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ABSTRACT

Objectives: This study was designed to see the risk factors that contribute to emergence agitation (EA) and also to know the effectiveness of low-flow
(LF) anesthesia technique in EA in pediatric patients.

Methods: A total of 200 pediatric patients aged 6 months-6 years underwent surgery with general anesthesia were divided into two groups. The
high-flow (HF) group was maintained with 5 1 fresh gas flow (FGF), and the LF group was maintained with 500 ml FGF. The outcome was measured
after the surgery was completed on Face, Legs, Activity, Cry, and Consolability and pediatric anesthesia emergence delirium (PAED) scores. Agitation
defined in PAED score 210, and no agitation defined in PAED score <10.

Results: EA incidence in the HF group was higher compared to the LF group (59.5 vs. 4.7%, p<0.001). HF anesthesia technique was a single risk factor
for agitation event, whereas LF anesthesia may prevent EA incidence until up to 92.7%.

Conclusion: LF anesthesia reduced agitation incidences. The effectiveness of LF was 92.7% in reducing the incidence of agitation. HF anesthesia was

the main risk factor for agitation incidences.
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INTRODUCTION

Emergenceagitation (EA)isacommonprobleminpediatricanesthesia[1].
Itis defined as a consciousness dissociation that characterized when the
patient is not consolable, uncooperative, irritable, destructive, crying,
and unable to recognize people that are familiar in their daily life, on
the emergence of anesthesia. Some risk factors known for this condition
are rapid emergence, use of volatile agents, post-operative pain, choking
sensation, and patient’s psychological condition. It is a self-limiting
condition that occurs for 5-15 min. The incidence rate varies from 10%
to 80% among all children underwent surgery with general anesthesia
and in some cases requires some pharmacological interventions [2].
Some agents used for eliminating this condition are hypnotics-sedative
drugs (e.g., midazolam, flumazenil, and propofol) and analgesics such as
opioids and NSAID [3].

The use of volatile anesthesia in pediatric patients, in both induction
and maintenance phases, is still a common practice [4-6]. Sevoflurane is
the most used volatile agent despite its potency in producing EA [1,2,7].
This is due to its pharmacological content that binds in GABA, receptors
in a and y subsegments [8].

Low-flow (LF) anesthesia was developed in modern medicine era. It was
introduced by Foldes using a liter per minute anesthesia. Virtue then
introduced minimal flow anesthesia with a 500 ml/min anesthesia in
1974 [9]. A semi-closed breathing system, a fresh gas flow (FGF) that is
less than the patient’s minute volume, and a CO, absorbent system are
some requirements for LF anesthesia [10-12]. Some advantages in this
technique are rapid emergence, diminished post-anesthesia agitation,
reduction in volatile agents used, and eco-green anesthesia [11,12]. Post-
operative nausea and vomiting was also reduced in LF anesthesia [13].

The goal of this study is to know the effectiveness of LF anesthesia
technique to reduce EA in pediatric patients.

METHODS

This is a prospective, single-blind study that was approved by the
Committee of Ethical Study of Sanglah General Hospital in Denpasar,
Indonesia. All subjects involved in this study have provided written
consent signed by their parents or legal guardians. Inclusion criteria
were pediatric patients aged 6 months-6 years old with the American
Society of Anesthesiologist (ASA) physical Status I or Il who underwent
an elective surgical procedure. Exclusion criteria were hemostatic
profile abnormality, liver function abnormality, and any previous
history of the psychological disorder. Subjects were divided into either
the LF anesthesia group or high-flow (HF) anesthesia group by random
order. All surgeries were performed in the first round to reduce patient
bias.

Premedications used for both groups were midazolam 0.1 mg/kg
and ketamine 2-3 mg/kg intramuscularly before the delivery from
preparation room to operating theater. Standard ASA monitoring is used
for this study. After IV line is established, we administered 2 mcg/kg
of fentanyl and 0.5 mg/kg of atracurium for analgesic and facilitating
direct laryngoscopic intubation.

In the LF group, anesthesia was maintained with 1 vol% sevoflurane in
0.5 1/min FGF. In the HF group, anesthesia was maintained with 1 vol%
sevoflurane in 5 1/min FGF. After the surgery, the volatile gas flow was
stopped, and FGF was set for both groups to 5 1/min to facilitate the
washout process. The emergence time was recorded for the purpose
of this study.

Patients were moved to the recovery room after the Aldrete’s score
is more than 9. They were then observed for Pediatric Anesthesia
Emergence Delirium (PAED) score; Face, Legs, Activity, Cry, and
Consolability (FLACC) score; and vital signs for 30 min, where the
numbers were recorded in 10 min interval. The observation was carried
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out directly by researchers to minimize inter-rater bias. Agitation score
recorded using the PAED score. EA is defined as PAED score 210. If
EA occurs, rescue medications of fentanyl 0.1 mcg/kg and propofol
0.1 mg/kg were administrated.

The incidence and severity of EA including categorical data such as
gender, choice of anesthesia, and FLACC score were compared using the
Chi-square test or Fisher’s exact test as appropriate. Age, body weight,
emergence time, sevoflurane consumption, and duration of anesthesia
were analyzed by the independent t-test or non-parametric Mann-
Whitney U-test-Wilcoxon rank-sum test as appropriate. p<0.05 was
considered statistically significant.

RESULTS

A total of 200 subjects were eligible for this study. None were excluded
or dropped out. Table 1 shows demographic data in two groups. No
statistically significant differences were found in all variables.

Table 2 shows a comparison of sevoflurane consumption and emergence
time between two groups. No significant findings in emergence
between the two groups. Sevoflurane consumption per min was higher
in HF groups compared to the LF group (18 [13] vs. 40 [25.5], p<0.001).

Table 3 shows a comparison of the FLACC score between two groups.
No significant findings in this score in every time interval result (0 vs.
3, p=0.223). Moreover, Table 4 shows a comparison of agitation profile
between two groups. Significant findings in agitation profile are seen
in total incidence between the two groups (4.7% vs. 59.5%, p<0.001).

Table 5 shows a survival analysis for all risk factors to agitation

incidence. The findings show that HF technique was the main risk factor
to agitation incidences in the pediatric population (p<0.001).

Table 1: Demographic data

Variables Treatment groups
Low-flow High-flow
group n=106 group n=94
Gender
Male, n (%) 68 (64.1) 63 (67.1)
Female, n (%) 38 (35.8) 31(32.9)
Age in months, median (IQR) 35.5(57) 41.5 (41)
Weight in kg, median (IQR) 12 (9.62) 14 (8.25)
Height in cm, median (IQR) 96.5 (32.5) 100 (34.25)
ASA physical status
ASA T n (%) 61 (57.5) 58 (61.7)
ASA L n (%) 45 (42.5) 36 (38.2)

Anesthesia time in hh:mm,
median (IQR)

IQR: Interquartile range, ASA: American Society of Anesthesiologist

02:20 (01:23) 01:20 (00:57)

Table 2: Comparison of sevoflurane consumption and
emergence time

Variable Treatment group, p-value?®
median (IQR)
Low-flow High-flow
group group
n=106 n=94
Sevoflurane 18 (13) 40 (25.5) <0.001
consumption (ml) 39.1-48.1
95% CI 18.1-21.6
Emergence time (min) 5(4) 9(5) <0.001
95% CI 5-7 7-9

IQR: Interquartile range, CI: Confidence interval, ‘"Mann-Whitney U-test
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From the survival analysis data, the effectivity for LF technique in
reducing agitation incidences derived with the following formula:

e=1- _r x100%=1- 1 x100%=92.7%
AdjustedRR 13.711

This result means that LF anesthesia may reduce the incidence of EA
up to 92.7%.

DISCUSSION

EA in children is a multifactorial disease [1,8]. Objective measurement
of agitation is difficult since there is no strict definition, and multiple
different scales are currently in use [14]. In this study, agitation was
measured using PAED scale ranging from 0 to 20 where a score of 10 or
more indicates agitation [15].

Another potential problem in pediatric is to differentiate agitated
behavior from pain behavior. Excluding postoperative pain as the main
factor for agitation [14]. The result of this study was consistent with
the previous study for comparison of EA after two different sevoflurane
expelling methods in children [2]. That study reports the incidence of
EA was higher in HF compared to LF expelling methods (30% vs. 8%).

Sevoflurane consumption in this study is consistent with the previous
study conducted by Ryu et al. They reported longer anesthesia hours in
LF technique for about 38.3% [16]. As for emergence time, the result
was different where the emergence time in LF group was less than the
HF group (5 vs. 9 min).

The risk analysis showed us that LF anesthesia technique was a factor
that may prevent or reduce the incidence of EA. This result was in line
to a case series that showed every case in laparoscopic procedure in
infants and toddlers that used an LF technique did not show any signs
of EA[11].

Table 3: Comparison of FLACC score

Variable Treatment group p-value
Low-flow group  High-flow group
n=106 n=94
FLACC score>3 0 (0%) 2 (6.6%) 0.2232
FLACC: Face, Leg, Activity, Cry, and Consolability, *Chi-square test
Table 4: Comparison of agitation incidence
Emergence Treatment group p-value
itati
agitation Low-flow High-flow
group group
n=106 n=94
Incidence
Agitated (%) 5(4.7) 56 (59.5) <0.001?
Not agitated (%) 101 (95.3) 38 (40.5)

aChi-square test

Table 5: Survival multivariable analysis for agitation incidences

risk factor?
Variable Adjusted RR  95% CI p-value
High-flow anesthesia 13.711 5.446-34.523 <0.001
Emergence time 0.973 0.914-1.036 0.394
Age (months) 0.996 0.985-1.006 0.420
FLACC score 0.753 0.426-1.331 0.329

RR: Risk ratio, CI: Confidence interval, FLACC: Face, Leg, Activity, Cry, and
Consolability, *Cox proportional hazard regression test
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CONCLUSION

LF anesthesia technique for pediatrics surgery may reduce the incidence
of EA. The effectiveness of LF technique was 92.7% in reducing the
incidence of EA.
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