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Abstract
Background:Early Childhood Caries (ECC) frequently necessitates dental treatment under general anesthesia (GA)
in uncooperative children. The choice of anesthetic agent influences not only physiological recovery but also
behavioral comfort and parental perception. This study compared postoperative recovery outcomes and parental
satisfaction in children undergoing dental procedures under GA with Sevoflurane or Isoflurane.
Materials and Methods:A randomized controlled trial was conducted on thirty-six children aged 2—6 years (ASA |-
I1) undergoing dental rehabilitation under GA. Participants were allocated into two groups: Group S (Sevoflurane)
and Group | (Isoflurane)for anesthesia maintenance. Recovery was assessed using the modified Aldrete score,
postoperative distress was measured using the FLACC behavioral scale (0-10), and parental satisfaction was
evaluated with an 8-item, 5-point Likert questionnaire. Data were analyzed using t-tests and Chi-square tests (p <
0.05).

Results:Both anesthetic agents provided stable hemodynamics and smooth recovery. Mean Aldrete recovery times
and nausea scores were comparable between groups. The Isoflurane group showed significantly lower FLACC scores
(7.1 £ 1.3 vs. 8.4 £1.2; p=0.004), indicating reduced behavioral agitation during emergence. Parental satisfaction
was also higher with Isoflurane (38.2 + 2.0 vs. 36.5 £ 2.4; p = 0.02), particularly regarding comfort, pain control, and
recovery smoothness.
Conclusions:lsoflurane produced comparable anesthetic stability to Sevoflurane but demonstrated calmer behavioral
recovery and greater parental satisfaction, suggesting it as a safe, cost-effective alternative for pediatric dental
anesthesia.
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involvement are unable to tolerate conventional

Early Childhood Caries (ECC) is one of the most
prevalent chronic diseases affecting children
worldwide, particularly in developing countries where
socioeconomic disparities persist.** In many cases,

chairside treatment, necessitating the use of general
anesthesia  (GA) for  comprehensive  dental
rehabilitation.®* Conducting multiple procedures under
a single anesthetic session ensures effective care while

young or uncooperative children with extensive dental minimizing psychological distress for both the child and
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parents.>®

Among volatile anesthetic agents, Sevoflurane is
favored in pediatric anesthesia due to its pleasant
odor, rapid onset, and quick emergence.”® However,
despite these advantages, its fast recovery profile has
been associated with emergence delirium (ED)—a
transient period of restlessness and inconsolable
crying during recovery.®*® In contrast, Isoflurane,
though less frequently used because of its pungent
odor, provides comparable anesthetic depth with a
slower, more stable emergence and is substantially
more cost-effective.’?*

The immediate postoperative period in pediatric
anesthesia is critical not only for assessing
physiological stability but also for evaluating
behavioral comfort and caregiver perception.* Since
preschool children are often unable to self-report pain,
behavioral scales such as the FLACC (Face, Legs,
Activity, Cry, Consolability) are commonly used to
assess distress.*®

However, caregiver observations and satisfaction also
play a vital role in determining perceived recovery
quality and overall acceptability of the anesthetic
approach.’® Including parental satisfaction as a
secondary outcome provides a holistic understanding
of recovery from both the clinical and family-centered
perspectives. Therefore, the present randomized
controlled study aimed to compare postoperative
recovery characteristics, behavioral comfort, and
parental satisfaction between Sevoflurane and
Isoflurane in pediatric patients undergoing dental
procedures under GA. It was hypothesized that
Isoflurane would yield comparable anesthetic stability
to Sevoflurane but with smoother behavioral recovery
and higher parental satisfaction, making it a practical
alternative in pediatric dental anesthesia.

Study Design and Setting

This randomized controlled clinical study was
conducted in the Department of Pediatric Dentistry,
Saveetha Dental College, Chennai, India. Ethical
approval was obtained from the Institutional Review
Board (Approval No: 2204/24/116) and the study
followed the principles of the Declaration of Helsinki.
Written informed consent was obtained from the
parents or legal guardians of all participating children.

Participants Thirty-six children aged 2-6 years,
classified as American Society of Anesthesiologists
(ASA) Physical Status | or I, and scheduled for dental

rehabilitation under general anesthesia were included.
Children with respiratory infections, systemic illness,
airway abnormalities, or contraindications to
inhalational anesthesia were excluded.

A priori power analysis using G*Power v3.1.9.7 (t-test,
two-tailed) was conducted with a = 0.05 and power (1-f)
= 0.80. Based on an expected effect size of d = 0.92, the
minimum required sample size was 32 (16 per group). To
account for possible attrition, a total of 36 participants (18
per group) were enrolled.”’

Randomization and Group Allocation

Participants were randomly assigned into two equal groups
(n = 18 each) using sealed opaque envelopes prepared by
an independent investigator.

e Group S: Anesthesia maintained with Sevoflurane
e Group I: Anesthesia maintained with Isoflurane

The anesthesiologist was aware of group allocation, while
the postoperative observer assessing recovery outcomes
was blinded to the anesthetic used.

Anesthetic Technique

All children fasted as per standard guidelines before
anesthesia. Premedication included Glycopyrrolate 0.2
mg, Ondansetron 4 mg, and Fentanyl 1.5 pug/kg,
administered intravenously five minutes prior to induction.
Anesthesia was induced using Propofol 2.5 mg/kg 1V,
followed by insertion of a laryngeal mask airway.
Maintenance was achieved with a mixture of Oxygen
(40%) and Nitrous Oxide (60%) and either Sevoflurane
(2% induction, maintained at 1.5%) or Isoflurane (1.2%
induction, maintained at 0.8%) delivered via a closed
circuit.

Hemodynamic parameters — heart rate (HR), respiratory
rate (RR), and oxygen saturation (SpO.) — were
continuously monitored. Dental procedures, including
pulpectomy, extractions, and restorative work, were
completed within a 3-hour duration.

Postoperative Assessment

After discontinuation of the inhalational agent, patients
were observed in Post-Anesthesia Care Unit 1 (PACU-1)
until an Aldrete score > 8 was achieved, and then

transferred to PACU-2 for further recovery.[17]

Given that the study population consisted of children
aged 2-6 years, who are typically unable to self-report
pain reliably, postoperative comfort was assessed using
the FLACC behavioral pain scale (Face, Legs, Activity,
Cry, Consolability; total score 0-10). The FLACC scale
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is an observational tool that quantifies behavioral
indicators of distress and agitation rather than direct
verbal expression of pain, making it suitable for
preverbal and early childhood populations.*®

Because all participants received intravenous fentanyl
(1.5 pg/kg) for intraoperative analgesia, significant
nociceptive pain was not anticipated; thus, elevated
FLACC scores were interpreted primarily as
behavioral agitation or emergence phenomena rather
than true pain responses. Nausea and vomiting were
scored from O (none) to 3 (severe). Recovery was
evaluated using the modified Aldrete score for both
PACU-1 and PACU-2 discharge readiness. In
addition, parental satisfaction was evaluated prior to
discharge from PACU-2 using an 8-item, 5-point
Likert questionnaire assessing communication, child
comfort, pain control, nausea control, staff
responsiveness, recovery  speed, discharge
instructions, and overall satisfaction (total score 8-
40). The tool was available in English and Tamil,
validated through forward—back translation and pilot
testing. Internal consistency was confirmed with
Cronbach’s a, and results were analyzed both as total
and domain-wise scores.

Statistical Analysis

Data were analyzed using SPSS version 26.0 (IBM
Corp., Armonk, NY, USA). Quantitative variables
were expressed as mean * standard deviation (SD) and
compared using the independent Student’s t-test.
Categorical data were analyzed using the Chi-square
test. A p-value < 0.05 was considered statistically
significant.

Baseline demographic and clinical characteristics
were comparable between both groups, confirming
proper randomization (Table 1). All thirty-six children
(aged 2-6 years) completed the study without
intraoperative complications.[Table 1]

Tablel.Baseline  demographic  and  clinical
characteristics of the study groups
Sevoflurane Isoflurane (n
(n=18) Mean =18) Mean *

Parameter +*SD sSD p-value
Age (years) 4.1+1.2 43+1.1 0.64
Weight (kg) 15.8+2.3 16.1+2.5 0.72
Sex (M/F) 10/8 9/9 0.74

Duration of
procedure
(min) 101.6 + 18.0 99.8+ 16.3 0.67

Intraoperative hemodynamic parameters remained
stable in both groups. The mean heart rate was 111 +
9 beats/min in the Sevoflurane group and 109 + 8
beats/min in the Isoflurane group; respiratory rates
averaged 24 + 3 and 23 + 2 breaths/min, respectively,
with oxygen saturation consistently above 98%. No
significant inter-group differences were found (p >
0.05).[Table 2]

Table 2. Comparison of intraoperative
hemodynamic parameters between Sevoflurane and
Isoflurane groups.

Sevoflurane  Isoflurane

Parameter (Mean £SD) (Mean tSD) p-value
Heart rate
(beats/min) 111+9 109+ 8 0.42
Respiratory
rate
(breaths/min) 24 +3 23+2 0.37
SpO- (%) 98.8+0.9 98.6+0.8 0.55

Post-anesthetic recovery assessed using the modified
Aldrete score showed similar outcomes between the two
groups. The mean time to achieve an Aldrete score > 8 in
PACU-1 was 14.2 + 3.1 minutes for Sevoflurane and 13.5
+ 2.7 minutes for Isoflurane (p = 0.47). Mean discharge
times from PACU-2 were 45.8 £ 7.9 minutes and 43.6
8.2 minutes, respectively (p = 0.36). All children tolerated
oral intake and met discharge criteria. [Table 3]

Postoperative nausea and vomiting were minimal, with
mean hausea scores of 0.4 + 0.5 (Sevoflurane) and 0.3 +
0.5 (Isoflurane; p = 0.61). However, pain assessment using
the composite FLACC scale showed significantly lower
scores in the Isoflurane group (7.1 + 1.3) compared with
the Sevoflurane group (8.4 + 1.2; p = 0.004), indicating
better postoperative comfort. No respiratory or
cardiovascular complications occurred. Overall, both
anesthetic agents provided smooth induction, stable
intraoperative conditions, and comparable recovery
profiles, while Isoflurane demonstrated superior
postoperative comfort with equivalent safety. [Table 3]
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Table 3. Comparison of post-anesthetic recovery
and postoperative comfort parameters between
Sevoflurane and Isoflurane groups.

Sevoflurane Isoflurane

Parameter (Mean x SD) (Mean = SD) p-value
Time to

Aldrete = 8

(PACU-1,

min) 14.2 = 3.1 13.6 2.7 0.47

PACU-2 |

discharge

time (min) 458+ 7.9 43.6 + 8.2 0.36
Nausea
score (0—3) 0.4 +0.5 0.3 +0.5 0.61
FLACC pain

score (0—10) 8.4 1.2 7113 0.004

Parental satisfaction was high in both groups but
significantly greater among parents of children
anesthetized with Isoflurane. The satisfaction
questionnaire showed excellent internal consistency
(Cronbach’s o = 0.86). The mean total satisfaction
score was 38.2 * 2.0 for Isoflurane versus 36.5 £ 2.4
for Sevoflurane (p = 0.02). Parents in the Isoflurane
group reported higher satisfaction with child comfort
(94% vs. 72%), pain control (89% vs. 67%), and speed
of recovery (91% vs. 70%), while ratings for staff
communication and discharge instructions were
similarly high (p > 0.05). Overall, 94% of parents in
the Isoflurane group expressed willingness to choose
the same anesthetic again compared to 78% in the
Sevoflurane group. These results indicate that
Isoflurane enhanced perceived comfort and recovery
quality from the parental perspective while
maintaining comparable clinical outcomes.[Table4]
Table 4. Comparison of parent satisfaction scores
between Sevoflurane and Isoflurane groups

Sevoflurane Isoflurane

faction Parar (Mean * SD) (Mean = SD) Pp-value
Staff

communicati

on 46+ 0.5 47 04 0.47
Child comfort 4.2 + 0.6 47 05 0.01
Pain control 4.1 = 0.7 46 05 0.02
Nausea

control 4.4 = 0.6 4506 0.63
Speed of

recovery 4.0 0.8 468 0.5 0.01
Staff

responsiven

ess 4.6 0.5 43804 0.18
Discharge

instructions 4.5+ 05 4.7 0.4 0.24
Owerall

satisfaction 4.4 = 0.6 4.8 =04 0.02
Total

satisfaction

score (8—40) 265 =24 38220 0.02

This randomized clinical trial compared Sevoflurane and
Isoflurane for pediatric dental anesthesia and found both
agents to be safe, effective, and well tolerated, with stable
intraoperative hemodynamics and comparable recovery
profiles. However, children anesthetized with Isoflurane
demonstrated significantly lower total FLACC scores and
higher parental satisfaction, indicating a smoother and
calmer recovery.

Given that all participants were between 2 and 6 years of
age, the FLACC behavioral pain scale was used as an
appropriate observational measure of postoperative
distress. In this age group, self-reported pain scales are
unreliable, and behaviors such as crying, restlessness, and
leg movement often reflect emergence agitation or
delirium rather than actual nociceptive pain.*** Because
all children received intraoperative fentanyl (1.5 pg/kg),
true postoperative pain was expected to be minimal.
Therefore, higher FLACC scores likely represented
behavioral agitation linked to rapid emergence rather than
inadequate analgesia.?"%

The lower FLACC scores in the Isoflurane group can be
explained by its slower offset and more gradual
emergence, which minimizes abrupt sensory stimulation
during recovery.?? In contrast, Sevoflurane’s rapid
elimination has been consistently associated with
emergence delirium in pediatric anesthesia, characterized
by inconsolable crying and restlessness.”>* These
behavioral differences directly influenced parental
perception. Parents of children in the Isoflurane group
reported higher satisfaction regarding comfort, pain
control, and recovery speed, suggesting that calmer
emergence behavior enhances caregiver confidence and
satisfaction. Thus, Isoflurane’s smoother recovery profile
translated not only into measurable behavioral benefits
but also into improved family-centered outcomes.*’

In addition to behavioral and satisfaction outcomes, other
perioperative parameters such as heart rate, respiratory
rate, oxygen saturation, nausea incidence, and Aldrete
recovery times were comparable between the two groups,
confirming that both anesthetic agents provided
equivalent physiological stability and smooth recovery
without significant complications. This further supports
the clinical interchangeability of both agents in pediatric
dental anesthesia.

Strengths of the Study

This study is one of the few randomized clinical trials
comparing Sevoflurane and Isoflurane in pediatric
dental anesthesia. Its strengths include a prospective
randomized design, age-appropriate  behavioral
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assessment tools, and the inclusion of parental
satisfaction as a holistic outcome measure. The
combination of objective and subjective evaluations
provides a comprehensive understanding of the
recovery experience. Additionally, the findings have
practical relevance for resource-limited settings, where
Isoflurane’s lower cost and favorable recovery
characteristics make it a viable anesthetic choice.

Limitations

The sample size was modest, and the study focused
only on short-term recovery outcomes. Long-term
behavioral or neurocognitive effects were not
evaluated. Future multicentric studies with larger
cohorts, biochemical stress markers, and extended
follow-up are warranted to validate and expand these
findings.

Ethics approval and consent to participate
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