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Abstract Somatosensory evoked potentials (SEPs) have
been linked to noxious activation and stimulus intensity. In
this exploratory study we investigated the impact of
anaesthetic drugs on SEPs and pain ratings, to assess their
applicability as an objective measure of the nociception/
anti-nociception balance. Following institutional approval
and written informed consent, 10 healthy adult volunteers
were enrolled (29.5 £ 9.1 years, 63.0 £ 89 kg and
171.4 + 7.2). Median nerve electrical stimulation was
adjusted according to volunteers’ sensitive, motor and
painful thresholds (PT). Baseline SEPs were registered, and
remifentanil and propofol administered using a stair
scheme TCI. For each drug combination a 1.3xPT stimu-
lus was administered, and volunteers evaluated pain
intensity in a numerical rating scale (0-10). SEPs’ ampli-
tudes and latencies were normalized by the baseline values,
reducing volunteers’ intervariability. Stimulation currents
varied between 6-52 mA (1.3xPT) and pain ratings
between 0 and 9. Cortical SEPs latencies were decreased
for higher stimulus intensities (P < 0.01), accompanied by
increased pain ratings (P < 0.01). An individually adjus-
ted/normalized ratio based on cortical SEPs amplitude and
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interpeak latency is proposed(Ryomm): Ryorm and NSR were
significantly correlated in three out of nine subjects, and
Ryom and remifentanil Ce were significantly correlated in
two (low number of evaluation points). Ry,, was shown to
decrease with increasing doses of propofol and remifenta-
nil (P < 0.05). The proposed metric was depressed by
anaesthetics and reflected pain evaluations. Further
research is necessary to increase the number of volunteers
and drugs’ combination, to assess its applicability during
surgically adequate anesthetic leves.

Keywords Pain - Nociception - Monitoring -
Somatosensory evoked potentials (SEPs) - TIVA

1 Introduction

Establishment of objective methods for pain assessment,
comparable between individuals, is still an open research
question. Pain is a multifaceted experience that depends on
several factors such as stimulus characteristics [11, 14, 23],
patient’s experience [18], or attention [19], activating dif-
ferent coding and interpreting brain areas [6, 11, 23].
Understanding pain perception and pathways from sensing
organs to higher processing in the brain, is of paramount
importance when developing a tool to assess nociception.
Most of the research done in the search for a tool to
translate the nociception/anti-nociception balance (Noc/
ANoc) is focused on the use of physiological variables,
such as heart rate and blood pressure, basing the translation
of the patients’ state on passive variables linked to noci-
ception [3, 12, 13, 22, 26]. This hampers definition of the
adequate Noc/ANoc state, because indirect signals related
to pain activation are used to translate the patient’s state,
rather than direct measures of the sensing process. The
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concept of evoked potentials may configure a solution for
this issue, since it is based on the register of an electrical
potential from the nervous system, in response to a known
stimulus, and it may be measured anywhere along the
anatomical pathways [15, 27]. The use of evoked potentials
has been of great importance in understanding the sensing
and brain mechanisms in response to outer stimuli both in
human and animal subjects [21, 25]. In anaesthesia, evoked
potentials have been explored mostly using auditory and
somatosensory evoked potentials (SEPs), to evaluate hyp-
nosis state and sensory impairment of the patient [4, 9].
Application of evoked potentials during anaesthesia, tech-
nical aspects, and the influence of drugs used in the peri-
operative period on the measured responses were reviewed
[15, 27], demonstrating that different factors interfere with
waves collection and characteristics, particularly drugs. It
has been shown that propofol and remifentanil increase
SEPs latency and decrease amplitude in a dose-dependent
manner [9, 15], leading to the assumption that SEPs may
contain information on the sensing process and drug
attenuation. We decided to investigate, in healthy adult
volunteers, the use of SEPs for different stimuli intensities,
and inspect anaesthetic drugs’ impact on the evoked
responses and pain evaluations reported by the volunteer.

2 Methods

Clinical protocol and experiments were approved by the
Ethics Committee and Administration Council of Santo
Antoénio’s Hospital, Centro Hospitalar do Porto. Written
informed consent was obtained from all subjects.

2.1 Subjects

Healthy volunteers without pre-medication filled the study
requirements. Ten healthy adult volunteers, five men, age
29.5£9.1 years old, weight 63.0 £8.9kg and height
171.4 £ 7.2cm, were enrolled in the study, providing
written informed consent after being informed about the
experimental procedure. The volunteers did not receive any
kind of monetary compensation. For each volunteer a
folder, referenced by a code number, was created to store
study files collected during the experiment.

2.2 Electrical stimulation

For the assessment of patterned responses to electrical
stimulation, skin contact electrodes were positioned on
volunteers’ wrist, for median nerve stimulation. Rectan-
gular (0.5 ms) electrical stimuli were initiated and
increased in 0.1 mA steps. The volunteers were instructed
to state when the stimulus was perceived (sensitive
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threshold, ST), when it produced involuntary movement
(motor threshold, MT), and when it was perceived as
painful (painful threshold, PT). Electrical stimuli thresh-
olds were assessed at the beginning of the experiment, and
a supra-painful stimulus was defined (1.3-fold painful
threshold, 1.3 xPT) for SEPs acquisition.

2.3 Somatosensory evoked potentials

Volunteers were maintained in a comfortable position, in a
silent environment during the experiment. EEG needle
electrodes were placed according to the monitoring stan-
dards (international 10-20 system), and two EEG channels
were collected: scalp contralateral to the stimulation site
(C3' or C4, 2 cm posterior to C3 and C4, respectively),
scalp (Cz); and neck (C5S or C2S, cervival on the spinous
processes C5 or C2), scalp (Cz). Monitor Endeavor = CR
(Nicolet-Vyasis) was used to collect SEPs data, with a
stimulation rate of 3.1Hz (180 stimulus/min). Before
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Fig. 1 Somatosensory evoked potential representation with latency,
amplitude and respective vertex potential marks (positive and
negative): a cortical site, b cervical site
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drugs’ administration, all baseline values were registered
for the PT and 1.3xPT. SEPs’ latencies and amplitudes
were extracted as follows: for the cortical SEPs, the
amplitude was determined as the difference between the
positive and negative peaks, and the latency the difference
between the latencies of the positive and negative peaks
(interpeak latency); for the cervical SEPs amplitude and
latency of the single peak were used (Fig. 1).

2.4 Anesthesia

Volunteers presented themselves in the operating room
with fasting superior to 6 hours. Standard monitoring was
used including ECG, SpO2, non-invasive arterial blood
pressure, and Bispectral Index (BIS). A hand vein was
catheterized with a venous catheter G20, saline infusion
started at 400 ml/h to maintain steady drugs’ infusion
throughout the procedure, and nasal oxygen at 3 I/min.
Anaesthetics’ administration was conducted using a target
controlled infusion (TCI) system and data synchronization
software Rugloopll® Waves. Propofol and remifentanil
were administered by effect-site concentration (Ce) steer-
ing using Schnider [24] and Minto [20] pharmacokinetic
models, respectively. All stimuli and important events were
registered in a text file. Collected data were later exported
to data-sheet files using Labgrab2.03°.

2.5 Experimental protocol

The experimental design is presented in Fig. 2. At the
beginning of the experiment sensing thresholds were
identified, followed by acquisition of correspondent base-
line SEPs (Baseline). Drugs’ TCI was initiated following
three different administration schemes: remifentanil 0.5/
1.0 ng/ml increasing steps only (scheme 1); fixed remif-
entanil (1.0 ng/ml) and propofol (0.5 pg/ml) increasing
steps (scheme 2); and finally, fixed propofol (1.2 pg/ml)
and increasing remifentanil 0.5/1.0 ng/ml steps (scheme 3).
For each drug change, when effect-site and plasmatic
concentrations reached equilibrium, infusion was main-
tained for two minutes to assure drugs’ steady-state, and
only then electrical stimulation was initiated (1.3 xPT). For
each stimulus, volunteers were instructed to rate pain
intensity in a numerical rating scale (NRS), varying from 0
(no pain) to 10 (worst possible pain). Each administration
scheme was interrupted if arterial pressure or heart rate
decreased 20% from baseline values, the volunteer lost
response to verbal stimulus, maintaining response to
mechanical stimulation (score 2 in the Observer Assess-
ment of Awareness and Sedation Score [8], OAAS/S = 2),
or by clinical recommendation. Following the procedure
described above, volunteers rested for a period of one hour
in the recovery room, receiving express indication not to

drive a car, operate machinery or precision mechanisms
during that day.

2.6 Statistical analysis

Data were compiled in Microsoft Office Excel 2010, and
analysed using Matlab R2007B. To assess relations
between stimulus intensity, SEPs’ wave characteristics,
pain evaluations in the NRS and drug doses, non-para-
metric Spearman rank correlation coefficient, paired sam-
ple Wilcoxon rank sign test, and Kruskal-Wallis test were
used. P <0.05 was considered statistically significant.

3 Results

Following data collection, one subject was excluded from
the analysis since SEPs evaluation for the PT stimulus was
not available. Drugs’ administration was interrupted every
time the volunteer was unable to respond to verbal com-
mand, while being capable of responding to mechanical
stimulation (OAAS/S = 2), and this was achieved in all
volunteers. Brief periods of apnoea occurred, all sponta-
neously reversed requiring only neck extension and drugs’
administration interruption. BIS minimum values reached
during the experiment were 52.3 £ 8.6. Pain ratings in the
NRS varied from 0 to 9, and 1.3 xPT stimulation currents
varied between 6 and 52 mA.

3.1 Stimulus intensity and baseline cortical
somatosensory evoked responses

Individually adjusted stimulus currents for ST were
2.9+ 1.3, for MT 8.0 +£2.8, for PT 20.3 +9.6 and for
1.3xPT 26.5 £ 12.4 mA. Increasing variability in stimu-
lation currents from the sensitive threshold to the painful
threshold was observed. Volunteers presented different
painful thresholds, meaning different sensitivities to elec-
trical stimulation; also, SEPs’ wave characteristics varied
among volunteers, in spite of stimulation with the indi-
vidually adjusted painful stimulus, or supra-painful as
shown in Fig. 3.

Volunteers evaluated pain in a NRS both when the PT
was achieved, and for every 1.3xPT stimulus applied
subsequently. We observed that as soon as the stimulus was
intense enough to produce pain the NRS evaluations were
superior or equal to 5 in almost all volunteers. Figure 3
presents the pain evaluations for the PT and 1.3xPT
stimuli at baseline. From the PT to the 1.3 xPT stimuli, the
evaluations in the NRS were either maintained or increased
(P<0.01). Cortical interpeak latency was significantly
decreased within the same subject (P <0.01) when com-
paring SEPs for the PT and 1.3xPT at baseline (Fig. 3).
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Fig. 2 Study experimental protocol timeline. Baseline: period
without drug administration to acquire sensing thresholds. scheme
1: remifentanil 0.5/1.0 ng/ml increasing steps only. scheme 2: fixed

-
o
)

A *%

*%

Pain (NRS, 0-10)
O =2 N W Hh O O N 00 O

1.3xPT

(o]
o
),

*%

*%

SEPs Amplitude (pV) &
Latency (ms)
w

PT 1.3xPT

mlLatency OAmplitude

Fig. 3 a Pain evaluation in the numerical rating scale (NRS, 0-10),
and b baseline amplitudes and interpeak latencies of cortical SEPs, in
response to painful (PT) and 1.3-fold painful (1.3 xPT) stimuli. Pain
NRS evaluations were significantly higher for the 1.3 xPT than for the
PT, and SEPs latency lower (**P <0.01)

3.2 Pain evaluations and anaesthetics’ concentrations

Remifentanil administration, at increasing concentrations,
resulted in a reduction of reported pain in the NRS
(P<0.01). The same occurred when propofol was admin-
istered. Figure 4 presents the NRS evaluations for the
maximum drugs combinations achieved in each adminis-
tration scheme. Although a decrease in the NRS evalua-
tions was observed for all administration schemes, in
schemes 2 and 3 the volunteers either evaluated pain with
lower values in the NRS, or were unable to evaluate pain
due to becoming unresponsive (lack of verbal response,
OAAS/S = 2).
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remifentanil (1.0 ng/ml) and propofol (0.5 pg/ml) increasing steps.
scheme 3: fixed propofol (1.2 pg/ml) and increasing remifentanil 0.5/
1.0 ng/ml steps
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Fig. 4 Pain evaluations in the numerical rating scale (NRS, 0-10) for
the maximum combination on each administration scheme (a), and
corresponding normalized ratio (Ry,,) of cortical SEPs’ amplitude
and interpeak latency (b) (o data outliers). Significant difference was
found between baseline and scheme 1 NRS pain evaluation, and
between Ry, at baseline and scheme 3 (*P <0.05, **P <0.01)

3.3 Normalized cortical somatosensory evoked
responses’ ratio

The interindividual variability in current stimuli, and cor-
responding SEPs’ amplitudes (Fig. 3), led us to normalize
SEP’s amplitude in response to the 1.3xPT stimulus, by
the observed SEP’s amplitude at baseline for the PT
stimulus individually adjusted, as follows:
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Table 1 Spearman correlation (p) between cortical SEPs normalized
ratio (Ry,m), pain numerical rating scale evaluations (NRS, 0-10),
and remifentanil effect-site concentration (Ce) in scheme 1, for each
volunteer (N number of data points, * P <0.05)

Ryorm Pain (NRS, 0—10) Remifentanil Ce

Volunteer 0 N o N

1 0.46 14 —0.63

2 0.43 13 0.11

3 0.59* 18 —0.63 10

4 _ _ _ _

5 0.45 9 —0.79%*

6 0.26 11 —0.09

7 0.55* 21 —0.23 16

8 0.23 16 —0.17 15

9 0.39 18 —-0.49 13

10 0.50* 17 —0.62 10

Mean (SD) 0.43 (0.12) —0.39 (0.30)
SEPNorm

SEPAMpPNom = m (1)

where SEPAmp is the observed SEP’s amplitude in
response to the 1.3xPT stimulus, and SEPAmp, is the
SEP’s amplitude for the PT stimulus baseline.

Since increased latencies and decreased amplitudes are
related to drug SEPs attenuation [9, 15], the ratio Ry, was
also obtained as follows:

EPA orm
Ry = SEPAMPNom 2)

SEPLatyom
where SEPLaty,,, is the normalized latency by the
observed latency to the PT baseline (SEPLaty) as given by

SEPLat
SEPLat =— 3
Norm = SEPLat, (3)
This way, a normalized and dimensionless metric Ry, 1S

proposed.

3.3.1 Cortical somatosensory evoked responses’ ratio
and pain evaluations

A decrease in cortical SEPs’ amplitude with decreasing
pain evaluations in the NRS was observed. After normal-
ization volunteers’ intervariability was reduced, and the
associations maintained. All volunteers exhibited the same
direction of relation, confirmed by the Spearman rank
correlation coefficients (Table 1): in all volunteers the
correlation coefficients were positive, but significant in
only three subjects (larger number of evaluation points).
Since Rp,mm is dimensionless and comparable between
subjects, data from all volunteers were combined to obtain
a group correlation coefficient. The correlation coefficient

between Ry, and the evaluations in the NRS exhibited a
positive relation (p = 0.17, P = 0.05 and 137 data points).

3.3.2 Cortical somatosensory evoked responses’ ratio
and anaesthetics’ concentrations

In general, a decrease in Ry, with increasing drug doses
is observed, although the relation is not always evident
(reduced number of evaluation points for each volunteer).
Spearman rank correlation coefficients between Ry, and
the remifentanil Ce were obtained for each volunteer
(Table 1). Almost all volunteers exhibited the same asso-
ciation direction, however statistical significance was
achieved in only one volunteer. A decrease tendency of
Ryomm in each drug scheme was observed, although not
statistically significant (scheme 1 p = —0.18, 96 data
points; scheme 2 p = —0.13, 46 data points; scheme 3,
p = —0.02, 32 data points).

3.3.3 Cortical somatosensory evoked responses’ ratio
of maximum drug doses analysis

Ryom values for the maximum drug doses achieved in each
volunteer, for each administration scheme, were analyzed
(Fig. 3b), this way we are able to compare SEPs for the
same state in all volunteers (loss of response, cardiovas-
cular depression, or apnoea), regardless of their intervari-
ability in terms of necessary Ce to induce these changes.
There was a decrease in Ry,,, for every administration
scheme in comparison to baseline, accompanied by a
decrease in pain evaluations (Fig. 3a). This difference was
significant between the values observed at Baseline (no
drugs) and the values observed at scheme 3 (increasing
remifentanil Ce with fixed propofol, P <0.05). Although
we may observe a tendency of decreasing Ry, for the
maximum drug doses achieved in schemes 1 and 2, more
data would be necessary; the incidence of outliers still has
an important effect since we are analyzing isolated mea-
surements of SEPs, in non-paralyzed conscious volunteers,
with a limited number of samples.

3.4 Cervical somatosensory evoked potentials

Data was collected both from cervical and cortical sites to
compare evoked potentials pre and post central sensory
processing. The ratio between cervical SEPs’ amplitude
and latency were analyzed with original and normalized
values. No relation between cervical SEPs’ ratio and cor-
responding NRS ratings, or anaesthetics’ Ce was observed.
Correlation coefficients between NRS evaluations and the
SEPs ratio obtained for each volunteer presented different
directions, with average value of 0.13 +0.25. The same
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happened for the SEPs ratio versus remifentanil Ce
(—0.09 £ 0.40).

4 Discussion

In this study a new method, combining both amplitude and
interpeak latency of cortical SEPs, is proposed as an
objective indicator of the Noc/ANoc balance. Propofol and
remifentanil increasing doses led to cortical SEPs wave
depression with amplitude reduction, increased interpeak
latency, and simultaneously to decreased NRS pain eval-
uations. Our observations corroborate results presented in
previous studies [9, 15], indicating a depression in wave
amplitude, and increase in latency, with increasing doses of
propofol and remifentanil. Information contained on SEPs’
wave morphology was analyzed, in collaborating volun-
teers, in response to different stimulus intensities, and in
response to hypnotic and analgesic drugs, allowing for a
more complete analysis of SEPs applicability in the
assessment of Noc/ANoc balance, since volunteers’ pain
evaluations were obtained for each drug combination.

Sensory evoked potentials wave characteristics are
affected by several factors [1, 2, 15, 19, 27], including
genetic predisposition [10], leading to wide interindividual
variability in sensing thresholds and amplitude responses.
We observed interindividual variability both on the indi-
vidually adjusted stimulus thresholds, especially in the PT,
and in the evoked responses, confirming that pain mecha-
nisms vary between subjects. Any tool capable of objec-
tively assessing the Noc/ANoc balance must take this into
account. To overcome this limitation we decided to nor-
malize the SEPs wave characteristics by the PT response at
baseline, producing measures comparable between sub-
jects. Cortical SEP’s interpeak latency and amplitude were
combined into a single index (Ry,m), taking advantage of
the information contained in both parameters and their
inverse proportionality in response to anaesthetics [15], and
providing a dimensionless measure, comparable between
subjects. We observed that this information is comple-
mentary, and the relation between pain evaluations in the
NRS, drug doses, and the ratio are maintained.

No relation was found between cervical SEPs and both
NRS ratings and drug doses. This may be due to the fact
that the cervical potential is collected prior to superior
processing and therefore, is only representative of the
stimulus conduction to higher processing, resulting in
similar wave characteristics (same intensity stimulus and
no attenuation provided by the drugs) [28], nonetheless the
number of volunteers is low, and further studies would be
necessary to evaluate these relations.

The hypnotic drug had an impact on the cortical SEPs
wave, as well as the analgesic drug. Although one may
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think that the analgesic drug should be the only blocking
the stimulus, the addition of propofol resulted in SEPs
depression accompanied by a decrease in pain evaluations,
both reversed with propofol withdrawal. Some studies have
addressed the issue of propofol analgesic effects [5, 7, 16]
and it is described that propofol also has the ability to
inhibit the response to noxious stimuli [7]. A recent study
also reported this relation with evoked potentials, demon-
strating that SEPs were depressed by propofol, sevoflurane
and ketamine in subanesthetic doses, although without
significant suppression of cortical activity, leading to the
conclusion that the observed effects seem to be specific to
the analgesia [29].

It should be noted that the number of data points to
determine the correlation coefficients individually is in
many cases low and therefore with limited meaning. To
strengthen the results presented in this study the number of
volunteers should be increased. Also, SEPs curve extrac-
tion is very conditioned by noise, and since these are very
low amplitude signals, this may hinder the results. More
robust filtering techniques in the extraction of the SEPs
should be studied, as well as the stimulus modality that
only elicits noxious responses, such as thermal stimulation.
This was an exploratory study, and although significant
correlation between Ry, and NRS evaluations was only
observed in 3 of the 9 volunteers, we believe these are
encouraging results to further explore SEPs as an indicator
of the Noc/ANoc balance during anesthesia. Future studies
should increase of the number of volunteers, drugs’ com-
binations, and the evaluation of the indicator for deeper
levels of anesthesia.

5 Conclusion

In our study we analyzed the influence of an analgesic and
a hypnotic drug on SEPs wave characteristics and corre-
sponding pain as evaluated by the subject, demonstrating
that cortical SEPs wave characteristics contain information
on pain perceived intensity, and on the anti-nociception
provided by the anaesthetic drugs. We propose a new
method combining cortical SEPs wave amplitude and in-
terpeak latency, which may be used as a dimensionless
indicator, comparable between subjects, of the Noc/ANoc
balance. Such an indicator would be valuable to translate
the nociceptive/drug attenuation balance not only in con-
scious subjects, but most importantly in individuals not
capable of communicating verbally or in other ways, due to
disease, altered mental or conscious state, or young age.
This is a new way of looking at nociception assessment that
is gaining great interest in distinguishing the effects of
anesthetics and analgesics during the intraoperative man-
agement [17, 29].
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