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HISTORICAL PERSPECTIVE

Despite the controversies surrounding the issues
of maintaining pulsatile or nonpulsatile circulation,
the field of mechanical circulatory support (MCS)
has significantly evolved from the use of volume
displacement pulsatile pumps to continuous-flow
(CF) rotary blood pumps.1–5 CF rotary pumps
now dominate the field of MCS with nearly all left
ventricular assist device (LVAD) implants in the
United States representing CF rotary pump tech-
nology.6,7 This trend has continued for both short
term (ie, nonimplantable temporary devices) and
implantable, durable MCS device designs.6,8 CF
rotary pumps offer several advantages over pulsa-
tile, volume displacement pumps. These advan-
tages include the following: (1) a smaller pump
size (because of the elimination of the displace-
ment chamber required for a pulsatile pump); (2)

fewer moving parts (limited to a single internal
rotating impeller) resulting in greater durability
and reliability; (3) limited blood contacting sur-
faces; (4) lower noise; and (5) reduced energy re-
quirements that have translated into significantly
improved clinical outcomes.4,5 The small size of
implantable CF rotary pumps has facilitated
expansion of the therapy into children or patients
with small body habitus9,10 and has promoted ap-
plications including implantable durable biventric-
ular support,11 total artificial heart support,12 and
minimally invasive surgical approaches.13,14

GENERAL PUMP DESIGN

A CF rotary pump consists of blood inlet and outlet
ports and a single internal rotating element, that is,
rotor or impeller that is suspended within a pump
housing that propels blood forward by spinning
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KEY POINTS

� Continuous-flow rotary pumps now clinically dominate the field of mechanical circulatory support
due to greater reliability, smaller size, quieter operation, and reduced incidence of adverse events.

� Continuous-flow pumps are differentiated by flow design; axial or centrifugal, and by the design of
the impeller levitation.

� Flow through a continuous-flow rotary pump is proportional to pump speed and inversely propor-
tional to the pressure difference across the inlet and outlet orifices of the pump.

� The relationship between flow and pressure or “head curve” characterizes a pump’s response to
changes in flow in pressure.

� Flow through a continuous-flow pump is variable due to the interactions with the contractions of the
native heart. Flow is higher in systole and less in diastole.
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the impeller at high speeds, imparting significant
kinetic energy to the blood that overcomes outflow
resistance to the pump. The spinning of the
impeller is accomplished by sequentially actuating
an electrical current and creating a magnetic field
that is coupled to the internal magnets within the
impeller.15,16 CF rotary pumps in clinical use today
are powered by a brushless direct current motor
and currently require an external power source
(most often provided by rechargeable batteries
or an alternating current power cord) that is trans-
mitted to the internal pump through a percuta-
neous cable or driveline. In the near future,
wireless energy transfer systems should eliminate
the need for the percutaneous lead to power
implantable pumps.15,16

CONTINUOUS-FLOW ROTARY PUMP DESIGN:
AXIAL VERSUS CENTRIFUGAL PUMPS

There are essentially 2 types of CF rotary pumps in
clinical use today: a centrifugal flow pump and
axial flow pump15,16 (Fig. 1). The primary differ-
ence between centrifugal flow and axial flow

pumps lies in the design of their rotating element.
In a centrifugal pump, the outlet path is positioned
90� relative to the axis of rotation or centerline of
the impeller, and the rotating element acts as a
spinning disk with blades that capture fluid and
propels the blood from impeller blades to the
outflow cannula along a tangential course.15,16 In
an axial flow pump, the inlet and outlet blood paths
are positioned parallel relative to the axis of rota-
tion or centerline of the impeller, and the rotating
element operates like a propeller in a pipe that
pushes fluid forward. In both cases, blood exits
opposite to the direction of thrust generated by
the pump motor.
The rate at which a pump adds energy to a fluid

is17
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where Q5 dV/dt is the flow and DP is difference in
pressure between inlet and outlet orifices of the
pump. The efficiency of a pump is defined as the
ratio of the useful power output to the required po-
wer input:

hpump 5
Q � DP

Winput

Centrifugal devices generally have greater hy-
draulic efficiency at energy transfer and provide
CF at rotational speeds that are much slower,
approximately 2000 to 6000 rpm compared with
8000 to 15,000 rpm for pumps with axial flow de-
signs.15,16 Slower rotation speeds means a lower
shear stress is exerted on the blood elements
and that there is a lower risk of hemolysis.18 The
hydraulic efficiency, defined above as the ratio of
power imparted to the fluid divided by the power

Abbreviations

BTT Bridge to transplant
CF Continuous flow
CI Confidence interval
DT Destination therapy
HVAD HeartWare ventricular assist

device
LV Left ventricular
LVAD Left ventricular assist device
MCS Mechanical circulatory

support

Fig. 1. (A) Diagram of a centrifugal blood pump where blood enters the pump inlet cannula along the axis of
rotation or centerline of the impeller and is driven outward, tangentially to the outlet of the pump. (B) Diagram
of the axial-flow pump. Blood enters at the inlet end of the rotor and is driven along the axis of rotation or
centerline of the rotor to the outflow end of the pump. (From Mehra MR, Naka Y, Uriel N, et al. A fully magnet-
ically levitated circulatory pump for advanced heart failure. N Eng J Med 2017;376:443; with permission.)
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