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Abstract

Sevoflurane and desflurane are commonly used inhalation anesthetics in clinical practice. This study compared the synerg®
effects of sevoflurane and desflurane on the muscarinic agent vecuronium in laparoscopic colon cancer surgery. The aim of this
study was to compare sevoflurane and desflurane in a synergistic effect on the muscle relaxant vecuronium in laparoscopic
colon cancer surgery. Sixty patients undergoing elective laparoscopic radical resection of colon cancer were randomly divided
into sevoflurane (n = 30) and desflurane (n = 30) groups. After anesthesia and successful tracheal intubation, patients in both
groups were maintained with combined remifentanil. Muscle relaxant effects were monitored in both groups using a muscle
relaxant monitor (train of stimuli-Watch), the onset time, T1 and T2 recovery time, and muscle relaxant dosage of vecuronium
were observed. Hemodynamic changes were observed in both groups, and the dosage of vasoactive drugs was recorded. The
quality of recovery of the patients was evaluated using the Mini-Mental State Examination (MMSE) and the discharge from the
Aldrete score criteria. There was no significant difference in the onset time of vecuronium between the two groups (P > .05).
The desflurane group’s T1 and T2 recovery times were later than that of the sevoflurane group. The dosage of vecuronium
was statistically significantly less than that in the sevoflurane group (P < .05); the extubation time in the desflurane group was
statistically significantly longer than that in the sevoflurane group (P < .05). There were no significant differences in preoperative and
intraoperative mean arterial pressure, heart rate, ephedrine and atropine dosage, MMSE score, and Aldrete score between the 2
groups (P > .05). Compared with sevoflurane, desflurane has a stronger synergistic effect on the muscle relaxant of vecuronium
without increasing the incidence of cardiovascular adverse reactions and affecting patient recovery.

Abbreviations: BIS = bispectral index, HR = heart rate, MAP = mean arterial pressure, MMSE = Mini-Mental State Examination,

P_.co, = pressure of end-tidal carbon dioxide, TOF = train of stimuli.
Keywords: desflurane, radical resection of colon cancer, sevoflurane, synergistic effect of muscle relaxant, vecuronium

1. Introduction

Colon cancer is a common digestive system disease in clinical
practice,!'! closely related to smoking, intestinal inflamma-
tion, poor dietary habits, genetic factors and age.l?! Based on
the advantages of laparoscopic surgery, such as less trauma
and rapid postoperative recovery, laparoscopic tumor resec-
tion has become the first choice for the treatment of colon
cancer.® Endotracheal intubation combined with general
anesthesia is a commonly used anesthesia method in clinical
practice. Laparoscopic surgery requires a good muscle relaxant,
and muscle relaxants are essential adjuvant drugs in general
anesthesia, facilitating endotracheal intubation during general
anesthesia and maintaining good muscle relaxants during sur-
gery.! Vecuronium has no histamine-releasing effect and less
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adverse reactions, and is a commonly used non-depolarizing
neuromuscular blocker in general anesthesia. Excessive use
of intraoperative inotropes can lead to delayed postoperative
recovery of patients. Inhaled anesthetics also have muscle relax-
ant effects up to a certain depth and can enhance the effect of
muscle relaxants. Their synergistic effect on muscle relaxants
also gradually increases with increasing inhalation concentra-
tion and time. Sevoflurane and desflurane are commonly used
inhalation anesthetics in clinical practice. Both have low blood/
gas partition coefficient”! and are easy to operate.l’! At present,
there is no relevant study on the comparison of the synergistic
effect of sevoflurane and desflurane on muscle relaxant vecu-
ronium, so we selected 60 patients undergoing elective laparo-
scopic radical resection of colon cancer in our hospital as the
study subjects to observe the difference in the synergistic effect
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of 1.3 MAC sevoflurane and desflurane on vecuronium muscle
relaxant.

2. Materials and methods

2.1. General information

This study has been approved by the medical ethics commit-
tee of the hospital ([2021] Ethical Review No. KT-017), and all
patients signed an informed consent form. The study was con-
ducted on sixty patients who underwent elective laparoscopic
radical resection of colon cancer in the Affiliated Hospital
of Binzhou Medical College from June 2021 to April 2022.
Inclusion criteria aged 218 years, ASA I-II, normal liver and
kidney function, normal cardiopulmonary function. Exclusion
criteria: malnutrition, suffering from neuromuscular system dis-
eases, recent use of anti-sympathetic and sedatives, allergy to the
selected anesthetic drugs. Methods: 60 patients were randomly
divided into sevoflurane group and desflurane group, with 30
people in each group.

2.2. Methods

After the patients were admitted to the operating room, venous
access was routinely established, electrocardiogram (ECG) was
monitored, mean arterial pressure (MAP), heart rate (HR), sat-
uration (SpO2), bispectral index (BIS) were measured by radial
artery puncture, and muscle relaxant monitoring was performed.
Anesthesia induction: intravenous injection of midazolam 2 mg,
fentanyl 4 ug/kg, vecuronium 0.1 mg/kg, etomidate 20 mg, after
the patient’s consciousness completely disappeared, when the
four train of stimuli (TOF) count was 0, tracheal intubation was
performed, after successful intubation, continuous inhalation of
100% O2 2L/min. Maintenance of anesthesia: The concentra-
tion of inhalation anesthetics was adjusted to maintain the end-
tidal concentration of sevoflurane and desflurane at 1.3 MAC.
Remifentanil was continuously pumped in both groups, and the
pumping rate was adjusted according to hemodynamic changes.
When the muscle relaxant monitor showed T2 recovery, addi-
tional muscle relaxants were added in time, and each additional
dose was 1/3 to1/5 of the induction dose. BIS 40 to 60 and
partial pressure of end-tidal carbon dioxide (P_co,) 35 mm Hg
to 45 mm Hg were maintained. If HR < 45 beats/min, atropine
was given to increase HR, MAP < 60 mm Hg, and ephedrine to
increase blood pressure. HR and MAP were recorded at four-
time points: t1 (before induction), t2 (before intubation), t3
(before skin incision), and t4 (at the end of surgery) in both
groups. After the surgery, inhalation of sevoflurane or desflurane
was stopped and pump infusion of remifentanil was stopped.
Muscle relaxant monitoring was stopped after TOF > 90%.
When the patient opened his eyes on call, looked up for more
than 5 seconds, and clenched his fist for more than 5 seconds,
the endotracheal tube was removed and sent to the PACU for
further observation.

2.3. Outcome measures

2.3.1. Muscle relaxant effect. The muscle relaxant of the
patients was monitored using a muscle relaxant monitor, and
the skin on the running surface of the ulnar nerve at the wrist
was defatted with alcohol. Two electrodes were placed on the
surface of the ulnar nerve at an interval of 3cm to Scm at the
wrist, respectively, fix the transducer on the thumb pulp, keep
the temperature of monitoring arm not less than 32 °C, adopt
TOF stimulation form, electrical stimulation frequency 2 Hz,
stimulation current 30 mA, each train of stimulation interval
15 seconds, record onset time: the time from the first injection
of vecuronium bromide to the TOF count of 0, muscle relaxant
recovery time: the recovery time of T1 (equivalent to 95% of
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the neuromuscular block) and T2 (equivalent to 90% of the
neuromuscular block) after the first injection of vecuronium
bromide,”! total dose of vecuronium.

2.3.2. Quality of recovery. Thirty minutes after admission to
the PACU, the patients were assessed using the Mini-Mental
State Examination (MMSE) and the Out of Recovery Room
Scoring Criteria (Aldrete), in which the MMSE total score was
30 points, the score >27 was normal,’®! the Aldrete total score
was 10 points. The patients could leave the PACU and return to
the ward if the score was >9 points."!

2.4. Statistical methods

SPSS 24.0 statistical software was used for data analysis.
Quantitative data were expressed as mean = standard deviation
(xs) or median (25%, 75%). Paired sample #-test was used for
within-group comparison. An independent sample #-test or inde-
pendent sample non-parametric test was used for comparison.
One-way analysis of variance was used for repeated measure-
ment data. Qualitative data were expressed in number of cases.
Chi-square test (X?) was used for comparison. P < .05 was con-
sidered statistically significant.

3. Results

3.1. General information

Eighty-eight patients undergoing elective laparoscopic radical
resection of colon cancer were initially screened. Twenty-three
patients with ASA physical status III and above and 23 patients
who refused to participate in this study were excluded. Sixty-
five patients were randomly divided into the sevoflurane group
(n = 32) and the desflurane group (n = 33). Patients who under-
went partial hepatectomy due to intraoperative liver metastases
in the groups sevoflurane (n=2) and desflurane (n=3) were
excluded. Finally, 30 patients in each group participated in
this study (Fig. 1). There was no significant difference in gen-
der composition, age, BMI, ASA grade composition, operation
time, anesthesia time, atropine and ephedrine dosage, blood
loss, urine volume, infusion volume and hospital stay between
the two groups (P > .05); the extubation time in the sevoflurane
group and remifentanil dosage in the sevoflurane group were
less than that in the sevoflurane group, and the differences had
statistical significance (P < .05) (Table 1).

3.2. Comparison of HR and MAP between the two groups

The HR and MAP at t2, t3 and t4 in the two groups were sta-
tistically significantly lower than those at t1 (P < .05), but there
was no significant difference between the two groups at the same
time point (P > .05). More details are shown in Figure 2A and B.

3.3. Muscle relaxant comparison

T1 and T2 recovery times in desflurane group were later than
that in sevoflurane group, and the difference had statistical sig-
nificance (P <.05) (Fig. 3). There was no significant difference
in the onset time of muscle relaxant between the two groups
(P >.05) (Fig. 4A). The dosage of muscle relaxant in the des-
flurane group was statistically significantly less than that in the
sevoflurane group (P <.05) (Fig. 4B).

4. Discussion

Vecuronium bromide is a medium-acting non-depolarizing mus-
cle relaxant with a rapid onset of action, good muscle relaxant
effect, and no significant effect on the body’s circulatory func-
tion. Its pharmacological effects are mainly through competing
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Figure 1. Flow chart of patient’s recruitment.

Comparison of general and surgery information between the two groups of patients.

Factor Sevoflurane group (n = 30) Desflurane group (n = 30) P

Age (years) 64.43 +9.89 67.03 + 7.55 257
Gender (male/female) 22/8 21/9 174
BMI (kg/m?) 2322 +273 24.37 +2.16 076
ASA (/1) 20/10 15/15 190
Operation time (min) 174.40 +5.08 175.63 £ 4.75 .336
Anesthesia time (min) 208.73 + 4.32 210.07 £ 5.71 312
Extubation time (min) 13.47 2.1 1113 +£1.98 <.001
Atropine (mg) 0.33+0.14 0.37 £0.12 610
Ephedrine (mg) 433 +1.37 4.00 +1.26 670
Remifentanil (ug) 761.00 + 105.42 667.33 +113.41° .002
Blood loss (mL) 20 (20, 30) 30 (20, 40) 152
Urine volume (mL) 200 (200, 300) 200 (200, 300) .500
Infusion (mL) 1600 (1600, 2100) 1600 (1600, 2100) 934
Hospitalization time (d) 16 (15,17) 16 (14.75,17) .651
MMSE score 28 (27,29) 28 (27,29 .994
Aldrete score 9(9,9.25) 9(9,10) 813

ASA = American Society of Anesthesiologists, BMI = Body Mass Index, MMSE = Mini-Mental State Examination;

P < .05.
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Figure 2. Changes in heart rate (HR) and mean arterial pressure (MAP) at different time points. (A) HR and (B) MAP.
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with acetylcholine for nicotinic receptors located on the motor
endplate of striated muscle, thereby blocking the conduction
between striated muscle and nerve endings. The difference from
depolarizing muscle relaxants is that this drug will not cause fas-
ciculation of muscle fibers, and has no histamine release effect!'!
and less adverse reactions. Intraoperative use of vecuronium
can reduce abdominal muscle tension and relax abdominal wall
muscles,™! It is conducive to a smooth operation.

Inhalation anesthetics can also produce muscle relaxants
with increasing concentration, time, and synergistic effects on
muscle relaxants. Its mechanisms of action may be: inhibition
of presynaptic voltage-gated sodium channels and reduction of
acetylcholine release; increased sensitivity of skeletal muscle to
non-depolarizing myosinoids; and decreased sensitivity of post-
synaptic acetylcholine receptors to acetylcholine;!'? indirectly
promote muscle relaxant through central inhibitory effects;
increase muscle and transport more myotonics to act at the
nerve-muscle junction; increase the threshold of endplate poten-
tials to produce action potentials and weaken the conduction of
nerve excitation, thereby inhibiting muscle fiber contraction.['3!

Sevoflurane and desflurane are commonly used inhalation
anesthetics in clinical practice.'¥ Both are characterized by low
blood/gas partition coefficient, good controllability, and rapid
recovery,!') Combined use of remifentanil with rapid metabo-
lism can prolong intraoperative analgesic effect.!'® Xu et all'”!
showed that 1.3 MAC sevoflurane could significantly shorten
the onset time of rocuronium. At the same time, 1.0 MAC had
no significant effect. The concentration of inhalation anesthetics
was usually above 1.3 MAC to inhibit the noxious stimulation
of large and medium surgery, so the concentration of inhalation
anesthetics selected in this study was 1.3 MAC.

Our study found that the T1 and T2 recovery time in the
desflurane group was significantly longer than that in the
sevoflurane group, and the amount of muscle relaxant was
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Figure 3. T1 and T2 recovery time between in groups of sevoflurane and
desflurane.
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significantly less than that in the sevoflurane group, indicating
that desflurane has a better muscle relaxant synergy effect on
vecuronium than sevoflurane. Hemmerling et al'® found that
the requirement of cisatracurium was reduced by 41% and
60% at 1.3 MAC with sevoflurane and desflurane, respectively,
compared with sevoflurane, which significantly reduced the
amount of cisatracurium compared with sevoflurane, which
is consistent with the conclusions of our study. However, a
study by Kang et all" on elderly patients found that. There
was no significant difference in the myorelaxant enhancement
effect between 1.3 MAC sevoflurane and desflurane p-rocuro-
nium. In this study, the mode of administration of rocuronium
was continuous pumping rather than divided administration,
which may be why the study’s conclusions differed from ours.
Chen et al?” demonstrated that continuous intravenous infu-
sion of vecuronium was superior to divided administration in
maintaining muscle relaxant. The neuromuscular block time
was prolonged by nearly 1 time at the same dose, which may
be because continuous intravenous infusion would keep the
plasma concentration in the body at a steady-state level and
the drug concentration at the site of action was also relatively
dynamic and stable, so in this case, the synergistic effect of
inhalation anesthetics on vecuronium may not be so significant.

In our study, patients in the desflurane group were extubated
earlier than those in the sevoflurane group, which is consistent
with the conclusions of the study by Wu et al®?!!l The possible
reasons for this may be that the blood/gas partition coefficient
of desflurane is 0.45, which is significantly lower than the blood/
gas partition coefficient of sevoflurane (0.65),? so that desflu-
rane elutes more rapidly.?’! The catabolic rate and biotrans-
formation rate of desflurane in the body are very low,?* with
no significant accumulation after long-term use, conducive to
patient recovery.

Our study showed that remifentanil consumption was signifi-
cantly less in the desflurane group than in the sevoflurane group,
which is consistent with the view of Ryu et al®! The reason
for this difference may be that desflurane has more vasodilatory
properties than sevoflurane, so maintaining the same SPI during
desflurane anesthesia (surgical stress index, a value between 20
and 50 under general anesthesia represents an appropriate level
of analgesia, >50 indicates inadequate analgesia, and <20 indi-
cates excessive analgesia),”?®! and requiring less opioids.

This study has some limitations. First, our sample size is small
and may require a larger sample size to validate our conclu-
sions; second, it is well-known that desflurane is somewhat irri-
tating to the airways. The study did not address the incidence of
respiratory complications.

5. Conclusion

Compared with sevoflurane, desflurane has stronger synergistic
effect on the muscle relaxant vecuronium without increasing the
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Figure 4. The onset of muscle relaxant and dose of muscle relaxant in the two groups.
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incidence of cardiovascular adverse reactions and affecting the
quality of recovery of patients.
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