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A comparison between the effect of ketamine versus
dexmedetomidine infusion on the frequency of spells during
Fallot repair: a randomized controlled trial
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Background
Patients with tetralogy of Fallot experience changes in the dynamics of right
ventricular outflow tract obstruction, or changes in systemic vascular resistance
cause a decrease in the systemic arterial oxygen saturation. Dexmedetomidine use
is not yet approved in pediatric patients, but its effects have been studied in pediatric
patients during cardiac surgery, which showed a decrease in the incidence of
arrhythmias after bypass. In this study, we postulate that dexmedetomidine may
have potential benefits on the pulmonary vascular resistance, whichmay play a role
in decreasing the incidence of tet spells during Fallot repair.
Patients and methods
This randomized controlled study was conducted in Cairo university pediatric
hospitals, where patients were randomly allocated to two equal groups, 30
patients in each group between 6 months and 12 years of age. Patients were
allocated to two groups to receive two different anesthesia maintenance regimens:
group 1 (the ketamine group, n=30) received isoflurane 0–1% together with
ketamine infusion 1mg/kg/h, and group 2 (the dexmedetomidine group, n=30)
received isoflurane 0–1% together with dexmedetomidine 0.25 μg/kg/h. Mean
arterial pressure, heart rate, and oxygen saturation were recorded. Arterial
blood gases, glucose and lactate levels, and number of tet spells, which is the
primary outcome in our study, were evaluated.
Results
Our primary finding was the number of spells, which was 2 (range: 0–4) in the KET
group compared with 0 (range: 0–2) in the DEX group (P<0.001). Intraoperative
heart rate decreased more in the DEX group than in the KET group at all times of
measurement but with a significant difference at T2 and T3. Mean arterial pressure
also decreased in the DEX group with a significant difference between the two
groups at T1, T2, and T3.
Conclusion
Dexmedetomidine infusion as an adjuvant to anesthesia decreased the number of
spells in the prebypass period significantly better than ketamine infusion in children
undergoing Fallot repair.
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Introduction
Patientswith tetralogy of Fallot experience changes in the
dynamics of right ventricular outflow tract obstruction, or
changes in systemic vascular resistance cause a decrease in
the systemic arterial oxygen saturation [1].

Intraoperative decrease in systemic vascular resistance
due to hypotension or an increase in right ventricular
outflow tract obstruction due to increased sympathetic
stimulation is associatedwith an increase in right-to-left
shunting and a decrease in systemic arterial hemoglobin
oxygen saturation, producing a hypoxemic or ‘tet’ spell
during anesthesia and surgery [2].

Dexmedetomidine is a highly selective α2-adrenergic
agonist approved for sedation in adults. Although not
ia | Published by Wolters Kl
approved in the pediatric population, an increasing
number of reports described its use in pediatric
patients during intraoperative period. Le Reiger
et al. [3] used dexmedetomidine for the control of
junctional ectopic rhythm after weaning from
cardiopulmonary bypass in pediatric patients
undergoing repair of tetralogy of Fallot. Conversion
to normal sinus rhythm occurred 15min of increasing
dexmedetomidine infusion from 0.5 to 3 μg/kg/h
[3].
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There is an increasing need nowadays for
dexmedetomidine in clinical practice for pediatric
patients, including the use of dexmedetomidine
intraoperatively as a part of balanced anesthetic
technique, its use in sedation during mechanical
ventilation in ICU, and its use in invasive and
noninvasive procedural sedation in catheterization
laboratory or during computed tomography and
MRI [4].

Dexmedetomidine also was effective in patients when
other agents (midazolam and/or chloral hydrate) failed.
Koroglu et al. [5] compared dexmedetomidine and
propofol for MRI. Although both propofol and
dexmedetomidine provided effective sedation, more
hemodynamic and respiratory effects were seen with
propofol including tachycardia, decreased mean arterial
pressure (MAP), and hypoxemia. Although likely to be
of little clinical significance in the majority of patients,
these differing effects may be of clinical consequence in
patients with cyanotic congenital heart disease in
whom a decrease in MAP may increase right-to-left
shunt or who may tolerate hypoxemia less easily
compared with patients without comorbid diseases [5].

Munro et al. [6] were the first to report their experience
with dexmedetomidine for sedation during cardiac
catheterization in pediatric patients. Their technique
involved premedication with oral midazolam followed
by inhalation induction with sevoflurane to facilitate
the placement of vascular access. This was followed by
discontinuation of the sevoflurane and the transition to
intravenous dexmedetomidine administered as a bolus
of 1 μg/kg administered over 10min followed by a
continuous infusion starting at 1 μg/kg/h [6].

The effect of dexmedetomidine on pulmonary vascular
resistance is not clear [4], although transient pulmonary
hemodynamic changes were found in adult healthy
volunteers with dexmedetomidine infusion [7]
compared with placebo. Dexmedetomidine attenuates
the increase in MAP, mean pulmonary artery pressure,
and pulmonary capillary wedge pressure in adults with
pulmonary hypertension undergoing mitral valve
replacement [8].

There are also very limited data available describing the
impact of dexmedetomidine on patients with single-
ventricle, for whom chronotropic variability also are
important. These patients have poor clinical outcomes
when atrioventricular synchrony is lost [4].

The potential benefits of dexmedetomidine in providing
postoperative sedation in infants and children with
congenital heart disease undergoing mechanical
ventilation also have been studied. Chrysostosmou
et al. [9] retrospectively reviewed their experience with
postoperative dexmedetomidine infusion in pediatric
patients undergoing cardiac and thoracic surgery.
Dexmedetomidine was administered after the surgical
procedure as a continuous infusion of 0.1–0.5 μg/kg/h
and continued for 3–26h.
Patients and methods
This randomized controlled study was conducted in
Cairo university pediatric hospitals after obtaining
our Institute Ethical Committee approval. Written
informed consent was obtained from the guardians.
Randomization was carried out using a computer-
generated sequence and concealed in opaque
envelopes. Patients were randomly allocated to two
equal groups comprising 30 patients in each group
between 6 months and 12 years of age. Pediatric
patients with Fallot tetralogy who were between 4
months and 12 years of age and weighing more than
6 kg scheduled for total repair were included in this
study. Patients with congestive heart failure or those
who underwent Blalock–Taussig shunt or redo Fallot
repair were excluded.

After sedationwith ketamine3–5mg/kg intramuscularly,
an intravenous catheter was inserted and infusion of
Ringer solution was started. The patient was connected
to five-lead ECG, pulse oximetry, and noninvasive
pressure cuff.

Anesthesia was induced using ketamine 1mg/kg and
fentanyl 10–15 μg/kg, and tracheal intubation was
facilitated using pancuronium 0.1mg/kg. Mechanical
ventilation was started with tidal volume 6ml/kg,
inspiratory-to-expiratory time ratio 1 : 2, and
positive end-expiratory pressure 5 cmH2O, and
respiratory rate was adjusted to maintain EtCO2

between 35 and 40 cmH2o; a radial arterial catheter
was inserted followed by a central venous catheter in
the internal jugular vein.

Patients were allocated to two groups to receive
two different anesthesia maintenance regimens
(randomization numbers were provided in sealed
envelopes): group 1 (n=30) received isoflurane 0–1%
together with ketamine infusion 1mg/kg/h prepared by
adding 100mg ketamine to 25ml normal saline to have a
concentration of 4mg/ml, and group 2 (n=30) received
isoflurane0–1%togetherwithdexmedetomidine0.25μg/
kg/h prepared by adding 1mg of dexmedetomidine to
25ml normal saline to have a concentration of 4μg/ml.
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All infusions were prepared by an anesthesia nurse.
Infusion rates were adjusted to maintain arterial
pressure within 25% of baseline .When MAP was less
than 25% of baseline, maintenance agents were
discontinued temporarily until restoration of blood
pressure. Unresponsive hypotension was treated with
calcium gluconate 50mg/kg followed by dopamine
infusion 5μg/kg/min. Pancuronium boluses of
0.01mg/kg were given when needed, and FiO2 was
maintained at 1 during the study period.

Number of tet spells was our primary outcome. It is
defined as an attack of desaturation and hypotension.
MAP, heart rate (HR), oxygen saturation, arterial
blood gases, and glucose and lactate levels were
recorded. All data were obtained simultaneously at
three intervals: T1: 10min after intubation; T2:
10min after sternotomy; and T3: at completion of
cannulation before initiation of cardiopulmonary
bypass. All operations were performed by same surgeon.
Statistical analysis
Categorical data were presented as frequency (%) and
analyzed using χ2. Continuous data were presented as
mean and SDs and analyzed using the unpaired t-test.
Nonparametric data presented as median and range
and were analyzed using the Mann–Whitney test.
Repeated measures were analyzed using the analysis
of variance test for repeated measures. P value less
than or equal to 0.05 was considered statistically
significant, and P value less than or equal to 0.01
was considered highly significant. SPSS (version 15)
software and Microsoft Excel 2016 were used for
analysis.
Sample size
The primary outcome in our study was the number of
tet spells ‘periods of hypotension and desaturation’
during procedure. We calculated the sample size
using version 15.0 (MedCalc Software, Ostend,
Belgium) to detect a difference of 35% between the
Table 1 Demographic data

Group 1 (n=30) [n (%)]

Age 2.36±1.31

Sex

Male 17 (56)

Female 13 (44)

Weight (kg) 12±2.73

β-Blocker
On β-blocker 22 (73.3)

No β-blocker 8 (26.7)

Tets

Blue tets 22 (73.3)

Pink tets 8 (26.7)
two study groups. Having a study power of 80% and an
α error of 0.05, a minimum number of 25 patients was
needed for each group; we increased the number by
20% to be 30 patients per group to compensate for
possible dropouts [7].
Results
A total of 60 patients with Fallot disease
were enrolled in our study, 30 patients in each
group (43 patients were on β-blockers and 17
were not, but all patients had a history of spells;
moreover, 43 patients were blue tets and 16 were
pink). Patients’ demographic data are presented in
Table 1.

Our primary finding was the number of spills, which
was 2 (range: 0–4) in the KET group compared with 0
(range: 0–2) in the DEX group. There was a significant
difference with P value less than 0.001.

Intraoperative hemodynamics (HR and MAP)
(Figs 1 and 2) are presented as mean±SD. HR
decreased more in the DEX group than in the KET
group at all times of measurement but with a significant
difference at T2 and T3. MAP also decreased in the
DEX group with a significant difference between the
two groups at T1, T2, and T3.

As regards blood gases, pH, PaCO2, and PaO2 are
presented in Figs 3–5. There was a significant
difference in pH at T3 with decreased pH in the
KET group at all times. There was a significant
difference in PaCO2 at T2 with increased CO2 in
the KET group. PaO2 was higher in the DEX group
with a significant difference at all times of
measurement.

There was no significant difference between the two
groups as regards lactate level and glucose level at all
times of measurements (Figs 6 and 7).
Group 2 (n=30) [n (%)] P value

1.91±0.91 0.4

0.8

15 (50)

15 (50)

11.7±2.13 0.65

0.7

21 (70)

9 (30)

0.7

21 (70)

9 (30)



Figure 3

Mean±SD of pH. T1=10min after induction. T2=10min after sternot-
omy. T3=before start of bypass. P<0.05

Figure 4

Mean±SD of PaCO2. T1=10min after induction. T2=10min after
sternotomy. T3=before start of bypass. *P<0.05

Figure 5

Mean±SD of PaO2. T1=10min after induction. T2=10min after
sternotomy. T3=before start of bypass. #P<0.01

Figure 1

Mean±SD of heart rate (HR). T1=10min after induction. T2=10min
after sternotomy. T3=before start of bypass. *P<0.01

Figure 2

Mean±SD of mean arterial pressure (MAP). T1=10min after induc-
tion. T2=10min after sternotomy. T3=before start of bypass.
*P<0.05, #P<0.01

Figure 6

Mean±SD of lactate level. T1=10min after induction. T2=10min after
sternotomy. T3=before start of bypass
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Discussion
Dexmedetomidine infusion as an adjuvant to
anesthesia decreased the number of spells in the
prebypass period significantly better than ketamine
infusion in children undergoing Fallot repair.

Depth of anesthesia plays a role in the development of
intraoperative tet spells; light plane of anesthesia causes
a secondary spell caused by increased sympathetic
activity leading to tachycardia and right ventricular
outflow tract obstruction [1].

In a study by Baranky et al. [10], an increase in the depth
of anesthesia using a combination of sufentanil and
flunitrazepam has maintained hemodynamic stability
and prevented plasma elevations of epinephrine and



Figure 7

Mean±SD of glucose level. T1=10min after induction. T2=10min
after sternotomy. T3=before start of bypass
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norepinephrine during surgical stimulation, thus
decreasing the frequency of spells during the repair of
Fallot.

In our studywe compared the effect of both ketamine and
dexmedetomidineonhemodynamic stability and the level
of glucose and lactate during surgical stimulation.Wealso
compared their role in decreasing the frequency of spells
intraoperatively.

Both of the drugs have completely different effects on
systemic vasculature; ketamine increases the systemic
vascular resistance, thus antagonizing the vasodilatation
caused by the inhalational anesthetics. In this group of
patients, the resistanceof right ventricularoutflowcauses
venous return flow from the right to the left across the
ventricular septal defect, producing arterial desaturation.
Because of the large ventricular septal defect, systemic
and pulmonary circuits are parallel, and changes in
systemic vascular resistance affect pulmonary blood
flow [11–13].

The most unaccepted effect of ketamine is that it
increases the pulmonary vascular resistance as well,
especially in children [14], and hence it acts only
through one mechanism to decrease desaturation,
which is increasing the systemic vascular resistance;
this explains the continuity of spells with ketamine
infusion.

Ketamine is one of the anesthetic drugs of choice in
Fallot repair due to its beneficial cardiovascular effects
of increasing systemic vascular resistance and
the resulting decrease in right-to-left shunt.
Furthermore, by increasing pulmonary blood flow, it
improves oxygenation. In a study, intravenous or
intramuscular ketamine as induction agents did not
significantly decrease SaO2% in patients with Fallot’s
tetralogy [15].
Ketamine appears as a good choice for induction and
maintenance in patients with congenital heart disease
where it preserves intraoperative and postoperative
hemodynamic stability.

Dexmedetomidine is ahighly specificα2-receptor agonist
that isused increasingly inchildren, althoughnotyetFood
Drug and Administration approved in pediatric patients
[16]. Activation of presynaptic α2 receptors on
sympathetic nerves and the central nervous system
induces sympatholysis, whereas activation of vascular
postsynaptic receptors causes both vasoconstriction
(activation of α2 receptors on vascular smooth muscle
cells) and vasodilatation (activation of α2 receptors
on endothelial cells). Although there are several studies
evaluating the effect of dexmedetomidine on the systemic
blood pressure, there is very limited information on its
effects on the pulmonary vascular resistance, particularly
in pediatric patients undergoing cardiothoracic surgery
[16].

The study by Lazol et al. [17], which investigated the
effect of dexmedetomidine on pulmonary vascular
resistance in pediatric patients undergoing various
cardiac surgeries such as Norwood, Glenn, and
Fontan operations, showed that administration of
dexmedetomidine at the usual therapeutic doses is
not associated with any increase in the pulmonary
vascular resistance. On the contrary, there was
evidence that its use may be associated with a
modest decrease in the pulmonary vascular resistance
[16].

The mechanism of action of dexmedetomidine is due
its ability to block sympathetic stress response, decrease
analgesic and anesthetic requirements, decrease
respiratory depression and bradycardia, and decrease
the incidence of arrhythmias [18].

We assume that the significant decrease in the cyanotic
spells in the DEX group compared with the KET
group is due to the absence of interference in
pulmonary vascular resistance in this group, whereas
in the KET group it is highly increased together with
the increase in systemic vascular resistance causing
masking of its beneficial effects in cyanotic children.

A study by Mukhtar et al. [19] has demonstrated that
dexmedetomidine has a significant sympatholytic
effect blunting the endogenous catecholamine release
in response to surgical trauma in pediatric patients
undergoing cardiopulmonary bypass and surgery for
congenital heart disease. A total of 30 infants and
children were randomized to receive placebo or
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dexmedetomidine (bolus of 1mg/kg over 10min
followed by infusion at 0.5mg/kg/h) after anesthetic
induction. The concentrations of plasma cortisol,
norepinephrine, epinephrine, and glucose increased
after sternotomy and cardiopulmonary bypass in
both groups; however, the increase in glucose was
not significant in the DEX group [19].

We found that there was no difference as regards
lactate level in both study groups. Animal studies
[20,21] have shown direct myocardial preserving
effect of dexmedetomidine by lowering stress
response, lowering anti-ischemic responses such as
lactate production, thus raising resistance to
developing arrhythmias, and promoting protective
mechanisms during hypoxia and reoxygenation.

Theundesiredhemodynamiceffectsofdexmedetomidine
in pediatric patients are bradycardia, sinus arrhythmias,
and hypotension [16], which are absent with ketamine.
These hemodynamic effects are exaggerated in the
presence of inhalational anesthesia and are of special
importance in children with congenital heart diseases,
where they may affect also the pulmonary blood flow.
Although we omitted the use of a loading dose of
dexmedetomidine for these reasons, we found a
significant decrease in HR and mean arterial blood
flow in the DEX group at both T2 and T3 compared
with the KET group. These effects were treated instantly
when becoming unfavorable by discontinuing the drug
and then with vasopressors if needed. Further, if more
sedation was needed a bolus of 1ml of the infused drug
was given.

In our study there were blue tets patients and pink tets
patients. In addition, there were patients on β-blockers
and other patients were not. These factors did not
affect our result as there was no significant difference as
regards their distribution in each group.

We think the main limitation of our study was that the
depth of anesthesia was not compared between the two
groups using a bispectral index; however, the use
of inhalational anesthetic may have affected the
comparison between the two drugs.

Further studies are recommended to assess the role of
dexmedetomidine in non-Fallot congenital cardiac
patients and whether it has adverse events in these cases.
Conclusion
The importance of preventing the tet spells associated
with desaturation in Fallot patients makes the use of
dexmedetomidine favorable in those pediatric patients.
All of its undesirable side effects can be prevented by
not using a loading dose for infusion or by decreasing
the infusion rates or even the use of low dose of
vasopressors, which are normally used in congenital
heart surgery.
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