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Pacemaker and arrhythmias in pediatric patients. An update
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Keypoints

It is highly technical to implant a cardioverter-defibrillator transvenously in pediatric patients due to their structural

anomaly, small size and age. In this article we suggest some points to improve anesthetic management.

Abstract

Arrhythmias in children are the enemy of any medical
emergency. Different mechanisms should be very
dangerous in particular for its adaptation mechanisms.
Tachyarrhythmias (extrasistols, supraventricular ta-
chycardia SVT, permanent junctional reciprocating
tachycardia, atrial flutter, supraventricular tachycardias,
ventricular tachycardias).

Bradyarrhythmias (atrioventricular blocks) and channe-
lopathies are the most common forms of arrhythmias in
pediatric population. Most of these changes requires a
pharmacological treatment but in some cases requires
the implantation of the pacemaker (PMK) or implanta-
ble cardioverter-defibrillator (ICD). The perioperative

anesthetic management requires specific care.

Keywords: arrhythmias, pediatric anesthesia, implanta-

ble cardioverter- defibrillator

Introduction
A pacemaker or an implantable cardioverter-
defibrillator (ICD) is recommended in pediatric patients

patients with a positive ventricular stimulation in the
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electrophysiology study. However, it is sometimes hi-
ghly technical to implant a cardioverter-defibrillator
transvenously in these patients due to their structural
anomaly and small size of these patients. These patients
are usually very sick, have multiple comorbidities and
have history of myocardial infarction, ventricular ta-
chycardia and ventricular fibrillation. They may not be
able to remain in supine position for a long period of
time and it’s important assure a good sedation. In this
article, we suggest some points to improve anesthetic
management of this young patients. '

Arrhytmias in children

Tachyarrhythmias

Extrasystoles

Supraventricular ectopic beats are beats premature that
originate from the atria and the junction atrioventricular.
More detailed diagnosis, including cardiac examination,
standard ECG, 24h ECG recording (Holter) and
echocardiography Doppler, are necessary.

The ventricular ectopic beats originating from the
ventricles and in the conduction system downstream of
the bifurcation His bundle. They come in isolated form

or repetitive monomorphic or polymorphic.
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The ventricular ectopic beats are often diagnosed
occasionally. They are usually idiopathic and sometime
associated with congenital heart disease or acquired. It
is important to exclude the presence of a structural
cardiopatia or arrhythmic forms more complex.
Supraventricular and ventricular ectopic beats, also in
pairs and triplets, are generally a clinical arrhythmia
climate irrelevant in which no therapy is indicated.
Therefore, it is recommended in children and
instrumental control (visit and ECG) every 3-6 months
of age until a year.

Paroxysmal supraventricular tachycardia (paroxysmal
SVT)

Paroxysmal supraventricular tachycardia (paroxysmal
SVT) reentry arrhythmia is the most common. The
atrioventricular reentry through an accessory pathway is
the main mechanical cause.

Most striking healthy hearts, but there are also various
structural heart disease (Ebstein's anomaly, the
congenitally corrected transposition of the great vessels
and tricuspid atresia), neoplastic heart disease
(rhabdomyoma) and accumulation (Pompe disease or
Danon). The trigger context can be neutral or characte-
rized by fever or beta-stimulants (bronchodilators). The
presentation can be as dramatic as confused with septic
shock, aortic coarctation or other structural heart. The
heart rate is usually > 220 b/min and can exceed 300
b/min. ECG, the common finding is the detection of nar-
row QRS. In most cases, the P wave is distinct from the
QRS and identifiable between the end of the QRS and
the ascending branch of the T wave, the high frequency,
however, makes it difficult to detect.

Permanent junctional reciprocating tachycardia (PJRT)
Permanent junctional reciprocating tachycardia (PJRT)
is a peculiar form supported by accessory pathway with
retrograde slowly conducting with heart rate <200
b/min, the interval PR along with negative P in the
inferior leads, and the character with incessant

propensity to heart failure in just a weeks or months.
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Spontaneous resolution of tachycardia is not uncom-
mon. Antiarrhythmic treatment is often effective. Radio-
frequency ablation should be performed in older chil-
dren or when rate is not controlled, especially in patients
with persistent left ventricular dysfunction.’

Atrial flutter (AFL)

Atrial flutter (AFL) is an uncommon arrhythmia in
newborns and infants. The low incidence of AFL in this
age group makes it difficult to study. These previous
studies were limited by small, non uniform patient po-
pulations. Atrial flutter remains a rare tachycardia in the
newborn and young infant and usually presents in the
newborn period with asymptomatic tachycardia. The
diagnosis can be made from the surface ECG, which
most frequently demonstrates 2:1 or variable atrioven-
tricular conduction.”"

Supraventricular tachycardias

Atrial ectopic tachycardia (AET) is a rare arrhythmia;
however, it is the most common form of incessant su-
praventricular tachycardia (SVT) in children. Atrial ec-
topic tachycardia is believed to be secondary to increa-
sed automaticity of a non-sinus atrial focus or foci. This
arrhythmia, which is also known as ectopic atrial ta-
chycardia or automatic atrial tachycardia, has a high as-
sociation with tachycardia induced cardiomyopathy.
Atrial ectopic tachycardia is often refractory to drugs
and is not usually responsive to direct current (DC) car-
dioversion. The diagnosis of atrial ectopic tachycardia is
based on the presence of a narrow complex tachycardia
(in the absence of aberrancy or preexisting bundle
branch block) with visible P waves at an inappropriately
rapid rate. The rates range from 120 to 300 beats per
minute (bpm) and are typically higher than 200 bpm,
although physiologic rates may be observed. Patients
with atrial ectopic tachycardia may present with circula-
tory collapse similar to patients with cardiomyopathy.
Immediate rate control is desired in these cases.

Three options are available for long-term treatment of
patients with atrial ectopic tachycardia: medication to
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suppress the arrhythmia or control the ventricular re-
sponse, catheter ablation, or, uncommonly, surgery. The
choice ablation is indicated only in a minority of cases
and never for newborn.

Ventricular tachycardias

Ventricular tachycardia (VT) in children is different to
that observed in the adult because ischemic heart disease
is exceptionally rare in this age group. The arrhythmia
sometimes presents with cardiac failure or loss of con-
sciousness. Many cases of VT occur without any cardiac
disease even after extensive investigations. Some are
benign with a good prognosis. Amiodarone and beta-
blockers are the best antiarrhythmic agents. Ablation
techniques progress and the limited indications of surge-
ry and implantable defibrillators have to be considered
case by case. '*"’

Bradiarrhythmias

AV block

The congenital AV block is classified as first, second
and third degree. Can be isolated or associated with
congenital heart disease (25-50% of cases) and, in this
case, more frequently at univentricular heart or the
transposition congenitally corrected the great arteries

In patients with congenital BAV (second degree and
third degree) is recommended pacemaker implantation
in the neonatal period when your heart rate setting is
<55 b/min in the presence of structurally normal heart or
<70 b/min in the presence of congenital heart disease.
The pacemaker is also recommended in the presence of
a wide QRS escape rhythm, especially if associated with
ventricular  extrasystoles complex or ventricular
dysfunction. The pacemaker can be taken into account
even in patients with syndrome long QT and BAV 2: 1
or BAV third degree.'®**

Sinus node dysfunction

If the sinus node is not normal due to damage from sur-
gery, drugs, congenital heart defects or other causes, the
heartbeat may become slowly with blood pressure de-

crease.
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Atropine, beta-adrenergic agonists, adrenaline can be
used and in extreme case temporary pacing external
transthoracic or endocardial (accessible via the jugular
or femoral vein) is necessary.

Sinus node dysfunction may lead to a bradycardia. Sinus
node dysfunction can be treated with a permanent pa-
cemaker.

Channelopathies in children

Channelopathies are uncommon in neonatal period ex-
cept for the long QT syndrome. The identification of the
molecular basis of several hereditary arrhythmia syn-
dromes has been instrumental in this development.*'*
Long QT syndrome

The long QT syndrome (QTc pediatric > 440 ms) is a
genetic basis disease; this patients have high risk of ven-
tricular arrhythmias and sudden cardiac death. In some
children can observe the presence of BAV 2:1 functio-
nal (secondary to marked QT prolongation) and pheno-
mena of alternation beat / beat T-wave (sign of electrical
instability). It can lead to a characteristic polymorphic
ventricular tachycardia known as torsades de pointes ,
leading to syncope, seizures, or sudden cardiac death.
Therapy is primarily pharmacological but implantation
of cardioverter defibrillators, and left cardiac sympathe-
tic denervation are used in the treatment of these pa-
tients.

Catecholaminergic polymorphic ventricular tachycardia
The catecholaminergic  polymorphic  ventricular
tachycardia is associated with mutations of genes enco-
ding proteins creating or interacting with the specialized
ion channels in myocardial in a heart structurally intact.
ECG baseline may present a marked bradycardia.
Ventricular tachycardias occur during physical or
emotional stress. It is reported in the literature only one
case of catecholaminergic polymorphic ventricular
tachycardia neonatal. Channelopathies predispose the

patient to sudden cardiac death.
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Short QT syndrome

Congenital or familial short QT syndrome is a genetical-
ly heterogeneous cardiac channelopathy without structu-
ral heart disease that has a dominant autosomal or spo-
radic pattern of transmission affecting the electric sy-
stem of the heart. Patients present palpitations due to
episodes of paroxysmal atrialfibrillation and syncope
and/or sudden cardiac death due to polymorphic ventri-
cular tachycardia and ventricular fibrillation. Electro-
cardiographic (ECG) findings include extremely short
QTec intervals (QTc interval <330 ms) not significantly
modified with heart rate changes and T waves of great
voltage.Electrophysiologic studies are characterized by
significant shortening of atrial and ventricular refractory
periods and arrhythmias induced by programmed stimu-
lation.

The treatment in the case of ventricular fibrillation is
with DC shock and subsequent oral therapy drugs. The-
re may be an indication of defibrillator implant.
Brugada syndrome

Brugada syndrome is hereditary arrhythmia associated
with the characteristic peaked ST-segment elevation in
the V1-V3 (typel) and leads and sudden cardiac death.
The mean age of sudden cardiac death is 40 years; pe-
diatric cases reported remain rare. Genetic testing and a
greater awareness of the disease can result in many mo-
re children diagnosed with Brugada syndrome. ** %
Anesthesia

Clinical/Care pathways

The assistance of the patient should be monitored in a
single structure (if possible) to accompany the young
patient from the early stages of need of medical
intervention. The parents of the young patient should be
accompanied themselves in this way. All this to improve
compliance of the small patient. for parents of child care
are sad and often traumatic A good cllinical care

management will guide him throughout his life quietly.
26
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Surgery: diagnosis and preparation

The diagnosis of arrhythmogenic events that require the
installation of PMK and ICD occurs during normal
routine control or at birth.

The focus in the early years of life is fundamental. The
possibility that events can be lead to the diagnosis of
symptomatic events arrhythmogenic primitive that in
most cases require pharmacological intervention
targeted and in conditions of hemodynamic stability
allow careful reassessment at a distance; under
conditions of hemodynamic instability and cardiac
arrest require observational period in PICU.

When the arrhythmia does not respond to the treatments
or the combination of multiple drugs are insufficient
need an implant.

Premedication

When the child will have to undergo surgery facility pa-
cemaker or ICD is important a good premedication can
often start the evening before surgery.

The event surgery for the child is not "forgotten". The
psychological structure of the child could record it as an
event unrelated to hospital but rather with possible
unexplained fears that might occur in the years ahead.
They were of the opinion that preterm infant have the
anatomical and functional ability to perceive pain.

The drugs listed in this first phase are represented by
benzodiazepines, especially midazolam which is the
most recommended drug for its rapid onset and a half-
life of 2-4 hours. Often the lack of a venous access,
from the first day of the surgery, it can be administered
orally or nasal (good alternative to oral midazolam as
premedication in the pediatric population)

In a recent study it was seen that intranasal dexmedeto-
midine premedication is more effective than oral mida-
zolam to reduce preoperative anxiety in pediatric pa-
tients. a careful hemodynamic evaluation should be pre-

sent in order to prevent known side effects. *>°
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Sedation

Sedation is required during the procedures to allay the
anxiety, pain, and movement. The resulting physiologi-
cal and behavioral responses can lead to long-lasting
negative effects on the developing nociception system.
Definitions AAP (American Academy of Pediatrics) are:
1. conscious sedation - a state controlled medically de-
pressed consciousness that allows protective reflexes to
maintain; preserves the patient's ability to maintain a
patent airway; and allows an adequate response by the
patient to physical or verbal commands;

2. deep sedation - a state controlled medically depressed
consciousness or unconsciousness from which the pa-
tient is not easily aroused. It may be accompanied by a
loss of protective reflexes. This includes the ability to
maintain a patent airway independently or allows the
patient to responding specifically to physical stimuli or
verbal commands.

3. general anesthesia - a controlled state of unconsciou-
sness medically accompanied by a loss of protective re-
flexes, including the ability to maintain a patent airway
independently or allows the patient to respond specifi-
cally to physical stimulation or verbal commands.

The preoperative assessment of the American Society of
Anesthesiologists (ASA) has to be done previously.
Informed consent must be obtained and documented
prior to the procedure. The risk in individual patients
must be weighed against the risk of delaying an
emergent procedure.

Equipment and emergency drugs

The initial procedures which have appropriate, reliable
monitoring and the need for an environment in which
there is someone prepared to check list before starting
any sedation for a procedure in a child.

Emergency drugs atropine, adrenaline, hydrocortisone,
flumazenil, naloxone should be available.

1. Appropriate endotracheal tube size

2. Laryngoscope

3. Laryngeal masks
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FOB

Aspirator with probes of appropriate caliber

4

5

6. Facemask
7. Guedel airway

8. Source of oxygen

9. Emergency drugs

10. Presence of nursing staff support

Defibrillator must be available for immediate use during
the perioperative period.

Peripheral venous access, premedication, induction and
maintenance

It’s indicate to conduct the patient in the operating
room and use sevoflurane 3-6% and 100% oxygen and
decrease to 2-3% for maintenance until the finding of
blood vessel A standard non-invasive monitoring should
be used: ECG, BP, pulse oximetry, respiratory rate, and
capnography. It can also be used a neurological BIS
monitoring for easy to use for sedation.

Halogenated volatile anesthetics (Halothane, Enfluora-
ne, Isoflurane, Desflurane and Sevoflurane) prolong the
QTec interval, even if data is controversial for some of
them. Sevoflurane produced significant arrhythmias in a
pediatric patient with congenital long QT syndrome and
catecholaminergic polymorphic ventricular tachycardi;
the clinical significance of these findings in patients
with Long QT syndrome is unclear, but it is recommen-
ded to avoid these agents. '

In most cases the procedures are performed with the
patient under general anesthesia. Alternatively, patients
can receive total intravenous anesthesia. However, many
procedures can be performed with mild sedation and
without sedation in patients aged > 10 years without
sedation, but general anesthesia and sedation were
usually required in patients aged <10 years.

The toxicity of drugs for sedation should be considered.
Most drugs in anesthesia have a liver metabolism and
it's known as hepatic enzyme systems is mature in in-
fants and premature babies as well as GFR decreased in
infants and reach adult levels of a year old. Water-
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soluble drugs often have large volumes of distribution
for most water vs fat.

Opioids

A single intravenous dose of fentanyl 1-4 ng/kg has
rapid onset (<30 s) with a peak at 2-3 min and brief
clinical duration (20-60 min). The initial i.v boluses of
0.5-2 pg/kg may be given over 2-5 min titrated to effect,
followed by infusion of 0.2-2 pg/kg/h for maintenance
of analgesia. As sedation does not occur at low doses (1-
2 ng/kg), the concurrent administration of midazolam is
required. The combination of fentanyl and midazolam
minimize hemodynamic or respiratory compromise.
Remifentanil is an ultra-short-acting opioid agent that
has an onset of action of about 1 min and an elimination
half-life of less than 10 min. It is given as an infusion of
0.05- 0.10 pg/kg/min in combination with midazolam.
In case of invasive procedures, before cessation of the
remifentanil infusion, a longer acting analgesic may be
administered to ensure analgesia when the patient
awakens from sedation. ***

Ketamine

Ketamine is characterized by profound analgesia,
sedation, amnesia, and immobilization. Upper airway
muscular tone and protective airway reflexes are
maintained and spontaneous respiration is preserved
although when administered i.v (dose is 1-1.5 mg/kg), it
must be given over 1 min to prevent transient
respiratory depression. Unpleasant emergence reactions
are uncommon in children and teenagers and are
typically mild.. It is an ideal sedative in patients with
bronchospasm, hypovolemia, and shock.

Ketamine was used in premedication in children with
undiagnosed Long QT syndrome (LQTSs) but it is not
recommended in patients with LQTs because its
sympathomimetic properties can favor incidents of
torsade de point. **

Propofol

Propofol can be given to children in these settings with

good efficacy, apparent safety, and rapid recovery. Use
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of an analgesic is imperative in addition to propofol for
painful procedures. Propofol has a wide array of bene-
fits, including anticonvulsant activity, antiemesis, and
ability to reduce intracranial hypertension. Propofol in-
fusion syndrome seems an unlikely concern for proce-
dural sedation. Propofol rapidly reverses sevoflurane-
induced QTc prolongation in healthy patients and there-
fore may be beneficial. *°

Dexmedetomidine

Dexmedetomidine is a highly selective alpha-2 adreno-
receptor agonist with sedative, anxiolytic, and mild
analgesic properties with no depressant effect on respi-
ratory drive. Although it does not have US FDA appro-
val for use in children, its use has been well described in
multiple settings. Although not approved for use in the
pediatric population, an increasing number of reports
describe its use in pediatric patients during the intraope-
rative period and in the intensive care unit It is admini-
stered as a loading dose of 0.5-1 nug/kg over 10 minutes
followed by an infusion of 0.2-1 pg/kg/hr. Faster onset
of action and time to recovery but its impact on the car-
diovascular system secondary to its negative chronotro-
pic and dromotropic effects must be considered.
However in pediatric patients with congenital heart di-
sease (CHD) use of dexmedetomidine to treat junctional
ectopic tachycardia (JET) is rereported.

Analgesia

Acetaminophen is the most commonly used .It has limi-
ted efficacy for mitigating procedural pain. It is avai-
lable in oral, rectal, and intravenous (i.v) form. Parace-
tamol i.v is administrated in a dose of 10 mg/kg up to 4
times a day; for children weighing more than 10 kg (and
less than 33 kg), 15 mg/kg, up to 4 times a day.
Ketorolac It is efficacious as a sole analgesic for minor
procedures. However, in acute renal failure, 'prolonged
prothrombin time and hypersensitivity have been repor-
ted to occur with its usage. Dose of ketorolac is 0.5
mg/kg i.v, every 6 hours for less than 5 days. (NSAIDS,
though are not preferred in neonates because of their
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increased risk of side-effects. Commonly used drugs are
acetaminophen and ketorolac).

Conclusions

Percutaneus intervention (PCI) is usually performed un-
der sedation, especially if respiratory distress or hemo-
dynamic instability are present. Intubation is always
preferable to laryngeal mask airway (LMA). Invasive
monitoring may be necessary in certain situations.
Thrombosis is an acute complication during PCI.
Tachyarrhythmias hemodynamically significant present
before mapping are treated with cardioversion, while
you avoid antiarrhythmics. Deep sedation may be requi-
red at the time of electrical cardioversion in some pro-
cedures.

High-frequency jet ventilation (HFJV) was used for
atrial fibrillation in order to reduce the movements of
the chest wall and the lung, with reduction of left atrial
volume changes. HFJV not only reduces the time the
procedure, but also leads to improved intravenous ane-
sthesia outcome.TIVAdovrebbero be used for the main-
tenance with this technique.

Temporary pacemaker should be available as these pa-
tients may not respond to atropine. Bennett (35) et al.
have reported the incidence of cardiac arrest and death
during the procedure. Complications higher in patients
with pulmonary hypertension.

General anesthesia is chosen mainly in critically ill pa-
tients, prolonged procedures, patients uncooperative and
procedures that require transesophageal echocardio-
graphy.

Generally, FiO, is reduced to about 25% or less at the
check SaO; in different chambers of the heart. FiO, hi-
gher during the procedure may change pulmonary va-
scular resistance measurements. The blood must be
provided in such interventional procedures in which the-

re is the possibility of uncontrolled bleeding.
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