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Abstract Sevoflurane is shown to be safe and effective in

pediatric echocardiography. This study explores the opti-

mum level in pediatric echocardiography. One hundred and

twenty children, with an age range of 35 days–3 years,

were included in this study. The children with severe

cyanotic congenital heart disease or severe pneumonia,

which was Grade I or II according to the American College

of Physicians Guideline Grading, were excluded. All chil-

dren received the anesthesia with sevoflurane. The inhala-

tion anesthesia level decreased from 2.5 to 1.0 %, with a

decrement of 0.5 %. The induction time (T0), echocardio-

graphy time (T1), and time to awakening (T2) in each child

were recorded, and the changes in the blood pressure, heart

rate, breath, and oxygen saturation in each child were also

monitored. The Ramsay scale scoring during anesthesia and

the case number of failure in echocardiography in each

group were also recorded. When the level of sevoflurane

inhalation was maintained at 1.0 %, the childrens’ scores

were low, including 8 incompliant children, and p\ 0.05 in

comparison with other groups. The scores increased as the

sevoflurane inhalation level increased. When the sevoflu-

rane inhalation increased to 1.5 %, the children could sleep

with stable blood pressure, and no dysphoria occurred

during the echocardiography. When the sevoflurane

inhalation level increased to 2.5 %, the Ramsay scores did

not increase. However, the T2 significantly increased

(p\ 0.05). The blood pressure and heart rate in each group

did not change significantly. With the premise of safety and

efficacy in children, the optimum level of sevoflurane in

pediatric echocardiography was 1.5–2.0 %.
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Introduction

Generally, a child is asked to keep still when undergoing

pediatric echocardiography so that satisfactory imaging can

be obtained. However, most children have poor self-con-

trol, and echocardiography can be completed only after the

child is sedated. Inhalation anesthetic is a commonly used

anesthesia in children. Sevoflurane is an inhaled anesthetic

with high safety, short induction, and awakening time. It

does not increase respiratory secretions, and has few

adverse effects on hemodynamic indicators, such as heart

rate, and heart rhythm. Therefore, it is safe to use in

pediatric outpatient examinations. This study investigates

the use inhaled sevoflurane in pediatric echocardiography.

The objective was to explore the optimum level of

sevoflurane in pediatric outpatient echocardiography and

provide evidences for use in clinical examination.

Materials and Methods

This study was approved by Medical Ethics Committee.

All legal guardians of the included children had signed the

informed consent. One hundred and twenty children, who

were classified as ASA scale Grade I to II, were chosen to

receive pediatric echocardiography. The age range was

35 days–3 years. No child had the history of respiratory

tract infection, liver and kidney diseases, psychiatry, and

neuropathy. These children were assigned into 4 groups:

inhalation of 1.0 % sevoflurane (1.0 % group), inhalation

of 1.5 % sevoflurane (1.5 % group), inhalation of 2.0 %
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sevoflurane (2.0 % group), and inhalation of 2.5 %

sevoflurane (2.5 % group). Table 1 presents the general

information of these children.

Sedation and anesthesia and the methods

The children fasted for 2 h before the echocardiography as

routine and did not receive pre-anesthesia medication. The

dedicated evaporation tank for sevoflurane (Sevoflurane

Drager Vapor2000; Baxter) was used during anesthesia.

Furthermore, an attending anesthetist provided anesthesia

to the children.

The air escape valve was opened, and the manually

controlled breathing bag was emptied before anesthesia.

The level of sevoflurane was set at 8 % and the oxygen

flow rate at 6 L/min. The breathing bag was relaxed and

allowed to be filled with sevoflurane. The child’s mouth

and nose were covered with an appropriate mask as

required for tidal volume measurement, until the child had

no eyelash reflex (induction time), and had no body

movement when his/her earlobe was pinched (as the cri-

teria of qualification for echocardiography). The level was

adjusted at 2.5, 2.0, 1.5, and 1.0 % in turn, with the oxygen

flow rate at 4 L/min. The inhalation of sevoflurane was

discontinued at the last item (suprasternal fossae) in the

echocardiography. If the child had body movement and

thus could not complete the echocardiography, the main-

taining level should be adjusted to 3 % until completing the

echocardiography. This was recorded as ‘‘fail to complete

echocardiography’’ and not included in the statistical

analysis of T0, T1, and T2.

Monitoring Items

The children were observed for vomiting, secretion, cough,

and breath-holding during sedation. The T0, T1, and T2

were recorded. The Ramsay scale scoring was used to

grade the sedation of children: (1) dysphoria; (2) compliant

and still, with orientation; (3) responsive to instructions; (4)

sleeping, sensitive to loud acoustic stimulus; (5) sleeping,

insensitive to loud acoustic stimulus; and (6) drowsiness,

no response. A score of four to five indicated ideal sedation

[3]. The child’s blood pressure, heart rate, respiratory rate,

and oxygen saturation were measured continuously during

echocardiography. The time from sedation to qualification

for echocardiography (T1), the duration of echocardiogra-

phy (T2), and the time from discontinuing medication to

awakening (T3) were recorded.

Statistical Analysis

All data were analyzed with SPSS19.0 statistical software.

The measurement data were represented by mean ± SD

(X ± S), and tested by one-way ANOVA and Independent

Samples T test; the categorical data were tested by Chi-

square test. p\ 0.05 indicated statistical significance.

Results

No child had cough or breath-holding during sedation. All

children had little respiratory secretions and good airway

tolerance. The T0, T1, and T2 in each group are presented

in Table 2. No statistical differences were noted in T0 and

T1 between each group. T2 was longest in 1.0 % group,

and significantly prolonged in 2.5 % group.

When the inhalation level of sevoflurane was maintained

at 1.0 %, the Ramsay scale score was low (Table 3), 8

children were not compliant (p\ 0.05, in comparison with

other groups) and required more sevoflurane to complete

echocardiography. When the inhalation level of sevoflu-

rane was maintained at 1.5 %, more children had Ramsay

scale 4–5 score (p\ 0.05, in comparison with 1.0 %

group) and stable blood pressure, including 2 children who

could not complete echocardiography. When the sevoflu-

rane inhalation level was maintained at 2.0 %, 1 child

could not complete echocardiography. When the sevoflu-

rane inhalation level was maintained at 2.5 %, the Ramsay

scale scores did not increase, and all children qualified for

the echocardiography. For the children in all groups, the

oxygen saturation was maintained at more than 98 %, the

respiratory rate and blood pressure were not statistically

different.

Discussion

The child should be relatively still in the pediatric

echocardiography. However, since the child was young

with poor cognition, he/she may resist and fear the irrita-

tion caused by the examination method [6]. Therefore, the

Table 1 The general information of the included children (n = 60)

M/F Age Body weight

65/55 \3 years 3.7–16 kg

Table 2 The changes in T0, T1, and T2 in each group (X ± S)

Group T0 (s) T1 (min) T2 (min)

1.0 % Group (22 cases) 54.3 ± 16.2 5.9 ± 2.2 4.2 ± 1.6

1.5 % Group (28 cases) 57.6 ± 15.5 6.1 ± 1.8 5.4 ± 1.2#

2.0 % Group (29 cases) 55.1 ± 17.4 5.9 ± 1.4 5.6 ± 1.5

2.5 % Group (30 cases) 55.7 ± 17.3 6.0 ± 1.4 6.5 ± 1.9*

In comparison with 1.0 % group, # p\ 0.05; in comparison with 1.0

and 1.5 % group,* p\ 0.05
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anesthesia for sedation was essential for the child who was

not compliant. The ideal anesthetic for outpatient sedation

should be characterized by (1) stable and rapid induction,

no pain or irritation; (2) sufficient sedation, amnesia, and

analgesia for the examination; (3) no or minimum side

effects, such as cardiovascular and respiratory inhibition;

(4) rapid awakening, no complications, such as nausea and

vomiting; (5) adjustable depth of anesthesia; and (6) better

cost-effectiveness. Unfortunately, no anesthetic could

completely satisfy these requirements to date [1].

Chloral hydrate is widely used as an anesthesia agent in

pediatric outpatient examination; however, it has pene-

trating odor and corrosive bitterness, and children usually

refused to take it or vomit after taking it. As a result, an

increased or repeated dosage may be required. The colo-

clysis with chloral hydrate may cause resistance in chil-

dren, resulting in mucosal injury and liquid medicine

discharge due to crying and struggle of the children,

leading to impaired sedation [2]. Therefore, it was very

important to develop a safe, effective, and new outpatient

sedation approach.

Sevoflurane has stable physical and chemical properties

and small blood-air partition coefficient. It is characterized

by rapid awakening, stable induction, and less excitation

when it is used in pediatric inhalation anesthesia. Besides,

it will provide stable awakening, less airway irritation and

cardiovascular inhibition, and adjustable depth of anes-

thesia; therefore, it has unique advantages in pediatric

anesthesia [4, 5]. The application of sevoflurane in pedi-

atric outpatient sedation was less reported. This study

mainly explored the optimum level of sevoflurane in

pediatric echocardiography and provided evidences for the

clinical use of sevoflurane in outpatient examination.

This study used the anesthesia induction with high level

and large flow rate of anesthetic. Thus, the anesthesia

induction may be accelerated according to the ‘‘concen-

tration-effect’’ principle of the inhalation anesthetic [7].

But this method was not suitable for the children who were

not compliant. The anesthetic level was decreased after the

induction termination to achieve an appropriate level for

echocardiography. The children had less respiratory

secretions, good airway tolerance, and no cough or breath-

holding during the echocardiography. This may be asso-

ciated with less airway irritation and bronchial dilatation

associated with the sevoflurane.

We used a series of maintaining level of 1.0, 1.5, 2.0,

and 2.5 % sevoflurane in this study. The T2 was prolonged

as the level of sevoflurane was increased. When the

sevoflurane level was low, the scores of the children under

sedation decreased, resulting in non-qualification for

echocardiography. When the sevoflurane level was

1.5–2.0 %, almost all children qualified for the echocar-

diography and had rapid awakening. When the sevoflurane

level was increased to 2.5 %, the children were sedated, but

the echocardiography efficiency was decreased. Exces-

sively high levels of sevoflurane may not only increase the

incidence of adverse reactions during echocardiography,

but also cause environmental pollution in the ultrasound

room. Therefore, the exploration of the optimum level of

sevoflurane in pediatric outpatient echocardiography is

very important.

In conclusion, the inhaled sevoflurane sedation in

pediatric outpatient echocardiography is characterized by

rapid awakening, less effect on breath and blood circula-

tion, and low incidence of adverse reactions. The sevoflu-

rane at the optimum maintaining level is safe and effective

to be used in pediatric outpatient echocardiography.
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Table 3 The Ramsay scale scoring in the children in each group

during anesthesia (n = 30, X ± S)

Group 1 Score 2–3 Score 4–5 Score 6 Score

1.0 % Group 8# 15& 7 0

1.5 % Group 3 8 19* 0

2.0 % Group 1 3 26* 0

2.5 % Group 0 1 29* 0

In comparison with 1.5, 2.0, and 2.5 % group, # p\ 0.05; in com-

parison with 2.0 and 2.5 % group, & p\ 0.05; in comparison with

1.0 % group, * p\ 0.05
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