Unstable accelerated idioventricular rhythm in a neonate () s

with congenital heart disease

Jonathon Hagel, BMSc, MB, BCH, BAO, Carolina Escudero, BSc, MSc, MD, FRCPC,

Joel Kirsh, BASc, MSc, MD, FRCPC, FHRS

From the The Labatt Family Heart Centre, Department of Pediatrics, Hospital for Sick Children & University

of Toronto, Toronto, Canada.

Introduction

Neonatal accelerated idioventricular rhythm (AIVR) has
been documented previously in neonates with congenital
heart disease (CHD), although no cases have led to signifi-
cant clinical deterioration or required placement of a
permanent pacemaker.'™ We present the first case of a
neonate with complex single-ventricle physiology that
developed AIVR after surgical correction of CHD, which
degenerated to unstable wide complex tachycardia with
multiple episodes of significant hemodynamic compro-
mise. We discuss the management of this usually benign
rhythm, which led to permanent pacing in the setting of
complex CHD.

Case report

A newborn infant with a postnatal diagnosis of complex
single-ventricle physiology including right atrial isomerism
(RAI), unbalanced atrioventricular septal defect, dominant
left ventricle (LV), tricuspid and pulmonary atresia, and total
anomalous pulmonary venous connection was transferred
from a referral hospital to our Cardiac Critical Care Unit for
ongoing management. There were no initial thythm con-
cerns; an initial 12-lead electrocardiogram (ECG) revealed
normal sinus rhythm (Figure 1A). After confirmation of the
diagnosis by echocardiogram, which documented good
systolic function, the infant underwent palliative first-stage
surgery with ligation of the ductus arteriosus, placement of a
modified Blalock-Thomas-Taussig shunt, and left pulmo-
nary arterioplasty on the fourth day of life. An intraoperative
echocardiogram revealed qualitatively good ventricular sys-
tolic function and the patient was successfully weaned from
inotropic support of epinephrine and milrinone postopera-
tively. A postoperative ECG revealed a left atrial focus
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suggesting 2 sinus nodes, as the ECG on admission showed a
right atrial focus, the presence of 2 sinus nodes being
consistent with RAI. The initial procedure was complicated
by 2 independent bradycardic arrests secondary to cardiac
tamponade from a shunt seroma, chylothorax, and atrial
ectopic tachycardia successfully treated with esmolol. An
echocardiogram following recovery from the arrests revealed
no change in the systolic function, which remained qual-
itatively good, although milrinone was restarted at 0.75 mcg/
kg/min and maintained until the patient was transferred to
the ward.

Following extubation on day of life 22, an intermittent
wide complex tachyarrhythmia at a rate of 140—150 beats per
minute (bpm) (Figure 1B) was noted that was associated with
hemodynamic compromise. This rhythm initially resolved
with a 5 mg/kg bolus of amiodarone and atrial overdrive
pacing at a rate slightly higher than the intrinsic rate. Atrial
pacing successfully suppressed the ventricular rhythm,
although intermittent ventricular capture was associated with
decreased cardiac output. An echocardiogram done after
stabilization revealed good ventricular function. This rhythm
had a left bundle branch block pattern and was only 5-10
bpm faster than the baseline sinus rate, and there were
intermittent fusion beats present. An atrial wire study
revealed ventriculoatrial dissociation, and a diagnosis of
AIVR was made. Lidocaine infusion was then initiated and
atrial pacing was discontinued. The patient was then
successfully transitioned, first to esmolol followed by
propranolol at 2 mg/kg/day in divided doses. The arrhythmia
intermittently recurred on this therapy but the patient
remained hemodynamically stable and was transferred to
the ward without further escalation of treatment.

While the patient was on the ward, recurrent episodes of
AIVR at rates between 130 and 150 bpm, again with
associated hemodynamic instability, led to a repeat admis-
sion to the Cardiac Critical Care Unit (Figure 1C). A Holter
monitor was placed and a 19-hour recording showed AIVR
16% of the time with decreased near-infrared spectroscopy, a
noninvasive continuous real-time monitoring system of
cerebral perfusion where cerebral desaturations have been
correlated with adverse outcomes, on 2 occasions of AIVR.*

2214-0271 © 2016 Heart Rhythm Society. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://dx.doi.org/10.1016/j.hrcr.2016.11.004


http://crossmark.crossref.org/dialog/?doi=10.1016/j.hrcr.2016.11.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hrcr.2016.11.004&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hrcr.2016.11.004&domain=pdf
mailto:jonathon.hagel@sickkids.ca
mailto:jonathon.hagel@sickkids.ca
http://dx.doi.org/10.1016/j.hrcr.2016.11.004
http://dx.doi.org/10.1016/j.hrcr.2016.11.004
http://dx.doi.org/10.1016/j.hrcr.2016.11.004

138

Heart Rhythm Case Reports, Vol 3, No 2, February 2017

KEY TEACHING POINTS

* Accelerated idioventricular rhythm (AIVR) is not
always a benign self-limited arrhythmia and may
lead to hemodynamic deterioration in the setting
of complex congenital heart disease (CHD).

e In the context of complex CHD, early consideration
of definitive atrial pacing control is a treatment
option for AIVR.

e Atrial pacing can be effective in maintaining
atrioventricular and interventricular synchrony
with adequate cardiac output when AIVR is
associated with hemodynamic compromise.

The longest run of AIVR was 1289 beats, with the fastest rate
recorded of 167 bpm. There was no evidence of sinus node
dysfunction identified on the Holter. Propranolol was
increased to 3 mg/kg/day and a lidocaine infusion was
reinitiated. Persistent bursts of AIVR with impaired cardiac
output then led to addition of an esmolol infusion and
eventual transition to mexiletine at 3 mg/kg/dose 3 times per
day. Hemodynamic stability was then reattained and the
patient returned to the ward.

While on the ward, the patient had a bradycardic arrest
during an echocardiogram, with no occurrence of AIVR
prior to the arrest. During this arrest, the rhythm evolved to a
wide complex rhythm and the patient was cannulated to
extracorporeal membrane oxygenation (ECMO) for low
cardiac output, with an echocardiogram revealing severely
reduced LV systolic function. During cannulation, the
patient had 2 episodes of wide complex tachycardia with a
maximum rate of 180 bpm and QRS morphology distinct
from the frequent AIVR rhythm for which 2 synchronized
cardioversions were delivered, with reversion to normal
sinus rhythm after the second cardioversion. While on
ECMO the patient continued to have wide complex tachy-
cardia with associated hypotension that required escalation
in ECMO flow rates. Multiple drug combinations were used
for attempted control of the ventricular arrhythmia, including
intravenous lidocaine, esmolol, and amiodarone, as well as
combinations of these medications. Ultimately, esophageal
pacing was used for overdrive atrial pacing at a rate of 130
bpm, which resulted in improved hemodynamic stability.
Esophageal pacing on ECMO with 1:1 atrioventricular
conduction suppressed the ventricular rhythm, suggestive
for a slow reentrant ventricular tachycardia. ECMO was
discontinued after 5 days. An echocardiogram at this point
revealed qualitatively good ventricular systolic function,
which, when off ECMO, was unchanged from preclamping
imaging. Given the continued recurrence of the AIVR with
deterioration to unstable wide complex tachycardia and the
beneficial response to esophageal pacing, temporary epicar-
dial pacing leads were placed and the patient was paced in an
AAI mode at 120 bpm. Owing to the successful management
of AIVR using atrial pacing, a permanent pacemaker (PPM)

was implanted and the patient was atrially paced at a
rate of 120 bpm (Figure 2). Pharmacologic therapy
was subsequently weaned and eventually discontinued.
The patient was transferred back to the ward in stable
condition.

The AIVR intermittently recurred, requiring progressive
escalation of the atrial pacing rate, and amiodarone was
restarted. The patient subsequently developed another car-
diac arrest unrelated to the AIVR and was successfully
cannulated to ECMO, but required decannulation after a few
hours secondary to poor cerebral perfusion. Review of the
ECG prior to the arrest revealed first-degree heart block with
intraventricular conduction delay and ST depression, sug-
gesting myocardial ischemia or injury leading to progressive
atrioventricular/interventricular conduction delay rather than
deterioration secondary to the primary arrhythmia. The PPM
was set at AAI 140 bpm with a backup external pacing rate at
AAI 120 bpm to control the arrhythmia. Ultimately, owing to
recurrence of the arrhythmia, final PPM setting that con-
trolled the arrhythmia was at AAI 150 bpm. The patient
continued to have intermittent episodes of hypoperfusion and
cardiac arrest thought to be secondary to acidosis and
hyperkalemia of unknown etiology that led to loss of pacing
capture. A final echocardiogram revealed mildly reduced
ventricular function in the context of significant atrioven-
tricular valve regurgitation. After discussion with the family,
a palliative care strategy was adopted and the patient died
shortly after being transferred back to the referral hospital.

Discussion

The widely accepted definition of AIVR is a monomorphic
wide complex tachycardia at a rate within 15% of the normal
sinus rate that is asymptomatic and often demonstrates fusion
beats.” Hemodynamic compromise secondary to AIVR has
not been reported and previous reports advocate for con-
servative management of this arrhythmia, given the usually
benign outcome.”~’ This case initially appeared to be of
typical AIVR, in which the rate was within 10% of the sinus
rhythm, QRS morphology was monomorphic with left
bundle branch block pattern, and there were fusion beats at
the initiation of the rhythm. However, this case was unique
because of significant hemodynamic compromise during the
AIVR and deterioration to unstable ventricular tachycardia,
which led to the treatments described above. A trial of
multiple antiarrhythmic medications was unsuccessful and
permanent pacing was required to circumvent the associated
hemodynamic deterioration related to the AIVR.

We present the first case in the literature of AIVR in the
setting of complex CHD that led to hemodynamic decom-
pensation, which was treated with permanent atrial pacing
and multiple antiarthythmic medications. The hemodynamic
deterioration noted in this patient may have been related to
the loss of atrioventricular synchrony and dyssynchronous
ventricular contractions related to the AIVR.

No previous cases have reported AIVR in a patient
with similar complex single-ventricle physiology. Previous
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Figure1  A: A 12-lead electrocardiogram showing normal sinus rhythm. B: Accelerated idioventricular rhythm with wide QRS complexes, fusion beats, and
ventricular-atrial dissociation, at rates similar to sinus rhythm. C: Ventricular tachycardia of similar QRS morphology to accelerated idioventricular rhythm.
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Figure 2

reports of this rhythm in cases of CHD are limited to septal
defects, 1 case of Ebstein’s anomaly, 2 cases of tetralogy of
Fallot, and 2 cases of double-outlet right ventricle.”* Our
case of RAI, unbalanced atrioventricular septal defect,
dominant LV, tricuspid and pulmonary atresia, and total
anomalous pulmonary venous connection is the most com-
plex case of single-ventricle physiology with AIVR in the
literature. Given the usually benign course of AIVR, the
outcome of our case suggests that as the complexity of CHD
increases, so may the risk for hemodynamic compromise
associated with AIVR.

Conclusion

AIVR is usually a benign and self-limited arrhythmia,
although it can contribute to hemodynamic deterioration in
the setting of complex CHD. We present a case of AIVR in a
patient with complex single-ventricle physiology that was
treated with atrial pacing in order to restore atrioventricular
and interventricular synchrony. We recommend approaching
AIVR from the context of any wide complex tachycardia
with first establishing clinical stability in a given patient. If
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A 12-lead electrocardiogram showing an atrial paced rhythm with suppression of the accelerated idioventricular rhythm.

complex single-ventricle physiology is present, early con-
sideration of atrial pacing to prevent hemodynamic deterio-
ration could be considered.
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