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Abstract

Background: The amount of sedation required for children in the pediatric intensive care unit (PICU)
is a usually challenging issue. Fentanyl is a commonly used sedative in PICU, but respiratory
depression limits its use. Dexmedetomidine (DEX) is an effective sedative and anesthetic agent with
negligible respiratory depression and hemodynamic stability.This study was aimed to assess the
effects of using DEX as a sedative in comparison to fentanyl.

Methods: We conducted a randomized double-blind clinical trial on children aging 1 month to 18
years who were required central venous catheter at PICU. The patients were randomized into the DEX
and fentanyl (loading dose 1 mcg/kg and 1 mcg/kg/h for continuous infusion) groups. The primary
outcome was defined as the time to achieve Ramsay Sedation Scale (RSS) >3, along with the safety
outcome.

Results: A total of 55 patients were recruited for the analysis between July 7 and December 30, 2020.
The two groups were comparable at baseline. There was no statistical difference in the number of
patients (63% in DEX and 50% in fentanyl group p=0.39) and the time of reaching RSS>3 (10 min for
DEX and 15 min for fentanyl group p=0.098). Furthermore, the catheterization time between the two
groups was not different when the agents were administered individually or with propofol (15 min for
DEX and 17.5 min for fentanyl, p=0.225, and 22.5 for DEX and 30 min for fentanyl group, p=0.075
respectively); neither was the safety profile significantly different in the two groups.

Conclusions: This study found that DEX as a primary sedative is non-inferior to fentanyl, and it could
facilitate sedation alone or in combination with propofol.
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Dexmedetomidine versus fentanyl in CVC placement in PICU

1- INTRODUCTION

Central venous catheter (CVC)
placement is an invasive procedure which
is often used in intensive care units for
long-term intravenous care, multiple
sampling, central  venous  pressure
measurement, convenient administration of
fluids, blood products, as well as bulky or
high-density solutions, and when other
techniques fail in obtaining intravenous
access. Various sedatives, including
fentanyl, midazolam, and propofol, are
commonly used for sedation and reduction
of pain caused by CVC placement (1, 2).

Dexmedetomidine (DEX) is an alpha-
adrenergic  receptor agonist with a
structure similar to clonidine, yet it has a
greater affinity and sensitivity to a2 than to
al receptor subtypes. In addition, it binds
to both peripheral and central a2 receptors.
DEX also has sedative, analgesic,
anesthetic, and anxiolytic effects with
favorable safety (3, 4). Since clonidine is
only available as an oral tablet in our
setting, its use in the PICU is limited. The
tendency to use DEX as a sedative and
neuro-protective  drug has, recently,
increased, as animal studies have shown its
neuroprotective effects against ischemia,
hypoxemia, and cell death (5). DEX has
been widely used for anesthesia and
analgesic  purposes (6), and has
comparable effects to benzodiazepines; it
is associated with a faster onset of action
and fewer side effects on the respiratory
system as well as hemodynamic
parameters. There is some evidence for its
efficacy as a single agent or in
combination with other drugs in non-
invasive procedures such as computed
tomography scan  (CT), magnetic
resonance imaging (MRI), and
electroencephalogram (EEG) in children
(7-12).

Fentanyl is a synthetic opioid, which is
commonly used in children for sedation
and analgesia due to its known
pharmacologic properties and less adverse
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effects on the cardiovascular system.
Although fentanyl has favorable effects on
hemodynamic status, its effects on
respiratory depression can be serious (13-
15).

Given the beneficial effects and tolerable
safety profile of DEX in adults as well as
the insufficient relevant data on children
undergoing invasive procedures, the aim of
this study was to evaluate the efficacy and
safety of this agent in comparison to
fentanyl for CVC insertion in a pediatric
setting.

2- METHODS

This  randomized  double-blinded
clinical trial was conducted in a tertiary
12-bed pediatric intensive care unit (PICU)
in Ibn Sina Hospital, Sari, and northern
Iran.

All children aged one month to 18 years
who were admitted to the PICU and
needed CVC insertion were evaluated for
recruitment. Since the experience of DEX
in children is limited and the safety
concerns for this indication are not
completely clear, the patients with
hypotension, hypertension, apnea and
arrhythmia were excluded. Other exclusion
criteria were scoring 4 based on the ASA
(American Society of Anesthesiologists)
physical status classification, renal failure,
history of cardiac surgery, shock state, or
concomitant use of muscle relaxants. If the
participants had been taking other
sedatives, their  administration  was
terminated; we also considered the right
washing period for the participants based
on the medicine's half-life (after 4-5 half-
life), and only then started the intervention.

A randomization table was used to put the
participants of both DEX and fentanyl
groups in a 1: 1 ratio. When the physician
determined the need for CVC replacement,
a pharmacist researcher removed the
medicine syringes out of the sealed and
numbered envelopes. The medicine was
prepared in the same size, color, and shape
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of syringes. In order to blind the study, the
medicine was prepared in a similar
syringe. The physician, pharmacist, nurses,
patients or their parents, and statistician
were not informed of the group
assignment.

The physician performed the
catheterization without knowing the type
of drug, and the outcome assessor
evaluated and recorded the sedation-
related indicators under the physician's
supervision. After the procedure was
completed and the outcomes (maximum 1
hour) were recorded, the type of drug used
was determined and recorded in the
patient's file. During the procedure, if a
severe drug-related complication or a life-
threatening condition occurred (such as
hypoxemia, apnea and bradycardia), the
main researcher was in charge of making
the appropriate decision, if necessary.

Before the implantation of CVC, a 12-lead
ECG and renal function tests were
performed for the patients. Also, the level
of Glasgow Coma Scale (GCS), Mean
Arterial blood Pressure (MAP), Heart Rate
(HR), Respiration Rate (RR), and capillary
blood oxygen saturation (O2-sat) were
recorded immediately before starting the
interventions. (It should be added that
MAP and O»-sat were measured using the
non-invasive oscillometric method and
pulse oximetry, respectively).

The control group received fentanyl
(Darou Pakhsh pharmaceutical company)
at a dose of 1 microgram per kilogram
body weight (mic/kg) for 10 minutes as a
loading dose. Then, the infusion continued
at a rate of 1 mic/kg per hour during
catheter insertion. In the intervention
group, DEX (EXIR pharmaceutical
company) was administered intravenously
at a dose of 1 mic/kg for 10 minutes as a
loading dose; during catheter insertion,
infusion continued at a rate of 1 mcg/kg
per hour (16, 17). In both groups, if more
sedation was needed (Ramsay Sedation
Scale (RSS) >3), the loading dose of the
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group’s medication was repeated and drug
infusion continued at the same rate and for
the same duration. In case of insufficient
sedation after two loading doses,
intravenous propofol was administered at a
dose of 1 milligram per kilogram body
weight.

All CVCs were inserted by an expert
pediatrician using Seldinger technique and
sonographic  guidance.  Before the
procedure, appropriate local anesthesia
was made using up to 4 milligrams per
kilogram body weight of lidocaine for all
cases.

Once the loading dose started, the RSS,
MAP, O2-sat, HR, and RR were recorded
every 5 minutes until the end of the
procedure. Moreover, all participants were
followed up 24 hours after catheterization
to evaluate any possible adverse effects.

All patients received supplemental oxygen
through the nasal cannula, which delivered
oxygen at 0.5 liter per minute, during
catheter placement. When the O2-sat was
between 94-90%, the condition was called
transient hypoxia. If the patients’ oxygen
saturation decreased below 90%, a
reservoir bag mask was inserted. The
resuscitation facilities were available at the
patient's bedside throughout the study.

2-1. Outcome assessment

The  primary outcome was the
effectiveness of the DEX infusion, defined
as the time to RSS>3 without the need for
extra sedation. The safety concerns of
therapeutic regimens regarding changes in
vital signs including MAP, HR, O2-sat,
and RR were considered the secondary
outcomes. Changes more than 20% in
MAP, HR, and RR were assumed as
adverse events (AEs). In addition, the O2-
sat level of 94-90% was defined as
transient hypoxemia, and the saturation
level lower than 90% was determined as
hypoxemia with the need to wear the
reservoir bag mask. Moreover, apnea was
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reported if the airflow stopped for at least
10 seconds.

2-2. Statistical analysis

To assess effectiveness, we used intention-
to-treat analysis for all patients who were
given the study drug. Continuous variables
were summarized as median (interquartile
range) according to the study groups (DEX
vs. fentanyl), and the results were
compared using a two-sample independent
t-test for normally distributed variables or
non-parametric alternative, and Mann-
Whitney U-test if the values were not
normally distributed. Categorical variables
were summarized as frequencies and
percentages and analyzed using Fisher’s
exact test and Chi-square test. The effect
sizes of the interventions on MAP, was
estimated using the generalized estimating
equations (GEE) linear model; and the
GEE poisson model was applied for
analyzing the effect sizes on RR and HR.
Additionally, P <0.05 was considered
statistically significant, and all analyses
were performed using SPSS version 22.

2-3. Sample size

A sample size of at least 26 patients for
each group was considered according to
the standard deviation (SD) of 1.8 to make
a difference of 4 minutes during sedation
induction (18) with a power of 80% and
the Type | error of 0.05. The sample size
was calculated, using the following
formula:

2
1+ q) (2172 + Zlftx ) 22]7':
n, = 5 + =
[0} A 2(1+¢)
Pt R
o n,
3- RESULTS

This study was performed between
July 7 and December 30, 2020. Totally,
430 patients were admitted to the PICU,
among which 95 individuals needed CVC
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replacement during PICU stay. An
overview of this study is shown in Fig. 1.
The participants were randomly divided
into the DEX or fentanyl groups. After
randomization, 2 patients in the fentanyl
group and 3 patients in the DEX group
mistakenly received propofol earlier than
determined time of the study protocol, so
they were excluded from the study.

Demographic and clinical characteristics
were recorded and analyzed.
Approximately 53% of children were
younger than 5 years, 25% were between 5
and 8 years of age and the rest were older
than 8 years old with no significant
difference between two groups (p= 0.60).
In this study, 60.0% and 71.4% of the
children were boys in Dex and fentanyl
groups, respectively; and there was no
significant difference between the two
groups in terms of gender (p=0.51) (Table
1).

There was no statistical difference in the
number of patients who achieved RSS>3
in the two groups at different intervals
(p=0.387, Table 2), yet the patients in the
DEX group reached RSS>3 faster. Thus,
the median time for reaching RSS>3 was
10.00 minutes (IQR, 10.00-15.00) in the
DEX group and 15.00 minutes (IQR,
10.00-15.00) in the fentanyl group (p=
0.10).

According to the results of intention-to-
treat analysis, the time to reach proper
sedation and start the procedure was faster
in the DEX group compared to the
fentanyl group, but this variation was not
statistically significant in the two groups.
The median completion time of
catheterization was 15.00 minutes (IQR
15.00-17.50) in the DEX group and 17.50
minutes (IQR 15.00-20.00) in the fentanyl
group (p=0.22); therefore, the procedure
ended earlier in the DEX group than the
other group, although it was not
statistically significant (Table 3).
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[ Enrollment

Assessed for eligibility (n=95)
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Y

Underlying disease (n=13)
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L
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-
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]
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Excluded from analysis (n=3) (received
propofol earlier mistakenly)

Analysed (n=28)
Excluded from analysis (n=2) (received
propofol earlier mistakenly)

Fig. 1: Consort flow chart

No significant difference occurred between
the two groups in terms of needing extra
sedation (p=0.337, Table 2). Also, there
was no significant difference between the
two groups in terms of the median time of
reaching the proper sedation and
completion time of catheterization after
using propofol (p=0.138 and 0.075,
respectively).

Vital signs including HR, RR, and MAP
were assessed at regular intervals during
the study procedure. During the study time
in both groups, the HR was significantly
different as compared to the baseline
(p<0.05, Fig 2). The HR average in the
DEX group was 0.06 more than that in the
fentanyl group, although this difference
was not statistically significant (p= 0.26,
95% confidence interval (Cl) = -0.04 -
0.165). Compared to the baseline, the RR
was also significantly different during the
study time in both groups of the study
(p<0.05, Fig 2). The mean RR in the DEX
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group was 0.20 more than that in the
fentanyl group, and this difference was
significant between the groups (p= 0.03,
95% Cl= -0.01 - -0.38). Additionally,
Compared to the baseline, the HR was
significantly different within the groups
during the study period (p<0.05). The
average of HR in the DEX group was 1.47
higher than that in the fentanyl group,
although this difference was not significant
(p=0.67, 95% CI=-5.27 - 8.20).

The observed adverse effects were
analyzed in both study groups (Table 5),
yet no significant differences were seen in
this regard. Most of these complications
were mild to moderate and did not require
any intervention. In addition, all patients
were followed up for 24 hours after CVC
replacement, and no abnormal condition
was associated with the procedure;
besides, the RSS and GCS returned to
baseline and were fixed there.
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Table-1: Baseline demographic and clinical characteristics of the patients

Variables DEX Fentanyl Total P
Age, month median (IQR) 42 (18-96) 39 (22-95) 42 (21-96) 0.97
<5 year 13 (48.1) 16(57.1) 29(52.7)
Age, n (%) 5-8 year 8(29.6) 6(21.4) 14(25.5) 0.60
>8 year 6(22.2) 6(21.4) 12(21.8)
Weight, kg median (IQR) 14 (10-25) 14(10-32) 14 (10-26) 0.71
Glasgow coma scale,
median (IQR) 13 (14-15) 14 (13-15) 14 (13-15) 0.33
Gender, male n (%) 17 (63.0) 20 (71.4) 37 (67.3) 0.51
Medical disease n (%)
Respiratory 11 (40.7) 8 (28.6) 19 (34.5)
Infection (hon-pulmonary) 3(11.1) 6(21.4) 9 (16.4)
Cardiovascular 1(3.7) 0 (0) 1(1.8)
Neurologic 7 (25.9) 8 (28.6) 15(27.3) 0.43
Renal 0 (0) 1(3.6) 1(1.8) '
Metabolic 4 (14.8) 0 (0) 4(7.3)
Hematologic 1(3.7) 2(7.1) 3(5.5)
Surgery 0 (0) 3(10.7) 3 (5.5)
PRISM o) median | 5 00 (1.00-7.00) | 3.00 (2.00-5.00) | 4.00 (1.75-5.00) | 0.31
Systolic Blood pressure,
mm Hgmedian (IOR) 89 (83-108) 104 (82-115) 94 (82-111) 0.19
Diastolic Blood pressure,
mm Hg median (IQR) 51(41-62) 56 (42-65) 55 (42-65) 0.42
Mean Arterial Pressure,
mm Hg median (IQR) 65 (56-77) 74 (56-81) 67 (57-80) 0.33
Heart rate, per minute
median (IQR) 113 (101-130) 110 (89-130) 111 (90-130) 0.28
02 sat, median(IQR) 98 (95-99) 98 (97-99) 98 (96-99) 0.53
Respiratory rate, per 40 (34-45) 30 (24-40) 27 (35-45) | 0.06

minute median (IQR)

PRISM (pediatric risk of mortality), O2 sat (oxygen saturation), IQR (Interquartile range)

Table-2: Comparison of clinical responses based on Ramsey sedation scale between the two

study groups
Variables Dexmedetomidine Fentanyl P
min 5 0 (0) 0 (0)
min 10 9 (33.3) 4 (14.3)
Ramsey sedation scale > 3, n min 15 8 (29.6) 8 (28.6) 0.39
(%) min 20 6 (22.2) 6 (21.4) '
min25 4 (14.8) 8 (28.6)
> min 30 0 (0.0) 2(7.2)
Need second dose, n (%) Yes 24 (88.9) 26 (92.9) 0.61
No 17 (63.0) 14 (50.0)
0,
Need propofol, n (%) Yes 10 (37.0) 14 (50.0) 0.34
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Table-3: Clinical data analysis per study protocol

DEX (n=17) Fentanyl DEX + propofol Fentanyl +
Variables Median (n=14) Median P (n=10) Median | propofol (n=14) P
(IQR) (IQR) (IQR) Median (IQR)
Time to reach
. 10.00 15.00 20.00 25.00
Rssz(fégl)edla“ (10.00-15.00) | (10.00-15.00) | %99 | (20.00-25.00) | (20.00-25.00) | %138
F;rlj’r‘;‘i?é*r:e 15.00 17.50 0295 22,50 30.00 0078
median (IOR) (15.00-17.50) | (15.00-20.00) (20.00-26.25) | (23.75-30.00)

RSS (Ramsey sedation scale), IQR (Interquartile range)

Table-4: Changes in HR, RR, and MAP

Outcome B Std. Error 95% Wald Confidence Interval P-value
Lower Upper
HR 0.06 0.0535 -0.04 0.165 0.262
RR 0.20 0.09 -0.01 -0.38 0.035
MAP 1.47 3.43 -5.27 8.20 0.669
Table-5: Frequency of Adverse effects
Variables DEX (n) Fentanyl (n) P
Apnea 0 0 -
Transient hypoxemia 3 3 0.66
need reservoir Bag mask 1 1 0.75
Bradycardia 2 0 0.26
Tachycardia 0 0 -
Hypotension 3 1 0.38
Hypertension 2 0 0.12
Bradypnea 1 1 0.74
4- DISCUSSION Similar to our results, Prasad et al. (19)

Procedures requiring anesthesia in
children are associated with more severe
complications such as apnea and
hemodynamic instability. The results of
our study confirmed that the effect of DEX
on sedation for CVC insertion in critically
ill children is similar to fentanyl, and their
side effects are comparable. Almost half of
the participants in each group reached
appropriate sedation, which was defined as
the primary outcome. In addition, the DEX
group showed numerically but not
statistically faster sedation induction;
indeed, DEX required a shorter procedure
and did not cause any severe complication.
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found that the sedation during mechanical
ventilation in the DEX group was
sufficient and comparable to that in the
fentanyl group, yet it was accompanied by
minimal effects on hemodynamics without
needing extra intervention. Mondal et al.
suggested that DEX causes better sedation
(i.e., higher RSS score) than fentanyl; and
is associated with better hemodynamic
stability (20). Likewise, Bong et al.
reported adequate DEX-induced sedation,
few respiratory complications, and a lower
need for intubation in the case of infant
patients undergoing disc herniated surgery
(16).
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Fig. 2: Heart rate, Respiratory rate and Mean arterial pressure of Dexmedetomidine and
fentanyl groups during the central venous catheter placement (time unit=minute)

Several clinical trials have suggested that
combining DEX with other sedative agents
could help induce the required sedation
more quickly without exacerbating the
adverse effects. Besides its acceptable
effects, the total dosage of DEX required
for patients' various sedative regimens is
comparatively lower than that needed by
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other sedative combinations (21-23). Our
findings showed the time for terminating
catheterization; and reaching proper
sedation was numerically faster without
any side effects in the group that received
the DEX and propofol combination in
comparison to the group that was given the
fentanyl and propofol combination;
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nevertheless, the differences were not
statistically significant.

In case of analgesic effects, there are some
reports which compare the impact of DEX
with opioids. Erdil et al. indicated that the
effects of DEX and fentanyl after
adenoidectomy were not different in the
two groups of children (24). The same
results were observed by Olutoye et al.,
who noted that DEX and morphine had
similar effects on pain control after
surgery, with DEX showing a more
acceptable safety profile in terms of
hemodynamic factors (25).

While the pharmacokinetic /
pharmacodynamic analysis of DEX has led
to the conclusion that 0.6 mic/kg as
loading dose and 0.33-0.53 mic/kg per
hour for maintenance dose can be adequate
for most age groups of pediatric patients
(26), our findings showed that even higher
doses are needed to induce sufficient
sedation for invasive procedures with
tolerable safety profile. The effect size of
DEX on HR and MAP was not significant
but it was significant on RR. In other
words, the mean RR in the DEX group
was higher than the fentanyl group.
Although the difference in RR was
marginally significant between the two
groups at baseline, none of the patients in
the groups developed tachypnea or
bradypnea based on their age. This may
indicate that DEX is less likely to cause
respiratory depression. This is compatible
with the results obtained by Erickson et al.,
who stated that administering DEX for
mechanically ventilated patients required
higher dosing regimens (23). Another
study showed that the effects of DEX at a
dose of 2 mg/kg were equal to propofol,
with similar cardiac complications but
fewer respiratory adverse effects (27).

Studies on the safety concerns of DEX in
pediatric procedures have demonstrated
that this sedative is generally safe and
associated with few clinically significant
hemodynamic changes (17). In a study on
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the effect of DEX on Emergence Agitation
(EA) and the quality of recovery, it was
found that DEX, thanks to its fewer
adverse effects compared to other drugs
used to control agitation, is a better choice
for EA prophylaxis in children (28). Our
results confirmed that most of the adverse
effects of DEX are mild to moderate and
its safety profile is acceptable. Moreover, a
recent systematic review and meta-analysis
of studies on administering DEX for
prolonged sedation in the PICU showed
minimal adverse effects, even when DEX
is used for more than 24 hours (29).

4-1. Limitations of the study

Our study had some limitations too. Unlike
in monotherapy, the effective dose of DEX
for practical sedation could not be
determined by our findings. Moreover,
CVC insertion is a short procedure, and
therefore the effects of DEX on
cardiovascular  parameters were not
explored in prolonged infusion time.
Finally, it is not negligible that the larger
the sample size, the more reliable the
interpretation of the results.

5- CONCLUSION

Overall, the present study revealed
that DEX is at least as safe and effective as
fentanyl for CVC insertion in critically ill
children. It was also found that using DEX
alone or in combination with propofol is
practically safe.

6- ETHICS CONSIDERATIONS

This study was approved by the Ethics
Committee of Mazandaran University of

Medical Sciences
(IRMAZUMS.REC.1399.6381), and
registered in the Iranian Registry of
Clinical Trials (IRCT

20090813002342N10). This study was
performed in line with the principles of the
Declaration of Helsinki. The patients'
families were provided with detailed
explanations about the study objectives
and research methods. Informed written

16013



Dexmedetomidine versus fentanyl in CVC placement in PICU

consents were obtained from the parents or
guardians of all patients.

7- FUNDING

This study was funded by a grant
from vice chancellery for research affairs
of Mazandaran University of Medical
Sciences. (Grant number:
IRMAZUMS6381)

8- CONFLICT OF INTEREST
None
9- REFERENCES

1. Bagwell CE, Salzberg AM, Sonnino RE,
Haynes JH. Potentially lethal
complications of central venous catheter
placement. Journal of pediatric surgery.
2000; 35(5):709-13.

2. Mumtaz H, Williams V, Hauer-Jensen
M, Rowe M, Henry-Tillman R S, Heaton
K, Mancino AT, Muldoon RL, Klimberg
VS, Broadwater JR, Westbrook KC, Lang
NP. Central venous catheter placement in
patients with disorders of hemostasis. The
American journal of surgery. 2000;
180(6):503-6.

3. Hayden JC, Breatnach C, Doherty DR,
Healy M, Howlett MM, Gallagher PJ,
Cousins G. Efficacy of a2-agonists for
sedation in pediatric critical care: a
systematic review. Pediatric Critical Care
Medicine. 2016; 17(2):e66-e75.

4. Schmidt AP, Valinetti EA, Bandeira D,
Bertacchi MF, Simdes CM, Auler J.
Effects of preanesthetic administration of
midazolam, clonidine, or
dexmedetomidine on postoperative pain
and anxiety in children. Pediatric
Anesthesia. 2007; 17(7):667-74.

5. Tobias JD. Bradycardia during
dexmedetomidine and therapeutic
hypothermia. Journal of intensive care
medicine. 2008; 23(6):403-8.

6. Cortinez LI, Hsu YW, Sum-Ping ST,
Young C, Keifer JC, Macleod D,
Robertson KM, Wright DR, Moretti EW,

Int J Pediatr, VVol.10, N.5, Serial No.101, May. 2022

Somma J. Dexmedetomidine
pharmacodynamics: Part 1l: Crossover
comparison of the analgesic effect of
dexmedetomidine and remifentanil in
healthy volunteers. The Journal of the
American Society of Anesthesiologists.
2004; 101(5):1077-83.

7. Tobias JD, Berkenbosch JW. Sedation
during mechanical ventilation in infants
and children: dexmedetomidine versus
midazolam. Southern medical journal.
2004; 97(5):451-6.

8. Aydogan MS, Korkmaz MF, Ozgil U,
Erdogan MA, Yucel A, Karaman A, Togal
T, Durmus M, Colak C. Pain, fentanyl
consumption, and delirium in adolescents
after scoliosis surgery: dexmedetomidine
vs midazolam. Pediatric Anesthesia. 2013;
23(5):446-52.

9. Heard CM, Joshi P, Johnson K.
Dexmedetomidine for pediatric MRI
sedation: a review of a series of cases.
Pediatric Anesthesia. 2007; 17(9):888-92.

10. Mason KP, Zgleszewski SE, Dearden
JL, Dumont RS, Pirich MA, Stark CD,
D'Angelo P, Macpherson S, Fontaine PJ,
Connor L, Zurakowski D.
Dexmedetomidine for pediatric sedation
for computed tomography imaging studies.
LWW; 2006.

11. Shutes BL, Gee SW, Sargel CL, Fink
KA, Tobias JD. Dexmedetomidine as a
single  continuous  sedative  during
noninvasive ventilation: typical usage,
hemodynamic effects, and withdrawal.
Pediatric critical care medicine. 2018;
19(4):287-97.

12. Mason KP, Zurakowski D,
Zgleszewski SE, Robson CD, Carrier M,
Hickey PR, Dinardo JA. High dose
dexmedetomidine as the sole sedative for
pediatric MRI. Pediatric Anesthesia. 2008;
18(5):403-11.

13. Khalil SN, Matuszczak ME, Maposa
D, Bolos ME, Lingadevaru HS, Chuang
AZ. Presurgical fentanyl vs caudal block

16014



Karimpour-razkenari et al.

and the incidence of adverse respiratory
events in children after orchidopexy.
Pediatric anesthesia. 2009; 19(12):1220-5.

14. Gupta A, Kaur R, Malhotra R, Kale S.
Comparative evaluation of different doses
of propofol preceded by fentanyl on
intubating conditions and pressor response
during tracheal intubation without muscle
relaxants. Pediatric Anesthesia. 2006;
16(4):399-405.

15. Apfelbaum JL, Hagberg CA, Caplan
RA, Blitt CD, Connis RT, Nickinovich
DG, Hagberg CA, Caplan RA, Benumof
JL, Berry FA, Blitt CD, Bode RH, Cheney
FW, Connis RT, Guidry OF, Nickinovich
DG, Ovassapian A. American Society of
Anesthesiologists  Task  Force  on
Management of the Difficult Airway
Practice guidelines for management of the
difficult airway: an updated report by the
American Society of Anesthesiologists
Task Force on Management of the
Difficult Airway. Anesthesiology. 2013;
118(2):251-70.

16. Bong CL, Tan J, Lim S, Low Y, Sim
SW, Rajadurai VS, Khoo PC, Allen J,
Meaney M, Koh WP. Randomized
controlled trial of dexmedetomidine
sedation vs general anesthesia for inguinal
hernia surgery on perioperative outcomes
in infants. British journal of anaesthesia.
2019; 122(5):662-70.

17. Jooste EH, Hammer GB, Reyes CR,
atkade VK, Szmuk P. Phase IV, Open-
Label, Safety Study Evaluating the Use of
Dexmedetomidine in Pediatric Patients
Undergoing Procedure-Type  Sedation.
Frontiers in pharmacology. 2017; 8:529.

18. Al Taher WM, Mansour EE, El Shafei
MN. Comparative study between novel
sedative drugs (dexmedetomidine) versus
midazolam—propofol for conscious
sedation in pediatric patients undergoing
oro-dental procedures. Egyptian Journal of
Anaesthesia. 2010; 26(4):299-304.

Int J Pediatr, VVol.10, N.5, Serial No.101, May. 2022

19. Prasad S, Simha PP, Jagadeesh A.
Comparative study between
dexmedetomidine and  fentanyl  for
sedation during mechanical ventilation in
postoperative pediatric cardiac surgical
patients. Indian journal of anaesthesia.
2012; 56(6):547.

20. Mondal S, Ghosh S, Bhattacharya S,
Choudhury B, Mallick S, Prasad A.
Comparison between dexmedetomidine
and fentanyl in intubation conditions
during awake fiberoptic bronchoscopy: A
randomized  double-blind  prospective
study. Journal of anaesthesiology, clinical
pharmacology. 2015; 31(2):212.

21. Ming S, Xie Y, Du X, Huang H, Fan
Y, Liang Q, Xie Y. Effect of
dexmedetomidine on perioperative
hemodynamics and organ protection in
children with congenital heart disease: A
randomized controlled trial. Medicine.
2021; 100(2).

22. Ali AR, ElI Ghoneimy MN.
Dexmedetomidine versus fentanyl as
adjuvant to propofol: comparative study in
children undergoing extracorporeal shock
wave lithotripsy. European Journal of
Anaesthesiology| EJA. 2010; 27(12):1058-
64.

23. Erickson SJ, Millar J, Anderson BJ,
Festa MS, Straney L, Shehabi Y, Long
DA. Dexmedetomidine Sedation in
Mechanically Ventilated Critically 1l
Children: A Pilot Randomized Controlled
Trial. Pediatric Critical Care Medicine.
2020; 21(9):e731-€9.

24. Erdil F, Demirbilek S, Begec Z, Ozturk
E, Ulger MH, Ersoy MO. The effects of
dexmedetomidine and  fentanyl on
emergence characteristics after
adenoidectomy in children. Anesthesia and
intensive care. 2009; 37(4):571-6.

25. Olutoye O, Kim T, Giannoni C, Stayer
S. Dexmedetomidine as an analgesic for
pediatric tonsillectomy and

16015



Dexmedetomidine versus fentanyl in CVC placement in PICU

adenoidectomy.  Pediatric  anaesthesia.
2007; 17(10):1007-8.

26. Potts AL, Anderson BJ, Warman GR,
Lerman J, Diaz SM, Vilo S.
Dexmedetomidine pharmacokinetics in
pediatric intensive care—a pooled analysis.
Pediatric Anesthesia. 2009; 19(11):1119-
29.

27. Chauhan R, Luthra L, Sethi S, Panda
N, Meena SC, Bhatia V, Bloria SD. A
prospective randomized controlled trial
using propofol or dexmedetomidine for
conscious sedation in pediatric patients
undergoing sclerotherapy. Journal of
Pediatric Neurosciences. 2020; 15(4):379.

28. Yang X, Hu Z, Peng F, Chen G, Zhou
Y, Yang Q, Yang X Wang M. Effects of
Dexmedetomidine on Emergence
Agitation and Recovery Quality Among
Children  Undergoing Surgery Under
General Anesthesia: A Meta-Analysis of
Randomized Controlled Trials. Frontiers in
pediatrics. 2020; 8.

29. Daverio M, Sperotto F, Zanetto L,
Coscini N, Frigo AC, Mondardini MC,
Amigoni  A.  Dexmedetomidine  for
Prolonged Sedation in the PICU: A
Systematic Review and Meta-Analysis.
Pediatric Critical Care Medicine. 2020;
21(7):e467-e74.

Int J Pediatr, VVol.10, N.5, Serial No.101, May. 2022

16016



