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Anesthesiology ¢ Cardiology ¢ Pediatrics and Neonatology

Congenital defects/diseases

Long QT syndrome (LQTS) is an arrhythmogenic heart condition that can be congenital or acquired. Prolonged
ventricular repolarizations in individuals with the disorder can cause fatal arrhythmias. Abnormal functioning
of cardiac ion channels leads to arrhythmias such as torsades de pointes (TdP) and may be triggered by stress
or medications. Many medications used in the perioperative period are triggers for the arrythmia.

A 7-year-old patient with known congenital LQTS type 2 presented for bilateral myringotomy and tube place-
ment. The patient was otherwise healthy and taking propranolol daily. Preoperative midazolam was adminis-
tered for anxiolysis, and induction of anesthesia was uneventful. He sustained an episode of TdP immediately
following general anesthetic induction after failure of an in situ automatic implantable cardioverter-defibrilla-
tor (AICD). External defibrillation succeeded, and the patient was stabilized in the Postanesthesia Recovery Unit
before transfer to the Pediatric Intensive Care Unit. Interrogation of the AICD revealed several undelivered de-
fibrillation attempts. A chest X-ray showed an area suggestive of an epicardial electrode fracture. The follow-
ing day, the AICD was replaced with no arrythmias noted. The patient had an uneventful recovery.

In patients with a known history of LQTS, preparation and prevention are cornerstones of anesthesia care.
Minimizing the use of triggering medications and emotional stress in the perioperative period, combined with
ready equipment and medications to respond to arrythmias, are essential. In children, there is a greater chance
of lead fracture and resulting device failure. Preoperative history of device function or interrogation of the AICD
and possibly a chest X-ray are essential to ensure the integrity of the leads.

Anesthesia, General ¢ Anesthesia, Inhalation ¢ Long QT Syndrome ¢ Pediatrics ¢ Torsades de Pointes
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Background

Congenital long QT syndrome (LQTS) results from mutations in
cardiac ion channels [1]. On electrocardiogram (ECG), prolonged
QT intervals and T-wave abnormalities from extended ventricu-
lar repolarization are hallmarks of the disease. The condition can
present as recurrent episodes of syncope, seizure-like episodes, or
cardiac arrest. If untreated, sudden death may result from torsades
de pointes (TdP) degenerating to ventricular fibrillation [2]. We
present a case of a 7-year-old child with known congenital LQTS
and an automatic implantable cardioverter-defibrillator (AICD) in
situ who sustained an episode of TdP after anesthetic induction
for a scheduled minor surgical procedure. Written authorization
(under the Health Insurance Portability and Accounting Act) to
use existing protected health information was obtained from the
patient’s guardian for publication of this case.

Case Report

A 7-year-old child (weight 26 kg, height 124 cm) presented
for myringotomy and ear tube placement. He had a past his-
tory of LQTS type 2, and an epicardial dual-chamber/epicardi-
al patch AICD had been implanted 2 years prior without any
anesthesia complications. No history of the AICD firing was
noted during his cardiology follow-up since its placement. He
had no other medical issues. Family history was positive for
LQTS in the mother and sister. The child’s routine medications
included propranolol. His preoperative vital signs were stable,
and examination findings were normal. The pacemaker clinic
recommended no changes to the AICD programming, and no
interrogation was performed the day of surgery because use
of surgical cautery was not planned. No ECG was performed
preoperatively on the day of surgery. His ECG from more than
1 year ago revealed normal sinus rhythm with QT and QTc in-
tervals of 482 and 559 milliseconds, respectively. All previ-
ous ECGs had a QTc interval of greater than 500 milliseconds.
An echocardiogram, approximately 1 year ago, revealed nor-
mal biventricular size and function.
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The child received oral midazolam for preoperative anxioly-
sis. In the operating room, following application of standard
American Society of Anesthesiologists monitoring, inhalation-
alinduction was achieved with a 50: 50 mixture of nitrous ox-
ide/oxygen and sevoflurane. The patient remained in normal
sinus rhythm (Figure 1A). Shortly after anesthesia induction,
the ECG monitor revealed a pattern of bigeminy (Figure 1B)
and trigeminy, followed by 5 beats of ventricular tachycar-
dia, which resolved spontaneously to normal sinus rhythm.
Sevoflurane was immediately discontinued; 100% oxygen
was administered in preparation of awakening the patient.
External defibrillator pads were applied. Two minutes later,
the ECG monitor revealed ventricular bigeminy followed by a
pattern suggestive of TdP. The episode of TdP resolved spon-
taneously. Intravenous access was established during this ep-
isode. Laboratory results revealed a serum potassium lev-
el of 4.1 mmEqg/L. Two minutes later, a sustained episode of
TdP was noted (Figure 1C), and external cardiac defibrillation
was successfully attempted (50 J) due to the failure of the in
situ AICD to respond. Following defibrillation, narrow complex
tachycardia was noted (130-150 bpm) with return of spon-
taneous circulation. Magnesium sulfate (30 mg/kg) was ad-
ministered intravenously. The child was transported to the
Postanesthesia Care Unit (PACU) with a normal sinus rhythm
and in stable condition.

The cardiology team performed AICD device interrogation in
the PACU. Evaluation of the device revealed 6 failed attempt-
ed therapies during this incident. The chest X-ray revealed
an area suggestive of epicardial electrode fracture (Figure 2).

The child was admitted to the Pediatric Intensive Care Unit.
He was monitored on telemetry, and defibrillation pads re-
mained in place overnight. A transvenous single-chamber sin-
gle-coil AICD was placed under general anesthesia the follow-
ing day. The patient made an uneventful recovery and was
discharged to home.
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Figure 1. Electrocardiogram demonstrating the progression of the arrythmia. (A) Sinus rhythm with prolonged QT interval.
(B) Bigeminy. (C) Ventricular tachycardia with transition to torsades de pointes.
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Figure 2. Anterior-posterior radiograph illustrating the fractured
leads of the automatic implantable cardioverter-
defibrillator (arrows).

Discussion

We have presented the case of a child with congenital LQTS
type 2 and an AICD device, who received anesthesia. Device
malfunction resulted in cardiac arrest requiring treatment with
defibrillation and intravenous magnesium therapy. This case
presents 2 important learning points: (1) preoperative prep-
aration of a child with an AICD, and (2) anesthetic manage-
ment of a child with congenital LQTS.

LQTS can be congenital or acquired, although up to 30% of carri-
ers of LQTS are asymptomatic and have a normal QT interval and
Schwartz score [3]. Acquired LQTS denotes patients with normal
QTc at baseline who may develop fatal arrhythmias when ex-
posed to triggering agents. Due to the complex nature of LQTS
genetics, patients may appear to have a normal phenotype un-
less their reserve is sufficiently depleted by stress or medica-
tions [4,5]. Medications that may induce TdP include certain an-
tiarrhythmics, antibiotics, antiemetics, and induction agents [6].
The mutations in congenital LQTS mainly relate to dysfunction-
al proteins that disrupt the ion channel function or change the
voltage threshold [4]. There are 15 major types of LQTS identi-
fied, but LQTS types 1, 2, and 3 are the most common [3]. Our
patient was a known carrier of LQTS type 2, but any patient with
latent disease may suddenly present with symptoms of LQTS
due to the stress and pharmacology of an anesthetic.
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Anesthesia management must include strategies for both pre-
vention and treatment of arrhythmias that can lead to cardi-
ac arrest. Preoperative prevention includes maintaining ther-
apy with beta-blockers up to the day of surgery. Beta-blockers
are the mainstay of prophylactic therapy for LQTS, but effica-
cy varies depending on the genotype. LQTS type 1 responds
best to beta-blockers, which are less protective in LQTS types
2 and 3. Maintaining serum potassium levels in the high-nor-
mal range of 4.5 to 5 mEq/L may be protective, especially in
patients with LQTS type 2 whose ion channel abnormality is
sensitive to serum potassium levels [3,7]. Adequate premedi-
cation to reduce anxiety, and thereby sympathetic activation,
is of paramount importance. Premedication with midazolam
is preferred over dexmedetomidine because there are mixed
reports in the literature about the effects of dexmedetomi-
dine on QTc [8].

The Heart Rhythm Society, along with the American Society of
Anesthesiologists, recommends communication with the heart
rhythm team prior to any procedure and a thorough review of
the records [9]. In patients with a well-established congeni-
tal LQTS diagnosis, a prolonged QTc is a known finding. In the
above case, a preoperative ECG was not performed on the day
of surgery because the patient had previously diagnosed con-
genital LQTS type 2 with a QTc greater than 500 milliseconds
on all previous ECGs.

Interrogation of the device in question may or may not be nec-
essary depending on the record of recent device checks [9].
Generally, implanted pacemakers and defibrillators are checked
by technicians when electrocautery is planned because AICD
tachycardia therapies would need to be turned off in this set-
ting. Devices of pacemaker-dependent patients should be
placed in an asynchronous pacing mode, preventing inhibi-
tion of their device and subsequent asystole from cautery [9].
Patients typically receive an identification card with the type
of device they have (company), thus making interrogation of
the device more straightforward. Ideally, a child with an AICD
should have the device function confirmed before undergoing
a surgical procedure. In the above case, a preoperative inter-
rogation of the AICD would have indicated lead malfunction.
There may be an increased rate of lead fracture in children
compared with adults because of growth and a greater activ-
ity level [10,11]. Several strategies are used in this instance,
including review of preoperative chest X-ray, recent device in-
terrogation, and medical records. If none are available, pre-
operative consultation along with a device check is warrant-
ed [9] (Table 1).

Intraoperatively, the main objectives are to prevent sympathet-
ic excitation and to avoid factors that prolong QT interval [4].
An extensive list exists of medications that prolong the QT in-
terval, and various drugs used in the perianesthesia period
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Table 1. Preoperative checklist for child with an AICD.

O Identify type of AICD

O Consider chest X-ray

AICD — automatic implantable cardioverter-defibrillator.

may need to be avoided [6]. In general, anesthetic agents have
depressive effects on cardiovascular physiology. All volatile
agents can prolong the QTc interval, although they do so to
varying degrees, likely depending on the genotype of the in-
dividual [4]. Generally, patients with LQTS are not triggered by
volatile agents if they are appropriately beta-blocked. Isoflurane
is the agent of choice because there it may shorten QT inter-
val [7,12]. Narcotics assist in reducing adrenergic stimulation
and fentanyl is preferred, especially over sufentanil, which
may increase the QTc interval [12]. Muscle relaxants such as
succinylcholine and pancuronium can stimulate sympathetic
responses and increase the QT interval, and therefore, they
should be avoided [4]. Rocuronium and vecuronium are pre-
ferred neuromuscular blocking agents. Propofol may be benefi-
cial because it either causes no change or shortens the QTc in-
terval [12]. For nausea and vomiting prophylaxis, droperidol is
known to prolong the QTc interval. Ondansetron is considered
to be a possible risk; however, its safety profile is better [12].

If an arrhythmia is triggered, medications and equipment
must be immediately available. First, discontinue the trigger-
ing agent, which during an anesthetic, is likely the volatile
agent. TdP is treated with magnesium 30 mg/kg bolus over 2
to 3 minutes followed by an infusion [4,13]. In stable patients
with TdP resistant to magnesium, transcutaneous or transve-
nous pacing can be used to increase the heart rate and short-
en the QT interval [7,14]. Some LQTS patients do benefit from
overdrive pacing when the TdP is induced by bradycardia or
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pause episodes. It is unclear, specifically, in patients with LQTS
type 2 if ventricular overdrive pacing would shorten the QTc
interval prophylactically. Any unstable patient should receive
unsynchronized defibrillation and initiation of chest compres-
sions. Some reports discuss using isoproterenol or dobutamine
in patients with acquired LQTS who do not respond to magne-
sium; however, this is not indicated in patients with congeni-
tal LQTS because the increased adrenergic state may worsen
the arrhythmia [12]. Any patient experiencing serious com-
plications of LQTS should have immediate consultation and
assessment with a pediatric electrophysiologist. Long-term
therapy often includes AICD placement or left cardiac sympa-
thetic denervation.

Conclusions

Although LQTS syndrome is not a common disorder, it affects
about 1 in every 2000 individuals, making it a disorder the an-
esthesiologist may frequently encounter [3]. Beta-blockade,
anxiolytics, and pain control will minimize the risk of triggering
sustained perioperative arrhythmias in LQTS patients. In chil-
dren, specifically, there is greater chance of lead fracture and
resulting device failure. Documented history of device func-
tion or interrogation of the AICD and possibly a chest X-ray
are also essential to ensure the integrity of the leads. Having
magnesium and a defibrillator on standby will minimize treat-
ment delays if a ventricular arrhythmia occurs. In patients with
a known history of LQTS, preparation and prevention are the
cornerstones of anesthesia care.
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