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Comparison of maintenance, emergence and recovery
characteristics of sevoflurane and desflurane in pediatric
ambulatory surgery
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Abstract

Background and Aims: Increasing number of pediatric ambulatory surgeries are being carried out in general anesthesia using
supraglottic airways (SGAs). Literature comparing sevoflurane and desflurane for the maintenance of SGA-based anesthesia
is limited. Hence, we planned this prospective randomized study to compare the maintenance, emergence and recovery
characteristics of sevoflurane and desflurane for pediatric ambulatory surgery.

Material and Methods: Sixty children aged 6 months to 6 years posted for short surgical procedures were enrolled into the
study. Anesthesia was induced with intravenous propofol (maximum 4 mg/kg), SGA was inserted, and children were randomized
to receive sevoflurane or desflurane for the maintenance of anesthesia. No muscle relaxants were administered, and all children
received caudal block and rectal paracetamol suppository. Demographic data, perioperative hemodynamics and adverse events,
emergence and recovery characteristics, postoperative pain, and emergence agitation (EA) were recorded. Data were analyzed
using SPSS (version 16.0, IBM Corporation, Armonk, New York, USA). P < 0.05 was considered statistically significant.
Results: Demography, perioperative hemodynamics, and duration of inhalational anesthesia were comparable between two
groups. There were no respiratory adverse events in either group during maintenance. Time to awakening and time to removal of
SGA were shorter with desflurane (5.3 = 1.4 and 5.8 + 1.3 min) than sevoflurane (9.1 + 2.4 and 10.0 £ 1.6 min) (P < 0.0001).
Recovery (steward recovery score = 6) was faster with desflurane (18 + 8.4 min) than sevoflurane (45.3 + 9.7 min) (P < 0.001).
The incidence of EA was 16.7% with desflurane and 10% with sevoflurane (P = 0.226).

Conclusion: Desflurane provides faster emergence and recovery in comparison to sevoflurane when used for the maintenance
of anesthesia through SGA in children. Both sevoflurane and desflurane can be safely used in children for lower abdominal
surgeries.
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Introduction

Desflurane, an inhalational agent with the least blood gas
solubility coefficient and hence fastest recovery has been widely
used for the maintenance of general anesthesia for ambulatory
surgery in adults. However, desflurane has not been widely
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used in pediatric population because of its two main concerns:
its pungent smell and irritant nature making it unsuitable for
its use for induction of general anesthesia; the possibility of
airway complications such as a cough, laryngospasm, and
breath holding, especially when the airway 1s unprotected.!"
This concern is of real importance considering the fact that
more and more pediatric ambulatory surgeries are now being
carried out in general anesthesia without muscle relaxation
using supraglottic airway (SGA). Unlike adults, there is
a dearth of literature comparing various inhalational agents
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for maintenance of anesthesia using SGA in children.??!
Therefore, we carried out the prospective observational
study to compare maintenance, emergence and recovery
characteristics of sevoflurane and desflurane in pediatric
ambulatory surgery following propofol induction.

Material and Methods

In a prospective, randomized study, 60 children between
6 months and 6 years of either sex and American Society of
Anesthesiologists Grade I and II undergoing lower abdominal
surgeries lasting 30—60 min under general anesthesia with
SGA were enrolled. Patients with reactive airway disease,
respiratory tract infections, significant systemic diseases,
sleep apnea, developmental delay, or psychological disorders
were excluded. Institutional review board approval was
obtained and trial was registered with Clinical Trial

Registry India (CTRI/2015/02/005570 - Registered on:
24/02/2015).

A detailed history was obtained and thorough physical
examination was carried out. Informed consent was obtained
from the parents/legal guardians of the children meeting
the inclusion criteria. Selected patients were randomly
assigned to one of the two anesthetic treatment groups of

30 each (Group S - sevoflurane and Group D - desflurane)

according to a computer-generated random numbers table.

Children’s behavior was assessed at the time of
separation from parents by using a separation scale
1—4 (1 = excellent [separates easily], 2 = good [not clinging,
whimpers, calm with reassurance], 3 = fair [not clinging,
crying, will not calm or quiet], 4 = poor [crying, clinging
to parent]). A separation score of 1 or 2 was considered
satisfactory, whereas a score of 3 or 4 was considered
unsatisfactory.

All patients were premedicated with intravenous glycopyrrolate
4 mcg/kg and midazolam 0.02 mg/kg before induction of
general anesthesia. Anesthesia was induced with intravenous
propofol (in titrated dosed to achieve adequate depth with
the maximum dose not exceeding 4 mg/kg). A SGA device
was then inserted. The patient was connected to a circle
absorber system and general anesthesia was maintained with
oxygen + nitrous oxide at the flow rate of 1 L each. Sevoflurane
or desflurane was added as maintenance inhalational agent
according to the randomization. The concentration (volume
percent) of sevoflurane (3%—1.5%) or desflurane (8%-3%)
was adjusted as per the clinical indicators of the depth
of anesthesia (hemodynamic alteration and movement in
response to stimulus). The depth of anesthesia was adequate

enough to allow pressure assist control ventilation without
administration of neuromuscular blocker. Continuous
intraoperative monitoring included heart rate, Noninvasive

blood pressure, SpOZ‘ and end-tidal CO,,.

Analgesia was provided by local anesthetics in caudal block. All
patients received per rectal paracetamol suppository (30 mg/kg).
Hemodynamic changes at the skin incision served as the test
of analgesic adequacy of the regional block. The block was
considered inadequate if the child’s heart rate increased by more
than 20% within 60 s of skin incision or if there was movement
in response to surgical stimulus. Only the children judged to
have an adequate block were continued in the study. Children
with a heart rate response to skin incision received supplemental
opioid analgesia with intravenous fentanyl 1-2 mcg/kg and
were not included in the study.

Hemodynamic parameters following SGA insertion and before
starting the maintenance inhalational agent were considered
as baseline parameters and any change more than 20% from
the baseline was considered as hemodynamic adverse event
and was recorded. Increasing the concentration of inhalational
agent (sevoflurane >3% and desflurane >8%) was not
permitted and the need of additional intravenous propofol to
maintain adequate depth of anesthesia was also noted.

Maintenance anesthetics were discontinued at the end of
surgery. Duration of inhalation anesthesia (from the start
to discontinuation of sevoflurane/desflurane) was noted.
Once the patient showed good respiratory attempts, he/she
was allowed to breathe spontaneously with 100% oxygen.
SGA was removed when the child demonstrated complete
emergence from anesthesia by displaying a regular respiration,
facial grimacing, swallowing, gag reflex, and purposeful
movement.

Emergence parameters such as time to regular breathing, time
to awakening (i.e., eye-opening, purposeful movements), and
time to removal of SGA were recorded after discontinuing
the volatile anesthetics.

During the maintenance and emergence phase, patients were
observed for the adverse airway events like signs of airways
obstruction (paradoxical chest or abdominal movements, sternal
retraction), breath holding, excessive secretions, coughing on

the SGA, hiccups, and desaturation (SpO2 <94%).

In the postanesthesia care unit (PACU), an observer
who was unaware of the inhalational agent used recorded
following parameters every 10 min: (A) Steward’s recovery
score [Table 1]; (B) degree of agitation using the 5-point
agitation score (1 - Asleep, 2 - Awake, calm and cooperative
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Table 1: Steward’s simplified postanesthesia recovery
score

Parameter Score

Consciousness
Awake
Responding to stimuli 1
Not responding

Airway
Coughing on command or crying 2
Maintaining good airway 1
Airway requires maintenance

Movement
Moving limbs purposefully
Nonpurposeful movements 1
Not moving

3 - Crying, requires consoling, 4 - Irritable, restless, screaming
and inconsolable, 5 - Combative, disoriented) ; (C) Postoperative
pain by FLACC score (each of the five categories [F] Face, [L]
Legs, [A] Activity, [C] Cry, [C] Consolability was scored
from O to 2, which results in a score between 0 and 10).

Children with severe postoperative agitation (score =4 for
5 min) or significant pain (FLACC score =4) received
intravenous fentanyl 0.25 mcg/kg. Repeat dose of fentanyl
was allowed with the lock period of 15 min with the maximum
total dose of 1 mcg/kg. Children who received rescue dose of
fentanyl were not discharged for minimum 45 min after the
last dose. Recovery time (defined by the time of discontinuing
the anesthetics until steward recovery score of 6) was also
recorded.

Statistical analysis

Assuming the mean difference in time to awakening of
3 min between the two groups, standard deviation (SD) of
4 min,™ with the power of 80% and alpha error of 0.05,
Power and Sample Size Calculation software (version 3.1.2,
2014, Vanderbilt University School of Medicine, Nashville,
TN 37203-1741, USA) determined the requirement of
29 patients for each group. Parametric data were reported
as mean = SD and was analyzed by two-sided Student’s
unpaired t-test. Categorical data were reported as number
and percent (n, %) and analyzed using the Pearson’s
Chi-square test/Fischer exact test. P < 0.05 was considered
as statistically significant.

Results

Patients in Group S and Group D had comparable demographic
profile [Table 2]. Mean separation score and total dose of
propofol required for the induction of general anesthesia
was also comparable between the two groups [Table 2].

As the data were not normally distributed for the duration
of inhalational anesthesia, median and interquartile range
were calculated and was analyzed using Mann—Whitney

U-test [Table 2].

Intraoperative hemodynamics were comparable between
the two groups with mean arterial pressure and heart rate
maintained within £20% of baseline values. None of our
patients had major hemodynamic or respiratory adverse events
during maintenance and emergence.

Emergence characteristics like time to regular breathing,
time to awakening and time to removal of SGA were
shorter with desflurane than sevoflurane maintenance
anesthesia (P < 0.0001) [Table 3]. Patients who received
Desflurane attained the recovery endpoints (steward recovery
score of 6) much early (P < 0.0001) as compared to those
who received Sevoflurane [Table 3].

There was no significant difference in the maximum pain
scores between the two groups (P = 0.921). Four out
of 30 patients in Group S and 2 out of 30 patients in
Group D required rescue analgesia in the postanesthesia
recovery room (P = 0.671). The incidence of emergence
agitation (EA) (agitation score =4) was comparable in
two groups, 10% (3 out of 30 patients) in group S and
16.7% (5 out of 30 patients) in group D (P = 0.226).
There was no significant difference in the mean agitation
score [Table 3] between the two groups (P = 0.128). The
relation between high pain scores (FLACC =4) and agitation
is shown in Table 4. A positive correlation (P = 0.000)
was observed between higher FLLACC scores and agitation
in Group D (Pearson correlation coefficient = 0.745).
However, no such correlation (P = 0.414) was observed in
group S (Pearson correlation coefficient = 0.169). Four (13%)
patients who received desflurane had cough in the PACU,
compared to none in sevoflurane group (P = 0.112).

Discussion

Increasing number of procedures in the pediatric ambulatory
setup is now being carried out using SGA-based anesthesia
without using muscle relaxants. In a historical cohort study of
14,153 children, Oofuvong et al. noticed that after adjusting
for other risk factors, hazard ratio of intraoperative respiratory
adverse events was higher with assisted ventilation through
face mask and laryngeal mask airway (LMA) as compared
to endotracheal tube and they concluded that anesthesiologists
should be more careful, especially when certain airway
devices or desflurane are used.”! The ideal anesthetic for
pediatric ambulatory surgeries should provide good quality
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Table 2: Demographic data and type of surgery

Parameters Group S (n=30) Group D (n=30) P
Demographic characteristics
Age, years (mean=SD) 3.2x1.5 2.7x1.1 0.1759
Weight, kg (mean=*SD) 12.0+2.6 11.8+2.4 0.6837
Separation score (mean=SD) 2.2+1.0 2.5+1.0 0.3095
Dose of propofol, mg/kg (mean=*SD) 3.5+0.2 3.7+0.2 0.0714
Duration of inhalational anesthesia, min (median and IQR) 66.0 (50.0-68.0) 61.0 (56.0-72.0) 0.1006
Duration of surgery, min (median and IQR) 32.5 (26.0-36.0) 32.5 (28.0-42.0) 0.2111
Type of surgery: Number of patients
Herniotomy 22 18 0.492
Circumecision 2 4
Cystoscopy 4 2
Inguinal exploration 1 4
Examination under anesthesia 1 2

P<0.05 is statistically significant. SD = Standard deviation, IQR = Interquartile range

Table 3: Emergence and recovery characteristics

Emergence characteristics Group S Group D P
(n=30) (n=30)

Time to regular breathing (min) 6.5+2.4 4.4+1.3 <0.0001
Time to awakening (min) 9.1+2.4 53+14 <0.0001
Time to removal of SGA (min) 10.0x+1.6 5.8+1.3 <0.0001
Time to shift to PACU (min) 14.2+1.5 9.7+0.9 <0.0001
Time to achieve SRC=6 (min) 45.3+9.7 18+8.4 <0.0001
Maximum agitation score 3.2+0.5 3+0.4 0.128
Maximum FLACC score 3.1+1.8 3.3x1.1 0.542

P<0.05 is statistically significant. All data are presented as mean=+SD.

SGA = Supraglottic airway, SRC = Steward recovery score, SD = Standard
deviation, PACU = Postanesthesia care unit, FLACC = Face, Legs, Activity, Cry,
and Consolability

Table 4: Correlation between pain and agitation

Parameter Agitation P value by Chi-square test
=4 <4
Group S
FLACC
=4 1 3 0.433
<4 2 24
Group D
FLACC
=4 2 0 0.002
<4 3 25

P<0.05 is statistically significant. All data are presented as number of patients.
FLACC = Five categories Face, Legs, Activity, Cry and Consolability, each scored
from 0-2, which results in a score between 0 and 10

maintenance with no or minimal airway and hemodynamic
adverse events. It should also provide rapid emergence and
smooth recovery.™ Few short-acting agents available are
propofol, sevoflurane, and desflurane. Intravenous propofol
provides rapid clear recovery and can be used for both
induction and maintenance of general anesthesia. However,
maintenance with propofol is not economical, considering
the cost of infusion pumps, extension lines, syringes, etc.?
Therefore, inhalational anesthesia still remains the most

commonly used method for maintenance of general anesthesia
in children.

Sevoflurane and desflurane have increasingly become more
popular because of their low blood-gas and blood-tissue
solubility, leading to rapid recovery after general anesthesia.®”!
Sevoflurane is well known to cause EA. Recent Cochrane
review revealed that desflurane has relative risk of EA

of 1.46 with 95% confidence interval of 0.92—2.3 1 compared
(81

to sevoflurane.
Although there are studies comparing sevoflurane and
desflurane anesthesia in children, the results are varying and
lack uniformity. In the majority of the studies, muscle relaxant
was used®'” which would cause difficulty in assessing the
effect of inhalational agent on the airway (breath holding,
cough, and laryngospasm). In addition, it would increase the
overall cost and delay the discharge after the short surgical
procedures. Therefore, we avoided the use of muscle relaxants
in our study.

Desflurane cannot be used for induction of anesthesia.
Most authors had used halothane®™ or sevofluranel'?'#16!
for induction of anesthesia and then randomized patients to
receive sevoflurane or desflurane for maintenance of anesthesia.
In that case, one may not get true picture about emergence
characteristics and incidence of agitation, etc. We used
propofol as induction agent to avoid such bias. As such for
children who accept insertion of intravenous cannula, propofol
is a preferred anesthetic induction agent. For maintenance,
inhalational anesthetic agent is used so that extra cost for
setting up propofol infusion is not needed.

We, therefore, planned this study to compare the maintenance
and emergence characteristics of sevoflurane and desflurane
in children who receive SGA-based general anesthesia
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without using muscle relaxants. Only after SGA was inserted,
sevoflurane or desflurane was started for maintenance
anesthesia in the respective groups.

We found desflurane as satisfactory as sevoflurane for the
maintenance of general anesthesia as both the groups did not
have any major respiratory and hemodynamic adverse event.
Lerman et al.'"” reported higher incidence (P < 0.006)
of major adverse events, when LMA was removed in deep
anesthesia (15%) as compared to that in awake state (5%).
We did not find any adverse event during emergence possibly
because we removed SGA in an awake state.

Emergence characteristics like time to regular breathing, time
to awakening and time to extubation was faster with desflurane
than sevoflurane when used for maintenance of general
anesthesia. As a result of the lower solubility of desflurane in
blood and lean tissues, it is expected to find faster emergence
with desflurane than sevoflurane.''! Similar results were
also obtained by Welborn et al.'! and Cohen et al.!'? in their
studies. Macario et al.?” in their meta-analysis also reported
similar observations. This faster emergence with desflurane is
really important in busy pediatric ambulatory setups.

Time required for recovery after desflurane (18 #+ 8.3 min) was
40% of the time for recovery after sevoflurane (45 + 9.7 min).
Our results were comparable to Mayer et al.?" who reported
faster recovery after desflurane anesthesia (36.2 = 9.9 min)
than after sevoflurane anesthesia (39.3 = 8.1 min). They
compared Aldrete score =9 as criteria for discharge from

PACU.

Child’s behavior and state of anxiety before surgery is an
important factor in affecting the incidence of postoperative
EA.12221 We chose to check and record the separation score
as a marker for preoperative state of anxiety in children. Both
groups in our study had similar preoperative anxiety [ Table 2].
We noted 10% and 18% incidence of EA in Group S and
Group D, respectively. Singh et al.['! used inhalational
anesthetic (1—1.2 minimum alveolar concentration [MAC])
for maintenance of anesthesia and reported a higher incidence
of EA with sevoflurane (40%) than with desflurane (28%).
The higher incidence of EA in their study was probably
because of relatively longer anesthetic duration (80—90 min).
Furthermore, they used sevoflurane (8 volume %) for the
induction of anesthesia in both the groups which is known to
increase the incidence of EA as reported by Mayer et al.?"
We found lower and comparable incidence of EA after
sevoflurane (10%) and desflurane (18%) maintenance
probably because we used intravenous propofol for induction
of general anesthesia. Also, the mean duration of inhalational
anesthetic in our study was shorter [Table 2]. Valley

et al.l'"® reported less frequent agitation in children receiving
sevoflurane (25%) than with desflurane (43%). The incidence
of EA reported by various authors is variable and this could
possibly be because of different criteria and different scoring

system adapted to assess EA and multifactorial etiology of
EA.4

Although, Cravero et al.”® had shown that EA can also occur
in pain-free children, pain can still be an important contributing
and confounding factor which would interfere in assessing EA
and could bias our results.’® Hence, we tried to study any
correlation between severe pain (FLACC score =4) and
occurrence of agitation [Table 4]. A positive correlation was

seen between higher FLACC scores and agitation among
children, who received desflurane (P = 0.000).

White et al.” in their study observed a higher incidence
of perioperative coughing in the desflurane group than in
sevoflurane group. However, they reported that incidence
of coughing during the actual administration of the volatile
anesthetics (i.e., the maintenance period) did not differ
between the two groups. Similar observations were made in
our study, 4 (13%) patients from Group D versus none from
group S had cough in the recovery period. Although this is not
statistically significant (P = 0.112), it may not be acceptable
after certain procedures like ophthalmic’ procedures, etc.,
where it can affect the surgical outcome.

There were certain other limitations to our study. There
was a possibility of the bias since the anesthesiologist
administering the inhalational agent was not blinded.
Monitoring the MAC of inhalational agents was not available.
However, the attending anesthesiologist was instructed to
adjust the concentration of sevoflurane (3%—1.5%) or
desflurane (8%—3%) as per the clinical indicators (movement
in response to stimulus and hemodynamic alterations). This
was possible because we did not use neuromuscular blockade.
MAC monitoring would have been all the more necessary
if we would have used balanced anesthesia with muscle
relaxants in our study. Although the scores used to assess
EA and pain are easy and have been used in many studies,
these are very subjective with overlapping variables. Hence,
the results obtained in our study cannot be extrapolated in
children younger than 6 months where such confounding
variables can be too many.

Conclusion

Desflurane provides faster emergence and recovery in
comparison to sevoflurane when used for maintenance of
anesthesia through SGA in children. Both sevoflurane and
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desflurane can be safely used in children for lower abdominal

surgeries.
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