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ABSTRACT

Objective: This prospective randomized parallel-group study com-
pared sevoflurane consumption in pediatric patients undergoing 
general anesthesia with high initial concentration and gradual 
induction techniques in pediatric patients undergoing general 
anesthesia. The primary objective was to measure the volume of 
sevoflurane used until loss of eyelash reflex (V-LOER). Secondary 
objectives included time to loss of eyelash reflex (T-LOER), time to 
intravenous (IV) cannulation, volume of sevoflurane used until IV 
cannulation, end-tidal sevoflurane at LOER (EtSevo-LOER) end-ti-
dal sevoflurane at IV cannulation (EtSevo-IV) concentration, he-
modynamic changes and induction-related complications. 

Method: Seventy children aged 2–8 years were randomized into 
two groups. Group A received high initial concentration of 8% se-
voflurane in 6 L min-1 oxygen from the onset, while Group B un-
derwent incremental sevoflurane induction, starting at 1% and 
increasing by 1% every 10 seconds until 8% was reached. Sevoflu-
rane consumption was measured using agent monitoring system 
of GE Aisys CS² anesthesia workstation. The T-LOER and time for IV 
cannulation, EtSevo-LOER and EtSevo-IV, hemodynamic parame-
ters, and complications were statistically analyzed. 

Results: Group A required lesser V-LOER (1.88±0.41 mL) than 
group B (2.91±1.40 mL). Group A required shorter time T-LOER 
(47.11±10.13 seconds) compared to group B (87.69±35.02 se-
conds). Sevoflurane consumption till IV cannulation was lower in 
group A compared to group B although not statistically significant. 
The EtSevo-LOER was similar in both groups. The EtSevo-IV cannu-
lation was lower in group B. 

Conclusion: High initial concentration induction of sevoflurane 
achieves faster induction at lower agent consumption compared 
to incremental induction technique of general anesthesia in pedi-
atric patients. 
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ÖZ

Amaç: Bu prospektif, randomize paralel gruplu çalışmada, genel 
anestezi uygulanan pediatrik hastalarda yüksek başlangıç konsant-
rasyonu ve kademeli indüksiyon teknikleriyle sevofluran tüketimini 
karşılaştırılmıştır. Birincil amaç, kirpik refleksi kaybına kadar kulla-
nılan sevofluran hacmini (V-LOER) ölçmekti. İkincil amaçlar arasın-
da kirpik refleksi kaybına kadar geçen süre (T-LOER), intravenöz 
(IV) kanülasyona kadar geçen süre, IV kanülasyona kadar kullanı-
lan sevofluran hacmi, LOER’de son tidal sevofluran (Et Sevo-LOER) 
konsantrasyonu, IV kanülasyonda son tidal sevofluran (Et Sevo-IV) 
konsantrasyonu, hemodinamik değişiklikler ve indüksiyonla ilişkili 
komplikasyonlar yer almıştır.

Yöntem: İki ve 8 yaş arası 70 çocuk iki gruba randomize edildi. 
Grup A’ya başlangıçtan itibaren 6 L dk-1 oksijende yüksek kon-
santrasyonda %8 sevofluran verilirken, Grup B’ye %1’den başlanıp 
%8’e ulaşılana kadar her 10 saniyede bir %1 artırılarak kademeli 
sevofluran indüksiyonu uygulandı. Sevofluran tüketimi, GE Aisys 
CS² anestezi istasyonunun ajan izleme sistemi kullanılarak ölçüldü. 
Kirpik refleksi kaybına kadar geçen süre ve IV kanülasyon süresi, 
EtSevo-LOER ve EtSevo-IV, hemodinamik parametreler ve kompli-
kasyonlar istatistiksel olarak analiz edildi.

Bulgular: Grup A’nın LOER için Grup B’den (2,91 ± 1,40 mL) daha 
az sevofluran hacmine (1,88 ± 0,41 mL) ihtiyacı vardı. Grup A’nın 
T-LOER süresi (47,11 ± 10,13 saniye) Grup B’ye (87,69 ± 35,02 sa-
niye) kıyasla daha kısaydı. Grup A’da IV kanülasyona kadar sevof-
luran tüketimi Grup B’ye kıyasla daha düşüktü, ancak istatistiksel 
olarak anlamlı değildi. EtSevo-LOER her iki grupta da benzerdi. 
İntravenöz kanülasyon sırasında Etsevo Grup B’de daha düşüktü.

Sonuç: Pediatrik hastalarda sevofluranın yüksek başlangıç kon-
santrasyonu ile yapılan indüksiyonu, kademeli indüksiyon tekniği-
ne kıyasla düşük ajan tüketimi ve  hızlı indüksiyon sağlamaktadır.

Anahtar sözcükler: Pediatrik anestezi, inhalasyonel indüksiyon, 
sevofluran 
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INTRODUCTION 

Inhalational induction is a commonly used technique for 
pediatric patients as it addresses concerns such as fear of 
needles, body movement and pain associated with intrave-
nous (IV) cannulation. Sevoflurane has been in use as the an-
esthetic agent for induction and maintenance of anesthesia 
amongst pediatric age group (1). The properties of quick in-
duction and recovery times, pleasant smell, lack of pungen-
cy and acceptable cardiovascular profile make it a preferred 
agent (2-4).  Various methods for inhalational induction have 
been described, including vital capacity breaths and slow 
incremental administration of sevoflurane in a gas mixture, 
delivered at different fresh gas flow (FGF) rates (5). The high 
initial concentration induction technique has been shown to 
shorten the second stage of general anesthesia compared to 
the slow incremental induction technique (6). Although sevo-
flurane is preferred for inhalational induction in children, fi-
nancial and environmental costs remain major limitations es-
pecially when sevoflurane is used at high concentrations and 
at high FGF (7-10). The optimum technique would balance 
ease of induction, hemodynamic stability, and cost. The fixed 
8% method and the incremental method are well described 
techniques for induction. Both are considered to be safe 
techniques with a low incidence of complications (5). There is 
limited literature comparing the quantitative consumption of 
the inhalational agent between these methods. The amount 
of sevoflurane consumption would be indicative of the costs 
associated and will help with choosing a method that ensures 
patient safety and cost-effectiveness. 

This study aims to compare the quantitative requirement 
of sevoflurane for induction of general anesthesia with high 
initial concentration versus incremental induction with sevo-
flurane in children of aged 2 to 8 years undergoing various 
surgical procedures under general anesthesia. The primary 
objective was to compare the amount of sevoflurane used 
between the two methods for achieving loss of conscious-
ness (LOC). The secondary objectives involved noting the 
time required for time required for insertion of IV cannula-
tion, hemodynamic response in terms of heart rate and blood 
pressure, and incidence of complications during induction 
of general anesthesia such as coughing, apnea and patient 
movement. 

MATERIALS and METHODS 

This study was designed as a prospective randomized par-
allel group study. Ethical clearance was obtained from the 
institutional ethics committee (CSP MED/23/APR/86/92) 
and the study was registered with clinical trial registry 
(CTRI/2024/02/063181) and was done at a tertiary care hos-
pital during a two year period. The sample size was calculated 

to a total of 70 subjects based on the previous article Preet 
Mohinder Singh et al, with a power of study of 90% and 5% 
two-sided alpha error (11). Seventy children between the age 
group of 2 to 8 years were randomized into two groups us-
ing block randomization and concealed by sealed envelope 
method. Each group had 35 patients belonging to ASA I or 
II scheduled for elective surgeries under general anesthesia. 
Exclusion criteria included ASA III or higher, emergency sur-
gery, need for rapid sequence induction, seizure disorders, 
craniofacial abnormalities, congenital heart disease, history 
of neuromuscular disorders, hepatic/renal insufficiency, and 
anticipated difficult IV access. 

The two groups were labelled on the basis of the method of 
induction used and allocated into group A (High initial con-
centration method): induction with 8% sevoflurane in 100% 
oxygen at a FGF of 6 L min-1 and in group B (Gradual incre-
mental method): sevoflurane started at 1% and increased 
by 1% every 10 seconds until 8% or until LOC, whichever oc-
curred first. After LOC, the vaporizer was further titrated ev-
ery 10 seconds till 8% or maintained at 8% if already achieved 
until IV cannulation. 

Patients satisfying the inclusion criteria were enrolled in 
the study and intervention was explained to them following 
which the consent was obtained from the parent or a guard-
ian. Pre anesthetic assessment was done the day prior to 
the surgery. Routine investigations were ordered. Premed-
ication with 0.5 mg kg-1 of oral midazolam syrup was given 
to all patients half an hour prior to the time of induction of 
anesthesia. Standard pre-induction monitors in the form of 
pulse-oximetry, non-invasive blood pressure monitoring, and 
electrocardiogram monitoring were used and baseline vitals 
were noted. A machine leak checked GE Aisys CS2™ anes-
thesia workstation (GE Healthcare, Madison, WI, USA) with 
agent monitoring system was used to provide anesthesia in 
all the patients. A pediatric closed circle breathing system 
circuit without priming was used and an appropriately sized 
facemask was placed and leak proof fit was achieved as the 
patient became calm and sedated during the process of inha-
lational induction of general anesthesia. The time until LOC 
was noted in seconds using a stopwatch by an assistant who 
was blinded to the vaporizer settings. Loss of consciousness 
was defined by loss of eyelash reflex (LOER). The LOER was 
assessed by gentle brushing of the eyelashes of one eyelid at 
the count of 3 by the anesthesiologist holding the mask over 
the child’s face. End tidal sevoflurane concentration (EtSevo) 
was continuously monitored during the process of induction 
of anesthesia and the study period. All timings were recorded 
using the same stopwatch each time.

Spontaneous respiration was allowed until IV cannulation, 
and the ventilation was gently assisted with manual infla-
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tion of the reservoir bag if the end-tidal CO2 concentration 
increases more than 40 mmHg. All IV cannulation attempts 
were performed by the same experienced anesthesiologist 
in all the patients. Intravenous cannulation was attempted 
every 10 seconds after loss of eyelash reflex. We routinely 
assess the plane of anesthesia for IV cannulation by giving 
a skin pinch at the cannulating site and then initiate the at-
tempt to cannulate if there was no movement of the child 
to the painful stimuli. This assessment was done every 10 
seconds and no movement elicited the IV cannulation was 
attempted.  If any extremity movement was observed for the 
skin prick with the IV cannula during the attempt, the anes-
thesiologist stopped the attempt and attempted again after 
10 seconds. The time at which there was no movement for 
the cannulation attempt was taken as the time for cannula-
tion even when the attempt was unsuccessful. The further 
course of anesthesia was managed at the discretion of the 
primary anesthesiologist. 

In group A, 8% sevoflurane in 100% oxygen at a FGF of 6L 
min-1 was administered through a face mask. In group B: 
The sevoflurane vaporizer dial initially was set at 1% (in 
100% oxygen) with a FGF of 6 L min-1. The sevoflurane 
concentration was increased by 1% every 10 seconds timed 
with a stopwatch. This was done until the vaporizer setting 
reached 8%. After LOC, the sevoflurane concentration setting 
on the vaporizer was increased every 10 seconds till 8% and 
maintained at 8% till IV cannulation was achieved. 

The definition of various study parameters collected were: 

Time for loss of eyelash reflex (T-LOER),  time from placement 
of face mask till loss of eyelash reflex noted in seconds. 

Volume of sevoflurane consumed for loss of eyelash reflex 
(V-LOER) arrived from the agent monitoring system of the 
anesthesia workstation and noted in milliliter. 

Time for IV cannulation attempt without any movement not-
ed in seconds. 

Volume of sevoflurane required till time for IV cannulation 
attempt in milliliter. 

Incidence of poor mask acceptance - any bodily movement, 
cry, cough were taken as signs of poor mask acceptance and 
collected as a binomial data. 

Incidence of cough, laryngospasm (defined as inspiratory/
expiratory sound after induction was started or cessation of 
chest movement during breathing requiring positive pressure 
ventilation) and desaturation (SpO

2 <94%) were noted.

Heart rate and blood pressure noted every two minutes for 
the first 10 minutes. Hypotension was defined as reduction of 
systolic blood pressure less than 70+2× (age in years) (12). It 

was treated with 0.2 mg kg-1 aliquots of IV ephedrine and the 
need for such treatment was recorded. Bradycardia was de-
fined and treated according to age limits with 0.02 mg kg-1 of 
atropine (minimum of 0.1 mg and maximum of 0.5 mg) (13).

Breath-holding after face mask application was defined as a 
transient pause in breathing with no chest/abdominal move-
ment despite inspiratory effort. Apnea defined as a sudden 
cessation of breathing with no inspiratory effort.

All recruited participants successfully completed the study, 
as shown in the CONSORT diagram (Figure 1).

Statistical Analysis 

The statistical analysis was done using the JASP software ver-
sion 0.18.3 (Netherlands). The descriptive statistics for the 
data involved frequency analysis and percentage analysis 
for categorical variables, while mean and standard deviation 
were employed for continuous variables. Shapiro- Wilk test 
was used to identify normality of the data. The parametric 
variables were analyzed by independent sample t-test for 
continuous variables, Chi-square test for binomial test and 
contingency table for multivariate frequency. The non-para-
metric variables were analyzed by the Mann-Whitney U test. 
Equality of variances was checked for continuous variables 
and Welch test was used for unequal variances. Repeated 
measures were analyzed using ANOVA and post-hoc Bonfer-
roni test was done. Time for IV cannulation and quantity of 
sevoflurane needed till IV cannulation were compared using 
the Wilcoxon –Mann–Whitney two sample rank-sum test. 
The treatment effect was quantified using the Hodges–Leh-
mann estimator. The sample size was calculated to a total 
of 70 subjects based on the previous article Singh PM et al, 
with a power of study of 90% and 5% two-sided alpha error. 
In all the above statistical tools the probability value 0.05 was 
considered as significant level (11). 

RESULTS 

There was no statistically significant difference in the age, 
height, weight and sex distribution among the two groups as 
shown in Table I. 

Table II shows the statistical analysis of study parameters. 
The comparison of the T-LOER was found to be statistically 
significant between the two groups (p<0.05). Group A need-
ed less time for LOER compared to group B. The comparison 
of V-LOER between the two groups showed that the sevo-
flurane quantity required in group A was statistically signifi-
cantly less compared to group B. The comparison of EtSevo 
at LOER between the two groups showed that there was no 
statistically significant difference between the two groups as 
shown in Table II. 
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Figure 1: Consort diagram.

Table III shows the comparison of time and quantity of sevo-
flurane required in the two groups for IV cannulation. The 
comparison of IV EtSevo showed that there was a statistically 
significant difference in the end tidal sevoflurane at which IV 
cannulation was achieved between the two groups. The IV 
cannulation was achieved at lower EtSevo in group B com-
pared to group A. 

The time for IV cannulation was statistically significantly less 
in group A compared to group B. The comparison of quantity 
of sevoflurane required for IV cannulation was not statistical-
ly significant as shown in Table III. 

Assessed for 
eligibility n=70

Randomised n=70

Excluded (n=0)
	 Not meeting inclusion criteria 

(n=0)
	 Declined to participate (n=0)
	 Other reasons (n=0)

Allocated to intervention (n=35) each of 
group B
	 Received allocated intervention (n=35)
	 Did not receive allocated intervention 

(n=0)

Allocated to intervention (n=35) 
Group A
	 Received allocated intervention (n=35)
	 Did not receive allocated intervention 

(n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=35)
	 Excluded from analysis (n=0)

Analysed (n=35)
	 Excluded from analysis (n=0)
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change in  heart rate and mean arterial pressure from base-
line in both groups as shown in Table IV. 

DISCUSSION 

Our findings indicate that the high initial concentration meth-
od (8% sevoflurane) achieved early LOC and the quantity of 
sevoflurane used until LOER was significantly lower com-
pared to the incremental method. This finding was similar 
to the earlier study (5,11). The higher initial sevoflurane con-
centration method achieving early LOC was expected based 
on the understanding of the pharmacokinetics of sevoflurane 
induction (14).

Cough during induction was seen in two patients in group A 
and one patient in group B. Breath holding was seen in one 
patient in group A. The incidence of coughing on the face 
mask/breath holding after face mask placement was not 
statistically significant between the two groups as shown in 
table III. No incidence of apnea, clinically diagnosed laryngo-
spasm, desaturation less than 94% during the induction pro-
cess were noted in both the groups. 

None of the patients had significant bradycardia/hypoten-
sion which required treatment according to the study pro-
tocol in both the groups. There was a statistically significant 

Table I: Comparison of Demographic Parameters Between the Two Groups

Group A (n=35) Group B (n=35) Statistical value p-value
Age, years 5.51±3.42 5.26±3.17 t=0.33 0.75

Height, cm 101.54±19.87 105.40±19.40 t=0.82 0.41

Weight, kg 17.55±10.06 20.03±8.66 t=1.11 0.27

Sex, Male:Female, n (%) 21 (60):14 (40) 25 (71):10 (29) X2=1.01 0.31

ASA I:II, n (%) 26 (74):9 (26) 30 (85):5 (15) X2=0.36 0.56

ASA: American society of anesthesiologists physical status classification, cm: Centimeter, kg: Kilograms. X2 Chi square test statistical parameter, t for 
unpaired t test. Data is presented as Mean ±SD, n (%). Group A: High initial sevoflurane concentration group (8%). Group B: Incremental sevoflurane 
concentration group.

Table II: Comparison of Study Variables Between the Two Groups 

Variable Group A  
(n=35)

Group B
(n=35) 

Statistical 
t value df p-value Mean  

Difference
SE  

Difference

95 % CI for 
Mean  Difference Cohen’s 

d
Lower Upper

T-LOER, seconds  47.11±10.13 87.69±35.02 -6.58 39.64 < .001 -40.57 6.16 -53.03 -28.11 -1.57

V-LOER, mL 1.88±0.41 2.91±1.40 -4.15 39.64 <0.001 -1.02 0.25 -1.52 -0.52 -0.99

EtSevo LOER 4.31±0.82 4.77±1.22 -1.89 59.49 0.06 -0.47 0.25 -0.97 0.03 -0.45

Group A: High initial sevoflurane concentration group (8%). Group B: Incremental sevoflurane concentration group. T-LOER: Time to loss of eyelash 
reflex in seconds. V-LOER: Volume of sevoflurane required for loss of eyelash reflex in millilitres. Data is presented as Mean ±SD. EtSevo LOER: End tidal 
concentration of sevoflurane at which LOER is achieved. The comparison was done by Welch t test of statistical significance.

Table III: Comparison of Study Variables Between the Two Groups

Variables Group A 
(n=35)

Group B
(n=35)

Statistical 
parameter p-value

IV cannulation time, seconds 102 (72-131) 119 (93-146) W= 439 0.04 

IV Sevoflurane quantity, mL 4.07 (2.90–5.25) 4.19 (3.13–5.25) W=572 0.64 

EtSevoflurane-IV concentration 6.33±1.19 5.11±1.22 t= 4.22 <0.001

Incidence of coughing on the face mask/breath 
holding after face mask placement, n (%)

3 (8.5) 1 (2.8) χ²=0.27 0.61

Group A: High initial sevoflurane concentration group (8%). Group B: Incremental sevoflurane concentration group. IV: Intravenous.
IV cannulation time in seconds: Time for attempting IV cannulation. IV Sevo quantity: Quantity of sevoflurane consumed for attempting IV cannulation 
in millilitres. EtSevo-IV: End tidal concentration of Sevoflurane at which IV cannulation was possible. 
Both the above given variables of the two groups were compared using the Wilcoxon–Mann–Whitney two-sample rank-sum test. The treatment effect 
was quantified using the Hodges–Lehmann estimator. ‘t’ statistical parameter is for Welch t test of statistical significance.
χ² chi square value was used for comparison of Incidence of coughing on the face mask/breath holding after face mask placement between the two 
groups. Data is presented as Median (minimum-maximum), Mean ±SD, n(%).
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Table IV: Comparison of the Heart Rate and Mean Arterial Pressure from the Baseline Values in Group A 

Variable (n=35) Group A Mean difference t value p-value
HR 0 110.80±14.95

HR 2 114.71±16.43 -3.91 -2.31 0.46

HR 4 109.86±16.65 0.94 0.56 1.00

HR 6 104.77±14,49 6.03 3.56 0.009

HR 8 103.77±14.58 7.03 4.15 0.001

HR 10 100.26±13.99 10.54 6.23 0.001

MAP 0 67.31±9.16

MAP 2 61.17±7.11 6.14 6.72 0.001

MAP 4 60.49±7.85 6.83 7.47 0.001

MAP 6 62.37±7.50 4.94 5.41 0.001

MAP 8 62.46±7.29 4.86 5.31 0.001

MAP 10 62.06±7.24 5.26 5.75 0.001

Group A: High initial sevoflurane concentration group (8%). HR: Heart rate per minute, HR 0: At 0 minute, HR 2: At 2 minutes, 
HR 4: At 4 minutes, HR 6: At 6 minutes, HR 8: At 8 minutes, HR 10: At 10 minutes, MAP: Mean arterial pressure in millimeters of 
mercury (mmHg), MAP 0: at 0 -minute, MAP 2: at 2 minutes, MAP 4: at 4 minutes, MAP 6: at 6 minutes, MAP 10: at 10 minutes. 
‘ t’ value for unpaired t test. Data is presented as Mean ±SD.

The end tidal sevoflurane at which the LOC was achieved was 
found to be comparable between the two methods of induc-
tion. The EtSevo at which LOER was achieved was similar to 
earlier study involving same age group of pediatric patients 
(15).

The lower EtSevo observed at the time of IV cannulation in 
Group B can be attributed to the pharmacokinetics of sevo-
flurane. In Group A, where a higher initial concentration 
was used, the steeper rise toward equilibration resulted in 
a higher concentration at the time attempts were made by 
the anesthesiologist. In contrast, the incremental approach 
in Group B, where the concentration was increased by 1% 
every 10 seconds until 8% was reached, produced a slower 
rise with a flatter slope toward equilibration. This difference 
in uptake kinetics likely accounts for the disparity in EtSevo at 
IV cannulation between the two inhalational induction tech-
niques in pediatric patients. 

The steeper FA/FI rise in Group A shortened equilibration 
time and minimized uptake into blood and peripheral tissues, 
thereby reducing total sevoflurane use. The higher EtSevo at 
IV cannulation in Group A reflects the maintenance of high-
er inspired concentrations beyond LOER, consistent with the 
induction technique applied. Collectively, these findings high-
light the kinetic advantage of high-concentration priming in 
achieving rapid induction with reduced anesthetic wastage.

The time at which the IV cannulation attempts are made is 
also important in terms of the incidence of complications like 
upper airway complications during inhalational induction. 
Previous study has shown that attempts as early as 30s after 
LOER had increased chance of upper airway complications 

compared to 120s after LOER. This may be one of factors 
that had made our study to have less number of upper air-
way complications compared to previous studies (5). In our 
study we didn’t prime the circuit separately before the in-
duction process unlike other studies which may be an added 
factor which reduces the pungency of the inhalational agent 
and thereby decreasing the upper airway complications. The 
EtSevo at which IV cannulation was achieved is found to be 
similar to earlier study under similar induction principles (15).

The age wise minimum alveolar concentration (MAC) changes 
for the inhalational anesthesia may be confounding variable 
but the iso MAC chart for sevoflurane shows almost similar 
MAC values from age of 1year to 40 years of age (16,17). In-
corporating bispectral index monitoring would have provided 
an objective assessment of the depth of anesthesia, aiding in 
precisely determining the required depth for IV cannulation. 
Previous studies have shown that rapid changes in EtSevo 
poorly correlated with the bispectral index monitoring espe-
cially during induction of inhalational agents (18). Moreover, 
the authors felt that it may be uneconomical particularly in 
this short surgical procedures and that to in developing coun-
tries like us.

This study has several limitations. It was conducted at a sin-
gle tertiary care center with a relatively small sample size, 
which may affect the generalizability of the results. Although 
agent consumption was measured using the GE Aisys CS² 
workstation’s integrated agent monitoring, variables such 
as facemask seal, spontaneous breathing pattern, and minor 
circuit leaks—though minimized—could still influence mea-
surements. Another limitation of this study is the lack of an 
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