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Reversible Acute Fontan Circulation Failure
Secondary to Retroconducted Junctional Rhythm.
Clinical Echocardiographic Correlation
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Abstract
Background: Sequential atrioventricular activation plays a critical role in the physiology of Fontan
circulation. Although bradycardia is usually well tolerated, retroconducted junctional rhythm may acutely
increase atrial pressure impairing cardiac output. Echocardiographic evaluation can reveal clues of this
hemodynamic condition. The clinical impact of arrhythmic disturbance on the follow up of patients who
had undergone total cavo-pulmonary connection is well recognized but the role of, transient periods of
retroconducted junctional rhythm on the immediate post-operative course is less de�ned.

Case presentation: We describe two cases of acute Fontan circulatory failure due to postoperative
retroconducted escaping junctional rhythm despite an adequate heart rate and circadian variation. The
patients rapidly improved after atrial pacing,  allowing discharge with a minimal dose of diuretic.

Conclusion: In the absence of any hemodynamic target, hearth rhythm should be systematically checked
after TCPC irrespective of adequacy of heart rate. Likewise, e�ciency of temporary atrial pacing should
be granted and surgeons should have a low threshold for epicardial lead implantation.

Background
Fontan circulation critically depend on pulmonary resistances and atrial pressure. [1] It has been observed
that during sinus rhythm blood predominantly �ow during atrial relaxation. Furthermore loss of
atrioventricular synchrony may lead to phasic increase of atrial pressure which is transmitted to the
Fontana circuit. [2] Heart rhythm optimization is recognized as a pivotal component of the follow up in
this group of patients, while the impact of even self limited period of junctional rhythm is less de�ned,
particularly wether the heart rate trend is acceptable.

We describe two cases of acute heart failure, after fenestrated total cavo-pulmonary connection (TCPC)
which resolved after 48 h of atrial pacing. We demonstrated acute changes of Fontan �ow pattern during
the two modality of pacing that strictly correlated with the clinical status.

Case Description
The �rst patient was a four years old girl with hypoplastic left heart syndrome. She previously had
undergone neonatal Norwood-Sano palliation and bidirectional cavo-pulmonary connection at the age of
three months. Due to progressive cyanosis the patient was scheduled for tricuspid valve repair and TCPC.
Preoperatively the patient had a well-tolerated junctional rhythm with constant retroconduction with
preserved heart rate excursions.

Weaning from bypass was uneventful and the patient was successfully extubated after 12 hours.

During the �rst postoperative week abdominal congestion, right pleural effusion (Fig 1A) and progressive
desaturation were observed. Blood chemistry disclosed increased liver enzymes and low albumin.
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Transthoracic echocardiogram showed normal ventricular function and mild AV valve regurgitation.
Color-Doppler interrogation of the Fontan conduit and sovrahepatic veins, disclosed phasic hepatopetal
signal consistent with a reversal �ow through the fenestration on time with atrial retroconduction (Fig 2).
This observation was consistent with the evidence of giant ‘atrial’ wave one the jugular venous pressure
tracing. Upon atrial pacing the reverse component of �ow disappeared with a slight increase in aortic
velocity time integral (VTI).

Clinically, these echocardiographic changes were accompanied by resolution of pleural effusion and
progressive increase of oxygen saturation and albumin normalization during the following days (Fig 1B).
Based on this �ndings she was scheduled for permanent atrial pacing owing to persisting junctional
rhythm.

The second patient was a �ve years old child who had undergone neonatal systemic to pulmonary shunt
and cavo-pulmonary connection at the age of 9 months, due to severe symptomatic Ebstein anomaly.
TCPC was planned because of progressive desaturation and effort intolerance. Few hours after
cardiopulmonary bypass weaning he developed hypotension and low cardiac output syndrome requiring
inotropic and vasopressor support. ECG disclosed competitive retroconduted junctional rhythm. Function
of systemic ventricle and atrioventricular valve were normal. Similarly to the �rst case there was phasic
reversal �ow through the fenestration that was no longer detected during atrial pacing . Theses �ow
pattern changes translated into VTI increase and resolution of lactacidemia, in the following 24 hours,
consistently with stroke volume and peripheral perfusion improvement. Permanent pacemaker
implantation was not needed as sinus rhythm recovered after 72 hours.

Discussion
Despite surgical technical improvement, arrhythmic burden still represent a signi�cant complication
affecting the follow up of Fontan patients. [3, 4] The effect of cavo-pulmonary anastomosis modi�cation
on the incidence of arrhythmias is controversial, in particular the extra cardiac total cavopulmonary
connection does not obviate the occurrence of sinus node dysfunction. [4] The clinical impact of this
condition is often underestimated as bradycardia is usually deemed to be well tolerated in the context of
Fontan circulation, particularly in the presence of an escaping junctional rhythm. Junctional rhythm in
patients with Fontan circulation, by increasing the atrial pressure blunts the passive driving force of the
Fontan circuit. [2]

This cases provide the echocardiographic proof of the correlation between postoperative retroconducted
junctional rhythm and acute Fontan failure, which was completely reversible after atrial pacing.

It should be underscored that atrial activity retroconduction, differently from dissociated junctional
rhythm, by generating a rhythmic abnormal increase of atrial pressure, is one of the the most important
pathogenic determinants responsible for Fontan circulation failure in this clinical setting.
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Conclusion
In the absence of any hemodynamic target, hearth rhythm should be systematically checked after TCPC
irrespective of adequacy of heart rate. Likewise, e�ciency of temporary atrial pacing should be granted
and surgeons should have a low threshold for epicardial lead implantation.
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Figures

Figure 1

Postoperative chest x-ray showing mild venous congestion and right pleural effusion (A) and normali-
zation after 48 h atrial pacing (B).
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Figure 2

Echocardiographic frame showing phasic inversion (A) and continuous (B) �ow in the Fontan con-duit
during junctional rhythm and atrial paced rhythm, respectively (arrow). Pulse wave Doppler
demonstrating inversion (C) and continuous (D) �ow across the fenestration, during junctional and atrial
paced rhythm, respectively. IVC: inferior vena cava


