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Figure 1 Myocardial biopsy specimens show (A) lymphocytic and eosinophilic inﬁltrate, hematoxylin and eosin stain, original magniﬁcation ⫻100; and (B) resolution of inﬂammation with interstitial ﬁbrosis during the index admission. Hematoxylin and eosin stain, original
magniﬁcation ⫻200. (C) Serial cardiac troponin I and corresponding brain natriuretic peptide (BNP) levels are shown.
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Long-term biventricular support with the heartware
implantable continuous ﬂow pump
To the Editor:
Implantation of ventricular assist devices (VADs) for
circulatory support requires biventricular assistance in up to
30% of patients.1 Long-term options include a total artiﬁcial

Research Correspondence
heart, requiring native heart excision, or biventricular VADs
(BiVADs) using extracorporeal or implantable displacement pumps. We report an innovative technique for the
creation of an implantable BiVAD.
After median sternotomy during cardiopulmonary bypass, a HeartWare HVAD (Framingham, MA) centrifugal
pump was implanted into the LV apex, and the outﬂow graft
was connected to the ascending aorta.2 The optimal position
for the second HeartWare pump as an right ventricular assist
device (RVAD) on the free wall of the RV (at the point of
maximum distance from the ventricular septum) was determined by transesophageal echocardiography. The inﬂow
cannula was placed in the RV cavity and secured as described for the LVAD, with 2 additional silicone rings (total
5 mm thickness) placed under the ﬁxation ring to lower the
part of the inﬂow cannula protruding into the RV.
The outﬂow graft, narrowed before surgery from 10 to 5
mm, was sutured to the pulmonary artery (Figure 1). The
narrowing was achieved by suturing a 3-cm-long piece of
graft with 6-0 Prolene (Ethicon, Sommerville, NJ) 2 cm
from the outﬂow connector over a 5-mm Hegar dilator
introduced into the graft, formed in a U shape to avoid an
abrupt change in the diameter.

Figure 1 (A) The narrowing of the right ventricular assist device
(RVAD) outﬂow graft is produced before surgery by suturing
3-cm of graft with 6-0 Prolene 2 cm from the outﬂow connector
over a 5-mm Hegar dilator introduced into the graft. (B) Intraoperative view shows both pumps: 1, outﬂow graft of the left ventricular assist device (LVAD) connected to the ascending artery; 2,
outﬂow graft of the RVAD connected to the pulmonary artery; 3,
pump of the RVAD connected to the free wall of the right ventricle; 4, the pump of the LVAD is connected to the LV apex and is
not seen on the ﬁgure.
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Both pumps were intrapericardial. The drivelines crossed
in the pericardium and emerged in the lower abdominal
quadrant on the left (right pump) and right (left pump) side
to allow long sub-cutaneous tunnelling. The RV improved
after unloading and ejected up to 2 liters/min. The pump
speeds were adjusted individually, depending on the patient’s hemodynamic situation, to achieve ﬂow of approximately 5 to 6 liters/min (left pump) and 3 to 4 liters/min
(right pump). Anticoagulation was targeted to an international normalized ratio 3 to 3.5. Aspirin was used as determined by platelet function.
Of the 8 patients (1 woman; 2 redo case) (age, 57– 63 years;
body mass index, 17–32 kg/m2), 5 were at Interagency Registry for Mechanically Assisted Circulatory Support (InterMACS) level II. Their postoperative courses were uneventful,
and all patients were discharged home.
In 3 patients with HeartWare LVAD, the HeartWare RV
pump was implanted secondarily after 13, 14, and 50 days
of temporary RVAD support with the Levitronix pump
(Levitronix, Waltham, MA). One patient died of multisystem organ failure, and another died of overﬂow pulmonary
edema after RVAD implantation when the left pump
stopped due to thrombosis. One patient survived. All 6
survivors are being evaluated for transplantation after rehabilitation.
An implantable centrifugal pump for RV support was
investigated by Fukamachi et al3 in animal experiments.
Frazier et al4 demonstrated feasibility of the total artiﬁcial
heart using intracorporeal continuous-ﬂow pumps in animals, but both ventricles were excised. In 1 LVAD patient
with RV failure 2 weeks after surgery, Frazier et al implanted a Jarvik 2000 into the right atrium.4
The HeartWare pump is afterload sensitive. Thus an
LVAD and RVAD set at the same speed will have markedly
different ﬂows due to the difference in pulmonary vascular
resistance (PVR) and systemic vascular resistance (SVR). A
crucial aspect allowing the safe use of 2 HeartWare pumps
as an implantable BiVAD is the narrowing of the outﬂow
graft of the RVAD, which causes elevation of the resistance
and optimizes the ﬂow/pressure relationship (Figure 2).
Without narrowing, the right pump in a normal pulmonary
resistance circuit would pump more volume than the left
and result in overﬂow pulmonary edema.
The 2 options to avoid this situation are (1) reduction of
the pump speed below recommended range, causing possible pump thrombosis or instability of the rotor, or (2) narrowing of the outﬂow graft, causing elevation of the total
resistance for the pump and enabling the necessary volume
to be pumped within the manufacturer’s recommended
pump speed. The necessary reduction of the cross section
was investigated in vitro before surgery in a mock circulation with different diameters of the graft to achieve physiologic ﬂow against low PVR, which is 20% of the SVR for
which the pump was designed, with the optimal number of
rotations per minute for the pump.
However, in patients with elevated PVR, especially if
this elevation is not reversible, the narrowing should be of
a lesser degree. In one such case, we downsized the graft to
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Figure 2 A performance diagram for HeartWare HVAD in vitro shows pressure head vs ﬂow during constant speed. Transformation of
the pressure-ﬂow ﬁeld of the pulmonary circulation into the pressure-ﬂow ﬁeld of the systemic circulation is achieved by narrowing of the
outﬂow graft, which increases the pressure head and decreases the ﬂow and thus adapts the right ventricular assist device (RVAD) pump
to the low pressure pulmonary circulation. PVR, pulmonary vascular resistance; SVR, systemic vascular resistance.

a diameter of 7 mm. The grade of narrowing should be
determined preoperatively, which may be challenging, especially if the PVR decreases during support. A system for
adjustable outﬂow graft narrowing would be optimal.
Although our innovative system requires 2 controllers and 4
batteries, it is compact, with more ﬂexible and thinner drivelines than the pneumatically driven total artiﬁcial heart. Longterm BiVAD support using the Heartware HVAD is feasible
and warrants further investigational scrutiny.
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