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Abstract. We investigated the effects of propofol and
propofol–ketamine on hemodynamics, sedation level,
and recovery period in pediatric patients undergoing
cardiac catheterization. We performed a prospective,
randomized, double-blind study. The study included
60 American Society of Anesthesiologists physical
status II or III (age range, 1 month–13 years) under-
going cardiac catheterization for evaluation of con-
genital heart disease. Propofol and ketamine were
prepared in 5% glucose solution to a final concentra-
tion of 5 and 1 mg/ml, respectively; similar injectors
containing 5% glucose solution only were prepared.
Fentanyl (1 lg/kg) and propofol (1.5 mg/kg) were
given to both groups. Then, group 1 received 0.5 ml/
kg of 5% glucose and group 2 0.5 ml/kg of ketamine
solution by an anesthesiologist who was unaware of
the groups of patients. Local anesthesia with 1%
lidocaine was administered before intervention in all
patients. The noninvasively measured mean arterial
pressure, heart rate, respiratory rate, and peripheral
oxygen saturation were recorded at the baseline, fol-
lowing drug administration, at 3, 5, 10, 15, 20, and 30
minutes and then at 15-minute intervals until the end
of the procedure. Additional drug and fentanyl
requirements to maintain a sedation level of 4 or 5
were recorded. After the procedure, the time to a
Steward recovery score of 6 and adverse effects in the
first 24 hours were recorded. The number of patients
with more than a 20% decrease in mean arterial
pressure was 11 in group 1 and 3 in group 2 (p <
0.05). The number of patients who experienced more
than a 20% decrease in heart rate was 12 in group 1
and 5 in group 2 (p = 0.054). Ten patients in group 1
and 3 patients in group 2 required additional fentanyl
doses (p = 0.057). The number of additional propo-

fol doses was lower in group 2 (p < 0.05). Propofol
combined with low-dose ketamine preserves mean
arterial pressure better without affecting the recovery
and thus is a good option in pediatric patients un-
dergoing cardiac catheterization.
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There is no ideal anesthetic technique that can be
applied universally in children undergoing cardiac
catheterization. The goals for anesthetic management
of children undergoing cardiac catheterization in-
clude adequate analgesia, sedation, and immobility,
with minimal depression of cardiac function and
respiratory drive. Oral ketamine–midazolam, intra-
muscular meperidine, promethazine, intravenous
ketamine, remifentanil, and propofol have been used
for this purpose [1, 7, 9].

Ketamine is frequently preferred for cardiac
catheterization in pediatric patients [4, 13]. How-
ever, it has significant disadvantages, including he-
modynamic side effects such as hypertension and
tachycardia, psychomimetic effects, and long
recovery period [18]. Although propofol allows
smooth induction and rapid recovery, it causes
cardiorespiratory depression, which may pose a
significant risk in pediatric cardiac patients under-
going catheterization. However, recent studies have
shown that the combination of ketamine with
propofol prevents the cardiorespiratory depression
of propofol as well as the psychomimetic effects of
ketamine, and the low-dose ketamine and propofol
combination provides adequate sedation and
analgesia [3, 14].

We investigated the effects of propofol and
propofol–ketamine on hemodynamics, sedation level,
and recovery period in pediatric patients undergoing
cardiac catheterization.Correspondence to: A. Akin, email: aaynur@erciyes.edu.tr
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Patients and Methods

After institutional review approval and informed parental consent,

60 children, American Society of Anesthesiologists physical status

II or III, aged 3 months–13 years, who were scheduled for elective

cardiac catheterization for evaluation of congenital heart disease

were studied. Premedication was not given. Procedures were per-

formed after 4–6 hours of fasting. Patients requiring ventilatory

treatment or intravenous inotropic support were excluded. The

patients were admitted to the angiography unit; an intravenous

cannula was placed and an infusion of one-third saline solution was

started. The patients were randomly assigned to one of two treat-

ment groups to receive either propofol or ketamine–propofol.

Propofol and ketamine were diluted to final concentrations of 5

and 1 mg/ml, respectively, in 5% dextrose, and similar injectors

containing only 5% were also prepared. In all patients, local

anesthesia with 1% lidocaine was administered after administration

of fentanyl (1 lg/kg) and propofol (1.5 mg/kg). Then, patients in

group 1 were given 0.5 ml/kg of 5% glucose and group 2 0.5 ml/kg

of ketamine solution by an anesthesiologist unaware of the medi-

cations. Patients in group 1 were not given ketamine. The nonin-

vasively measured mean arterial pressure (MAP), heart rate (HR),

respiratory rate (RR), and peripheral oxygen saturation (SpO2)

were measured at baseline, following drug administration, at 3, 5,

10, 15, 20, and 30 minutes, and then at 15-minute intervals until the

end of the procedure. The Ramsey sedation score was used for

assessing sedation level [17] (Table 1). Half of the initial drug dose

was repeated to maintain a sedation level of 4 –5. If the patient still

showed discomfort (moved or cried), fentanyl (1 lg/kg) was added.
Respiratory depression was defined as a respiratory rate less than 8

breaths/minute or an apnea lasting longer than 15 seconds.

Decreases in oxygen saturation of more than 5 from the initial

value and larger than 20% changes in the MAP and HR were

recorded. The patients were observed until the Steward recovery

score [20] became higher than 6 and then referred to the pediatric

intensive care unit (Table 2). All adverse effects during the proce-

dure and the following 24 hours were recorded.

In statistical analysis, the hemodynamic data were evaluated

by unpaired Student’s t-test—gender, adverse effects, and the

number of patients requiring additional fentanyl, the number of

patients showing larger than 20% variation of hemodynamic data

was determined by Chi-square, Fisher’s exact test. The Mann–

Whitney test used to analyze the number of additional propofol

doses. Probability values less than 0.05 were considered significant.

Results

The groups did not differ significantly with respect to
demographic characteristics and the period of cathe-

terization (Table 3). The congenital heart diseases of
the patients are shown in Table 4. The changes in
MAP,HR, SpO2, andRRare depicted inFigs. 1 and 2.

The number of patients with more than a 20%
decrease in blood pressure was 11 in group 1 and 3 in
group 2 (p < 0.05). The number of patients who
experienced more than a 20% decrease in HR with
respect to the baseline value was 12 in group 1 and 5
in group 2 (p = 0.054). No patients experienced
more than a 20% increase in HR and MAP (Table 5).
Ten patients in group 1 and 3 patients in group 2
required additional fentanyl doses (p = 0.057). The
number of additional propofol doses was lower in
group 2 (Table 6) (p < 0.05). The time to a Steward
score of 6 or higher was 6.76 ± 3.84 minutes for
group 1 and 6.56 ± 2.7 minutes for group 2 (p >
0.05). None of the patients required postprocedure
ventilation or intubation. The groups did not differ
significantly with respect to adverse effects during the
24 hours following the procedure (Table 7).

Discussion

Our study shows that in pediatric patients undergoing
cardiac catheterization, the combination of ketamine
with propofol decreases the propofol dose and
maintains MAP better without prolonging the
recovery period.

Ketamine is widely used for sedation in pediatric
patients undergoing cardiac catheterization [5, 8]. It
provides good sedation and analgesia without caus-
ing respiratory depression. However, the long
recovery period, delirium, and side effects such as
tachycardia and hypertension limit its use [13, 16].
Morray et al. [13] reported that 2 mg/kg of ketamine
does not affect hemodynamics in pediatric patients
undergoing cardiac catheterization. Berman et al. [4]
reported that ketamine increases pulmonary artery
pressure and O2 consumption, and this may pose a
risk in patients with increased pulmonary arterial

Table 1. Ramsay sedation scorea

1. Nervous, agitated, and/or restless

2. Cooperative, orientated, quite patient

3. Only obeying the orders

4. Sleeping, hitting the glabella, and responding to high voice

suddenly

5. Sleeping, hitting the glabella, and responding to high voice

slowly

6. No response to any of these stimulations

a From Ramsey et al. [17].

Table 2. Recovery scoring systema

Consciousness

Awake 3

Responds to verbal stimuli 2

Responds to tactile stimuli 1

Not responding 0

Airway

Cough on command or cry 2

Maintains good airway 1

Requires airway assistance 0

Motor

Moves limbs purposefully 2

Nonpurposeful movement 1

Not moving 0

a Modified from Steward [20].
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pressure. Nguyen et al. [15], in a comparative study
on etomidate, sodium c-hydroxybutyrate, and keta-
mine, found no differences in hemodynamic and
respiratory parameters but observed prolonged stu-
por and involuntary movements even 30 minutes
after the end of the procedure in the ketamine group.
However, these investigators used ketamine at 4 mg/
kg bolus and 0.083 mg/kg/min infusion doses as a
single agent. Because we used a lower dose and
combined it with propofol, we did not observe pro-
longed recovery and involuntary movements.

Propofol has been recommended for pediatric
cardiac catheterization for rapid recovery and smooth
induction. However, the diminishing effect of systemic
vascular resistance and MAP may limit the use of
propofol for children with congenital heart disease
[12, 19]. In patients without congenital heart disease,
intravenous propofol administration decreases sys-
tolic arterial pressure by 30% and HR by 10–20% [2].
Williams et al. [22] reported that the ratios are similar
in children with congenital heart disease and con-
cluded that propofol should be used only in congenital
heart disease patients with good ventricular function
and in whom rapid recovery is desired. Gozal et al.
[10], in their study on cardiac catheterization in
pediatric patients with intracardiac shunts, reported
that although systemic vascular resistance and pul-
monary artery pressure decrease, the intracardiac
shunt does not change to a certain extent and prop-
ofol is adequate for sedation in these patients.

Lebovic et al. [12] compared the effects of keta-
mine and propofol in pediatric patients undergoing
cardiac catheterization and reported that the fre-
quency of patients with a 20% or more decrease in
blood pressure was higher in the propofol group.

Propofol does not provide adequate analgesia at
low doses and many patients make movements dur-
ing the administration of local anesthesia [12].
Therefore, in this study we used fentanyl before local
anesthesia. Another limiting factor is the high fre-
quency of respiratory depression [19]. Mortero et al.
[14] reported that the addition of low-dose ketamine
to propofol preserves ventilation better. Although the
end expiratory CO2 increased in the propofol group,
it remained within the normal range in the ketamine–
propofol group. They did not observe psychomimetic
effects after surgery and cognitive function was better
in the ketamine–propofol group.

Wathen et al. [21], in a study of children younger
than 10 years of age, reported that among patients
who received ketamine, the frequency of vomiting
was 19.4% and that of psychomimetic effects (nys-
tagmus, hallucination, and agitation) was 7.1%.
Although the frequency of vomiting was reduced
when ketamine was combined with midazolam, the
frequency of psychomimetic effects did not change
significantly. In children younger than 5 years of age,
Green et al. [11] reported vomiting in 3.5% and agi-
tation in 22.5%; in older children, the corresponding
figures were 12.1% for both. Dachs and Innes [6] used
1–2 mg/kg ketamine in children between 18 months
and 8 years of age and observed vomiting in only two
children and agitation in only four. Badrinath et al.
[3] combined different doses of ketamine with prop-
ofol; they observed that the frequency of nausea and
vomiting increased with higher doses of ketamine. In
contrast with the previous studies, we observed no
patient with nausea or vomiting. This may be due to
the low-dose combined with propofol.

In conclusion, the cardiorespiratory depressive
effect of propofol limits its use as a single agent in
patients undergoing cardiac catheterization. How-
ever, when propofol is combined with low-dose

Table 3. Demographic data and duration of cardiac catheterizationa

Group 1 (n = 30) Group 2 (n = 30) p value

Age (years) 4.3 ± 4.1 3.2 ± 2.5 NS

Weight (kg) 15.6 ± 12.9 11.8 ± 6 NS

Height (cm) 98.7 ± 29.9 87.7 ± 22 NS

Gender (female/male) 16/14 15/15 NS

Duration of cardiac catheterization (min) 50.7 ± 12.8 52.2 ±12.7 NS

NS, not significant.
a Data are presented as mean ± SD.

Table 4. Congenital cardiac anomalies of the patients

Group 1

(n = 30)

Group 2

(n = 30)

Ventricular septal defect 8 9

Aortic stenosis 6 6

Atrial septal defect 4 4

Patent ductus arteriosus 4 3

Pulmonary stenosis 3 5

Transposition of the

great arteries

3 2

Tetralogy of fallot 2 1
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ketamine, it preserves MAP better without prolong-
ing recovery, and this combination is a good option
for patients undergoing cardiac catheterization.
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