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Is flow really continuous in last
generation continuous flow Ventricular
Assist Devices? A comparison between
HeartMate II and HeartWare HVAD
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Continuous-flow ventricular assist devices
(VADs) are the standard of care for implant-
able mechanical circulatory support (1).
However, some doubts have been raised
based on the experience with cardiopulmo-
nary bypass about possible adverse effects
of non-pulsatile flow on organ function (2).
Pulsatile perfusion might have a beneficial
effect on peripheral organs probably through
an action on systemic vascular resistance
and on microcirculation, as a result of less
endothelial damage and normalization of ni-
tric oxide (NO) release. However, long-term
use of newer generation continuous-flow de-
vices has resulted in similar improvements
in organ function (3). Actually, blood flow
through continuous-flow VADs is not really
continuous, since it depends on the differ-
ential pressure between the left ventricle
and the ascending aorta at a certain VAD
speed (4). During support, the failing na-
tive heart continues to function and it gen-
erates a variation in intracardiac pressures
along the cardiac cycle: during systole an
increase in left ventricular pressure will be
transmitted to the pump and will transient-
ly increase the VAD flow, generating some
degree of arterial pulsatility. Potapov et al.
(5) first detected a pulsatile flow in patients
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implanted with DeBakey continuous-flow
device. Moreover, intermittent aortic valve
opening, either spontaneous or generated
by periodical reduction of VAD speed, has a
major role in maintenance of pulsatility. Re-
cently, Potapov et al. (6) also demonstrated
that long-term mechanical circulatory sup-
port with continuous-flow devices does not
adversely influence arterial wall properties
of the end-organ vasculature: in this histo-
logical study, no differences in arterial wall
characteristics were found between tissue
samples from liver, kidney, coronary arter-
ies, and brain between patients treated with
continuous-flow devices and patients with
pulsatile-flow (PF) devices. No data is avail-
able whether these concepts apply different-
ly to rotary and centrifugal pumps. In order
to evaluate the degree of arterial pulsatility
in patients implanted with newer genera-
tion continuous-flow VAD, we performed
Doppler measurements of flow parameters
in two patients, one patient implanted with
HeartMate II (Thoratec, Pleasanton, CA)
axial pump (patient A) and one implanted
with HeartWare HVAD (HeartWare Inc, Mi-
ami Lakes, FL) centrifugal pump (patient B).
Doppler studies were performed 3 months
after implantation in both patients, with a
comprehensive examination of both central
and peripheral vascular vessels (common
carotid arteries, middle cerebral arteries,
upper and lower limb arteries). For each
Doppler measurement pulsation index (PI)
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Figure 1 - Pulsatile flow in internal carotid artery
in patient A (A) and in patient B (B) and in com-
mon femoral artery in patient A (C) and B (D).

was calculated (PI: [Vmax-Vmin|/Vmean).
All data were retrospectively collected by
chart review after local ethical committee
approval, and treated anonymously. In both
patients we found some degree of pulsatility,
which was higher in the peripheral vascular
vessels (mean PI 1,15 in omeral and femoral
arteries in patient A and mean PI 0,86 in pa-
tient B) than in the central vessels (mean PI
0,4 in internal carotid and middle cerebral
arteries and mean P1 0,43 in patient B) (Fig-
ure 1, Video 1, available at the URL: http://
www.hsrproceedings.org/allegati/video/
hsrp-04-268-s001.mpg). In both patients
simultaneous echocardiographic imaging
of the aortic valve showed no systolic valve
opening (Figure 2, Video 2, available at the
URL: http://www.hsrproceedings.org/alle-
gati/video/hsrp-04-268-s002.mpg), associ-
ated with a severe reduction of left ventric-
ular ejection fraction (20 % both in patient
A and patient B). The examination was per-
formed in both patients at 90 mmHg mean
systolic blood pressure; the HeartMate II
was running at 9400 revolutions per min-
ute (rpm) and HeartWare HVAD at 2700

Figure 2 - M-mode imaging of aortic valve in pa-
tient A (A) and patient B (B) showing any systolic
valve opening during the cardiac cycle.

rpm. This clinical experience highlights for
the first time the presence of flow pulsatil-
ity in both central and peripheral vessels
in patients implanted with last generation
continuous-flow VADs, with similar pa-
rameters in axial and centrifugal pumps.
These data add a piece of information on
the physiological adaptation of circulation
after continuous flow pump implantation.
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