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SCIENTIFIC ARTICLE
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Summary: Demir G, Cukurova Z, Eren G, Tekdos Y, Hergunsel O – The Effect of “Multiphase Sedation” in the Course of Computed Tomography 
and Magnetic Resonance Imaging on Children, Parents and Anesthesiologists.

Background and objectives: We aimed to investigate the effect on children undergoing Computed Tomography (CT) or Magnetic Resonance 
Imaging (MRI), their parents and attending anesthesiologist of “multiphase sedation” which we define as “the intended sedation level achieved with 
one or more agents through the same or different routes with more than one administration”.

Material and Methods: One hundred children and their parents were randomly allocated to one of two study groups. In phase 1; in Group I the 
patients were given midazolam (0.5 mg.kg-1) in 5 mL fruit juice, and the ones in control group (Group II) were given only fruit juice. After intravenous 
(iv) cannulation; in phase II, boluses of propofol were given to achieve the adequate sedation for imaging. Anxiety scores of children and their 
parents were recorded using Oucher scale and STAI, respectively, and parental satisfaction was evaluated by visual analogue scale (VAS). The 
number of attempts for iv cannulation, length of time for preparation, and amount of hypnotics were recorded.

Results: Anxiety state of children was similar between groups before premedication, but later it was lower in Group I. Before procedure, STAI 
score of parents was similar and later it was lower in Group I. Parental satisfaction in Group I was higher. The number of attempts for iv cannulation 
and required propofol dose was less in Group I.

Conclusion: “Multiphase sedation” procedure provides children to feel less pain and anxiety, and decreases parental anxiety while increasing 
their satisfaction. It supplies a comfortable and safe sedation, as it provides a short and problem-free preparation process for the attending anes-
thetist as well.
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INTRODUCTION

Children frequently require sedation in order to be cooperative 
and immobile for imaging modalities in radiology units, namely 
the magnetic resonance imaging (MRI) and computerized to-
mography (CT) procedures 1-6. Moreover, imaging procedures 
that are not applied under adequate sedation necessitates 
repetition of the procedure, resulting in a significant loss of 
revenue to the institution, lost work time and, perhaps most 
importantly, delayed diagnosis.

A variety of sedative agents, including chloral hydrate, ben-
zodiazepines, pentobarbital, methohexital, ketamine, thiopen-
tal and propofol have been effectively used through either oral, 

rectal or parenteral routes to facilitate imaging procedures in 
children 6-12. However, no data exist on whether a specific 
anesthetic technique is superior. Agent administered and the 
route of administration brings about a variety of advantages 
and disadvantages. It is well known that rectally administered 
chloral hydrate causes prolonged sedative effect due to its 
active metabolites; intramuscular or intravenous (iv) ketamine 
endangers airway safety increasing the secretions; and  ben-
zodiazepines alone may fail to provide adequate sedation 6-9.

Intravenously administered propofol and agents alike have 
advantages of rapid onset, effective and adjustable anesthesia 
with rapid recovery 13. Therefore, iv techniques are preferable.

Sedation is required not only for facilitation of immobility 
necessary to complete MRI and CT in children but also to re-
duce both child’s and parental anxiety. As was revealed by 
the study of Kain et al. 14 parental anxiety is directly correlated 
with children’s anxiety and their coping with invasive medical 
procedures. 

In this study, we aim to define “multiphase sedation” and 
study its effects on child, parents and the attending anesthe-
siologist. We define “multiphase sedation” as the intended se-
dation achieved with one or more agents through the same 
or different routes with more than one administration. In ac-
cordance with the definition, in the first phase of sedation, oral 
midazolam was given, then an iv line (a pain inducing pro-

RBA - 62-04 - 004 - 020.indd   511RBA - 62-04 - 004 - 020.indd   511 7/2/2012   10:09:46 AM7/2/2012   10:09:46 AM



DEMIR, CUKUROVA, EREN ET AL.

512 Revista Brasileira de Anestesiologia
 Vol. 62, No 4, July-August, 2012 

cedure) was inserted under mild-moderate level of sedation, 
and then child was separated from parents. Thus, it is aimed 
to cause less pain and agitation in a child, and decrease pa-
rental anxiety while increasing their satisfaction. In the second 
phase, intravenous propofol was administered in order to pro-
vide sufficient depth of sedation for completion of the imaging 
acquisition.

MATERIALS AND METHODS

With the approval of hospital ethics committee and informed 
consent of the parents, 100 children (ASA Physical status I-II) 
between 2-12 years of age, scheduled to undergo MRI or CT 
procedures with sedation as outpatients, and their parents 
were allocated to the study. Exclusion criteria were contraindi-
cation to sedation because of severe respiratory or metabolic 
deterioration, restricted oral intake or refusal of the patient for 
oral agent given for sedation, or failure of peripheral iv access. 
The parents with lower intellectual state who are supposed 
to fail to take the test for State and Trait Anxiety Inventory 
(STAI) 15 were also excluded. The children and their parents 
were randomly assigned to one of two treatment groups. The 
subjects and the anesthesiologist were both blinded to the 
agents given. In the first phase of sedation, the children in the 
study group (n = 50, Group I, “multiphase sedation” group) 
were given 0.5 mg.kg-1 midazolam (F. Hoffman-La Roche 
Ltd. Basel, Switzerland), in 3-5 mL of clear fruit juice and the 
ones in control group (n = 50, Group II) were given the same 
amount of fruit juice only. Waiting 30 minutes after the appli-
cation of first phase of sedation, children were taken together 
with parents to the preparation room where their iv access 
with 24 Gauge cannula was achieved. Later they were tak-
en apart from their parents to the imaging room. ECG, spO2 

and tension arterial were monitored. According to the child’s 
clinical properties and length of imaging process, in the sec-
ond phase, 1% propofol (Fresenius Kabi, Deutscland GmbH 
D-61346, Bad Homburg v.d.H, Germany) was administered 
2 mg.kg-1.min-1 and titrated to provide the adequate depth of 
sedation, and their amount was recorded. 

Children were allowed to breathe spontaneously and were 
just assisted with free flow of oxygen via facemask. Children 
were evaluated by Oucher scale, the Hispanic version ((http://
www.oucher.org/index.html) for pain and anxiety before first 
phase of sedation, during and after iv line insertion, and after 
separation from parents. We evaluated the parental anxiety 
before and after the imaging process using the State-Trait 
Anxiety Inventory 15 which is a standard tool used by psy-
chologists to assess situational anxiety. It consists of two 20-
question scores to which respondents are asked to indicate to 
what degree the item describes their feelings on a four-point 
Likert-type scale (where 1 = “not at all” and 4 = “very much 
so”). The first part (STAI I) measures the current emotional 
state of the subject, including immediate feelings of apprehen-
sion, nervousness and worry. The second set of questions 
(STAI II) measures the subject’s personality trait or how the 
person generally feels. Because pediatric anesthesia is a dis-

crete event, parents in the present study completed the state 
anxiety items as a measure of parental anxiety about their 
child’s anesthesia.

Parents also revealed their level of satisfaction using a 
100 mm visual analog scale (VAS) after the procedure. Other 
recorded parameters were the number of interventions for iv 
access and total time of stay at preparation room in the first 
phase; and in the second phase, required amount of propofol 
for adequate sedation were all recorded and evaluated.

Statistics

Statistical analysis was performed by SPSS (Statistical Pack-
age for Social Sciences) for Windows 15.0 software. In addi-
tion to descriptive statistical methods (mean ± standard devia-
tion), one-way Anova test was used to compare parameters 
with normal distribution, in the comparisons of more than 
two groups. Kruskal Wallis test was used to compare the pa-
rameters without normal distribution between more than two 
groups, and Mann Whitney U test was performed to determine 
the group that caused the difference. In the comparisons be-
tween two groups Student t test was used to compare param-
eters with normal distribution and Mann Whitney U test for 
the parameters without normal distribution. Comparisons of 
qualitative data were performed with Chi-Square test. Statisti-
cal significance was assumed for p ≤ 0.05.

RESULTS

Demographic parameters were similar between groups 
(p > 0.05). Mean age of parents included in the study was 
30.03 ± 5.70 years and female/male ratio was 65/35; mean 
age of children was 4.21 ± 2.90 years with a ratio of female/
male of 42/58. The anxiety scores of the children regarding 
the Oucher scale were similar in groups in the first phase of 
sedation (9.49 ± 25.17 vs 3.92 ± 7.16 in Group I and II re-
spectively) (p = 0.555, p > 0.05). However, Oucher scores of 
children in Group I at the evaluation periods, during and after 
iv access, and on separation of children from parents, all were 
significantly lower than those in Group II (40.92 ± 27.15 with a 
median of 40, 8.57 ± 13.84 median 0, and 23.88 ± 29.71 with a 
median 10 vs 80.00 ± 25.69 with a median of 90, 25.29 ± 28.16 
with a median of 20, 58.14 ± 35.34 with a median of 70, re-
spectively) (p = 0.001, p = 0.001, p = 0.001) (Table I).

STAI II scores indicating the personality trait of the par-
ents, which may affect the immediate feelings and emotional 
state of them, didn’t show any difference between groups 
(p = 0.460). Likewise, results regarding the anxiety state of 
parents through STAI I scores, in the first phase, didn’t reveal 
any significance (46.97 ± 10.06 vs 43.92 ± 8.22; p = 0.099, 
p > 0.05). But in the second phase, it was 41.36 ± 8.23 in 
Group I and 48.07 ± 9.10 in Group II, which was statistically sig-
nificant (p = 0.001, p < 0.05). Parents of the children in Group I 
were less anxious. Moreover, parental satisfaction evaluated 
by VAS was, as well, higher in Group I by 80.92 ± 19.57 vs 
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72.84 ± 18.27 (p = 0.035, p < 0.05). Therefore, it is seen that 
application of multiphase sedation increased parents’ satis-
faction while decreasing anxiety (Table II).

Concerning the administrator, the results were all on behalf 
of Group I. Number of attempts of iv access and the time of 
stay in the preparation room were lower in Group I. So, multi-
phase sedation provided a short and comfortable preparation 
process for the attending anesthesiologist as well. Moreover, 
children in Group I needed less amount of propofol in phase 
II to achieve the deep sedation needed for the imaging process 

(1.36 ± 1.11 mg.kg-1 propofol in Group I vs 2.47 ± 0.67 mg.kg-1 
propofol in Group II; p = 0.001). Thus, recovery time was sta-
tistically lower in Group I (21.06 ± 6.58 min in Group I and 
26.35 ± 8.07 min in Group II, p = 0.001) (Table III). 

DISCUSSION

Apprehension and anxiety are normal in children undergoing 
medical procedures. Identifying and alleviating this anxiety is 
beneficial for many reasons besides enhancement of psycho-
logical well-being 16,17. In recent years, anesthesiologists have 
increased their efforts to probe the emotional experiences of 
their patient’s parents in addition to the patients themselves 
as they are in strict correlation. 

Variables such as the age and temperament of the child 
and the state and trait anxiety of the parent have been identi-
fied as predictors for the occurrence of negative postopera-
tive behavioral changes 17. A significant proportion of parents 
experience anxiety and distress before their child’s surgery or 
medical intervention. Previously it has been shown that there 
is a very high correlation between parental anxiety and child 
anxiety, and interventions must target parents as well as chil-
dren 14,18. Furthermore, parental anxiety is a relevant concern 
in its own right.

The STAI is a well-validated self-report measure of anxiety 
consisting of two versions, one assessing the dispositional or 
more stable trait of anxiety proneness, and the other assess-
ing transient or situational anxiety 15. Miller et al. found that 
parents of pediatric surgery patients experience greater levels 
of anxiety and higher need for information than do adults who 
are undergoing surgery themselves 19.

During the process of MRI or CT scanning, the children 
are mostly prepared for the procedure with their parents ac-
companying them in the preparation room and they are al-
ways anxious and scary on iv line insertion unless they are 
sedated. And this period of crying and fear for the child inevi-
tably makes the parents nervous, which in turn increases the 
child’s anxiety. So the sedation of child in this period would 
help to overcome this problem and provide additional effect 
to the sedation during the radiological procedure. To establish 
this hypothesis, we defined the “multiphase sedation” for ra-
diological procedures; and its application clearly revealed that 
sequential sedation in two phases decreased both the child 
and parental anxiety, and increased parental satisfaction as 
well. Prior to the first phase, parents’ state and trait anxiety 
scores were similar, but after the procedure parents of the 
children receiving the sequential sedation were less anxious 
as was revealed by the lower situational anxiety scores (STAI I) 
of this group. 

Many reports of a successful program with the use of vari-
ous different forms of sedation, including oral chloral hydrate, 
iv pentobarbital, iv fentanyl, rectal thiopental and so forth, 
have been published. Sedation with parenterally administered 
agents proved to be advantageous and safe as it provides 
rapid onset and recovery of sedation, but rectally administered 
agents are hardly controlled with prolonged effects 6,9,13.

Table I – Comparison of Groups in Respect to Child Anxiety

Group I
(n:50)

Group II
(n:50)

p

Oucher score before 1st 
phase

9.49 ± 25.17
(median 0)

3.92 ± 7.16
(median 0)

0.555*

Oucher score at time of 
iv line insertion

40.92 ± 27.15
(median 40)

80.00 ± 25.69
(median 90)

0.001*º

Oucher score after iv 
line insertion

8.57 ± 13.84
(median 0)

25.29 ± 28.16
(median 20)

0.001*º

Oucher score on 
separation from parents

23.88 ± 29.71
(median 10)

58.14 ± 35.34
(median 70)

0.001*º

Group I: “multiphase sedation” group, Group II: control group; p* Mann Whitney 
U test; pº statistically significant (p < 0.05).

Table II – Comparison of Groups in Respect to Parental Anxiety and 
Parental Satisfaction

Group I
(n:50)

Group II
(n:50)

p

Trait anxiety (STAI II) 47.51 ± 9.64 46.25 ± 7.03 0.460†

State anxiety (STAI I) 
before the procedure

46.97 ± 10.06 43.92 ± 8.22 0.099†

State anxiety (STAI I) 
after the procedure

41.36 ± 8.23 48.07 ± 9.10 0.001†º

Parental satisfaction 
after procedure (100mm 
VAS)

80.92 ± 19.57 72.84 ± 18.27 0.035†º

Group I: “multiphase sedation” group, Group II: control group; p† Student t test 
pº statistically significant (p < 0.05). STAI: State and Trait Anxiety Inventory.

Table III – The Data of Anesthetic Procedures

Group I
(n:50)

Group II
(n:50)

p

Number of attempts for iv 
line insertion (mean)

1.14 ± 0.50 1.94 ± 1.32 0.001*º

Time of stay at preparation 
room (min)

4.72 ± 1.68 8.30 ± 2.76 0.001‡º

Amount of propofol used in 
2nd phase (mg.kg-1)

1.36 ± 1.11 2.47 ± 0.67 0.001‡º

Recovery time (min) 21.06 ± 6.58 26.35 ± 8.07 0.001*º

Group I: “multiphase sedation” group, Group II: control group; p* Mann Whitney 
U test; p‡ Chi-square test; pº statistically significant (p < 0.05).
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Anesthesiologists usually rely on medications that consis-
tently provide reliable levels of deep sedation. Recently, an al-
ternative technique describing the use of rectally administered 
midazolam and S-(+)-ketamine was described. This technique 
was superior for a standard technique of general anesthesia 
with endotracheal intubation 3. Sedative premedication with 
benzodiazepines is clearly effective in reducing anxiety and 
the amnesic effects may also help to reduce future distress 
with anesthesia. Negative postoperative behavior may be re-
duced due to reduced preoperative anxiety or due to midazo-
lam related amnesia. It has been shown that recall of going to 
sleep is lesser in midazolam-treated children compared with 
control 20. Anterograde amnesia occurs as early as 10 min 
after administration of oral midazolam 21.

Comparing our two-phased procedure with sedation tech-
niques that rely mainly on the intravenous infusion of hypnotic 
drugs, such as propofol, the dosage schedule can more easily 
be adjusted to the individual patient since the amount of iv 
supplementation that was required depended on the duration 
of the procedure rather than individual factors. In the case of 
propofol, as was shown in the study by Levati et al. 22, me-
ticulous attention to the monitored variables, such as heart 
rate and blood pressure, was required to titrate the infusion 
of propofol in accordance with the variations in the depth of 
anesthesia. That study also revealed that smaller children re-
quired significantly higher induction and maintenance doses 
(10 mg.kg-1.h-1 vs. 7 mg.kg-1.h-1) of propofol to ensure immo-
bilization. In our study, the procedure described could reduce 
the required amount of hypnotics we used for the completion 
of imaging, which can be considered as a secondary gain of 
combined agents, which in turn is a matter of our objective.

The range of recovery time following sedation for MRI with 
intravenous continuous infusion of propofol was reported to 
be 15-60 min 23. In our study, it is clearly seen that combina-
tion of oral midazolam with the hypnotics as needed by the se-
quential method described reduced significantly the complete 

recovery time following sedation. This method also reduced 
the challenge of both the patient and the  anesthesiologist in 
charge as it decreased the time of staying in the preparation 
room and the number of attempts for iv line insertion. 

Review of claims associated with monitored anesthesia 
care found that 75% of patients who experienced injury re-
lated to sedation received a combination of two or more drugs, 
e.g. a benzodiazepine and an opioid or propofol or others 24. 
We would like to stress that incidence of complications in this 
study was null for several reasons. Prior to inclusion in the 
study, a careful examination by an experienced anesthesiolo-
gist assured that no child with a suspected problem in airway 
management was included. In addition, the method was used 
by experienced staff only. As shown in the literature, major 
adverse events requiring resuscitative care occurred in 1.2 % 
of patients given a midazolam-pentobarbital-fentanyl combi-
nation 25. We are actually aware of the potential of adverse 
events and we use this protocol in daily practice in our insti-
tution with some measures and minor interventions, such as 
repositioning of the child’s head and neck or removal of secre-
tions prior to the start of scanning.

CONCLUSION

Our study indicates that a sedation technique based on mul-
tiphasic procedure not only alleviate both child and parents’ 
anxiety but also provides advantages like less challenge for 
the anesthesiologist for preparing the child for imaging ac-
quisition process, less amount of hypnotics required for a 
sufficient sedation, and thus, less time of complete recovery 
and less adverse events following sedation. We propose that 
“multiphase sedation” technique is a safe and advantageous 
technique for sedation of children for radiological imaging mo-
dalities such as MRI and CT scanning. 
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