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ABSTRACT

A 44-year-old woman presented with features of congestive heart failure. Echocardiography revealed severe right
ventricular dysfunction along with passive minimally pulsatile pulmonary blood flow suggesting very high
systemic venous pressures. This was confirmed with cardiac catheterization in which the pressures of superior
vena cava and inferior vena cava (19 mmHg) were higher than the pulmonary artery pressures (17 mmHg).
Elevation of systemic venous pressures above the pulmonary venous pressures, Fontan paradox, to drive the
forward flow, is a specific feature of artificially created cavopulmonary shunts. Late stage of isolated right
ventricular cardiomyopathy resulted in the spontaneous evolution of Fontan circulation with a nonfunctional

right ventricle in this patient.
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INTRODUCTION

Surgical creation of a Fontan circuit in a complex
congenital malformation with a single functioning
ventricle is a common palliative surgical procedure.
However, establishment of a spontaneous Fontan
physiology in adults with severe right ventricular
dysfunction is a rare entity and has been reported in
only a few cases till date.[3

Isolated right ventricular (RV) cardiomyopathy in itself is
also quite uncommon and is a diagnosis of exclusion.*©
There is a definite male preponderance. These cases
present as heart failure/syncope and features of
ventricular tachycardia or left bundle branch block on
electrocardiography. Many cases of suspected isolated
RV cardiomyopathy turn out to be arrhythmogenic
right ventricular cardiomyopathy (ARVC) with fibrofatty
infiltration. Other differential diagnosis being Uhl’s
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anomaly, isolated RV noncompaction cardiomyopathy,
familial RV cardiomyopathy, and ARVC."

We report a case of spontaneous Fontan physiology in a
44-year-old woman with RV cardiomyopathy.

CASE HISTORY

A 44-year-old woman, mother of two children,
presented with gradually progressive ascites, pedal
edema, and generalized fatigue for over the past 1 year.
Jugular venous pressure was intracranial, with mild
cardiomegaly and a loud RV third heart sound. On
echocardiography [Figure 1a], congested inferior vena
cava with no respiratory variation indicated high right
atrial pressure >20 mmHg. RV systolic function was
poor [see Videos, Supplemental Digital Content 1-3, which
demonstrate poor RV systolic function] with tricuspid
annular planar excursions less than 10 mm [Figure 1b].
Doppler study of the right-sided chambers showed rapid
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Figure 1: 2D echocardiographic evaluation. (a) M-mode of inferior
vena cava with no inspiratory collapse. (b) Tricuspid annular
planar excursion of 7.5 mm. (c) Pulse Doppler of hepatic vein
with maximum forward flow in early diastole (arrow). (d) Pulse
Doppler across the tricuspid valve with maximum filling in early
diastole (thin arrow) and low-pressure tricuspid regurgitation
(thick arrows)

early diastolic filling [thin arrows; Figure 1c and d)]. The
high venous and RV end-diastolic pressures [Figure 2]
kept the pulmonary valve open, with preatrial systolic
forward flow into pulmonary artery [broad arrows,
Figure 3, see Video, Supplemental Digital Content 4,
showing continuous flow in pulmonary artery with
pre atrial systolic flow and early diastolic pulmonary
regurgitation]. Owing to the high venous pressures, the
impact of atrial systole was minimal in hepatic veins and
across the tricuspid valve, but generated a presystolic
forward flow into pulmonary artery.

Cardiac catheterization confirmed higher superior
vena cava and inferior vena cava (19 mmHg)
pressures compared with the pulmonary artery
pressures (17 mmHg) [Figure 2]. The pulmonary
artery waveforms were similar to the venous pressure
tracings. Left heart functions were normal [see Video,
Supplemental Digital Content 5, which demonstrated
normal LV volumes and function].

Magnetic resonance imaging showed dilated and
dysfunctional right ventricle with late gadolinium
enhancement of the basal inflow and body of right
ventricle with an organized thrombus at the RV apex and
normal left ventricle. A diagnosis of RV cardiomyopathy
was made.

The elevated systemic venous pressures above the
pulmonary venous pressures drove the cardiac output
in this case of RV cardiomyopathy with severe RV
dysfunction, thus creating an acquired Fontan circulation
with RV acting as a passive conduit. The disease could
have been long standing and asymptomatic in this
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Figure 2: Hemodynamic tracings of the cardiac chambers. Mean
pressures of SVC and IVC were higher than PA mean pressures
explaining the preatrial systolic forward flow into PA (noted
in Figure 3). Note the ventricularization of pressures of all the
right-sided chambers denoting the rapid early diastolic filling
of the right ventricle accounting for transient early-diastolic
pulmonary regurgitation. IVC: Inferior vena cava, PA: Pulmonary
artery, RV: Right ventricle, SVC: superior vena cava

patient. Age-related increase in left ventricular filling
pressures reflected in systemic venous pressures to
manifest as heart failure. Successful asymptomatic
vaginal delivery of two kids essentially represents the
hemodynamic adjustments that are possible in case of
isolated RV cardiomyopathy.

DISCUSSION

Fontan paradox refers!”8! to elevation of systemic venous
pressures above the pulmonary venous pressures to
drive the cardiac output in the absence of a functioning
right ventricle, after total cavopulmonary connection
surgery, but can rarely occur in severe RV dysfunction.
131 Although surgical creation of Fontan circuit is a
common practice, to the best of our knowledge, only a few
cases of spontaneously evolved Fontan circulation have
been described in literature!’-3! in which noncontractile
right ventricle behaved as a passive conduit. The RV
end-diastolic and systemic venous pressure being higher
than the pulmonary pressures caused the premature
opening of the pulmonary valve and facilitated the
pulmonary blood flow during diastasis. In our case, RV
cardiomyopathy was the cause of severe RV dysfunction.
This was labeled as isolated RV cardiomyopathy because
there was no evidence of infiltration of right ventricle
and left ventricle was normal.

Preatrial systolic flow in the pulmonary artery reflects
a transient hemodynamic situation wherein systemic
venous pressure exceeds the pulmonary arterial

Annals of Pediatric Cardiology 2016 Vol 9 Issue 3



06/02/20156 02:09:19PM TIS1.0 MI 1.1
SCTIMST, Trivandrum S6-1/Adult

)

L‘o wi 2, S‘UM m
vy ‘l’. -

A%

Figure 3: Color M-mode of the pulmonary artery showing preatrial
systolic flow (note the flow in pulmonary artery prior to the
P wave on electrocardiography marked with horizontal arrows).
(a) Pulmonary artery pulse wave Doppler showing flow prior to
(b) atrial systole marked with broad arrows

pressure during diastasis. This causes the flow in the
pulmonary artery similar to a Fontan circulation during
diastasis [Figure 3].

The patient is currently well on oral anticoagulants and
decongestive measures.

Financial support and sponsorship
Nil.

Annals of Pediatric Cardiology 2016 Vol 9 Issue 3

Saran, et al.: Acquired Fontan paradox

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Narayan GS, Sivasubramonian S. Spontaneous Fontan
physiology in burnt-out endomyocardial fibrosis.
Circulation 2012;125:e296-7.

2. MacDonald ST, Taylor AM, O’Leary J, Cullen S,
Walker F. Acquired Fontan physiology secondary to
acute mechanical tricuspid valve failure in a patient with
massive right heart enlargement and Ebstein’s anomaly.
Circulation 2013;128:e218-9.

3. Shiraishi Y, Kohno T, Fujii-Nishimura Y, Shimoda M,
Ikeda Y, Nakajima K, et al. Endomyocardial fibrosis:
missing tricuspid valve and Fontan-like circulation. Heart
Vessels 2016;1-4. [doi: 10.1007/s00380-015-0792-8].

4. Samanta S, Vijayverghia R, Vaiphei K. Isolated idiopathic
right ventricular dilated cardiomyopathy. Indian J
Pathol Microbiol 2011;54:164-6.

5. Fitchett DH, Sugrue DD, Mac Arthur CG, Oakley Celia
M. Right ventricular dilated cardiomyopathy. Br Heart
J 1984;51:25-9.

6. Rowland E, McKenna W], Sugrue D, Barclay R, Foale RA,
Krikler DM. Ventricular tachycardia of left bundle
branch block configuration in patients with isolated right
ventricular dilatation. Clinical and electrophysiological
features. Br Heart J 1984;51:15-24.

7. deLeval MR. The Fontan circulation: What have we
learned? What to expect? Pediatr Cardiol 1998;19:316-20.

8. deLeval MR. The Fontan circulation: A challenge to William
Harvey? Nat Clin Pract Cardiovasc Med 2005;2:202-8.

253



