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Abstract
This study is performed to investigate the effect of Fontan operations on cardiac contractility. Investigation of articles about the contractility in Fontan published in PubMed up to now revealed
that the measurement of contractility values did not include the rudimentary ventricle. Connections between right atrium and right ventricle as well as right atrium and pulmonary artery were
studied in the same group as well. In our opinion, for the single ventricular physiology, the RA-RV
and RA-PA connected patients’ preload and afterload values cannot be calculated in the same
group since volume of rudimentary ventricles must be considered from this point of view as well.
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1. Introduction
Complete bypass of the right ventricle was initially performed successfully and subsequently reported by Fontan
and Baudet for patients with tricuspid atresia. Elimination of the congenital and surgical shunts allowed the
avoidance of ventricular volume overload and pulmonary hypertension. The Fontan operation, one of the historic advances in the surgical treatment of congenital heart disease, has great application to patients with various
forms of univentricular heart. The procedure, bearing Fontan’s name, transfers the whole vena cava blood to the
lungs in a setting where only oxygenated blood returns to the left heart. In this way, the right atrium was “ventriclized”. Importantly, it is only applied to well developed children with pulmonary arteries “large enough and
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at sufficiently low pressure to allow a cava-pulmonary anastomosis”. This procedure is named to be a physiological correction that suppressed shunting and avoided such hazards of systemic artery to pulmonary artery
shunts as pulmonary hypertension, rather than being an anatomical correction, which would have required creation of a right ventricle [1]. For non-disturbed ventricles in circumstances such as tricuspid atresia and double
inlet ventricle, ejection fraction starts to diminish after 5 years of age due to the cyanosis and volume overload
[2].
This paper analyses the methodology utilized to evaluate contractility and hemodynamics after Fontan procedure in the literature up to now. Our suggestions for obtaining more accurate results from the analysis of cardiac
parameters after Fontan procedure including Fontan-Bjoerk [right atrium (RA)-right ventricle (RV)], and Fontan-Kreutzner [RA-pulmonary artery (PA)] along with a review of literature are presented. The articles published in PubMed about the contractility in Fontan operations were investigated in terms of assessment of contractility. Analyses of parameters that are considered for the evaluation of contractility along with our recommendations for a more accurate assessment are presented in this paper. Accurate analysis of parameters contributing to circulation after Fontan procedure may help to understand and eliminate the factors affecting mortality
(due to cardiac failure) and morbidity (due to the postoperative reduction in EF and inappropriate hypertrophy)
after Fontan procedure.

2. Materials and Method
In congenital disorders sparing the ventricle such as tricuspid atresia and double inlet ventricle, assessment of
patients must be made separately for RA-RV and RA-PV connections in Fontan Procedure. Contribution of rudimentary ventricle to hemodynamics and circulation must not be ignored for a healthy evaluation in order to
achieve a better diagnostic view and better therapeutic outcomes.
In the literature, methodology for assessment of contractility after Fontan procedure is not uniform and involves some debatable points: Mostly, RA-RV and RA-PA connections were evaluated within the same group
[2]-[5]. Only, Rhodes had grouped the patients with respect to RA-RV and RA-PA connections, but in this study
the cardiac outputs had not been compared separately [6], either. This could result a misinterpretation of results.
Rudimentary ventricle is usually ignored during the evaluation of ventricular parameters [2]-[5] [7]-[9]. The
location and morphology of the rudimentary ventricles correlate with the disposition of the atrioventricular conduction system. Therefore, more accurate results can be obtained if rudimentary ventricles are taken into account.
Measurement of contractility in univentricular hearts have been based on the main ventricle solely. Left ventricle (LV) measurements were made by using anteroposterior measurement of mitral valve and LV semiminor
axis has been considered during measuring the velocity of circumferential fiber shortening (VCFc) (Graham).
Ejection fraction (EF) measurements are usually done by utilizing LVEF only [4] [7] [8] [10]-[12].

3. Discussion
In Fontan operations, underdeveloped right ventricle is excluded from circulation. Thus, blood goes to the lungs
passively from the systemic venous return. Hence, the pulmonary arteries should be well developed and pressure
in pulmonary circulation should be lower than systemic venous return [13].
In our opinion, unless the volume of the rudimentary ventricle is considered, preload and afterload values in
patients with RA-RV and RA-PA connections cannot be calculated healthily within the same group.
In order to provide the clinician with more sophisticated diagnostic techniques, a better understanding of the
mechanics and performance of the myocardium is necessary. This calls for an accurate analysis of the forces and
stresses occurring in the wall of the left ventricle during the cardiac cycle. In calculation of the wall forces for
the left ventricle, the law of Laplace, which relates the pressure difference across a membrane surface to its curvature and surface tension, can be applied [14].
Observations of hearts in humans suggested that heart mass is proportional to body weight. Heart mass and
radius are also closely related. An increase in radius leads to an increase in mass to preserve the normal relationship. When the radius increases without commensurate changes in mass, compensatory mechanisms exist
that lead to further dilatation and, eventually to heart failure. In the Law of Laplace, being used in the context of
cardiovascular physiology, arteries may be viewed as cylinders, and the left ventricle can be viewed as part cylinder. The Law of Laplace can be summarized as T = p × r / (2 × t), where T stands for wall tension, p stands
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for pressure, r symbolizes radius, and t symbolizes wall thickness. For a given pressure, increased radius requires an increased wall thickness to accommodate a stable wall tension. Increased pressure requires increased
thickness to maintain a stable wall tension. The latter is used to explain the thickening of arteries and thickening
of the left ventricle to accommodate high blood pressure. However, the thickened left ventricle is stiffer when
the thickness is normal, so it requires elevated pressures to fill, a condition known as diastolic heart failure. Thus,
an increase in the radius leads to increased wall tension and increased myocardial oxygen consumption. Theoretically, there are three ways to reverse this situation: 1) increase the LV mass (this is impossible for the time
being but may constitute the basis for cardiomyoplasty); 2) diminish the wall tension by medical therapy (vasodilators); or 3) reduce the radius of LV (cardioreduction) [14].
Hypoplastic ventricles, either normally constituted or rudimentary or incomplete, possess smaller cavities
than expected. The reduced size of the cavity can be produced as a consequence of hypertrophy of overgrowth
of the ventricular wall. Definitive rules remain to be established in order to precisely quantitate the role of a rudimentary ventricle in the systemic or the pulmonary circulation [14].
Whenever the diameter and the wall thickness of the rudimentary ventricle are excluded from the ventricular
stress formulae derived from Laplace rule, acquisition of the correct ventricular stress results is impossible. This
would interfere with the correct interpretation of the causes of the mortality and morbidity in a single ventricle.
We suggest that in the single ventricle, the volume and diameter calculations must include rudimentary ventricle due to the Laplace rule as explained above [15]. In case rudimentary ventricle is not included, the contractility measurements such as ejection fraction of the main ventricle, fractional shortening of the lone systemic
ventricle and only velocity circumferential meridional shortening would be incorrect.
To perform a thorough evaluation of the contractility after the right heart bypass operations, the contribution
of rudimentary ventricle must be kept in mind.
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