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Commentary: Vis a tergo—a push
from behind—is of paramount
importance for the optimal
function of a bidirectional
cavopulmonary shunt

Thierry Carrel, MD

The hemodynamic success of the Fontan circulation is
based on sufficient passive systemic venous blood flow
through the lungs, whereas a subpulmonary ventricle is
not compulsory for venous return to cross the pulmonary
vascular bed. Pulmonary blood flow, and thus preload to
the single ventricle, can be driven by moderately elevated
central venous pressure when pulmonary vascular resis-
tance is low enough to permit adequate forward flow.
Unrestricted passive systemic blood flow to the pulmo-
nary artery is of paramount importance for the optimal func-
tion of a Fontan circulation. Among the original 10
commandments for a successful Fontan procedure (Table
1), at least 4 relate directly to unrestricted blood flow:
normal systemic venous return, mean pulmonary artery
(PA) pressure < 15 mm Hg, pulmonary vascular resistance
<4 Woods units/m?, and absence of PA distortion.'
Adhering to these criteria ensures adequate venous blood
flow and a sufficient pressure gradient between the systemic
venous system and the pulmonary circulation, but it is clear
from a historic perspective that total compliance with all
criteria does not necessarily portend excellent long-term
survival. Following the first step of a Fontan circulation,
namely a superior vena cava (SVC) to PA anastomosis,
standing position of the patient will increase the gravity
force (and therefore the hydrostatic pressure), whereas the
latter disappears when the patient is in a supine position.
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Vis a tergo is a prerequisite for
the optimal function of a bidi-
rectional cavopulmonary shunt.

Following the second stage operation, the hydrostatic pres-
sure adversely influences the passive venous return to the
lung circulation but help is provided by the pump action
of the lower extremities musculature. Ten years after the
article by Choussat and colleagues,' Brawn and colleagues”
found in their own series of 406 patients that 2 of the orig-
inal 10 commandments carry significant weight for both
early and late outcome over the Fontan procedure and that
they are preoperative ventricular function and preoperative
PA pressure >15 mm Hg.

Luo and colleagues’ analyzed the preoperative SVC
blood flow using cardiac magnetic resonance and found
that the latter may predict physiology and clinical outcome
after bidirectional cavopulmonary shunt (BCPS). Their hy-
pothesis that low blood flow in the SVC may be among the
most significant factor to determine the mid- to long-term
functionality of a BCPS was confirmed because low preop-
erative SVC blood flow was associated with a higher prob-
ability of shunt takedown and death, the 2 worst events
following BCPS. In that sense, adequate SVC blood flow
might need to be added the list of commandments for a suc-
cessful cavopulmonary anastomosis.

This additional knowledge raises 2 questions: What is the
minimal SVC blood flow for the success of a BCPS? and,
What are the most common reasons for too-low SVC blood
flow: low cardiac output, systemic aortic valve regurgita-
tion, or reduced function of the systemic ventricle? These
are important points that should be investigated in future
studies. In a placebo-controlled randomized trial in infants
in a different setting of reduced SVC blood flow, Bravo and
colleagues” demonstrate a tendency toward improved short-
term clinical and biochemical perfusion variable outcomes
in infants with low SVC flow treated with dobutamine.
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TABLE 1. Ten commandments for identifying an ideal Fontan
candidate’

e Ageolder than 4y

e Sinus rhythm

Normal systemic venous return

Normal right atrial volume

e Mean pulmonary arterial pressure <15 mm Hg
Pulmonary vascular resistance <4 Woods units/m?
Pulmonary artery:aorta ratio >0.75

Left ventricular ejection fraction >0.6

Competent mitral valve
Absence of pulmonary artery distortion

Among the most important strategy to increase SVC
blood flow is probably the elimination of antegrade pulmo-
nary blood flow that competes with SVC flow. This was per-
formed in a large majority of the patients in this study.
Another more theoretical option would be to drain the
azygos vein with the SVC, but this is usually not indicated
for an anatomic reason: The most complete mobilization of
the SVC with division of the azygos vein represents the best
way to achieve a tension-free anastomosis. A bilateral SVC
to PA shunt that may provide a higher SVC flow was not
found to be a beneficial factor for long-term functionality
of a Fontan circulation.™®

The authors described 4 patients who developed exten-
sive postoperative SVC/PA thrombus, and 2 of these pa-
tients had pre-existing thrombosis in the upper venous
system. This raises the question of the best possible preop-
erative imaging (magnetic resonance) and the potential con-
sequences of finding thrombotic material in the upper body
systemic venous circulation: Would this be considered a
contraindication for BCPS? On the other side, the most
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adequate postoperative anticoagulation to avoid thrombotic
occlusion of smaller anastomoses and/or cavopulmonary
shunt with low flow conditions still have to be determined.

In this study, preoperative SVC blood flow positively
correlated with early post-BCPS arterial saturation. The
multivariable analysis, although performed in a relatively
small number of patients, showed that SVC flow was the
only factor associated with BCPS failure (hazard ratio,
0.186; P = .04). Surprisingly, among the predictors related
to the pre-BCPS anatomy and physiology, neither PA pres-
sure nor pulmonary vascular resistance was associated as an
individual variable with adverse outcomes. A reason for that
may be that the authors were highly selective in the indica-
tion for BCPS because patients who had borderline PA size
or pressure were amply excluded for this procedure. For this
reason, it would be interesting to know the exact exclusion
criteria regarding PA pressure and size, the PA—aorta rela-
tionship, and PA branch sizes.
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