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Abstract

Systemic right ventricular failure after physiologic repair for dextro-transposition of the great arteries can be managed with
durable mechanical circulatory support; however, the right ventricular morphology, such as intervening papillary muscles,
presents challenges to inflow cannula positioning. Papillary muscle repositioning is an innovative technique to circumvent the
obstructive anatomy.

Introduction

A 43-year-old male with a history of dextro-transposition of the great arteries (D-TGA) status post Mustard
palliation at 6 months of age presented with acute exacerbations of systolic heart failure (NYHA IV) over
three months with the latest admission involving a non-ST elevation myocardial infarction. Cardiac catheter-
ization demonstrated low cardiac output (1.4 L/min) and elevated pulmonary capillary wedge pressure (24
mmHg). While admitted, his clinical condition deteriorated to INTERMACS level 2 with progressive decline
of hemodynamics despite inotropic support. He was indicated for a surgically implanted mechanical circu-
latory support, specifically a HeartMate III (HM3), for destination therapy in the systemic right ventricle
(RV). The anatomy of a hypertrophic and dilated right ventricle (RV) presents challenges to inflow cannula
implantation. Here, we describe a technique of papillary muscle repositioning to facilitate LVAD insertion.

Method

Detailed Surgical Technique

After redo sternotomy, the aorta was cannulated centrally, and bicaval venous cannulation was achieved via
femoral vein and left innominate vein. The anatomy was confirmed to be that of D-TGA with an anterior,
rightward aorta originating from the RV. We selected a site on the diaphragmatic surface of the RV near the
acute marginal border for inflow insertion, and transesophageal echocardiography (TEE) guidance revealed a
heavily trabeculated RV. To ensure appropriate positioning of the inflow cannula towards the atrioventricular
valve, we opted to arrest the heart. We then cored the ventricle to confirm two broad papillary muscles with
attached chordae tendineae obscuring our view of the RV long axis. We placed a series of horizontal mattress
stitches using pledgeted 4-0 Prolene suture through the papillary muscles and out through the inferior wall
of the RV. This anchored the papillary muscle out of the cannula’s path (Figure 1). Additional intervening
trabeculae without chordal attachments were sharply excised. The apical connector cap was secured to the
RV wall with full thickness horizontal mattress sutures using 2-0 Ethibond. The cross-clamp was released
after adequate de-airing. In our usual fashion, the VAD outflow graft was then draped around the right
atrium and anastomosed to the ascending aorta with a partial side-biting clamp. TEE at the conclusion of
the case confirmed the absence of tricuspid stenosis with notable moderate tricuspid regurgitation.

1



P
os

te
d

on
A

ut
ho

re
a

25
Ju

l2
02

2
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

87
18

02
.2

44
23

89
0/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Comment

We describe the unique presentation of a HM3 implantation within a systemic RV for D-TGA after Mustard
palliation. While the atrial switch is now uncommonly performed as the principal operation, there are long-
term survivors who inevitably develop systemic RV failure mostly due to an inability of the morphologic RV
to sustain systemic pressures.1-3 As in LV failure, durable MCS should be a treatment strategy for refractory
systemic RV failure.

HM3 implantation in the LV apex requires the inflow cannula to be inserted parallel to the interventricular
septum and directed towards the atrioventricular valve. This can typically be performed without cardioplegic
arrest and with reliance on TEE guidance. In our D-TGA scenario, there are several anatomic considerations
that make apical implantation technically challenging. The morphologic RV is more tubular as opposed to
the cone-shaped LV, and the less-developed RV apex, especially one that is hypertrophic or dilated, may not
necessarily correspond to the apex of the heart. As such, insertion points can vary from the anterior to the
diaphragmatic RV. The RV is also relatively more trabeculated, and the abundance of muscle bundles and
papillary muscles can interfere with device placement and subsequent inflow drainage.

For these reasons, we advocate for cardioplegic arrest to decompress the heart and position the device under
direct vision. Excision of trabeculations and moderator band have been reported4-6, but management of
intersecting papillary muscle has not been described in this setting. Papillary muscle repositioning is a
technique that is utilized for mitral7 or tricuspid8 valve repair. Suture redirection of the papillary head
changes the vector of chordal attachments and of the atrioventricular valves while preserving the ventricular
geometry. We use this method because the versatility of this technique allows the surgeon to reposition
the papillary muscles in any direction to accommodate unpredictable VAD positioning. The one caveat is
the possibility of functional tricuspid stenosis (TS), which can affect device inflow. It is critical to confirm
minimal TS at the conclusion of the procedure. Tricuspid regurgitation will have limited clinical impact due
to inflow suction limiting regurgitant volume.

The patient recovered well and was discharged on postoperative day 43. Positioning of the device on chest
roentgenogram can be compared to that of “normal” left ventricular positioning (Figure 2).

Citations
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Figure 1. Papillary muscle repositioning. Pledgetted 4-0 Prolene suture anchors the papillary muscle to
the right ventricular free wall. The path between the atrioventricular valve to the inflow cannula is now
unobstructed.

Figure 2. HeartMate 3 positioning comparison. A) Right ventricular placement with the arrow indicating
the positioning of the inflow cannula. B) Typical left ventricular placement of the LVAD.
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