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Abstract Previous studies have shown that sugammadex
decreases the anesthetic depth when administered to reverse
the neuromuscular blockade produced by rocuronium/ve-
curonium. The aim of the present study was to investigate
the effect of sugammadex alone on anesthetic depth and
hemodynamics. Sixty patients scheduled for abdominal
surgery participated in the study. Anesthesia was induced
with thiopental/fentanyl and maintained with N,O/oxygen
and sevoflurane concentrations adjusted to maintain
Entropy and Bispectral Index (BIS) values between 40 and
50. Cis-atracurium 0.2 mg/kg was administered for neuro-
muscular blockade which was monitored with a TOF-
Watch® SX acceleromyograph. State entropy (SE),
response entropy (RE), Bispectral Index (BIS), systolic
(SAP) and diastolic blood pressure (DAP), heart rate (HR),
SpO,, end-tidal CO, and sevoflurane concentrations were
recorded every 3 min intraoperatively. Sugammadex 2 mg/kg
(Group-2), 4 mg/kg (Group-4) or 16 mg/kg (Group-16) was
given intravenously when a count of two responses of the
train-of-four (TOF) or a post-tetanic count (PTC) 1-3
appeared or when no response at all (PTC = 0) was
observed, respectively. The overall SE values, thus the
primary outcome of the study, were 44 £+ 11,43 £ 10 and
43 £+ 11 for Group-2, Group-4 and Group-16, respectively
(p = 0.812). Also, the secondary endpoints, namely RE,
BIS, SAP and DAP, HR and SpO, did not differ between the
three groups. Comparisons between Group-2 versus Group-
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4, Group-2 versus Group-16 and Group-4 versus Group-16
showed no differences (p > 0.05) for all the studied vari-
ables. Sugammadex alone at low, medium or high clinical
doses has no effect on anesthetic depth as assessed by
Entropy and BIS or on hemodynamics.
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1 Introduction

Sugammadex, a 7y cyclodextrin, reverses the variable
degrees of neuromuscular block produced by rocuronium
and vecuronium and enhances their elimination rate [1].
Several studies suggest that along with reversal of the
neuromuscular block, sugammadex also decreases the
depth of anesthesia. This effect has been demonstrated for
the doses of 200 mg and 4 mg/kg which are recommended
for reversal of moderate or deep neuromuscular block [2,
3]. Also doses of 1, 2, 4, 6, or 8 mg/kg of the drug given 3,
5, or 15 min after 0.6 mg/kg of rocuronium decreased the
depth of anesthesia in about one-fifth of anesthetized
patients compared to the control group [4].
Neuromuscular block has been associated with decreased
anesthetic requirements [5]. A possible explanation is that
the muscle stretch receptors send signals via muscle affer-
ents stimulating arousal centers in the brain [6]. Therefore
reversal of neuromuscular block restores the proprioceptive
input arising from these receptors, arousing so the brain.
Other investigators reported conflicting data on the effect of
reversal of neuromuscular block on the depth of anesthesia
[7]. As sugammadex does not penetrate the intact blood
brain barrier, it is expected to be devoid of central or
peripheral neural and muscular effects, when given alone.
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The cardiovascular safety profile of sugammadex when
administered to reverse the neuromuscular block induced
by rocuronium has been assessed in cardiac and noncardiac
patients [8, 9]. However, as our study investigates the
effect of sugammadex alone on depth of anesthesia, a
possible lightening of anesthesia is assumed to be accom-
panied by increases in heart rate and blood pressure.

Our hypothesis was that sugammadex alone adminis-
tered at the recommended clinical doses will not affect the
Entropy values, BIS values, hemodynamics, pulse oxime-
try and end-tidal CO, during moderate, deep and intense
neuromuscular block.

The aim of the present study was to investigate the
effect of sugammadex alone, at doses applicable to the
clinical setting, on state entropy (SE), response entropy
(RE) and BIS, as well as on hemodynamics excluding the
effects produced by the reversal of neuromuscular block.
For this reason a benzylisoquinoline neuromuscular
blocker was used.

2 Patients and methods

The study was approved by the Research and Ethics Com-
mittee of Aretaieio University Hospital Athens, Greece (No
2-150/03-08-10) and was registered in the ClinicalTrials.-
gov registry under the number NCTO01301261. Written
informed consent was obtained from all patients partici-
pating in the study. The study followed the CONSORT
guidelines.

Patients of both sexes, aged between 30 and 80 years
with physical status ASA I-III, scheduled for elective
abdominal surgery were eligible for this prospective, ran-
domized, double blind study. The first patient entered the
study on December 29, 2010 and the last patient on April
24, 2014.

Exclusion criteria were hypertension, central nervous
system disease and treatment with antihypertensive drugs,
sedatives, tranquilizers or other central nervous system
depressants, thus factors which might influence measure-
ments of the primary and secondary outcomes of the study.
Other reasons for exclusion were severe hepatic or renal
impairment.

2.1 Randomization and blinding

Patients were randomly assigned to three groups of 20
patients each, by means of a computer generated program.

Group-2 (G2) received 2 mg/kg of sugammadex when a
count of two responses of the train of four (TOF) appeared.
The patients received an equal volume of normal saline
3-5 min after cis-atracurium injection (when PTC was 0)
and when a post-tetanic count (PTC) 1-3 appeared.
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Group-4 (G4) received 4 mg/kg of sugammadex when a
PTC 1-3 appeared. These patients received the same vol-
ume of normal saline 3—5 min after cis-atracurium injec-
tion when PTC was 0, and also when two of the four
responses of the TOF appeared.

Group-16 (G16) received 16 mg/kg of sugammadex
3-5 min after cis-atracurium injection when the PTC was
0. The patients received an equal volume of normal saline
when a PTC 1-3 was obtained and also when two of the
four responses of the TOF appeared.

To assure blinding of investigators, three identical syr-
inges containing normal saline or sugammadex according
to group allocation were prepared for each patient. The
syringe barrel was covered with tape and labelled as “PTC
07, “PTC 1-3” and “TOF 2” by a nurse not involved in the
study. The syringe volumes were calculated as if contain-
ing sugammadex at the appropriate dose, according to the
group. This way all syringes seemed identical to the blin-
ded anesthesiologist involved in the study.

2.2 Anesthetic technique and monitoring

Premedication was omitted. All patients received stan-
dardized anesthesia with fentanyl 2 pg/kg and thiopental
4-5 mg/kg for induction, followed by cis-atracurium
0.2 mg/kg to facilitate tracheal intubation and provide
surgical muscle relaxation. Anesthesia was maintained
with sevoflurane in an oxygen/nitrous oxide mixture and
incremental doses of fentanyl 2-4 pg/kg. Sevoflurane
inspired concentration was adjusted to maintain BIS and
Entropy values between 40 and 50. After that, all mea-
surements were performed under steady-state conditions of
anesthesia.

Electrocardiogram (ECG), non invasive arterial blood
pressure (systolic—SAP- and diastolic—DAP), heart rate
(HR), pulse oximetry (SpO,) and end-tidal CO, (ETCO,)
were monitored through the procedure using the S/5
Anaesthesia Monitor, (Datex-Ohmeda, Helsinki Finland).
The S/5 Entropy-Module of the above Anesthesia Monitor
was used for monitoring the SE and RE as evaluative
parameters of the anesthetic depth. The SE mainly includes
components from the electroencephalogram (EEG) and is
determined at a frequency range of 0.8 and 32 Hz, while
RE registers frontal electromyography (EMG) and EEG
and operates at a frequency range between 0.8 and 47 Hz
[10]. Depth of anesthesia was also assessed by BIS monitor
(BIS A-2000; Aspect Medical Systems, Newton, MA,
USA) connected to a BIS™ sensor attached to patient’s
forehead. Both Entropy and BIS provide dimensionless
numbers (from O to 100), with higher values denoting
wakefulness.

Neuromuscular transmission monitoring of the adductor
pollicis muscle was also implemented. The TOF-Watch®
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SX acceleromyograph (Organon Ltd, Dublin, Ireland) was
used. Two surface electrodes were attached to the volar
area of the wrist over the ulnar nerve. After induction of
anesthesia the transducer of the acceleromyograph was
calibrated by pressing the appropriate button for more than
1 s. The TOF response (2 Hz stimulus of 0.2 ms dura-
tion—at 60 mA-delivered every 15s) and PTC were
recorded every 3 min until a 25 % recovery of TOF was
obtained. Skin temperature in the adductor pollicis muscle
was also recorded every 3 min. The appropriate dose of
sugammadex and the relevant two placebos according to
group allocation were administered as indicated by the
degree of the neuromuscular block (moderate, deep or
intense).

When a 25 % of TOF was obtained the study protocol
was accomplished and a second dose of cis-atracurium
depended upon the surgery demands, and was given at the
discretion of the anesthesiologist. At the end of surgery
residual neuromuscular block was reversed by neostigmine
with atropine according to the clinical practice imple-
mented in our department.

2.3 Measurements

The SE, RE, BIS, SAP, DAP, HR, SpO,, ETCO,, inspired
and end-tidal sevoflurane concentration (SEVOinsp and
SEVOet, respectively) and temperature of the palmar sur-
face of the hand were recorded as soon as a PTC 0 number
was obtained after the cis-atracurium injection (baseline)
and every 3 min thereafter up to a 25 % TOF recovery.
Immediately after baseline recordings the first syringe
labelled “PTC 0”—containing sugammadex or normal
saline according to group allocation—was administered to
the patient.

The SE was defined as the primary outcome while RE,
BIS, SAP, DAP, HR and SpO, were the secondary end-
points of the study.

2.4 Power calculation and statistical analysis

Initial sample size estimation showed that approximately
20 patients were needed in each group to detect a clinical
difference of SE by 20 % with a power of 0.80 and level of
significance of 5 %.

To assess differences in patients’ characteristics
between the three treatment groups, Kruskal-Wallis Test
for non-normally distributed responses was carried out. A
linear mixed model on the logarithm was fit in order to
assess treatment differences over time. This model has time
and treatment as fixed effects and a random effect for
subject in order to allow for correlation between repeated
measurements on the same individual. In all the above
models, an interaction term between time and treatment

was also included in order to assess whether the differences
between two treatment groups were constant over time. If a
significant effect was to be found, post hoc comparisons
(adjusted for Bonferroni correction) would be carried out to
assess at which point in time the two groups were signifi-
cantly different.

3 Results

The three groups did not differ with regards to age, body
weight or height (Table 1). The patients underwent gyne-
cological or bowel surgery; the distribution of surgical
procedures in each group is shown in Table 1. Of the 60
patients enrolled in the study, one patient in G4 group and
one patient in G16 group did not complete the study. The
excluded patients, the dropouts and the reasons are pre-
sented in the flow diagram (Fig. 1).

The overall mean values of SE, RE, BIS, SAP and DAP,
HR, SpO,, ETCO,, SEVOinsp and SEVOet in the groups
G2, G4 and G16 that received the three different doses of
sugammadex were similar (p > 0.05 for all comparisons,
Table 2). Also, comparisons over time between the three
groups (G2 vs. G4, G2 vs. G16, and G4 vs. G16) regarding
the SE, RE, BIS, SAP, DAP, HR and SpO, revealed no
significant differences (Tables 3, 4).

4 Discussion

The results of the present study demonstrate that sugam-
madex when given alone in the absence of neuromuscular
block reversal does not affect the depth of anesthesia as
assessed by entropy and BIS monitoring. Hemodynamics
remained also unchanged.

Several studies support or refute the hypothesis that
neuromuscular blockers change the depth of anesthesia,
therefore reversal of neuromuscular block would also
affect the anesthetic depth in the opposite direction. In
humans pancuronium has been shown to decrease halo-
thane requirements [5]. Reversal of neuromuscular block
produced by atracurium in patients anesthetized with
propofol and remifentanil increased the BIS and middle-
latency auditory evoked potential values [11]. Sparr et al.
[4] in a study of early reversal of deep rocuronium-induced
neuromuscular block by sugammadex reported clinical
signs of inadequate depth of anesthesia and increases in
BIS values in about 20 % of patients after sugammadex
administration, although depth of anesthesia was not a
variable included in the study protocol. In another study
with total intravenous anesthesia, the reversal of rocuro-
nium-induced neuromuscular block with sugammadex or
neostigmine resulted in increased BIS values [3].
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Table 1 Patients’

characteristics in the G2, G4 r(1}2: 20 54: 19 51:6 19 Statistic p
and G16 groups who received 2,
4 and 16 mg/kg sugammadex Age (years) 49 £ 11.0 47 £ 139 49 £ 11.5 X2 = 0.607 0.738
respectively Weight (kg) 67+ 127 654105 644099 X2=0720 0714
Height (cm) 166 £ 6.6 164 £ 7.6 161 £5.3 X?=0.714 0.054
Type of surgery
Gynecological surgery n=12 n=10 n=11
Bowel surgery =8 n=9 n=23_

Values are expressed as mean =+ standard deviation

Fig. 1 The flow diagram of the
study

Assessed for Eligibility (n = 76)

Excluded (n = 16)
1. Not meeting the inclusion criteria (n = 15)
2. Declined to participate (n = 1)

Randomized (n = 60)

Group-2, n =20
Lost to Follow up (n = 0)

Analyzed (n = 20)

Group-4,n=20 Group-16, n =20
Lost to Follow up (n=1)
Reason: intraoperative
hypertension, use of clonidine
and nitroglycerine

Lost to Follow up (n=1)
Reason: Technical problems
due to equipment

Analyzed (n=19)
Analyzed (n = 19)

Table 2 Overall mean

values =+ standard deviations G2 G4 Gl6 F. df P

for state entropy (SE), response g 44 £ 11 43 £ 10 43 £ 11 F=0216,df =2 0.812

entropy (RE), Bispectral Index )

(BIS), systolic (SAP) and RE 44 + 12 44 £ 10 44 + 11 F=0327,df =2 0.733

diastolic blood pressure (DAP),  BIS 4247 43 +7 42 + 8 F = 0.057, df =2 0.945

heart rate (HR), SpO,, end-tidal  SAP (mm Hg) 113 + 23 116 + 24 122 + 26 F=0598, df =2 0.580

CO; (ETCO,), inspired and DAP (mm Hg) 66 + 13 64 + 15 68 + 15 F=0190,df =2 0981

end-tidal Sevoflurane

concentrations (SEVOinsp and HR (beats/min) 66 + 12 66 + 13 71 £ 13 F=0.145df = 2 0.868

SEVOet), and temperature SpO;, (%) 98 + 1.2 99 £ 0.9 98 + 0.9 F=0.790, df =2 0.491

(Temp) in the G2, G4 and G16  E1CO, (mm He) 33+£26 334£32 33+£22 F = 0.786, df = 2 0.498

groups which received 2, 4 and . 6 6 d

16 me/ke sugammadex. SEVOinsp (%) 1.6 + 0.3 1.6+ 0.3 15402 F = 1540, df = 2 0.288

respectively SEVOet (%) 14402 14403 13402 F=0451,df =2 0.166
Temp (°C) 33+ 2.0 33+ 1.1 33+ 2.0 F=1210,df =2 0.362

In 13 patients under steady state sevoflurane anesthesia,
tetanic electrical stimulation implemented as noxious stim-
ulus after deep rocuronium neuromuscular block produced
significantly smaller effect on the EEG and BIS responses
compared to the pre-rocuronium effect. The investigators
interpreted these results as possible inhibition of signals
otherwise generated in the muscle spindles and reaching the
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brain [12]. Aho et al. [2] reported that reversal of rocuronium
with sugammadex 200 mg produced increases in Entropy
and BIS values in patients under light anesthesia with target
control infusion of propofol and remifentanil. These results
are not consistent with those reported by Illman et al. [7]. The
investigators attributed the difference in their results after
sugammadex administration to the different depths of
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Table 3 Differences over time Difference SE 95 % CI »
in state entropy (SE), response
entropy (RE) and Bispectral SE
Index (BIS), between the G2,
G4 and G16 groups which G2 versus G4 1.6562 6.70755 —18.9254-22.2358 0.967
received 2, 4 and 16 mg/kg G2 versus G16 —2.7816 5.91550 —20.9320-15.3688 0.887
sugammadex, respectively G4 versus G16 —4.4368 7.07037 —26.1306-17.2571 0.811
RE
G2 versus G4 2.1207 6.89055 —19.0214-23.2628 0.950
G2 versus G16 —3.5000 6.07689 —22.1456-15.1456 0.837
G4 versus G16 —5.6207 7.26327 —27.9064-16.6650 0.731
BIS
G2 versus G4 —1.5172 4.51320 —15.3650-12.3305 0.940
G2 versus G16 —0.5920 3.98026 —12.8045-12.3305 0.988
G4 versus G16 0.9253 4.75733 —13.6715-15.5221 0.979
SE standard error
Table 4 Differences over time .
in systolic (SAP) (mm He), Difference SE 95 % CI )4
diastolic blood pressure (DAP) SAP
(mm Hg), heart rate (HR)
(beats/min) and SpOs (%) G2 versus G4 —16.4138 21.681180 —82.9395-50.1119 0.741
between the G2, G4 and G16 G2 versus G16 —19.4368 19.12155 —78.1070-39.2334 0.594
groups which received 2, 4 and G4 versus G16 —3.0230 22.85463 —73.1473-67.1013 0.990
16 mg/.kg sugammadex, DAP
respectively
G2 versus G4 1.6897 9.51820 —27.5148-30.8941 0.983
G2 versus G16 1.667 8.39426 —24.5892-26.9226 0.989
G4 versus G16 —0.5230 10.03306 —31.3072-30.2612 0.999
HR
G2 versus G4 5.8276 10.92799 —27.7025-39.3577 0.858
G2 versus G16 2.6092 9.63758 —26.9616-32.1799 0.961
G4 versus G16 —3.2184 11.51912 —38.5622-32.1254 0.958
Sp02
G2 versus G4 —1.131 1.07301 —4.2911-2.0290 0.569
G2 versus G16 0.2828 0.9366 —2.4756-3.0411 0.951
G4 versus G16 1.4138 1.17075 —2.0341-4.8617 0.486

SE standard error

anesthesia between the two studies and related the arousal
effect of sugammadex to the higher BIS values.

However, some studies have shown conflicting results.
In volunteers anesthetized with propofol and receiving
mivacurium, Greif et al. [13] reported no differences in BIS
values and frontal-temporal EMG intensities for the dif-
ferent degrees of neuromuscular block produced by
mivacurium. Also, patients anesthetized deeply with
propofol and remifentanil and received rocuronium as
neuromuscular blocker did not exhibit increases in BIS or
entropy values after reversal of the neuromuscular block
with 2 mg/kg of sugammadex. The authors conclude that
patients anesthetized with propofol/remifentanil who
receive sugammadex to reverse the neuromuscular block
are not at risk to experience premature awareness [7].

So far the effect of sugammadex on BIS, entropy or
auditory evoked potentials levels was linked to reversal of
the neuromuscular block, without discriminating between a
possible effect produced by neuromuscular block reversal
or sugammadex itself. Taking into account these contra-
dictory results we investigated the effects of sugammadex
alone on the depth of anesthesia and hemodynamics under
steady state anesthesia by administering a neuromuscular
blocker not being affected by the presence of sugammadex.
Thus, we demonstrated that sugammadex alone did not
change the depth of general anesthesia with sevoflurane. In
contrast to previous clinical studies investigating only low
to moderate doses of sugammadex on the depth of anes-
thesia, we also included the dose recommended for reversal
of intense neuromuscular block. As possible changes in
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depth of anesthesia are likely to be associated with
hemodynamic changes, hemodynamic variables (BP and
HR) were also monitored and recorded at the same time
points with the entropy and BIS values.

Sugammadex alone is not given to patients, therefore the
present study design is not applicable to clinical practice.
Nevertheless, changes in entropy and BIS values, as well as
changes in hemodynamics and hemoglobin saturation
should be attributed to reasons other than sugammadex
itself.

In conclusion, our results demonstrate that sugammadex
alone does not affect the depth of anesthesia or patient
hemodynamics in contrast to sugammadex given for
reversal of the neuromuscular block produced by rocuro-
nium or vecuronium.
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