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ABSTRACT

Because of the risks associated with extended mechani-
cal ventilation, it is desirable to extubate patients as early as
possible. However, weaning patients from mechanical ven-
tilation too early has risks associated with it as well. Thus,
it is important to note that in the two cases presented here,
pressure-supported breaths were falsely triggered by a patient’s
a Syncardia® total artificial heart (TAH), influencing decisions
about weaning the patient from mechanical ventilation.

INTRODUCTION

The Syncardia® total artificial heart (TAH) is now an
option for patients with both right and left heart failure, and
who are therefore not candidates for a left ventricular assist
device (LVAD). It provides pulsatile blood flow through the
body using two pneumatic pumps that can generate upwards
of 10 liters of flow. We describe two different cases in which
these pneumatic pumps triggered pressure support breaths in
invasive and non-invasive mechanical ventilation.

The first case involved a 44-year-old male with history of
non-ischemic dilated cardiomyopathy who had a HeartWare®
LVAD placed due to left ventricular failure, underwent right
ventricular failure, and was unable to be weaned off of ino-
tropic support, had a Syncardia® TAH placed about a month
after LVAD placement. His post-operative course was com-
plicated by delayed tamponade 6 days after placement, result-
ing in re-exploration of the mediastinum. After this surgery,
the patient was weaned and extubated to nasal cannula a
few days later. However, after extubation he required non-
invasive bilevel positive airway pressure (BiPAP) therapy for
atelectasis. Usually, patients requiring BiPAP are placed on
a Respironics Vision 60® non-invasive machine with flow
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trigger with pressure control of 10 ecmH,O and 5 emH,O of
positive end expiratory pressure. However, in this case the
patient was switched to a Servo® I non-invasive ventilator to
deliver pressure support breaths via a pressure trigger because
his TAH falsely caused pressure supports to be given, thus
falsely elevating his minute ventilation.

The second case was a 48-year-old female with non-
ischemic dilated cardiomyopathy who was transferred to
our hospital in biventricular failure, and who underwent
an implantation of a Syncardia® total artificial heart. Her

Figure 1. Patient with elevated minute ventilation due to pressure sup-
port breaths triggered by FAH.

Figure 2. Patient after correction of elevated minute ventilation by
changing from a flow trigger of -3 liters per minute to a pressure trig-
ger, initially at -1 cmH,O, then increased to -3 cmH,0.



post-operative course was mainly uneventful and was extu-
bated 36 hours after the operation. However, while weaning
her from the ventilator, it was discovered when the patient
was on pressure control with pressure support that she had
an elevated minute ventilation. This was investigated and it
was discovered that the TAH was triggering pressure support
breaths (Figure 1). This was corrected by changing her from
a flow trigger of -3 liters per minute to a pressure trigger that
was initially at -1 cmH,O, and then increased to -3 ¢cmH,0

(Figure 2).

Heart failure affects about 5 million people in the United
States and more than 20 million people worldwide [Fang
2008]. The limit of hearts available for transplant creates a
need for a bridge to transplant, and the Syncardia® 70 mil-
liliter TAH has been used successfully as such. When com-
pared to HeartMate®, survival to transplant with a TAH was
about 10% improved, and overall survival was 11% improved
[Copeland 2004]. The Syncardia® TAH is a pulsatile, biven-
tricular, pneumatic system that can produce up to 9 liters
per minute of cardiac output due to its 27 mm inflow valve
[Copeland 2004; Copeland 2003]. Adverse effects of TAH
include reoperation (25%), stroke (8%), embolism (8%), and
drive line infections. Causes of death on TAH include mul-
tiple organ failure, sepsis and pneumonia [Copeland 2004].

Prolonged ventilation has been linked to many cardiac
and pulmonary complications. Positive pressure ventilation
decreases preload to the right ventricle [Jardin 1984; Marini
1980], which would lead to hypovolemia in a TAH patient.
Furthermore, prolonged ventilation can lead to many pulmo-
nary complications including barotrauma, pneumonia, acute
lung injury, and tracheal stenosis [Bernarde 1994; Parker
1990; Dreyfuss 1985; Taylor 1967]. Because these pulmo-
nary complications can be life threatening, it is essential to
extubate patients as early as possible. There are several ways
to wean patients from the ventilator, but they all involve a
spontaneous breathing trial on continuous positive airway
pressure (CPAP) with pressure support breaths [McConville
2012; Epstein 1997].

Early mobilization has been a consistent goal with patients
with LVADs and TAH. It has been reported that patients have
been mobilized still being ventilator dependent. It is essential
in these patients that they do not suffer from the common
complications of being on bed rest, and it has been proven
that early mobilization helps with endurance, decreases the
time of being ventilator dependence, and leads to more favor-
able outcomes at time of heart transplantation [Morrone
1996; Stiller 2000].

We describe two patients with total artificial hearts, whose
devices trigger a pressure supported breath in both nonin-
vasive and invasive mechanical ventilation. Even though
the exact mechanism is unclear, it could be due to the pres-
sure generated by the mechanical heart due to its pneumatic
pumps. It has been reported that these pumps can generate
velocities upwards of 1.8 m/s [Slepian 2013], which could
generate enough pressure to trigger the ventilator to give a
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pressure supported breath. This is important because this
could falsely influence the decision that the patient is able
to be weaned from the ventilator, and could lead to other
pulmonary complications and increased morbidity and mor-
tality [Epstein 1997]. It is also important to recognize that
both these patients had 70 milliliter TAH and that there is
a smaller version for smaller patients that has a capacity of
50 milliliters. Because of the smaller chest wall, but with the
same pneumatic potential, these patients could be at higher
likelihood to accidently trigger a pressure supported breath
while weaning from mechanical ventilation.
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