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Abstract

Objective:  An equation to calculate an induction dose of thiopental sodium for pediatric sedation during radiological examination has been proposed 
based on the results of retrospective regression analysis in a previous study (-8.153 + 0.799 × age [months] + 153.844 × body surface area). The purpose 
of the present study was to compare the dose of thiopental using this equation and a conventional dosing strategy in children undergoing radiological 
examinations.

Methods: A total of 94 children scheduled to undergo elective computed tomography (CT) or magnetic resonance imaging (MRI) were randomly assigned 
to control and experimental groups. Children in the control group received an initial dose of thiopental sodium, calculated using the equation, while those in 
the experimental group received an initial dose of 2 mg/kg of thiopental, followed by 1 mg/kg of thiopental sodium until Ramsay sedation score was 4–5. A 
rescue injection of thiopental sodium 2 mg/kg was administered when the children awakened or moved during the imaging scans.

Results: All sedations were achieved and successfully maintained during the scans in both groups. Induction and total doses of thiopental sodium in the 
experimental group were significantly greater than those of the control group, while the dose and number of rescue injections in the experimental group were 
significantly lower compared with the control group. There was no difference in the duration of sedation, CT or MRI scans, or length of stay in the post-anesthetic 
care unit between the two groups. There were no complications related to thiopental sodium in either group.

Conclusions:  The equation for induction dose of thiopental sodium proposed in a previous study can prevent additional injection of thiopental sodium 
during radiological examination. However, caution is needed when using the equation because the overall dose of thiopental is greater compared with the 
conventional dosing strategy.

ABBREVIATIONS 
BSA: Basal Surface Area; CT: Computed Tomography; 

MRI: Magnetic Resonance Imaging; ASA: American Society of 
Anesthesiologists

INTRODUCTION
Thiopental sodium is a type of barbiturate used as a sedative 

drug, not only for general anesthesia, but also for procedural 
sedation in children [1-6]. However, pediatric sedation using 
thiopental is not successful in all cases. The overall success 
rate of procedural sedation has been reported to be 94–98% 
in children [7,8]. Paradoxical reactions have been observed 
in 1.2% of children who receive thiopental for procedural 
sedation, while other side effects related to thiopental sodium 
have been reported in 6% of children [9,10]. For success and 
prevention of complications in pediatric sedation, therefore, 
an adequate dose of sedative drug is essential [11]. If the dose 
of sedative drug is insufficient to achieve the desired level of 
sedation, the procedure is unlikely to be successful. In contrast, 

however, side effects, such as hypotension, hypopnea or apnea, 
related to sedative drugs can occur if the dose of sedative drug 
is too high for children [12]. Some clinical guidelines have been 
proposed for successful pediatric sedation [13-15]. However, 
the recommended dose of sedative drugs in these guidelines 
have a wide range, regardless of procedure type [16]. The 
dose of sedative drugs was determined based solely on body 
weight of the children, although other characteristics, such as 
age, height, or body surface area (BSA), can impact the effect 
of sedative drugs [17-19]. For these reasons, calculation of the 
proper dose of sedative drug for pediatric sedation has been 
a challenge for clinicians. In a previous study, we performed 
regression analysis using medical records of successful sedation 
in children undergoing radiological examination using computed 
tomography (CT) or magnetic resonance imaging (MRI) [20]. 
The relationship between the dose of thiopental sodium used 
in successful cases of pediatric sedation and characteristics of 
the children was defined. Based on the results of the regression 
analysis, an equation (-8.15 + 0.80 × age [months] + 153.84 × 

http://endic.naver.com/enkrEntry.nhn?entryId=fb0864ec978b491c8fca77380490dacb
http://endic.naver.com/enkrEntry.nhn?entryId=fb0864ec978b491c8fca77380490dacb
https://en.wikipedia.org/wiki/Magnetic_resonance_imaging
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BSA) was proposed for calculation of the dose of thiopental 
sodium for pediatric sedation. At the time, however, a formal 
clinical study was not performed to evaluate the effect and safety 
of using the dose calculated by the equation. The aim of present 
study, therefore, was to compare the dose of thiopental sodium 
calculated using the equation proposed in the previous study 
with a conventionally calculated dose of thiopental sodium in 
children undergoing radiological examinations [21,22].

MATERIALS AND METHODS
This prospective, randomized controlled study was 

performed in single tertiary hospital. After obtaining approval 
from the Institutional Ethics Committee, informed consent was 
obtained from parents of the children and from the children if 
they were > 7 years of age. The study included children between 
1 and 12 years of age, with American Society of Anesthesiologists 
(ASA) physical status I or II, undergoing sedation for CT or MRI 
with an expected duration of < 20 minutes. Patients with known 
severe respiratory or cardiac disease, neurological deficits, 
upper respiratory infection, anomaly of airway, and those 
who received analgesics or sedatives within the previous 24 h 
were excluded from this study. According to hospital policy, all 
children fasted for > 6 h before CT or MRI, and no premedication 
was administered before the scan. Before arrival to the CT or 
MRI room, a 24-gauge cannula was inserted in the dorsum of 
the child’s hand, and dextrose or saline was infused at flow rate 
determined by the child’s weight. All children were monitored 
using electrocardiogram, pulse oximeter, noninvasive blood 
pressure, and capnography on arrival to the CT or MRI room. 
Vital signs, including arterial blood pressure, heart rate and end-
tidal CO2, were recorded at 5 minutes intervals through the entire 
study period. The children were randomly assigned into either a 
control group or the experimental group using a computerized 
randomization table. In children assigned to the control group, 
an initial dose of thiopental sodium 2 mg/kg was injected over 
a period of 30 s. In children assigned to the experimental group, 
an initial dose of thiopental sodium was calculated using the 
following equation: -8.15 + 0.80 × age (months) + 153.84 × BSA. 
After the initial dose of thiopental sodium was administered in 
both groups, 1 mg/kg of thiopental sodium was followed until 
Ramsay sedation score was 4–5. If children awakened or moved 
during the CT or MRI scan, a rescue injection of thiopental 
sodium 2 mg/kg was administered, and the cumulative rescue 
dose was restricted to < 10 mg/kg. The children and sedation 
providers were blinded to the patient group allocation, and an 
independent researcher prepared and administered the initial 
dose of thiopental sodium. Unsuccessful sedation was defined 
as an interruption or failure of CT or MRI due to the child’s 
awakening or movement during the scan. The occurrence of the 
most frequently reported complications of pediatric sedation 
using thiopental sodium, such as hypotension, bradycardia, 
hypoxia, apnea, and airway obstruction, were assessed during 
the study period. After CT or MRI scan, the children were moved 
to the recovery room, and were then discharged when Aldrete 
score was > 8 points. 

STATISTICAL ANALYSIS
Sample size estimation was performed in accordance with 

the results of a previous study investigating pediatric sedation 

with thiopental sodium reporting a mean (± standard deviation 
[SD]) 109 ± 35 minutes of recovery time [4]. A sample size of 47 in 
each group was calculated to detect a 20% difference in recovery 
time between the two groups, with an alpha of 5% (confidence 
interval, 95%), a power of 80%, and an anticipated dropout 
rate of 10%. All data are expressed as mean (SD), or number 
(%), or median (interquartile range [IQR]). Data between the 
groups were compared using Pearson’s chi-squared, Fisher’s 
exact, independent t, or Mann-Whitney U tests, as appropriate. 
Statistical significance was defined at P < 0.05. 

RESULTS AND DISCUSSION
Results

A total of 94 children undergoing radiological examination 
were enrolled in this study. Sedations in all children were 
achieved and successfully maintained during the CT or MRI 
scans. There was no significant difference in the characteristics 
of the children or type of radiological examination between the 
two groups (Table 1). CT/MRI scans were performed in 4/43 
and 3/44 children in the control and experimental groups, 
respectively. The median age of the children was 52 months in 
the experimental group and 39 months in the control group; the 
difference, however, was not statistically significant. Preexisting 
disease necessitating CT or MRI scans were not different 
between the groups, although CT or MRI was performed most 
frequently for neurological diseases (Table 2). The induction 
dose of thiopental sodium, as defined by dose administered until 
Ramsay sedation score was 4–5, of the experimental group was 
significantly greater than that of the experimental group (Table 
3). The rescue dose of thiopental sodium to maintain the level 
of sedation was significantly greater in the control group than 

Table 1: Characteristics of children undergoing pediatric sedation for 
radiological examination.

Characteristic Control group 
(n=47)

Experimental 
group (n=47)

p 
value

Male sex 25 (52) 22 (48) 0.68

Age, months 39 (23–55) 52 (27–60) 0.25

Weight, kg 15.1 (69–140) 16 (12.5–19.8) 0.19

Height, cm 94.5 (10–106) 100 (88.5–107) 0.20
Body surface area, 

m2 0.61 (0.5–0.73) 0.68 (0.56–0.77) 0.17

Data presented as n (%) or median (interquartile range)

Table 2: Underlying disease of children undergoing radiological 
examination.

Disease Control group 
(n=47)

Experimental group 
(n=47)

Neurological disorder 17 20

Endocrine disorder 2 4

Anatomical defect 9 5

Vascular disorder 2 2

Tumor 11 12

Others 6 4

Data presented as n.

http://endic.naver.com/search.nhn?query=interruption
http://www3.interscience.wiley.com/cgi-bin/fulltext/119414569/main.html,ftx_abs#t1#t1
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in the experimental group. The total dose of thiopental sodium 
administered during CT or MRI scan was significantly greater in 
the experimental group compared with that in the control group. 
Duration of sedation, duration of CT or MRI scans, recovery 
time, and length of stay in the post anesthesia care unit were not 
different between two groups. The number of rescue injections of 
thiopental sodium was significantly higher in the control group 
than in the experimental group. No complications related to 
thiopental injection, such as hypotension, bradycardia, hypoxia, 
apnea or airway obstruction, occurred during the study period.

Discussion

In this study, we compared the use of a previously reported 
equation (i.e., -8.15 + 0.80 × age [months] + 153.84 × BSA) to 
calculate the dose of thiopental sodium with the conventional 
dosing strategy for pediatric sedation. The induction and total 
dose of thiopental were greater when using the equation to 
calculate the dose of thiopental sodium compared with the 
conventional dosing strategy. However, the additional injections 
and rescue dose of thiopental sodium was greater when using 
conventional dosing strategy compared with the equation. There 
were no complications due to thiopental sodium injection during 
CT or MRI scans in either group.

The proper dose of sedative drug (s) is essential to achieve 
sedation without complications during CT or MRI scans in 
children. Calculation of the dose of thiopental sodium for pediatric 
sedation has been a challenge for clinicians. The equation used 
to calculate the dose of thiopental sodium in this study was 
proposed in our previous study, which performed a retrospective 
regression analysis of medical records of pediatric sedation for 
CT or MRI scans. Although the equation was developed using 
data from medical records only when the pediatric sedation was 
successful and without complications, a formal clinical study was 
not performed to validate the equation.

In this study, the number of rescue injections and the rescue 
dose of thiopental sodium were greater when the conventional 
dosing strategy was applied compared with those when the 
equation was used? Thiopental sodium was administered 
additionally when Ramsay sedation score was not maintained at 
4–5 after induction of sedation was achieved once. Considering 

the short duration of CT or MRI scans in this study, the need for 
rescue injection of thiopental sodium may mean that the initial 
dose of thiopental sodium was insufficient to maintain the desired 
level of sedation. Injection of thiopental sodium during CT or MRI 
scans requires the efforts of sedation providers, and interrupts 
the process of CT or MRI scans, which in turn can interfere with 
acquiring good-quality scans. Furthermore, improper provision 
of rescue injection (s) of thiopental sodium when the level of 
sedation is not maintained can threaten the safety of children.

When the equation was used, the total dose of thiopental 
sodium was greater compared with the conventional dosing 
strategy. This is because the induction dose calculated using 
the equation was approximately 25% greater than that in the 
conventional dosing strategy. This may be explained by the fact 
that the equation used in this study was developed using data 
from medical records of successful pediatric sedations without 
complication (s) related to thiopental sodium. If the dose of 
thiopental sodium is increased, the incidence of complications 
related to thiopental sodium may also increase; however, no 
complications related to thiopental sodium were recorded in 
this study. These findings correspond well with those of an 
earlier study, which reported the success of high-dose propofol 
and dexmedetomidine-induced pediatric sedation without an 
increase in complications [21,22]. The sample size in the present 
study may not have been sufficient to compare the incidence 
of complications related to thiopental sodium. A formal clinical 
investigation using a larger sample size should be performed 
to evaluate complication rates. It is, nevertheless, exceedingly 
difficult to prevent complications in every case of pediatric 
sedation. Sedation providers still need to be careful when using 
the equation to calculate the induction dose of thiopental sodium 
for pediatric sedation.

Recovery time from sedation was not different between the 
groups, regardless of whether the equation or the conventional 
strategy was used to determine the induction dose of thiopental 
sodium. We speculated that recovery from sedation could be 
delayed using the conventional dosing strategy compared with 
the equation because rescue injection of thiopental sodium may 
increase the total dose of thiopental sodium. Contrary to our 
expectation, however, the total dose of thiopental sodium when 
using the equation was greater than that calculated using the 
conventional dosing strategy. Nevertheless, the dose of thiopental 
sodium calculated using the equation did not delay recovery from 
sedation compared with the conventional dosing strategy. 

Children in this study were included only when the duration 
of CT or MRI scan was expected to be < 20 minutes. This means 
there would have been no need to infuse sedative drugs to 
maintain the level of sedation for CT or MRI scan. This is because 
the equation used in this study was proposed only for calculating 
the induction dose of thiopental sodium for pediatric sedation. 
Thiopental sodium is not recommended as a sedative drug to 
infuse for pediatric sedation because of its long context-sensitive 
half-time. The longer thiopental sodium is infused, the longer 
recovery from sedation is delayed. Other sedative drugs with 
short context-sensitive half-time, such as propofol, are widely 
used for infusion in pediatric sedations. However, further 
research will be needed to evaluate infusion or rescue injection 
of thiopental sodium for CT or MRI scans exceeding 20 minutes 
in duration.

Table 3: Outcome measures of children undergoing pediatric sedation 
during radiological examination.

Measure Control group
(n=47)

Experimental 
group

(n=47)
Induction dose, mg/kg 5.1 (1.99) 7.6 (1.04)*

Additional dose, mg/kg 1.6 (2.13) 0.5 (1.59)*

Total dose, mg/kg 6.9 (2.96) 8.2 (1.83)*

Rescue injections, n 22 8*

Duration of sedation, minutes 39.3 (15.58) 43.9 (14.55)
Duration of radiological 

examination, minutes 25.4 (13.75) 23.8 (8.99)

Recovery time, minutes 13.2 (9.62) 17.6 (10.18)

PACU length of stay, minutes 31.1 (3.73) 33.7 (6.11)
Data presented as mean (standard deviation) unless otherwise 
indicated. *Statistically significant difference (p< 0.05). 
PACU: Post Anesthesia Care Unit
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There were several limitations to this study. First, in control 
group, thiopental sodium 2 mg/kg was administered as the 
initial loading dose, followed by 1 mg/kg of thiopental sodium 
until sedation was achieved. If the dosing strategy for thiopental 
sodium was different, the results of the present study may have 
been different. Second, the age range of the children recruited for 
the present study (1 to 12 years) was relatively wide, and we did 
not have subgroups based on the age of the children. However, 
the aim of present study was to compare two dosing strategies of 
thiopental sodium, and there was no statistical difference in age 
between the control and experimental groups. Third, the health 
of the children recruited for the present study was ASA physical 
status I or II. Therefore, caution should be exercised when the 
results of the present study are applied to seriously ill children. In 
particular, in children with respiratory or cardiovascular disease 
or anatomical airway anomalies, the dose of thiopental sodium 
calculated using the equation may induce serious complications 
such as hypotension, airway obstruction, apnea, and shock.

CONCLUSION
In conclusion, when the equation proposed in the previous 

study was used to calculate the induction dose of thiopental 
sodium for pediatric sedation in the present study, the number 
of additional injections of thiopental sodium during radiological 
examination was decreased and there was no statistically 
significant increase of recovery time, although the total dose 
of thiopental sodium for sedation when using the equation is 
greater than that in the conventional dosing strategy. However, 
physicians should be aware of the possibility of complications 
due to the greater dose of thiopental sodium when the equation 
is used. Further clinical researches that focus on complications of 
thiopental sodium should be performed.
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