The systemic right ventricle (RV) in hypoplas7c le8 heart
syndrome (HLHS) is geometrically diﬀerent from the
normal systemic le8 ventricle (LV) or the systemic RV in a
biventricular circula7on. Computer modelling allows the
construc7on of a pa7ent speciﬁc dynamic heart model
allowing visualisa7on of blood ﬂow paFerns in the
ventricle.

Ethical and ins7tu7onal approval was obtained.
Echocardiography was performed under the same
anaesthe7c as cardiac magne7c resonance imaging (MRI).
Ventricular geometries from MRI and echocardiographic
7ssue Doppler, pulsed wave Doppler and speckle tracking
were processed with computa7onal tools to produce a
pa7ent speciﬁc model.

The interac7on between blood ﬂow and myocardial
contrac7on was inves7gated by numerical simula7ons
highligh7ng the vortex forma7on mechanism and
corresponding energy transfers inside the ventricle.
Models of ventricular contrac7on from a pa7ent with HLHS
were compared to a normal systemic LV.

In diastole the main ﬂuid dynamic feature is the forma7on
of ring vor7ces inside the ventricle. In the normal ventricle
two ring vor7ces are generated, corresponding to the E‐
and A‐waves. This leads to two peaks of kine7c energy and
to a reduced rate of viscous dissipa7on, reﬂec7ng the
op7mal energy conﬁgura7on during the forma7on
mechanism (where nearly all the inﬂow is entrained into
the ring vortex). As each vortex shi8s towards the apical

region pressure waves are generated and the vortex
contributes to myocardial displacement. In the dilated RV
in HLHS, only one ring vortex is formed in the cavity centre
with restricted axial displacement compared to the normal
LV (ﬁgure 1).

Figure 1: Ring vortex forma/on visualised through streamlines and
myocardial displacement iso‐contours in a pa/ent with HLHS and in a
normal LV, at 73% of the total diastolic ﬁlling /me

This is associated with reduced pressure gradients and
limited apical displacement and veloci7es, which
correlated with the echocardiographic measurements. The
higher rate of viscous energy loss in these pa7ents could
be linked to the lower energy eﬃciency of the single
vortex, which is unable to absorb addi7onal energy from
the inﬂow and gives rise to a series of secondary swirling
structures (ﬁgure 2).
Figure 2: Total kine/c energy in
the blood ﬂow, scaled by the
volume of the ventricular cavity,
ploGed against the percentage
of the diastolic interval. Atrial
systole occurs at 73% of the
total ﬁlling /me in the normal LV

Pa7ent speciﬁc modelling allows insights into the ﬂow
dynamics within the ventricle and may therefore be helpful
in understanding why the systemic RV does not perform as
well as a systemic LV. Valida7on with haemodynamic data
acquired during MRI catheter procedures is underway.

