever, SSEPs have not been reported to be helpful
in determining the clinical prognosis.

6.10 Conclusions

SSEP can be used for prognostication in ICU
patients with coma, as it represents a simple tech-
nique available at bedside, which can therefore
be implemented relatively easily. Especially in
patients with coma after cardiac arrest, this tech-
nique can give valuable additional information.
However, physicians who base their treatment
decisions on these techniques should be well
aware of the inherent limitations and pitfalls.
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Technicians who perform the recordings should
be instructed on how to optimize the signal-to-
noise ratio, in order to increase the reliability of
this test.
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