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Abstract

2

Objective: Rocuronium is a non-depolarising, intermediate-acting, monoquaternary amino steroid and was brought into clinical use as
a potentially ideal muscle relaxant. Post-operative residual curarisation (PORC) results from the prolonged effects of non-depolarising
neuromuscular blocking agents. This is a common problem and seriously affects patient safety. No recent study has investigated the effects
of sugammadex on smokers, which is often used to restore neuromuscular block and avoid PORC. This study compares the severity of the
effects of sugammadex used for antagonising rocuronium bromide and antagonism durations in smokers and non-smokers.
Methods: This randomised, prospective study included 40 patients scheduled for elective surgery and belonging to classes I and II based
the American Society of Anesthesiologists classification, who were either smokers for at least 10 years or non-smokers. Patients underwent
routine and neuromuscular monitoring. At induction, 2 mg kg−1 propofol and 1 mcg kg−1 intravenous fentanyl were applied. After the loss
of eyelash reflex, 0.6 mg kg−1 intravenous rocuronium was administered. Patients were intubated at train of four (TOF) 2. Anaesthesia was
continued with 50% O2+50% air and 2% sevoflurane. Rocuronium, 0.15 mg kg−1, was administered at TOF 2 during the operation. At
the end of the operation, 2 mg kg−1 sugammadex was administered. The times until TOF 0.7, 0.8 and 0.9 were recorded.
Results: Intubation time was 132.8±46.4 s for smokers and 127.6±32.7 s for non-smokers. After sugammadex administration, the time
to TOF 0.7 was 153.3±54.7 s in smokers and 125±67.2 s in non-smokers. The times were 178.4±58.8 and 146.6±72.6 s for TOF 0.8 and
200.8±55.8 s and 170.4±77.8 s for TOF 0.9 in smokers and non-smokers, respectively.
Conclusion: Although not statistically significant, the time to reach each TOF was longer for smokers. Larger populations and different
perspectives are needed to find if sugammadex use is affected by smoking, which has negative effects on the body.
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Introduction

N

euromuscular blockers used for intubation and muscle relaxation play an important role in general anaesthesia.
Rocuronium is a muscle relaxant used for this purpose. It is a non-depolarising, intermediate-acting, monoquaternary amino steroid and was introduced in clinical settings as a potentially ideal muscle relaxant (1). Post-operative
residual curarisation (PORC) results from the prolonged effects of non-depolarising neuromuscular blocking agents. This
remains a common problem and seriously affects patient safety (2).

Currently, cholinesterase inhibitor agents are widely used in combination with muscarinic antagonists for decurarisation. However, cholinesterase inhibitors are ineffective in reversing the profound neuromuscular block. Furthermore,
undesirable cardiovascular, respiratory and cholinergic side effects of these drugs are very common (3, 4). In recent years,
sugammadex has been used for the decurarisation of the neuromuscular block brought about by steroidal neuromuscular
blockers as an alternative to cholinesterase inhibitors. Sugammadex has a structure similar to that of modified γ-cyclodextrin (5, 6).
Tobacco use is a public health problem with a high priority worldwide. Nicotine in cigarettes is an alkaloid that has an
agonist effect on nicotinic-cholinergic receptors. Chronic tobacco use leads to an increase in the concentration of nicotine
in the blood. High blood nicotine level leads to a reduction in the number of nicotinic receptors (7, 8). Literature shows
that the properties of the neuromuscular block can affect the use of perioperative neuromuscular blockers, the restoration of
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the neuromuscular block, and the assessment of PORC risk.
No recent study has investigated the effects of sugammadex
on smokers, which is commonly used to restore neuromuscular block and avoid PORC. This study hypothesises that
the effectiveness of sugammadex varies between smokers and
non-smokers.

Methods
The ethics committee approval was obtained from the Duzce
University Ethics Committee along with informed consent
from patients. The patients’ age range was 18-60 years; they
were scheduled for elective surgery and belonged to groups
1 and 2 based on the American Society of Anesthesiologists
classification. A total of 40 patients [20 smokers (Group S)
and 20 non-smokers (Group NS)] were included in the study.
Group S included patients who smoked at least 10 packs or
had been smoking for at least 10 years and were currently
smoking, whereas Group NS included patients who had never smoked.
Patients were excluded from the study if during preoperative evaluation the cases had neuromuscular diseases (e.g.
myasthenia gravis, myotonic dystrophy, motor neuron disease), undergone radiotherapy or chemotherapy, liver or renal
diseases, disturbances in electrolyte balance, history of drug
use affecting neuromuscular transmission, body mass index
(BMI) more than 27 and alcohol use. Patients were also excluded from the study if they had post-operative complications such as surgical bleeding, haemodynamic instability,
chest trauma, cerebrovascular events or hypothermia, which
may prolong the duration of extubation.
The patients were asked not to smoke or eat 8 hours before
surgery. Before surgery, patients were taken to the premedication hall, and vascular access was made with a cannula of
18 G in the antecubital region. A 0.9% NaCl infusion was
administered at a rate of 8-10 ml kg−1 hr−1. Premedication
was provided by applying 0.03 mg kg−1 of intravenous (IV)
midazolam for 30 min before surgery.
For cases taken to the operation room, a Datex-Ohmeda S/5
device was used to monitor ECG (DII derivation), peripheral
oxygen saturation (SpO2), non-invasive arterial blood pressure, respiratory rate, end-tidal carbon dioxide (ETCO2) and
inspiratory sevoflurane concentrations. For vascular measurements, a blood pressure cuff was applied to one arm, and
the other arm was used for neuromuscular monitoring. The
Datex-Ohmeda S/5 device was also used for monitoring neuromuscular transmission.
Once the skin was cleaned and dried with an alcohol swab,
the distal electrode was placed 1 cm above the wrist joints on
the ulnar nerve, which is next the ulnar artery on the volar
side of the wrist (Neotrode® Neonatal ECG Electrode, USA).
The proximal electrode was placed on the skin 2-3 cm proximal to the distal electrode. The acceleration transducer was

mounted on the thumb with a finger adapter, and the hand
was fixed to the operation table without its thumb. The skin
temperature of the hand was measured through neuromuscular monitoring and was ensured to be above 33°C.
Heart rate, systolic arterial pressure, diastolic blood pressure,
mean arterial pressure and SpO2 values were recorded by
measuring at 5 min intervals before, during and after the operation. All patients received 3 min of pre-oxygenation with
100% oxygen. At induction, 2 mg kg−1 of propofol and 1
µg kg−1 of IV fentanyl were administered. After the loss of
eyelash reflex, the neuromuscular monitoring module of the
Datex-Ohmeda S/5 device was set to give automatic supramaximal alerts. IV rocuronium was administered at a rate
that would reach 0.6 mg kg−1 concentration within 5-10 s.
Orotracheal intubation was carried out when the train of four
(TOF) counter reached 2, starting with TOF stimulation at
a frequency of 2 Hz at 10-s intervals and the pre-determined
supramaximal alert. Endotracheal intubation was performed
by the same anaesthesiologist, and the intubation quality was
evaluated using the intubation scale as shown in Table 1 (9).
A total score of 8-9 was considered to indicate excellent intubation, whereas 6-7 was considered good, 3-5 was considered
weak and 0-2 was considered poor.
Train of four monitoring was continued with 5-min intervals.
The intubation time (T2i) was recorded as the time passing
until a TOF count of 2 was obtained after muscle relaxant
application. The clinical effect duration (T2d) was recorded
as the time until a TOF count of 2 was obtained after the
maximum block following the muscle relaxant application.
During the operation, 0.15 mg kg−1 of rocuronium was administered to the patient when the TOF counter reached 2.
The Datex-Ohmeda S/5 anaesthesia device and a semi-closed
loop system were used in both groups. The anaesthesia was
maintained with 50% O2+50% air and 2% sevoflurane. Ventilation parameters were set such that the EtCO2 levels of the
patients would be 30-35 mmHg.
At the end of the operation and at least 15 min after the last
dose of rocuronium, 2 mg kg−1 of sugammadex was administered. The time to reach TOF values of 0.7, 0.8 and 0.9 were
recorded. The patient was extubated when the TOF value
was 0.9. The cases were taken to the wake-up room, where
monitoring was continued for 30 min. The patients with no
follow-up problems were sent to the service.
Statistical analysis
The statistical software package Statistical Package for the
Social Sciences 10.0 for Windows (SPSS Inc; Chicago, IL,
USA) was used for analysis. The independent t-test and chisquare test were used for comparisons. Based on the literature
and clinical information, a change of ±2 min in the time to
reach a TOF value of 0.9 was thought to be important, and it
is thought that 20 subjects would be enough for Group S and
Group NS to achieve 80% test reliability and a 5% chance
of type I error. Because the time to reach TOF 0.9 was de-
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termined as the major criteria, the minimum sample size was
determined by that time, and significance was determined by
p<0.05. All values are expressed as mean±standard deviation.
Qualitative data were analysed using a chi-square test. Nonparametric data were analysed using the analysis of variance
or Mann-Whitney U test. Parametric quantitative data were
analysed using paired t-test. Because both parameters were
normally distributed, the correlation coefficients and their
significance were calculated using the Pearson test. A p-value
of ≤0.05 was deemed significant.

Results
No statistically significant difference was found between
groups in terms of age, BMI, sex, operation time and body
temperature during the operation (Table 2). No statistically significant difference was found in comparing the dose of
rocuronium and the duration between the last rocuronium
dose and sugammadex administration between the groups
(Table 3).
Although the intubation time was found to be 127.6 s in
Group NS and 132.8 s in Group S, the difference was not
statistically significant.
The first time that rocuronium was needed was found to be
35.1 min in Group S and 36.3 min in Group NS (with no
statistical significance). The time to reach TOF 0.7 measured
after 2 mg kg−1 of sugammadex was administered was 153.3 s
in Group S and 125 s in Group NS, whereas it was 178.4 s in
Group S and 146.6 s in Group NS for TOF 0.8, and 200.8 s
in Group S and 170.4 s in Group NS for TOF 0.9. Although
the time to reach TOF 0.9 was longer in Group S compared
to that in Group NS, the difference was not statistically significant (Table 4).

Table 1. Cooper scale used for intubation (9)
Score jaw
relaxation

Vocal
cords

Response to
intubation

Score

Poor (impossible)
Closed
		

Severe coughing
or bucking

0

Minimal (difficult) Closing

Mild coughing

1

Moderate (fair)
Moving
Slight diaphragmatic
		movement

2

Good (easy)

3

Open

None

Table 2. Patient characteristics
Smoker
(Group S)
(n=20)

Non-Smoker
(Group NS)
(n=20)

p

38.8±8.5

36.4±11.3

0.445

22.8±1.3

23.0±2.2

0.770

Female

6 (42.9%)

8 (57.1%)

0.507

Male

14 (53.8%)

12 (46.2%)

128±3.1

120±31

0.436

35.6±0.47

35.8±0.48

0.089

Age (year) *
Mean±SD

Body mass index (kg/m )*
2

Mean±SD
Gender (%)**

Operation time (min)*
Mean±SD
Body temprature (°C)*
Mean±SD

*Independent t-test was performed. SD: standard deviation

Discussion
Sugammadex usage added a shorter and safer recovery profile in daily clinical anaesthesia practice. Furthermore, it was
proved by several clinical studies in humans (5, 6). Lu et al.
(10) reported that 2 mg kg−1 of sugammadex usage is adequate for effective and rapid neuromuscular recovery. In the
present study, we ensured a safe and rapid recovery profile
using the same dose.
Abad-Gurumeta et al. (11) reported that sugammadex reduced residual paralysis risk, respiratory adverse events,
post-operative vomiting ratio according to neostigmine.
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After the use of sugammadex as a reversal agent and rocuronium as a neuromuscular blocking agent, the time to
reach TOF 0.7, 0.8 and 0.9 in relation to intubation time
and the total dose of rocuronium were compared in smokers and non-smokers. No statistically significant difference
was found. Cigarette consumption remains one of the main
health problems worldwide. An excessive smoking habit is
defined as smoking at least 24 cigarettes per day for more

Table 3. Comparison of the total dose of rocuronium
and the duration between the last rocuronium dose and
sugammadex administration (Rss) between the groups
Group S

Group NS

p

Total Rocuronium (mg)

77.9±12.9

77.1±17.8

0.872

Rss (min)

19.4±3.8

21.5±5.3

0.164

*Mann–Whitney U test was performed

than 10 years (12). Chronic cigarette smoking has negative
impacts on respiratory, circulatory and other systems. It affects hepatic drug metabolism by causing enzyme induction
and can alter the pharmacodynamics of various drugs (13).
Contradictory results have been obtained in previous studies investigating the effects of tobacco use on neuromuscular
agents.
Teiria et al. (14) compared the vecuronium doses in smokers
and non-smokers and noticed an increase of 25% in vecuro-
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Table 4. Comparison of the TOF times between groups
Group S

Group NS

p

132.8±46.4

127.6±32.7

0.685

T2d (min)

35.1±9.4

36.3±12.8

0.738

TOF 0.7 (s)

153.3±54.7

125±67.2

0.153

TOF 0.8 (s)

178.4±58.8

146.6±72.6

0.136

TOF 0.9 (s)

200.8±55.8

170.4±77.8

0.165

T2i (s)

*Mann–Whitney U test performed

nium maintenance dose after reduction in the clinical effect
range of vecuronium. They explained this situation with the
change in the hepatic metabolism of vecuronium and the receptor level. Rautoma et al. (15) studied the effect of smoking
on rocuronium. They concluded that smokers need more rocuronium with the same anaesthesia and that neuromuscular
block should be controlled constantly to avoid insufficient
neuromuscular block, which may affect the surgical team.
They attributed the study results to the high metabolism of
the smokers. In the present study, the total rocuronium needed was found to be similar in groups where the operation
time was not statistically different.
Pühringer et al. (16) found that smoking does not change
the dose requirement or the pharmacodynamics of rocuronium. Salihoğlu et al. (17) discovered a decrease of 25% in
the neuromuscular effect of rocuronium, starting time and
recovery time in smokers compared with non-smokers. They
attributed this to the decrease in the number of the nicotinic
receptors caused by the chronic nicotine use. Compared with
Group S, the onset of the neuromuscular blocking effect of
rocuronium was shorter in Group NS in the present study;
however, the results were not statistically significant. We attributed this difference to the small sample size of the present
study. However, authors must consider the possibility of another molecular mechanism instead of the down regulation
of nicotinic receptors.
Latorre et al. (18) examined the effect of smoking on neuromuscular transmission following rocuronium administration
in 40 individuals. They concluded that smoking does not affect the drug’s pharmacokinetics and pharmacodynamics. In
our study, patients were divided into groups: 20 smokers and
20 non-smokers. Although the intubation time of non-smokers was shorter than that of smokers, it was not statistically
significant. The first time when rocuronium was needed was
the same in both groups.
Post-operative residual curarisation is defined as the presence
of nicotinic receptors that remain blocked in a patient. A total of 60%-70% of receptors are known to remain curarised,
even when this situation causes no symptoms (19). One of
the most important factors affecting mortality and morbidity
is PORC (20, 21). As long as neuromuscular monitoring at

the adductor pollicis muscle does not indicate a TOF of 0.90
or higher, normal vital muscle functions and normal breathing are not guaranteed (22).
When carrying out post-operative evaluation, factors that
affect the clinical improvement of patients should be taken
into consideration. Volatile anaesthetic blood subjected to
long-term exposure can exist at high concentrations in a few
tissues, and it should be kept in mind that its disposal from
the body can take a long time. Thus, together with the sedative effects, the inhaled anaesthetics’ neuromuscular blocking
constructive effects may occur in the post-operative period
(21, 23, 24).
The effectiveness and action duration of the drugs that create
non-depolarising neuromuscular block may vary depending
on sex, and some studies indicate that the action duration of
these drugs is longer in women (25, 26). However, there was
no sex-specific difference observed between the groups in our
study.
Anaesthetic technique does not affect the pharmacokinetics
of rocuronium. However, age has shown to impact pharmacokinetics (27). As a result of the reduction in body fluids
with advancing age (particularly extracellular volume reduction) and insufficient organ function, the pharmacokinetics
of rocuronium are affected, and the rate of drug elimination
decreases. False results obtained due to age were eliminated
by examining the same age groups.
Body temperature is one of the most important factors that
affects the recovery of neuromuscular functions (28). Feldman et al. (29) suggested that the separation of non-depolarising muscle relaxants from the receptor is prolonged by
a low body temperature because of the decreased release of
acetylcholine during hypothermia. Body temperatures were
measured during operation, and the peripheral body temperature was above 33°C. There was no difference between
groups in terms of body temperature.
Sugammadex is the first selective neuromuscular blocking
agent used for reversing the effect of neuromuscular blocking
agents. The decurarisation provided by sugammadex is a new
approach for a fast and safe reversal of neuromuscular block
as opposed to using rocuronium or vecuronium (30). By creating a 1-1 inclusion complex with the steroidal muscle relaxants, the effects of these drugs are terminated. The drug combines with free rocuronium and reduces the concentration
of the free form. It creates a concentration gradient between
this nerve-muscle junction and the central compartment
(plasma and extracellular fluid). As rocuronium moves from
the neuromuscular junction to the plasma, it is encapsulated
with sugammadex, and the neuromuscular block is quickly
terminated. It has no effect on acetylcholine. There remains
no need for anticholinergics; therefore, their side effects can
be avoided (31).
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Sorgenfrei et al. (32) examined the dose-response relationship, safety and pharmacokinetics of sugammadex. They
found that a sugammadex dose of 2 mg kg−1 and above is safe.
In our study, no side effects related to sugammadex were observed. Blobner et al. (33) administered 2 mg kg−1 of sugammadex or 50 µg kg−1 of neostigmine (a conventional method)
to the patients who were already administered rocuronium in
a randomised controlled study on 198 patients. The time to
reach TOF 0.9 was 1.4 min in the sugammadex group and
17.6 min in the neostigmine group.

6.

7.

8.

Conclusion
Smoking is known to alter the effects of neuromuscular
agents and recovery times of the patients. It is believed that
studies with larger populations and different perspectives are
needed to evaluate sugammadex use with smoking, which has
negative effects on all body systems.
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