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1. Introduction

Abstract

Background: There is an ongoing debate whether opioids when used for
intra-operative analgesia may enhance post-operative pain. We studied
the effect of two different intra-operative dosings of sufentanil on
post-operative morphine consumption, pain and hyperalgesia after cardiac
anaesthesia.

Methods: Forty-two male patients (age: 48-74 vyears) undergoing
first-time coronary artery bypass graft surgery were randomized to one of
two groups receiving total intravenous anaesthesia with propofol and a
target controlled infusion of sufentanil with a target of 0.4 ng/mL (group
SL, n=20) or 0.8ng/mL (group SH, n=22) plasma concentration.
Post-operative morphine requirement in the first 48 h was assessed using
patient-controlled analgesia (PCA). Pain rating during deep inspiration,
and the extent of primary and secondary hyperalgesia near the sternotomy
wound were assessed.

Results: The post-operative morphine requirements in the first 48 h were
0.68 = 0.21 mg/kg in group SL and 0.96 = 0.44 mg/kg in group SH
(» <0.05). In group SL, pain during deep inspiration was significantly
lower on the first post-operative day (p < 0.05). Primary hyperalgesia had
its maximum on the second and third post-operative day, without a
difference between the two groups. The extent of secondary mechanical
pinprick hyperalgesia was not different between the groups.

Discussion: Intra-operative dosing of sufentanil significantly influenced
post-operative morphine consumption, pain and hyperalgesia. For cardiac
anaesthesia in combination with propofol, a sufentanil target concentration
of 0.4 ng/mL may be preferable.

development of post-operative pain and analgesic con-
sumption (Ip et al., 2009). In addition, Guignard et al.

Post-operative pain and analgesic treatment still
remains a challenge in daily perioperative medicine
(Carr and Goudas, 1999; Wu and Raja, 2011). An
investigation in 1490 surgical inpatients revealed
moderate-to-severe pain in 41% of the patients on the
day of surgery, decreasing to 15% on the fourth post-
operative day (Sommer etal.,, 2008). Preoperative
pain, anxiety, age, type of surgery and psychological
distress were found to be significant predictors of the

reported a higher post-operative morphine consump-
tion after higher intra-operative dosing of remifentanil
(Guignard et al., 2000).

Over the last decade, there has been increased inter-
est in opioid-induced hyperalgesia (Angst and Clark,
2006). Numerous studies demonstrated opioid-
induced hyperalgesia in animals (Mao et al., 2002;
Celerier etal.,, 2006; Cabanero etal.,, 2009) and in
volunteers using experimental pain models (Compton
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What's already known about this topic?

e It has been shown that remifentanil, when used
for intra-operative analgesia, can cause opioid-
induced hyperalgesia in form of enhanced post-
operative pain and increased post-operative
morphine consumption.

What does this study add?

e Intra-operative dosing of sufentanil significantly
influenced post-operative morphine consump-
tion, pain and hyperalgesia. For cardiac anaes-
thesia in combination with propotol, a sufentanil
target concentration of 0.4 ng/mL may be
preferable.

et al., 2003; Hood et al., 2003). However, the findings
in patient studies were less clear, with confirmatory
(Joly et al., 2005) as well as negative results (Cortinez
et al.,, 2001). The underlying cellular mechanisms of
opioid-induced hyperalgesia are also not yet clear, and
some findings suggest that this phenomenon is not
directly mediated by opioid receptors (Juni et al.,
2007).

Whereas post-operative pain, analgesic consump-
tion and opioid-induced hyperalgesia has been dis-
cussed extensively for remifentanil (Angst et al., 2003;
Lee et al., 2005; Lahtinen et al., 2008), there are only
very few reports considering intra-operative adminis-
tration of sufentanil, either as case report (Devulder,
1997) or in animal studies (Freye and Levy, 2010;
Minville et al., 2010). Sufentanil is routinely used as
intra-operative analgesic for cardiac surgery, and it
seems to have the advantage of cardioprotection
against hypoxia-reperfusion injury (Lemoine et al.,
2011). The use of sufentanil as intra-operative analge-
sic also resulted in a better performance with regard to
post-operative pain therapy (Lison et al., 2007).

Therefore, it was the aim of the present study to
investigate the hypothesis that intra-operative dosing
of sufentanil has a significant impact on post-operative
morphine consumption, pain and hyperalgesia in
patients undergoing coronary artery bypass graft
(CABG) surgery.

2. Methods

This randomized, double-blinded, prospective study
was performed in accordance with the guidelines for
Good Clinical Practice and the Declaration of Helsinki.
Written informed consent was obtained from all sub-
jects. The study was approved by the Institutional
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Ethics Committee (Ethikkommission der Medizinis-
chen Fakultit der Friedrich-Alexander-Universitat
Erlangen-Niirnberg, Erlangen, Germany).

2.1 Subjects

After written informed consent, male adult patients
undergoing elective first-time CABG surgery were
enrolled in this study. Inclusion criteria were an age
between 40 and 75 years, American Society of Anes-
thesiologists physical status of 3 or less and a left
ventricular ejection fraction of at least 40%. Patients
with diabetes mellitus or a medical history of renal,
neurological or chronic inflammatory disease were
excluded from the study. Further exclusion criteria
were drug abuse as well as the use of non-steroidal
anti-inflammatory drugs or opioids for pain therapy
before the start of the study.

2.2 Anaesthesia

Following a pre-medication with 7.5 mg midazolam
p.o. (Dormicum®, Roche Pharma, Grenzach-Wyhlen,
Germany), anaesthesia was induced and maintained
with continuous infusions of propofol (Disoprivan®
2%, AstraZeneca, Wedel, Germany) as anaesthetic
and sufentanil (Sufenta® Janssen-Cilag, Neuss,
Germany) as analgesic drug. Intubation was facilitated
with 0.15 mg/kg cisatracurium (Nimbex®, Glaxo-
SmithKline, Miinchen, Germany). During induction,
propofol was administered as target-controlled infu-
sion (TCI) using the pharmacokinetic model of Marsh
(Marsh et al., 1991), targeting plasma concentrations
between 2.5 and 4 pug/mL. After skin incision, propofol
was administered by a closed-loop control system
(IvFeed 5.31, Department of Anaesthesiology, Univer-
sity Hospital Erlangen, Germany; Fechner et al., 2003)
using the bispectral index (BIS™, Aspect Medical
Systems, Newton, MA, USA, Rev. 3.31) as pharmaco-
dynamic endpoint and targeting a BIS value between
35 and 45. Sufentanil was administered as TCI using
the pharmacokinetic model of Gepts (Gepts et al.,
1995). The patients were randomized into two treat-
ment groups, which were different with respect to the
target concentration: sufentanil low (SL) with 0.4 ng/
mL, and sufentanil high (SH) with 0.8 ng/mL plasma
target concentration. These target concentrations were
kept constant from at least 20 min before skin incision
until last skin suture. During induction of anaesthesia,
the sufentanil target concentrations were 0.4 to
1.5 ng/mL. Sufentanil was stopped at last skin suture.
After the end of the surgery, the patients were
transferred to the intensive care unit (ICU) and the
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propofol infusion was continued for further 2-3 h
with an infusion rate of 2.5 mg/kg/h. The patients and
all examiners involved in the assessment of the clinical
endpoints were blinded with respect to the study
group allocation.

2.3 Post-operative pain control

At admission in the ICU, the patient controlled anal-
gesia (PCA) device (Graseby™ PCA 3300 PCA, Smiths
Medical Deutschland, Kirchseeon, Germany) was con-
nected, delivering bolus doses of 2 mg morphine (MSI
Mundipharma®, Mundipharma, Limburg, Germany)
with a lockout time of 10 min. As long as the patient
was unconscious due to ongoing sedation with propo-
fol, morphine dosing was nurse controlled using the
PCA infusion device. As soon as the patient had
regained consciousness, he was extubated and mor-
phine dosing was controlled by himself using the PCA
infusion device. Forty-eight hours after ICU admis-
sion, morphine PCA was stopped, and the analgesic
regimen was continued with buprenorphine (Temge-
sic®, RB Pharmaceuticals, Berkshire, UK). Between
admission at the ICU and extubation, piritramide i.v.
(Dipidolor®, Janssen-Cilag, Neuss, Germany) was
allowed as additional rescue analgesic. To determine
the total opioid consumption, the doses of piritramide
were converted into morphine equivalent doses,
assuming that 15 mg piritramide are equivalent to
10 mg morphine (Freye, 1987). Non-steroidal anti-
inflammatory drugs were excluded throughout the
complete 48 h post-operative study period. Post-
operative pain at rest and during deep inspiration was
rated by the patient using a numerical rating scale
(NRS) from 0 (no pain) to 10 (worst pain imaginable).
This pain rating was performed post-operatively in the
evening on the day of the surgery (post OP 0) after the
PCA had been started, and three times per day on
the following two days (post OP 1 and post OP 2). The
average of the three pain ratings was used for further
analysis during the 48 h after ICU admission. On the
following 5 days, after patients had been transterred to
the ward, pain at rest and during deep inspiration was
recorded once per day.

2.4 Sensory testing and assessment of
hyperalgesia

Sensory testing was performed 2 cm lateral to the
sternotomy wound with von Frey filaments (Stoelt-
ing, Chicago, IL, USA) of 8, 16, 32, 64, 128, 256, 362
and 512 mN. The pain was rated by the patient using
a NRS from 0 (no pain) to 10 (worst pain imagin-
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able). For stimulus-response analysis, the pain testing
with all von Frey filaments was performed on the
day before surgery (baseline) and once per day on
the first seven post-operative days. Stimulus-
response curves in each patient on the different days
were obtained by fitting a sigmoid model to the data:
e NRSn. s the
F' + Fj
maximum pain rating, F is the force of the von Frey
filament, Fso is the force that induces a half-
maximum effect of NRS, and 7y characterizes the
steepness of the stimulus-response curve. Primary
hyperalgesia, defined as sensitization of nociceptive
nerve endings at the site of injury, was assessed at
the first to seventh post-operative day as the area
between the stimulus-response curve at baseline and
the stimulus-response curve at the respective post-
operative day (Sandkiihler, 2009). The area was cal-
culated such that a positive value means a left shift
of the stimulus-response curve, and a negative value
a right shift of the stimulus-response curve compared
to baseline.

The extent of secondary mechanical pinprick hype-
ralgesia was determined with a 256 mN von Frey fila-
ment along three parallel lines orthogonal to the
sternotomy wound at its upper, middle and lower part
on the right side, starting at a distant point (10 cm
from the wound) and moving gradually towards the
wound, until the patient reported increased pain. The
average of these three distances between the bound-
ary of the hyperalgesic area and the sternotomy
wound was taken as a measure of secondary hyperal-
gesia, representing changes in the processing of
sensory information in the central nervous system
(Sandkiihler, 2009). This test was performed once
every day on the first seven post-operative days.

NRS =NRS,..« where

2.5 Side effects

The cognitive function of the patients was assessed
using the mini-mental state test (Folstein et al., 1975),
a brief 30-point questionnaire, which rates the follow-
ing skills: orientation to time and place, registration,
attention and calculation, recall, language (speech,
writing, following a command) and drawing. Any
score greater than or equal to 25 (out of 30) points is
effectively normal. Below this, scores can indicate
severe (=9 points), moderate (10-20 points) or mild
(21-24 points) degree of cognitive dysfunction. The
mini-mental state test was performed on the day
before surgery (baseline) and once per day on the first
seven post-operative days.
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Patients were further monitored for typical opioid
side effects like post-operative nausea and vomiting
(PONYV), sedation and constipation.

2.6 Statistics

Primary clinical endpoints of the study were
(1) cumulative post-operative morphine consumption
during 48 h after ICU admission; (2) pain rating under
deep inspiration during 48 h after ICU admission;
(3) primary hyperalgesia during first 7 days after
surgery; and (4) extent of pinprick hyperalgesia near
the sternotomy wound during first 7 days after surgery.
The score of the mini-mental state test as well as the
presence of constipation and post-operative nausea
and vomiting (PONV) during first 7 days after surgery
were analysed as secondary outcomes of the study.

Data were tested for normal distribution by the
Shapiro—Wilks test. Patients’ characteristics, anaesthe-
sia data and the cumulative morphine consumption
were analysed by the unpaired ¢-test or by the Mann—
Whitney test, respectively. Time-related changes of the
pain rating and the extent of primary and secondary
hyperalgesia were analysed by repeated measurements
analysis of variance (RM-ANOVA) with the sufentanil
target as factor, or by Friedman’s ANOVA, respectively.
Comparisons between the two groups SH and SL at
specific days were performed by the unpaired z-test or
the Mann—-Whitney test with Bonferroni correction,
respectively. The extent of primary hyperalgesia was
considered significant if the area between the
stimulus-response curves at baseline and at the respec-
tive post-operative day was different from zero. This
was tested with the one sample ¢-test or the Wilcoxon
test with Bonferroni correction, respectively.

Table 1 Patients’ characteristics (n = 34) and anaesthesia data.

J. Fechner et al.

The scores of the mini-mental state test were analy-
sed for time-related effects within the groups by Fried-
man’s ANOVA, and by the Wilcoxon test with
Bonferroni correction for the comparison with base-
line. The groups were compared with the Mann-
Whitney test with Bonferroni correction. The
incidence of side effects was analysed by the y? test or
Fisher’s exact test, respectively. The level of signifi-
cance was p < 0.05 for all tests.

Regarding the morphine consumption as primary
endpoint, a sample size estimation for the unpaired
t-test revealed, that one needed at least 17 patients
per group to detect a distinct standardized effect of 1
(i.e., the difference between the means is as large as
the standard deviation) with a significance level of
p<0.05 and a power of 80%. Statistic analysis was
performed with Statistica 6.0 (StatSoft Inc, Tulsa, OK,
USA).

3. Results

Forty-two patients were enrolled in the study (20 in
group SL, 22 in group SH), and received anaesthesia
with propofol and sufentanil with the defined target
concentrations. Three cases were lost during follow-up
due to post-operative complications in the ICU (7 =1)
or retraction of consent by the patient to further par-
ticipate in the study (nz=2). Five cases had to be
excluded from the analysis due to incomplete docu-
mentation of the morphine consumption (7 =4) or
due to post-operative use of metamizole (7 = 1). Thus,
the data of 34 patients could be analysed: 18 in group
SL, and 16 in group SH. The two groups did not differ
in patient characteristics and anaesthesia data, except
for the intra-operative consumption of sufentanil
(Table 1).

Sufentanil target concentration

0.4 ng/mL 0.8 ng/mL p-value
Sex (male/female) 18/0 16/0 -
Age (year) 62+7 59 £ 6 0.28
Body weight (kg) 83+ 12 82+ 11 0.89
Height (cm) 176 £ 6 173 £ 6 0.12
BMI (kg/m?) 267 £2.6 272=*+34 0.60
Duration of anaesthesia (min) 235 + 46 226 * 46 0.63
Duration of CPB (min) 64 =19 65 + 25 0.93
Time to extubation (h) 59+28 45+ 21 0.43
Propofol (mgrkg/h) 70x1.2 6.7 1.4 0.43
Sufentanil (ug/kg/h) 0.55 +0.04 1.03 = 0.08 <0.0001
BIS 40.1 = 4.7 415+ 43 0.25

Data are expressed as mean = SD. BMI, body mass index; CPB, cardio pulmonary bypass; BIS, mean value of the bispectral index between intubation and
end of anaesthesia. P-value: significance level of the difference between the two groups.
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Table 2 Cumulative post-operative opioid consumption in the first 48 h.

Sufentanil target concentration

0.4 ng/mL 0.8 ng/mL p-value
Opioids (mg/kg) until 0.18 (0-0.36) 0.15 (0-0.42) 0.48
extubation
Morphine PCA (mg/kg) 0.68 = 0.21 0.96 = 0.44 0.03

after extubation

Data are expressed as mean = SD and median (range). PCA, patient-
controlled analgesia. Opioid consumption until extubation includes nurse-
controlled morphine and piritramide doses (expressed as morphine
equivalent dose). P-value: significance level of the difference between the
two groups.

3.1 Post-operative opioid consumption

With regard to the cumulative morphine PCA require-
ment after extubation during the first 48 h after ICU
admission, there was a significant effect of the intra-
operative analgesic regimen (Table 2). Patients in
group SL required a smaller amount of morphine
administered via PCA when compared to those of
group SH. In contrast, the total doses of morphine and
piritramide given between ICU admission and extuba-
tion were not different.

3.2 Pain rating

There were significant effects of time (p < 0.001) and
sufentanil target (p <0.005) on the post-operative
pain during deep inspiration (Fig. 1). On the day of the

10 4
O Sufentanil 0.4 ng/mL (SL)
m Sufentanil 0.8 ng/mL (SH)
8 o
)
o
Z 6-
o
=
©
S 41«
'©
a
2 -
0
Post OP 0 Post OP 1 Post OP 2

Figure 1 Pain rating during deep inspiration. Data are expressed as
mean =+ SD. Post OP 0, post-operatively on the day of the surgery; post
OP 1, post-operatively on the day following the day of the surgery; post
OP 2, post-operatively on the second day following the day of the surgery;
SH, high sufentanil target group; SL, low sufentanil target group. *p < 0.05
low sufentanil target group vs. high sufentanil target group on the day of
surgery.
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Figure 2 Shift of the stimulus-response curve in one typical patient with
a sufentanil target of 0.4 ng/mL. Shown are the measured pain ratings at
baseline (lower triangles) and at the third post-operative day (upper tri-
angles), together with the fitted sigmoid stimulus-response curves. The
shaded area between the two curves was taken as a measure of primary
hyperalgesia, where a positive area value means a left shift of the
stimulus-response curve, and a negative area value a right shift of the
stimulus-response curve compared to baseline.

surgery (post OP 0), post-operative pain was signifi-
cantly smaller in the group SL compared to the group
SH (p = 0.017). This difference disappeared during the
following days. On the seventh post-operative day,
median pain ratings during deep inspiration were 0
(range: 0-2) in group SL and 1.5 (range: 0-3) in group
SH (p =0.16). There were no differences between the
two groups with respect to pain ratings at rest. On
post-operative days 0, 1 and 2, these were 0.8 = 1.2,
23 * 1.2 and 1.2 £ 1.4 in group SL, and 1.5 = 1.4,
23 * 1.4 and 1.9 = 1.1 in group SH (p =0.21).

3.3 Primary hyperalgesia

When compared with baseline, the stimulus-response
curves were shifted to the left on the first 3—4 post-
operative days with the maximum shift observed on
the second and third post-operative day (Figs 2 and 3).
Whereas the time effect was significant (p =0.039),
there was no significant difference between the two
groups (p=0.88). The area between the stimulus-
response curves was significantly different from zero
on the second and/or third post-operative day (Fig. 3),
indicating primary hyperalgesia.

3.4 Secondary hyperalgesia

The extent of secondary mechanical pinprick hyperal-
gesia as assessed by the distance between the bound-
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ary of the hyperalgesic area and the sternotomy
wound increased during the first 2—3 post-operative
days and decreased subsequently (Fig 4). Whereas this
time effect was significant (p <0.01), there was no
significant difference between the two groups
(» =0.09).

3.5 Side effects

At baseline, all patients showed a normal cognitive
function with median mini-mental score values of
29.5 (range: 27-30) in group SL and 29 (range: 25
—30) in group SH. On the first post-operative day, we
observed a small but significant decrease to 27 (range:
20-30) in group SL (p < 0.01) and to 27 (range: 18-30)
in group SH (p<0.05). On the following post-
operative days, the mini-mental score values were not
different to baseline. There were no significant differ-
ences between the groups. The main side effects of the
analgesic regimen were constipation and PONV. These
side effects were most prominent on the first two

A 16004
1400+

1200+ *

1000+

800+

g 600+
400+

200+

Sufentanil 0.4 ng/mL (SL)

1 2 3 4 L&l 6 7
-200- Post-operative day

B 14004 Sufentanil 0.8 ng/mL (SH)

12001 T T

1000-
800+

600+

Area

400+
2001
0 -

1 2 3 4 5 7
200~ Post-operative day

Figure 3 Extent of primary hyperalgesia as measured by the area
between the stimulus-response curves at baseline and at the respective
post-operative day. A positive value means a left shift of the stimulus-
response curve, and a negative value a right shift of the stimulus-response
curve compared to baseline. Data are expressed as mean =+ SD. SH, high
sufentanil target group; SL, low sufentanil target group. *Area significantly
different from zero (p < 0.05).
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J

3 Sufentanil 0.4 ng/mL (SL)
@@ Sufentanil 0.8 ng/mL (SH)

Distance from the wound {cm})

1 2 3 4 5 6 7
Post-operative day

Figure 4 Extent of secondary pinprick hyperalgesia as measured by the
distance between the boundary of the hyperalgesic area and the sterno-
tomy wound. Data are expressed as mean = SD. SH, high sufentanil
target group; SL, low sufentanil target group.

post-operative days, when the incidence of constipa-
tion and PONV was 93% and 10% in group SL, and
96% and 12% in group SH, respectively. On the fol-
lowing days, these side effects disappeared. There were
no significant differences between the groups.

4. Discussion

We studied the effect of low and high intra-operative
doses of sufentanil on post-operative opioid consump-
tion, pain and hyperalgesia in patients with CABG
surgery from the preoperative day to the seventh day
post-operatively. Primary endpoints were the cumula-
tive post-operative morphine consumption, the pain
rating during deep inspiration, the primary hyperalge-
sia as assessed by the area between the stimulus
response curves and the extent of secondary mechani-
cal pinprick hyperalgesia. We found a significant influ-
ence of the intra-operative sufentanil dosing on the
morphine consumption, which was higher in the high
dose group, and also on the pain rating, which was
lower in the low sufentanil dose group on the day of
surgery. Primary and secondary hyperalgesia was
observed in all patients with the maximum on the
second and third post-operative day without significant
differences between the two sufentanil dosing groups.

There is an ongoing debate about opioid-induced
hyperalgesia since a higher post-operative morphine
consumption after high intra-operative dosing of
remifentanil was reported by Guignard et al. (2000).
Such an increase of post-operative morphine con-
sumption was also observed in the present study, as
the patients in the high target group requested more
morphine than those in the low target group. This
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finding indicates therefore some kind of tolerance or
hyperalgesia after sufentanil administration. An
increase of the required dose, i.e., a right shift of the
dose—etfect relationship, is usually interpreted as a sign
of tolerance or desensitization of antinociceptive path-
ways, whereas a downshift of the dose—effect relation-
ship indicates hyperalgesia or sensitization of
pronociceptive pathways (Angst and Clark, 2006). It
is, however, hard to discriminate these two phenom-
ena if only dose requirements have been determined.
Therefore, it is appropriate to look also at the stimulus-
response curves and not only at the dose require-
ments. In this view, primary hyperalgesia is
characterized by a left-shift, so that the same stimulus
causes an increased pain sensation (Sandkiihler,
2009). This primary hyperalgesia was observed in both
of our study groups on the second and third post-
operative day (Fig 3), but without any significant dif-
ferences between the treatments, and this left shift
also disappeared during the next post-operative
days. One has, however, to consider that the stim-
ulus-response data were censored as no analgesic
medication was present at baseline, whereas the
post-operative data were collected under analgesic
treatment. Therefore, it is not clear, whether the
observed primary hyperalgesia was simply caused by
the tissue damage at the sternotomy wound or
whether it was also in part induced by the intra-
operative administration of sufentanil and/or the post-
operative administration of morphine itself.

The pain during deep inspiration was smaller in the
low dose group on the day of surgery, and the smaller
morphine PCA requirement in this group is in accor-
dance with this finding. In the first few hours between
admission at ICU and extubation, the total doses of
opioids, including piritramide, were not different
between the two groups, so that one can assume that
the condition at start of the PCA was similar for all
studied patients. As the patients were not instructed to
target a specific pain rating under deep inspiration, the
PCA dosing may have been mainly driven by the pain
at rest, which was permanently present. As the pain at
rest was relatively small (NRS around 2) and not dif-
ferent between the groups, one may conclude that the
pain at rest was successful treated by the PCA,
whereas the testing of the pain under inspiration
uncovered some differences. The observation that the
difference between the two groups vanished in the
following days may also be interpreted in that way
that the PCA with morphine was able to provide suf-
ficient analgesia in both groups.

With regard to secondary mechanical pinprick
hyperalgesia, there was a significant trend over time

Intra-operative sufentanil dosing and post-operative pain

but no differences between the two dosing groups.
Opioid-induced secondary hyperalgesia was seen for
remifentanil in a volunteer study with an experimen-
tal pain model (Koppert etal., 2003), where the
extent of the hyperalgesic area for the same stimulus
was larger after remifentanil administration than at
baseline. In this study, hyperalgesia was induced by
electrical stimulation and was present already before
drug administration. In patient studies, however, one
cannot induce secondary hyperalgesia before surgery.
One should further consider that induction of pain by
electrical stimulation and surgically induced pain with
its tissue trauma cannot be directly compared. One
may discuss, whether the shift of the stimulus-
response curves (Fig. 3) may also be attributed to sec-
ondary hyperalgesia as it is not completely clear where
the surgical tissue damage ends, which makes it diffi-
cult to clearly distinguish primary and secondary
hyperalgesia.

Altogether, the findings that pain at rest, primary
and secondary hyperalgesia were not different
between the two sufentanil groups, but that the high
dose group requested more morphine may interpret
such that the high intra-operative sufentanil dose
induced hyperalgesia, which was effectively treated
with the PCA therapy.

Whereas opioid-induced hyperalgesia has been dis-
cussed extensively for remifentanil, there are very few
studies about hyperalgesia after sufentanil. Devulder
reported a single case of sufentanil hyperalgesia in a
patient suffering from neuropathic pain (Devulder,
1997). In animal studies, Freye and Levy (2010) and
Minville et al. (2010) reported hyperalgesia following
sufentanil administration. In our study, primary hype-
ralgesia occurred in both sufentanil groups but
without significant differences. The major findings
were the smaller post-operative opioid consumption
and the lower pain under deep inspiration after low
dose sufentanil compared to high dose sufentanil.

Both sufentanil groups were similar with regard to
the major side effects PONV and constipation, and also
with respect to the transient post-operative impair-
ment of the cognitive function. From the results of this
study, one may conclude that, in combination with
propofol, a target concentration of 0.4 ng/mL sufenta-
nil may be preferable for cardiac surgery. For fast-track
cardiac anaesthesia, Lison et al. found also better per-
formance in the post-operative phase after sufentanil
compared to remifentanil (Lison etal., 2007). An
earlier study by Engoren et al. did not find any signifi-
cant differences between sufentanil and remifentanil
for fast-track anaesthesia (Engoren etal., 2001). In
studies comparing remifentanil and sufentanil during
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non-cardiac surgery, it was found also that the use of
sufentanil resulted in slower awakening but less
requirement of post-operative analgesics (Gerlach
etal.,, 2003; Martorano etal., 2008; Bidgoli etal.,
2011).

There are limitations of the study. The sample size
allowed us to detect only distinct differences between
the groups. The present findings may be valid only for
the combination of sufentanil with propofol. An effect
of propofol was discussed with regard to remifentanil-
induced hyperalgesia (Singler et al., 2007), but we
cannot say anything about the role of propofol with
regard to sufentanil-induced pain and hyperalgesia
because propofol doses and BIS values were not dif-
ferent between groups in this study. Another limita-
tion is the lack of long-term evaluation to detect
development of post-operative chronic pain. In a
recent study, it was reported that a high dose of
remifentanil was required to blunt the memory of
pain in the spinal cord (Drdla-Schutting et al., 2012).
Therefore, high dose of opioids may produce immedi-
ate hyperalgesia but may well counteract long-term
chronic pain development. This should be investigated
in further studies.

In conclusion, intra-operative sufentanil dosing sig-
nificantly influenced post-operative morphine con-
sumption, pain and hyperalgesia. During cardiac
anaesthesia with propofol, a sufentanil target plasma
concentration of 0.40 ng/mL may be preferable.

Acknowledgements

We thank the doctoral students Sebastian Kreilel and Andre
Wilkerling for their help in data collection.

Author contributions

J. Fechner: conception and design of the study, data acqui-
sition, data interpretation, drafting and revising of the article,
final approval.

H. Thmsen: conception and design of the study, data analy-
sis, data interpretation, drafting and revising of the article,
final approval.

J. Schiittler: conception and design of the study, data inter-
pretation, revising of the article, final approval.

C. Jeleazcov: conception and design of the study, data
acquisition, data analysis, data interpretation, drafting and
revising of the article, final approval.

References

Angst, M.S., Clark, J.D. (2006). Opioid-induced hyperalgesia: A
qualitative systematic review. Anesthesiology 104, 570-587.

J. Fechner et al.

Angst, M.S., Koppert, W., Pahl, 1., Clark, D.J., Schmelz, M.
(2003). Short-term infusion of the mu-opioid agonist
remifentanil in humans causes hyperalgesia during with-
drawal. Pain 106, 49-57.

Bidgoli, J., Delesalle, S., De Hert, S.G., Reiles, E., Van Der Linden,
P.J. (2011). A randomised trial comparing sufentanil versus
remifentanil for laparoscopic gastroplasty in the morbidly
obese patient. Eur J Anaesthesiol 28, 120-124.

Cabanero, D., Campillo, A., Celerier, E., Romero, A., Puig, M.M.
(2009). Pronociceptive effects of remifentanil in a mouse
model of postsurgical pain: Effect of a second surgery. Anes-
thesiology 111, 1334-1345.

Carr, D.B., Goudas, L.C. (1999). Acute pain. Lancet 353, 2051—
2058.

Celerier, E., Gonzalez, J.R., Maldonado, R., Cabanero, D., Puig,
M.M. (2006). Opioid-induced hyperalgesia in a murine model
of postoperative pain: Role of nitric oxide generated from the
inducible nitric oxide synthase. Anesthesiology 104, 546-555.

Compton, P, Athanasos, P., Elashoff, D. (2003). Withdrawal
hyperalgesia after acute opioid physical dependence in non-
addicted humans: A preliminary study. J Pain 4, 511-519.

Cortinez, L.I,, Brandes, V., Munoz, H.R., Guerrero, M.E., Mur,
M. (2001). No clinical evidence of acute opioid tolerance after
remifentanil-based anaesthesia. Br J Anaesth 87, 866-869.

Devulder, J. (1997). Hyperalgesia induced by high-dose intrath-
ecal sufentanil in neuropathic pain. J Neurosurg Anesthesiol 9,
146-148.

Drdla-Schutting, R., Benrath, J., Wunderbaldinger, G., Sandku-
hler, J. (2012). Erasure of a spinal memory trace of pain by a
brief, high-dose opioid administration. Science 335, 235-238.

Engoren, M., Luther, G., Fenn-Buderer, N. (2001). A compari-
son of fentanyl, sufentanil, and remifentanil for fast-track
cardiac anesthesia. Anesth Analg 93, 859-864.

Fechner, J., Hering, W., Ihmsen, H., Palmaers, T., Schiittler, J.,
Albrecht, S. (2003). Modelling the pharmacodynamic interac-
tion between remifentanil and propofol by EEG-controlled
dosing. Eur J Anaesthesiol 20, 373-379.

Folstein, M.E., Folstein, S.E., McHugh, P.R. (1975). ‘Mini-mental
state’. A practical method for grading the cognitive state of
patients for the clinician. J Psychiatr Res 12, 189-198.

Freye, E. (1987). Opioid Agonists, Antagonists and Mixed Narcotic
Analgesics (Berlin, Heidelberg, New York: Springer).

Freye, E., Levy, J.V. (2010). No hyperalgesia following opioid
withdrawal after the oripavine derivative etorphine compared
to remifentanil and sufentanil. Eur J Anaesthesiol 27, 174-180.

Gepts, E., Shafer, S.L., Camu, F.,, Stanski, D.R., Woestenborghs,
R., Van Peer, A., Heykants, J.J. (1995). Linearity of pharma-
cokinetics and model estimation of sufentanil. Anesthesiology
83, 1194-1204.

Gerlach, K., Uhlig, T., Hiippe, M., Nowak, G., Schmitz, A.,
Saager, L., Grasteit, A., Schmucker, P. (2003). Remifentanil-
propofol versus sufentanil-propofol anaesthesia for supraten-
torial craniotomy: A randomized trial. Eur J Anaesthesiol 20,
813-820.

Guignard, B., Bossard, A.E., Coste, C., Sessler, D.I., Lebrault, C.,
Alfonsi, P., Fletcher, D., Chauvin, M. (2000). Acute opioid
tolerance: Intraoperative remifentanil increases postoperative
pain and morphine requirement. Anesthesiology 93, 409-
417.

Hood, D.D., Curry, R., Eisenach, J.C. (2003). Intravenous
remifentanil produces withdrawal hyperalgesia in volunteers
with capsaicin-induced hyperalgesia. Anesth Analg 97, 810—
815.

8 Eur J Pain ee (2012) ee—ee © 2012 European Federation of International Association for the Study of Pain Chapters



J. Fechner et al.

Ip, H.Y., Abrishami, A., Peng, PW., Wong, J., Chung, E (2009).
Predictors of postoperative pain and analgesic consumption: A
qualitative systematic review. Anesthesiology 111, 657-677.

Joly, V., Richebe, P, Guignard, B., Fletcher, D., Maurette, P.,
Sessler, D.I., Chauvin, M. (2005). Remifentanil-induced post-
operative hyperalgesia and its prevention with small-dose ket-
amine. Anesthesiology 103, 147-155.

Juni, A., Klein, G., Pintar, J.E., Kest, B. (2007). Nociception
increases during opioid infusion in opioid receptor triple
knock-out mice. Neuroscience 147, 439-444.

Koppert, W., Sittl, R., Scheuber, K., Alsheimer, M., Schmelz, M.,
Schiittler, J. (2003). Differential modulation of remifentanil-
induced analgesia and postinfusion hyperalgesia by S-
ketamine and clonidine in humans. Anesthesiology 99, 152—159.

Lahtinen, P.,, Kokki, H., Hynynen, M. (2008). Remifentanil infu-
sion does not induce opioid tolerance after cardiac surgery. J
Cardiothorac Vasc Anesth 22, 225-229.

Lee, L.H., Irwin, M.G., Lui, S.K. (2005). Intraoperative remifen-
tanil infusion does not increase postoperative opioid con-
sumption compared with 70% nitrous oxide. Anesthesiology
102, 398-402.

Lemoine, S., Zhu, L., Massetti, M., Gerard, J.L., Hanouz, J.L.
(2011). Continuous administration of remifentanil and sufen-
tanil induces cardioprotection in human myocardium, in
vitro. Acta Anaesthesiol Scand 55, 758-764.

Lison, S., Schill, M., Conzen, P. (2007). Fast-track cardiac anes-
thesia: Efficacy and safety of remifentanil versus sufentanil. J
Cardiothorac Vasc Anesth 21, 35-40.

Intra-operative sufentanil dosing and post-operative pain

Mao, J., Sung, B., Ji, R.R., Lim, G. (2002). Chronic morphine
induces downregulation of spinal glutamate transporters:
Implications in morphine tolerance and abnormal pain sensi-
tivity. J Neurosci 22, 8312-8323.

Marsh, B., White, M., Morton, N., Kenny, G.N. (1991). Pharma-
cokinetic model driven infusion of propofol in children. Br J
Anaesth 67, 41-48.

Martorano, PP, Aloj, E, Baietta, S., Fiorelli, A., Munari, M.,
Paccagnella, E, Rosa, G., Scafuro, M., Zei, E., Falzetti, G.,
Pelaia, P. (2008). Sufentanil-propofol vs remifentanil-propofol
during total intravenous anesthesia for neurosurgery. A mul-
ticentre study. Minerva Anestesiol 74, 233-243.

Minville, V., Fourcade, O., Girolami, J.P., Tack, I. (2010). Opioid-
induced hyperalgesia in a mice model of orthopaedic pain:
Preventive effect of ketamine. Br J Anaesth 104, 231-238.

Sandkiihler, J. (2009). Models and mechanisms of hyperalgesia
and allodynia. Physiol Rev 89, 707-758.

Singler, B., Troster, A., Manering, N., Schiittler, J., Koppert, W.
(2007). Modulation of remifentanil-induced postinfusion
hyperalgesia by propofol. Anesth Analg 104, 1397-1403. Table
of contents.

Sommer, M., de Rijke, J.M., van Kleef, M., Kessels, A.G., Peters,
M.L., Geurts, J.W., Gramke, H.F., Marcus, M.A. (2008). The
prevalence of postoperative pain in a sample of 1490 surgical
inpatients. Eur J Anaesthesiol 25, 267-274.

Wu, C.L., Raja, S.N. (2011). Treatment of acute postoperative
pain. Lancet 377, 2215-2225.

Eur J Pain ee (2012) ee—ee © 2012 European Federation of International Association for the Study of Pain Chapters 9



