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This article provides an overview of the utilization of ventricular assist devices
(VADs), reviews the common features of VADs and management of VAD recipients,
discusses clinical considerations in the rehabilitation process, and describes the role
of the acute care physical therapist in the care of VAD recipients. With more than 5
million people in the United States with heart failure, and with a limited ability to
manage the progressive and debilitating nature of heart failure, VADs are becoming
more commonplace. In order to prescribe a comprehensive and effective plan of
care, the physical therapist needs to understand the type and function of the
VADs and the goals of the VAD program. The goals for the physical therapist are: (1)
to deliver comprehensive rehabilitation services to patients on VAD support,
(2) to develop an understanding of the role of functional mobility in recovery,
and (3) to understand how preoperative physical function may contribute to the
VAD selection process. The acute care physical therapist has an increasing role in
providing a complex range of rehabilitation services, as well as serving as a well-
educated resource to physical therapists across the health care spectrum, as more
VAD recipients are living in the community.
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In 2010, it was estimated that 5.8
million people in the United States
had heart failure.1–3 Heart failure is

the primary cause of death in
approximately 60,000 people annu-
ally and contributes to an additional
270,000 deaths in people over 45
years of age.2,4 Of the individuals
with heart failure, approximately
50,000 to 150,000 would benefit
from heart transplantation, but only
about 2,200 annually receive trans-
plants.5 As the US population ages
and medical care advances, there
will be increasing demand for alter-
natives to heart transplantation.

The mechanical ventricular assist
device (VAD) is an advance in med-
ical management of heart failure. In
the 1990s, VADs served as a bridge
to transplantation for patients with
severe heart failure waiting for a
heart transplant. These early VADs
had large pumps that mimicked the
diastole and systole phase of heart
functions and had high rates of
bleeding and stroke. The newer
VADs are smaller and have fewer
complications, increasing patient
eligibility and duration of VAD sup-
port.6 Ventricular assist devices
became legitimate options for man-
agement of heart failure in 2001
when Rose et al7 reported an
increase in survival rates for patients
on VAD support (52%), improve-
ments in quality of life, and
decreased depression compared
with patients receiving optimal med-
ical management. This study led to
Food and Drug Administration
approval of the HeartMate XVE VAD
(Thoratec Corporation, Pleasanton,
California) for management of heart
failure for individuals who were not
candidates for heart transplantation.7,8

With the increased use of VADs for
management of heart failure, physi-
cal therapists are increasingly
involved in treating these patients
with medically complex conditions.
The purposes of this article are: (1)

to provide an overview of the utili-
zation of VADs, (2) to review the
common features of VADs and man-
agement of VAD recipients, (3) to
discuss clinical considerations in the
rehabilitation process, and (4) to
describe the role of the acute care
physical therapist in the care of VAD
recipients.

Indications for VAD
Implantation
The goal of VAD implantation is to
relieve the stress on the heart before
complications of heart failure lead to
irreversible end organ dysfunction,
including pulmonary hypertension,
renal failure, liver dysfunction, and
cardiac cachexia.8–10 There are cur-
rently 4 indications for VAD implan-
tation: bridge to transplantation,
bridge to candidacy, destination
therapy, and bridge to recovery
(eTab. 1, available at ptjournal.
apta.org). Ventricular assist devices
are primarily utilized as a bridge to
transplantation, but there has been a
significant rise in the number of
patients receiving VADs as a bridge
to candidacy. Used as a bridge to
candidacy, the VAD allows time for
the patient to become eligible for
cardiac transplantation by, for exam-
ple, decreasing body mass index,
achieving a required cancer-free
period, or securing financial and fam-
ily support.8 Destination therapy is
the third indication for VAD implan-
tation. Patients in this category are
not candidates for heart transplanta-
tion, and the VAD serves as their
final intervention for heart failure.
Patients using VADs for destination
therapy tend to be older and have
more comorbidities than patients
using VADs for other purposes.8

Although age alone is not a factor
related to postoperative complica-
tions, normal age-related changes
may complicate the rehabilitation
plan of care for these patients.8,11

The final indication for VAD implan-
tation is bridge to recovery. In this
medical scenario, a VAD can be used

to temporarily support a patient with
acute heart failure with the purpose
of assisting the native heart until
there is sufficient functional recov-
ery to allow the explant of the
device.12

Patient Selection Criteria
General inclusion criteria for VAD
implantation are cardiac output
under 2 L/min, reversible organ dys-
function, and ability to restore phys-
ical function. Appendix 1 presents
more specific medical criteria for
implantation. As an active member
of the VAD team, the physical thera-
pist can contribute to patient selec-
tion by using quantitative outcome
measures to document function,
including gait speed, walking toler-
ance, functional mobility, and bal-
ance (eTab. 2, available at ptjournal.
apta.org).13 Physical therapists can
intermittently assess these outcome
measures to determine the VAD
candidate’s functional improvement
or decline and provide the VAD
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team with preoperative rehabilita-
tion recommendations.

Preimplant medical status and func-
tional mobility directly affect the
hospital course and the patient’s
rehabilitation needs after VAD
implantation. Boyle et al10 reported
that 70% of patients who are criti-
cally ill, defined as those in cardio-
genic shock at time of implant, sur-
vived to discharge compared with
93% of patients who were medically
stable at the time of implant. Medi-
cally stable patients also had an
increased survival rate at 36 months.
Implantation of a VAD in patients
who are critically ill results in pro-
longed stays in the intensive care
unit, pulmonary insufficiency, renal
failure, and skin care issues10,14,15

and increases the demand for
subacute and acute rehabilitation
services in the acute care setting.16

These outcomes have led surgeons
to re-examine implanting VADs
when patients are critically ill and
started a trend of implanting VADs
earlier in management of heart
failure.10,14,17,18

Description of VADs
Ventricular assist devices are com-
plex devices with 5 major compo-
nents: pump, cannula, driveline,
controller, and power source. The
pumps are implanted via a sternot-
omy or a thoracotomy and can be
either internal or external to the
body. The function of the pump is to
circulate the blood. Depending on
the type of internal VAD, the sur-
geon may place the pump within the
abdomen or thorax, or in a pump
pocket created in the abdominal
wall. Each VAD has a distinct sound
when operating properly; changes in
sound may be an indication of VAD
complications, including pending
pump failure.

The cannulas connect the pump to
the cardiovascular system. There are
common cannula sites based on the

ventricle being assisted by the VAD.
For most VADs that are designed to
support the left ventricle, the inflow
cannula is inserted into the apex of
the left ventricle and the outflow
cannula is inserted into the ascend-
ing aorta, although the cannula can
be inserted into the descending
aorta. To support the right ventricle,
the inflow and outflow cannulas are
implanted in the right atria and the
pulmonary trunk, respectively. For
internal VADs, the cannulas will be
placed within the body, but with
external VADs, the cannulas will exit
the body to connect to the pump.

The remaining 3 components of
the VAD—driveline, controller, and
power source—are external. The
cannulas connect the pump to the
cardiovascular system, and the drive-
line connects the pump to the con-
troller and a power source that will
operate the pump. The physical ther-
apist will need to stabilize the can-
nula for pumps that are external to
the body and stabilize the driveline
for pumps that are internal. For most
VADs, the controller contains the
computer software that operates the
pump and displays pump speed,
power utilization, and output. The
VAD team sets the controller to
achieve an adequate cardiac output.
Commonly, devices operate on AC
power or portable battery.

Types of VADs
Devices are classified as pulsatile or
nonpulsatile, based on how the
device interacts with the recipient’s
circulation. Ventricular assist devices
also are classified based on whether
they provide short-term, medium-
term, or long-term support. eTable 3
(available at ptjournal.apta.org) pres-
ents a description of types and char-
acteristics of VADs.

Pulsatile VADs
Pulsatile devices have a diastolic
phase, when the pump fills with
blood, and a systolic phase, when

the pump ejects blood into circula-
tion. Although pulsatile devices are
not used frequently because of their
relatively larger size, lower durabil-
ity, and higher complication rates,
they still have a role in management
of heart failure. Pulsatile VADs can
be external or internal, and are most
commonly used for medium-term
(1–2 years) or long-term (more than
2 years) support. The cannulas exit
the body just inferior to the costal
margin to connect the pumps and
other hardware (Fig. 1).

Clinical considerations with pul-
satile VADs. There are several
clinical issues to consider when
working with a patient on a pulsatile
device. For internal pulsatile VADs,
there is a risk that pronounced tho-
racolumbar flexion may obstruct the
cannulas, and the physical therapist
should address posture and proper
body mechanics during activities
such as sit-to-stand transfers. For
external pulsatile pumps, the physi-
cal therapist must attend to the can-
nula and pump position because
there is a risk of disrupting healing
around the cannulas and of thrombo-
sis formation within the pump if the
outflow is obstructed. After reposi-
tioning or mobilizing the patient,
inspection of the pump should be
done to ensure proper pump empty-
ing. The pumps can be heavy, and
once the patient begins upright
activity, the effects of gravity and
movement may cause pain and ven-
tricular arrhythmias. The physical
therapist should collaborate with the
VAD team to determine the optimal
abdominal binder or anchoring sys-
tem to support the cannulas and
external pumps, or driveline for the
internal VADs. The physical thera-
pist should reinforce with the
patient and caregivers the impor-
tance of use of the binder or anchors
to protect the cannula sites to allow
for healing. Finally, the physical ther-
apist should be mindful of the max-
imum estimated pump output,
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which may limit the activity toler-
ance of the patient with higher func-
tioning, and adjust the exercise pre-
scription accordingly.

Nonpulsatile Long-term and
Short-term VADs
Advances in VAD design and opera-
tion have led to increased use of non-
pulsatile devices for long-term left
ventricle support. Examples of non-
pulsatile devices include the Heart-
Mate II (Thoratec Corporation), the
HeartWare (HeartWare Inc, Framing-
ham, Massachusetts), and the Jarvik
2000 (Jarvik Heart Inc, New York,
New York) (Fig. 2). Nonpulsatile
pumps are internal, with the drive-
line exiting the right abdominal wall.
Nonpulsatile devices move blood via
an axial flow or centrifugal force.
Depending on the speed of the
pump and the intrinsic function of
the heart, a palpable pulse and an
ausculatory or palpable blood pres-
sure may no longer be appreciated
because there is no true diastolic or
systolic phase. The physical thera-
pist may obtain a blood pressure
measurement using Doppler tech-
niques; however, it is not a true sys-
tolic or mean pressure, but an esti-
mate of mean arterial pressure.19 An
arterial pressure tracing will show a
dampened waveform, a narrow
pulse pressure, and a higher than
normal mean arterial pressure
(70–85 mm Hg). Pulse oximetry
readings may be inaccurate because
of the lack of pulsatility.

Although nonpulsatile VADs are
most commonly used for long-term
left ventricular support, more
recently devices have been devel-
oped for short-term use as a bridge to
recovery or a bridge to candidacy in
patients who are critically ill
(eTab. 3, Fig. 3). Short-term VADs
are intended to support a patient for
days to 2 to 3 weeks. Commonly,
short-term VADs are used to tempo-
rarily support the right ventricle
when right heart failure develops

acutely due to an unstable ventricu-
lar septum following implantation of
a nonpulsatile left VAD. The need for
short-term right ventricular support
occurs in up to 40% of patients
receiving a left VAD.18,20 Unfortu-
nately, patients have a 50% mortality
rate at 3 months after implant and a
20% decrease in 1-year survival.4,17,21

Clinical considerations with non-
pulsatile VADs. The ability to
monitor vital signs for a nonpulsatile
VAD recipient will depend upon
whether the left ventricle is sup-
ported and the speed of the pump. If
the VAD speed is sufficient, the
majority of the blood will be going
through the nonpulsatile pump as
opposed to being ejected by the left
ventricle. The result is the inability to
monitor blood pressure and heart
rate in the traditional manner. There-
fore, besides monitoring blood pres-
sure via the Doppler method, the
physical therapist should teach the
patient how to accurately use a sub-
jective (patient-reported) scale, such
as the Borg Rating of Perceived Exer-

tion or Dyspnea Scale, to assess activ-
ity tolerance. The intensity and dura-
tion of the prescribed exercise
program should elicit a mild to some-
what hard perception of effort for
the patient.22 Beyond assessing exer-
cise tolerance, the physical therapist
should monitor pump function and
signs of complications associated
with nonpulsatile pumps, such as
suckdown (see next section for
description). The physical therapy
intervention and assessment of the
patient’s exercise tolerance and
functional progression assist the
VAD team in managing the VAD and
developing an appropriate medical
plan of care.

With nonpulsatile VADs, red blood
cells can be damaged as they flow
through the pump, causing hemoly-
sis at an increased rate when com-
pared with pulsatile VADs,8,19,23 and
may result in hematuria and
decreased exercise tolerance. The
physical therapist is in a unique posi-
tion to assess the progress of exer-
cise tolerance and determine

Figure 1.
Thoratec pVAD. This illustration shows the position of the ventricular assist device for
right, left, or biventricular support. The cannulas will connect the pumps to the dual
drive console or TLC II portable driver. Image courtesy of Thoratec Corporation,
Pleasanton, California.
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whether the patient’s tolerance is
correlated with hemoglobin and
hemocrit levels.

Frequently, the cannulas and driv-
elines are short; therefore, organiz-
ing the environment is very impor-
tant. For short-term nonpulsatile
VADs, the physical therapist needs
to verify with the surgeon that the

sternum is closed enough to allow
for mediastinal stability and the can-
nulas are surgically secure prior to
mobilizing the VAD recipient.

The VAD speed is set to achieve a
normal cardiac index, obtain normal
ventricle size with a stable interven-
tricular septum, and relieve signs
and symptoms of heart failure. The

physical therapist can contribute to
the identification of the appropriate
VAD speed setting by assessing exer-
cise tolerance and progression, along
with monitoring for signs and symp-
toms of heart failure and suckdown.
Any unexpected findings should be
reported to the VAD team for further
medical investigation. Table 1 pro-

Figure 2.
Nonpulsatile ventricular assist devices (VADs). (A) HeartMate II (image courtesy of Thoratec Corporation, Pleasanton, California).
Besides illustrating the position of the HeartMate II, this picture also identifies the various components of VADs. (B) HeartWare (image
courtesy of HeartWare Inc, Framingham, Massachusetts). (C) Jarvik 2000 (image courtesy of Jarvik Heart Inc, New York, New York).
LVAD�left VAD, LVAS�left ventricular assist system.
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vides guidelines on resting parame-
ters that depict medical stability.

Key Factors in VAD
Management
The physical therapist should be
aware of several key factors when
working with a VAD recipient and
detect and manage these significant
issues appropriately. Table 2 pres-
ents a general outline of key factors,
associated signs and symptoms, and
management.

Preload
All VADs are preload dependent. Pre-
load is the volume of blood returning
to the heart or VAD. The VAD needs
sufficient blood volume to effec-
tively fill the pump and to support

the failing ventricle. Sufficient pre-
load also is important to assist blood
flow through the right ventricle to
prevent right heart failure in the
presence of left VAD support. Hypo-
volemia increases the risk of throm-
bosis formation and stroke.23 Preload
can be acutely measured by monitor-
ing the central venous pressure
(CVP). The basic trend in the early
postoperative period is to have a
mean CVP range from 12 to 15 mm
Hg to ensure sufficient filling and for-
ward circulation. If the patient expe-
riences orthostatic hypotension,
there will be a decrease in CVP and
mean arterial pressure. If hypoten-
sion persists, the physical therapist
should place the patient in a supine
position and elevate the lower

extremities to increase preload, con-
tinue to monitor vital signs and VAD
function, and notify the bedside
nurse and VAD team. Orthostatic
hypotension may lead to the VAD
alarming due to insufficient filling
and suckdown, if not addressed.24

Suckdown
Adequate blood volume in a nonpul-
satile pump is critical to prevent
suckdown, in which a collapsed ven-
tricle prevents the pump from filling,
causing a decrease or loss of cardiac
output. Suckdown is a critical situa-
tion that must be quickly recognized
and corrected. It commonly occurs
in the acute care setting because the
medical team is adjusting medica-
tions, VAD speed, and fluid balance

Figure 3.
Short-term ventricular assist devices. (A) Impella (image courtesy of Abiomed, Danvers, Massachusetts) and (B) Centrimag (image
courtesy of Thoratec Corporation, Pleasanton, California). The Centrimag is supporting the right ventricle in the presence of
HeartMate II supporting the left ventricle.
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to achieve hemodynamic stabil-
ity.24,25 The patient may experience
suckdown during therapy due to a
reduction in venous return associ-
ated with decreased muscle mass
and vascular tone and with mechan-
ical ventilation; therefore, the physi-
cal therapist must constantly exam-
ine vital signs, ventricular
arrhythmias, changes in mental sta-
tus or syncope, and changes in the
sounds of the VAD. Typically, the
VAD sounds like a smooth oscillatory
hum, but suckdown produces an
irregular, knocking sound. If the
physical therapist suspects suck-
down, the physical therapist should
place the patient in a supine position
with the lower extremities elevated
to improve venous return and con-
tact the VAD team. The common
intervention for suckdown is to
decrease VAD speed and administer
fluids and medications to resolve the
issues.

Afterload
Afterload is the resistance within the
vascular system that the heart or the
VAD has to overcome to move blood
into circulation. All VADs are after-
load sensitive. Hypertension is more

Table 1.
Resting Physiological Parameters Consistent With Medical Stabilitya

Parameter Value

Mean blood pressure (mm Hg) 70–90 (65–80 for Jarvik 2000 and Impella 5.0)

Pulse pressure (mm Hg) 10–20

Cardiac index (L/min/m2) 2.6–4.2

Heart rate (bpm) Dependent upon type of VAD and level of support

Cardiac rhythm Dependent upon type of VAD and level of support, but in
general a baseline rhythm that does not interfere with
VAD output or increase risk of thrombus formation

Mean central venous pressure
(mm Hg)

12–16; may be as high as 20 in presence of right
ventricular failure

Mean pulmonary arterial
pressure (mm Hg)

�50/25

Supplemental oxygen (fraction
of inspired oxygen)

�0.6

Venous oxygen saturation �60%

Respiratory rate (bpm) �30

Oxygen saturation (%) �88% unless with documented lung pathology

Neurological Appropriate level of alertness on Richmond Agitation-
Sedation Scale (�1 to �1) following commands and no
focal neuromuscular deficit

Partial thromboplastin time (s) 40–45 (all VADs except HeartMate II)

International normalization ratio HeartMate II: 1.8–2.3
All VADs except HeartMate II: 2.0–3.0

a Modified from Slaughter et al,19 O’Shea,24 Christensen,25 and Adams et al.45 Refer to Table 3 for
manufacturers of the VADs cited in the table.

Table 2.
Key Factors in Ventricular Assist Device (VAD) Managementa

Key Factor Signs and Symptoms Physical Therapist Management/Response

Preload Decrease in preload leads to decrease central
venous pressure

Light-headedness, dizziness
Insufficient filling alarm
May lead to suckdown

Slow progression to upright postures to avoid
orthostatic hypotension, increase muscle activity

Return to supine position if conditions persists

Suckdown Hypotension, ventricular tachycardia, variable
VAD speed, irregular and knocking VAD sound

Immediately return to supine position and elevate
lower extremities. Contact VAD team immediately
for instructions to decrease VAD speed.

Afterload Hypertension
Light-headedness, tachycardia, decreased exercise

tolerance, decreased cardiac output

Change exercise prescription to decrease blood
pressure response, contact VAD team

Arrhythmias Asymptomatic
Light-headedness, dizziness
Decreased exercise tolerance
May lead to filling alarm, low output alarm, and

suckdown

Monitor vital signs and pump function
If alarm occurs, sit patient down or return to supine

position. Contact VAD team immediately.

Thrombus Hematuria, increase in power reading, decrease in
hemoglobin/hematocrit, grinding VAD sound

Contact VAD team for management and guidelines
to proceed with rehabilitation

a Modified from manufacturers’ manuals from www.thoratec.com, www.heartware.com, www.jarvikheart.com, www.abiomed.com, and clinical quick guides
developed by the Superusers and bioengineers at the University of Maryland Medical Center.
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commonly a clinical issue in the later
postoperative phase but may be an
issue in the acute phase of recovery.
Hypertension can cause a low flow
alarm and can lead to decreased VAD
output. The patient may experience
the common signs and symptoms
of low cardiac output, including
decrease in exercise tolerance, light-
headedness, dizziness, and possible
syncope. The physical therapist
needs to monitor vital signs, adjust
the exercise program, and secure the
patient in a safe position to avoid
falls.24,25

Arrhythmias
Cardiac arrhythmias can adversely
affect VAD function by changing
ventricle or pump filling. The conse-
quence of an arrhythmia in the pres-
ence of an LVAD depends on how
much the arrhythmia affects the
right ventricle’s ability to fill the
pump.24 For example, if the CVP is
low and the patient experiences an
arrhythmia, such as atrial fibrillation
with rapid ventricular rate or ventric-
ular tachycardia, an impaired right
ventricle would likely be unable to
compensate with an effective con-
traction. This failure would lead to
an insufficient volume to fill the
LVAD and could result in decreased
pump or cardiac output, and possi-
bly suckdown. On the other hand, if
the CVP is elevated, sufficient vol-
ume may reach the left VAD for
proper function with sufficient car-
diac or pump output. For right VAD
support, the concern is how the
arrhythmia affects the left ventricle’s
ability to fill and circulate blood. If
the arrhythmia prevents the left ven-
tricle from ejecting sufficient blood
volume into systemic circulation,
there would be a decrease in preload
and insufficient right VAD filling.
This insufficiency may lead to suck-
down and further decline in cardiac
output. Finally, cardiac arrhythmias
are irrelevant for circulation when a
patient is supported with biventricu-
lar assist device (BiVAD) because the

VADs are totally responsible for pul-
monary and systemic circulation and
the heart is acting as a conduit for
blood flow. The VAD team may
attempt to manage any new arrhyth-
mia to prevent thrombus formation
within the heart.14

Thrombus
Anticoagulation and antiplatelet pro-
tocols (Tab. 1) are critical parts of
medical management for VAD recip-
ients. The protocols will vary
depending upon the type of device
and institutional preference. It is
common to address both the coagu-
lation cascade and platelets, with the
ultimate goal to prevent thrombosis
formation and avoid bleeding. There
is a 20% risk of thrombosis formation
within the pump or ventricle, and
there can be as high as a 45% inci-
dence of transient ischemic attacks
(TIAs) or stroke, depending upon
the device.21,23,26 The postoperative
bleeding risk can be as high as
50%.21,23,26 Thrombosis can develop
because of poor pump placement,
insufficient anticoagulation, or insuf-
ficient pump speed that does not
allow the aortic valve to open peri-
odically to wash out the ventricle.
With a thrombosis, the VAD gives off
a grinding sound.

A physical therapist examination of
VAD candidates and recipients
should include identification of the
presence or risk of deep vein throm-
bosis, TIAs, bruising, or hematomas.
It is recommended that a neuromus-
cular assessment include appropri-
ate outcome measures that are
assessed preoperatively and reas-
sessed postoperatively to monitor
functional status and monitor for
signs and symptoms of TIAs and
stroke.27 The physical therapist
should routinely monitor the power
the device uses at a given speed and
output and be familiar with the VAD
sound; both points should be part of
the patient’s discharge education.28

Management of VAD
Recipients
Infection
Infection rates for individuals with
VADs have been reported to be as
high as 42%.23 Driveline infections
carry a high mortality rate.17 A drive-
line infection can migrate to the
pump and result in removal from the
transplant active waiting list, VAD
removal, and death. The VAD team
should have detailed protocols for
securing the driveline and complet-
ing dressing changes to protect the
driveline from infections.

The physical therapist has a signifi-
cant role in minimizing risk of infec-
tion for the VAD recipient. The phys-
ical therapist secures the driveline
prior to mobility training, collabo-
rates with nursing staff on proper
hand hygiene education and patient
positioning, prescribes bed surfaces
and chair cushions, and promotes
functional mobility to reduce risk of
decubitus ulcers. Finally, the physi-
cal therapist performs airway clear-
ance techniques to prevent pulmo-
nary infections, which have been
reported to be as high as 18% in VAD
recipients.23

Issues With Mobility
Because most devices are implanted
via a median sternotomy, there is a
risk of wound dehiscence and medi-
astinitis. Risk factors associated with
sternal wounds include obesity, dia-
betes mellitus, smoking, and pro-
longed mechanical ventilation.29

Awareness of these risk factors will
guide the physical therapist to mod-
ify functional use of the upper quar-
ter during functional training in
order to protect the sternum in
accordance with the institution’s
sternal precaution protocol. The
physical therapist should assess ster-
nal stability routinely in the postop-
erative period. Functional training
also should include strategies to
decrease stress at the superior
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insertion of the abdominal muscles
and incorporate ventilatory
strategies.30,31

The physical therapist is the key pro-
fessional to secure the cannulas and
driveline during mobility and to
instruct the patient how to modify
functional activities, including roll-
ing and supine-to-sit task, and where
to place the VAD external equip-
ment to prevent damage during
mobility.

Managing the VAD and facilitating
the patient’s movement to prevent
obstruction of blood flow are critical
skills for the physical therapist.
Obstructions most commonly occur
when the patient is moving from a
supine to a sitting position, sitting
with poor posture, and transitioning
to a standing position for VADs with
a pump pocket or external pumps.
Patients who are debilitated have a
tendency to present with significant
spinal flexion and posterior pelvic
tilt, which may obstruct flow into or
out of some VADs, during transfers
and sitting. Postural control and bal-
ance with ventilation, proper body
mechanics during transfers, and
strength and endurance of the trunk
musculature are important compo-
nents in the physical therapy plan of
care.

Right VAD and BiVAD Support
Concerns
There are special considerations for
the physical therapist when working
with a patient on right VAD support
regardless of the type of VAD
implanted. It is important to recog-
nize the signs and symptoms of left
heart failure in the presence of right
VAD support, which may occur if
the right VAD is circulating more
blood into pulmonary circulation
than the left ventricle or the left VAD
can manage (BiVAD). The physical
therapist needs to monitor for inter-
stitial pulmonary edema with inspira-
tory rales, dyspnea and oxygen

desaturation, and decreased cardiac
output with a decrease in exercise
tolerance. If the patient has a pulmo-
nary arterial catheter in place, the
physical therapist may notice spikes
in pulmonary arterial pressure. To
prevent such spikes in pressure, the
right VAD is commonly set at a pump
ejection rate 10 bpm lower, and the
pump output at least 0.5 L/min less,
than the output of the left ventricle
or the left VAD.23

Postoperative Management
Recovery begins in the early postop-
erative period. Soon after left VAD
implantation, pulmonary capillary
wedge and right ventricular pres-
sures decrease acutely and systemic
blood pressure improves due to the
increase in cardiac index and
increase in blood flow. Within the
first 2 months, oxygen capacity,
quality of life, and walking tolerance
improve. More than 80% of patients
return to a New York Heart Associa-
tion classification I or II.4,12,32

Physical therapy may begin as early
as postoperative day 1 even for those
patients who have surgical complica-
tions, including bleeding and respi-
ratory or renal failure. In the pre-
sence of surgical complications, the
physical therapy intervention
focuses on airway clearance, posi-
tioning, skin care, and maintaining
joint function. Table 3 and eTable 4
(available at ptjournal.apta.org) pres-
ent general guidelines for rehabilita-
tion based upon the patient’s func-
tional status and general parameters
for various VADs, respectively. The
patient’s strength and level of inde-
pendence with basic functional tasks
such as bed mobility, transfers, and
gait may aid the VAD team, nursing,
and family in understanding the
focus and progression of rehabilita-
tion. Patient progress will vary based
upon medical stability (Tab. 1),
degree of dysfunction, and pulmo-
nary needs.

The physical therapist should evalu-
ate the 4 major systems as delineated
in the American Physical Therapy
Association’s Interactive Guide to
Physical Therapist Practice: cardio-
vascular and pulmonary, musculo-
skeletal, neuromuscular, and integu-
mentary.33 The patient’s medical
status changes will require constant
adjustment of priorities for address-
ing needs in each system. Initially,
integumentary and pulmonary needs
may be the primary focus of care for
a patient who has sustained intraop-
erative or postoperative complica-
tions, or who was critically ill prior
to implantation.

In the ICU, the physical therapist
must manage the environment to
safely mobilize the patient with
equipment such as a pulmonary
catheter, continuous hemodialysis,
chest tubes, and arterial lines,34,35

with the goals to progress muscular
function, minimize the effects of
immobility, and progress function.

The physical therapist will initially
monitor vital signs, self-reported
scores from a subjective scale, and
VAD function during physical ther-
apy. It is important to monitor the
mean arterial pressure in patients on
nonpulsatile VAD support because
hypertension will make it difficult
for the pump to circulate blood for-
ward, while hypotension may lead to
suckdown. Therefore, it is important
to constantly monitor VAD function
in order to provide a safe exercise
prescription. The physical therapist
should consult with the VAD team if
the mean pressure is less than 70 mm
Hg or greater than 90 mm Hg, espe-
cially when accompanied with a
VAD alarm (eTab. 4).19 For the short-
term VADs, the physical therapist
should document patient tolerance
with progressive functional training,
which may aid the surgical team in
determining the parameters for
weaning or when to explant a tem-
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Table 3.
Guidelines in the Rehabilitation Progression for Ventricular Assist Device (VAD) Recipientsa

Variable Bed Dependent Chair Dependent Ambulatory Community

Definition 1. General strength in primary
functional muscle groups
�3/5

2. � moderate assistance in
bed mobility

3. � moderate assistance for
sitting balance

4. �2 MET-level tolerance
5. Activity tolerance �20 min

1. General strength in primary
functional muscle groups
3/5 to �4/5

2. Contact guard to moderate
assistance for bed mobility

3. Close supervision to
moderate assistance for
sitting balance

4. � minimal assistance with
sit-to-stand transfers

5. � minimal assistance with
standing balance

6. 2–3 MET-level tolerance
7. Activity tolerance 20–30 min

1. General strength in primary
functional muscle groups
��4/5

2. Close supervision to minimal
assistance with bed mobility

3. � Close supervision to
contract guard assistance with
sitting balance

4. � minimal assistance with sit-
to-stand transfers

5. � minimal assistance with
standing balance

6. � minimal assistance with
ambulation

7. Gait speed �0.6 m/s
8. 3–4 MET-level tolerance
9. Activity tolerance 30–40 min

1. General strength in
primary functional
muscle groups �4/5

2. Independent with all
basic functional
mobility

3. Sitting and standing
balance � good

4. Gait speed �0.6 m/s
5. �4 MET-level tolerance
6. Activity tolerance �30

min of moderate
intensity

Education 1. Role of physical therapist
2. ROM/stretching
3. Positioning
4. Discharge
5. Recommendations on other

consultation services

1. Discharge recommendations
2. VAD education
3. Exercise/functional training

program

1. VAD education
2. Exercise principles
3. Home exercise program
4. Self-monitoring

1. VAD education
2. Community re-entry
3. Home exercise

program
4. Self-monitoring

Functional training 1. Bed mobility
2. Sitting balance training
3. Sitting tolerance
4. Pretransfer training (sit-to-

stand and lateral transfers,
sit pivot)

1. Bed mobility
2. Advanced sitting balance
3. Sit-to-stand or lateral

transfers
4. Standing balance
5. Pregait training

1. Sit-to-stand transfers
2. Advanced standing balance
3. Gait training, including stair

negotiation

1. High level of balance
2. High level of gait

training activity
3. Work-specific activities

Muscle strength:
low repetitions,
high resistance,
2–3 sets, short
recovery time

1. Closed kinetic exercises: leg
press; terminal knee
extension; hip abduction
and extension; dorsiflexors;
scapular depression;
latissimus dorsi, triceps,
trunk, and extremity PNF;
hand putty

1. Modified sit-to-stand
transfers, modified step-ups,
reverse SLR, continue with
closed kinetic exercises for
previous level, add shoulder
flexion and abduction

1. Continue with closed kinetic
chain exercises and advance
previous level

2. Add squats, step-ups, deltoid
and biceps exercises

1. Continue and advance
previous exercise

2. Work and recreation
specific exercises

Muscle endurance:
30–90 s of high-
intensity interval
training, 3–5
intervals, active
recovery

1. Rhythmic stabilization in
side-lying position

2. Leg press
3. Reverse SLR
4. Shoulder extension and

triceps
5. Restorator for UE and LE

1. Restorator for UE and LE
2. Wheelchair mobility
3. Rhythmic stabilization in

sitting
4. Modified sit-to-stand

transfers

1. Bike
2. UBE
3. Squats and step-ups
4. Modified military press-ups

and triceps

1. Continue and advance
previous level

2. Add work- and
recreational-related
activities

ROM/joint integrity 1. General ROM of extremities,
trunk, scapular, pelvis,
dorsiflexion and hamstring
muscle extensibility, manage
any joint contracture

1. Trunk, spine, scapular, pelvis
mobility

2. Continue with extensibility
exercises

3. Joint mobilization
management

1. Continue and advance
previous level

1. Continue and advance
previous section

Aerobic, continuous
work for �6 min

1. Restorator for UE and LE 1. Restorator for UE and LE
2. Wheelchair mobility

1. UBE
2. Bike
3. Ambulation

1. Continue and advance
previous section

2. Add work and related
activities

Pulmonary 1. Airway clearance
2. Breath control exercises
3. Ventilatory strategies
4. Breathing pattern
5. Inspiratory muscle training

1. Continue and advance
previous section

1. Continue and advance
previous section

1. Continue and advance
previous section

a Modified from Thompson et al,22 Frownfelter and Massery,46 and Voss et al.47 MET�metabolic equivalent (1 MET�3.5 mL O2�kg-1�min-1), SLR�straight leg
raise, PNF�proprioceptive neuromuscular facilitation, UE�upper extremity, LE�lower extremity, UBE�upper body ergometer, ROM�range of motion.
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porary VAD, or ascertain the need
for a long-term VAD.

Rehabilitation should focus on
restoring functional mobility and
improving activity tolerance, with
the goal to prepare for discharge
home, because it is often difficult to
discharge these patients to another
facility for rehabilitation.36 Table 3
gives guidelines on physical thera-
pist intervention based upon func-
tional ability and strength. The phys-
ical therapist should begin training
to adjust for the biomechanical
changes that occur because the
patient has to carry or manage the
VAD, batteries, and controller once
the patient becomes safe with trans-
fers and ambulation. Ventricular
assist device education with the
patient and family needs to be incor-
porated as early as possible and
should include driveline protection,
changing the power sources for
mobility, and addressing any alarms.

The frequency of intervention will
vary based upon the patient’s needs.
Commonly, physical therapy treat-
ment frequency is 5 to 7 days a week
until the patient can safely walk the
halls independently or with supervi-
sion from family or nursing staff.
Once the patient is an independent
ambulator, therapy can be advanced
to facilitate a smooth admission to
outpatient physical therapy and
community re-entrance.37 Then the
frequency of physical therapy may
be decreased to 2 to 3 days a week
and focus on more traditional car-
diac rehabilitation goals, including
aggressive functional strengthening,
muscle endurance training, and
increased aerobic training.36,38

Finally, prior to discharge, it is rec-
ommended that the patient com-
plete a few discharge-related activi-
ties. The patient should be taken
outside to assess community safety
with walking across streets and vari-
able surfaces. The physical therapist

also should assess the patient’s abil-
ity to manage the VAD indepen-
dently. The physical therapist should
complete functional testing to docu-
ment outcomes, provide a home
exercise program, and make the
referral to outpatient rehabilitation
services.

Staff Training and
Competency
As the number of patients implanted
with VADs increases, bioengineers
can no longer supervise all of the
patients. Consequently, a new model
has emerged to increase the compe-
tence for VAD management. Many
VAD centers have adopted the train-
the-trainer model. At the University
of Maryland Medical Center, a multi-
disciplinary team, called the Super-
Users, addresses staff training and
competency and develops patient
care protocols and educational mate-
rials.39 The SuperUser committee
comprises nurses, physical thera-
pists, and bioengineers. Education is
provided by Intranet modules, class-
room lectures, handouts, and
hands-on practice with training VAD
models. The SuperUser committee
also mentors staff who routinely
work with VAD recipients to
become clinical resources to support
the bedside staff with daily patient
care. All staff undergo written and
practical competency testing annu-
ally. This practical competency is
based on a clinical scenario and
focused on clinical decision making
and critical components of VAD
management. Appendix 2 lists the
general key testing areas for a VAD
competency. Although the staff
training module is nursing focused,
physical therapy involvement is
important. The success of this
model centers on multidisciplinary
contribution.

Conclusion
This is an exciting and challenging
time for physical therapists across
the health care model. Physical ther-

apists are faced with providing qual-
ity care to increasing numbers of cli-
ents with heart failure and VAD
recipients. The VAD should be
viewed as an aid to improve the reha-
bilitation potential for the client, not
as a barrier. To decrease the fears
that may accompany delivering care,
the physical therapist needs to be
trained in VAD management. With
competency in managing patients
with VADs, physical therapists are
able to provide early interventions,
including mobility that will enhance
a patient’s functional recovery.
Although this article focused on
acute care therapy, more and more
patients will be community living
with VAD support, and the acute
care physical therapist may serve an
important role in mentoring physical
therapists across the health care
spectrum.
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skills and professional recommendations.
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Appendix 1.
Eligibility Criteria for Ventricular Assist Device Implantationa

End-stage heart disease (New York Heart Association classification III or IV)

Cardiac index �2.0 L/min/m2

Refractory arrhythmia

Failure of optimal medical therapy

Reversible organ dysfunction

Mean arterial pressure �65 mm Hg

Acute decompensation from either an acute or chronic heart failure

Recurrent hospitalization for heart failure

Unstable angina

Oxygen consumption �12 mL/kg/min

Pulmonary capillary wedge pressure �20 mm Hg

Left ventricular ejection fraction �25%

a These are the common medical inclusion criteria for ventricular assist device implantation. Modified from Leitz,8 Drakos et al,14 and Miller.20

Appendix 2.
General Key Staff Competency Areas

1. Identification of all ventricular assist device (VAD) hardware: controller, cannulas, driveline, cables, batteries,
consoles, and pump

2. Explanation of basic function of VAD: pulsatile versus nonpulsatile function

3. Explanation of how pulsatile and nonpulsatile VADs affect patient vital signs

4. Explanation of key components of VAD: speed, pressure, flow, and power

5. Explanation of key parameters of VAD: preload, afterload, and electrocardiogram

6. Complete battery check, battery changes, and other power changes

7. Complete cables and controller change

8. Identification of the signs and symptoms of suckdown, thrombus, and hemolysis

9. Explanation of the action to take in the presence of suckdown, thrombus, and hemolysis

10. Identification of the required equipment to travel off nursing floor or away from console

11. Identification of appropriate goals of rehabilitation for the patient with VAD support

12. Identification of appropriate plan of care and intervention for the patient with VAD support

13. Explanation of key discharge recommendations and education components
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