
Abstract

Patients with advanced heart failure refractory to medical ther-
apy can be treated with left ventricular assist devices, implanted to
augment or replace left ventricular function. The most common
postoperative complications are infection; bleeding; thromboem-
bolic events; device malfunction; depression, and neurological dys-
function (stroke, transient ischemic attacks, encephalopathy). Their
onset contributes to the interruption and delay in commencing a
physiotherapy programme. During the initial postoperative phase,
patients with left ventricular assist devices are not generally able to
tolerate an intensive rehabilitative programme, but they may be able
to do so in a more advanced stage of recovery. Physiotherapy in the
early period prepares the patient for a more complex and articulated
rehabilitation, usually scheduled after hospital discharge.
Supervised exercise should be implemented once the patient has
been thoroughly instructed on how the device works and after a
checklist to ensure that the patient understands the workings of the
device, has been signed off. Although several studies have been
published discussing postoperative rehabilitation in LVAD patients,
to date it is not available yet an illustrated guide describing basic
movements. The current study aims at illustrating a set of basic

movements preparatory to a more complex and articulated exercise
programme. A range of exercises involving all body parts is
described as lying, sitting and standing postures.

Introduction

After left ventricular assist device (LVAD) implantation, phys-
iotherapy administered to patients does not substantially differ from
that recommended for cardiac surgery patients, as the primary goal
is the treatment/prevention of postoperative pulmonary complica-
tions (especially during the early postoperative phase), and the
enhancement of motor activities [1,2]. However, a significant differ-
ence between cardiac surgery patients (i.e., coronary artery bypass
grafting, valve replacement) and patients with an LVAD can be
recognised in the complexity of the general preoperative conditions,
as the latter patients are more prone to physical deconditioning
because of forced bed rest and physical inactivity. Another substan-
tial difference is the management of the LVAD itself, by either the
patient or his/her caregivers. Then, principal differences between
the usual cardiac surgery patients and LVAD recipients are the less
demanding clinical complexity of cardiac surgical procedures, and
the need in patients with an LVAD to make an additional effort to
understand the functioning of the device and to manage it.

The importance of early mobilisation and assessment of the
overall physical condition of both LVAD recipients and other
classes of patients are solid concepts for those physiotherapists
involved in the recovery pathway of cardiac-thoracic surgical
patients [1,3-9]. Early mobilisation, which is particularly effective
in patients whose postoperative courses have been complicated
[1], optimises recovery before heart transplantation [5]. In other
reports in the literature, exercise was initiated as early as possible
after LVAD implantation, initially starting in the intensive care
unit (ICU) and lasting just a few minutes, with gradual progres-
sion up to 30-40 min, 3-5 days a week [10]. Moreover, exercise
was generally not linked to the development of adverse effects,
and the few such cases were attributed to an acute decrease in
pump flow [5,10]. The studies showed that patients with an LVAD
were prone to physical deconditioning because of their preopera-
tive conditions, but early motor activity programs were safe and
feasible. Early activities consisted principally of in-bed position-
ing, postural transfers (from the bed to a chair to a standing posi-
tion), ambulation, active exercises, walking, and stair-climbing,
with exercise intensity increasing over time. Supervised exercise
should be implemented once the patient has been fully instructed
on how the device works after his/her understanding has been test-
ed with a positive result.
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Although several studies have been published discussing post-
operative rehabilitation in LVAD patients, to date it is not available
yet an illustrated guide. With the current article we aimed at illus-
trating a set of basic movements preparatory to a more complex
and articulated exercise programme; a range of exercises involving
all body parts was described as lying, sitting and standing postures.

The supervised exercises illustrated here can be executed safe-
ly by LVAD patients as early as possible during the initial in-hos-
pital postoperative phase following device implantation.

Supervised exercise

Postoperative motor recovery is usually started in the ICU and
continued during the hospital stay focusing on mobility, progressive
mobilisation, strengthening exercises, cycling, and ambulation [10],
as previously discussed. Active mobilisation and walking have been
included as a component of the inpatient rehabilitation in a cohort of
LVAD recipients [11]. Exercising in ICU is dependent on clinical
conditions, the medications regimen, inotropic agent infusion status,
Swan-Ganz catheterisation status, and hemodynamic stability.

If patients with an LVAD have been bedridden for a long time
before implantation or are debilitated, or if a complicated postop-
erative recovery course has created a need for prolonged ICU stay,
it is likely that reduced motor capacity will also be observed during
the performance of basic movements such as effective trunk con-
trol or postural transfers. On the other hand, while safety is essen-
tial from the physiotherapist’s perspective, exercise progression
should be based around a collaborative approach between the
physiotherapist encouraging and educating the patient on graduat-
ed exercise and the patient’s willingness to comply.

Movements characteristics

Some exercises aiming to involve all the body segments have
been selected here. They are grouped according to the starting
position as follows: a supine position on the bed, a sitting position
at the edge of the bed, and an upright position. As previously dis-
cussed by de Jonge et al. [7], the aim of physical activities during
the first postoperative weeks -after LVADs implantation- is to get
the patient accustomed to exercise. It has been demonstrated that
in patients with chronic heart failure, exercise performance is also
related to skeletal muscle abnormalities including atrophy [7,12].

Considering these findings, we chose a set of exercises whose
characteristics allow at early patient mobilisation. Prescribing
physical training in patients with an LVAD should reflect the
patient’s progression along the recovery pathway; we were
inspired by the challenges faced in the daily clinical practice while
providing physiotherapy in such class of patients.

We selected those movements that: 1) guarantee the maximum
degree of safety; 2) can be executed involving all body segments;
3) can be performed at the bedside; 4) can be quickly learned by
patients; 5) facilitates patients to undertaking some responsibility
for self-management when they have an understanding of the ben-
efits of exercise; 6) can allow for wide choice of positions; 7) can
be adapted to different stages of hospitalization; 8) can be stan-
dardised and reproduced; 9) provides for variable duration to best
meet the characteristics of each patient; and 10) contributes to
improving equilibrium as patients with an LVAD are required to
wear a bag to carry the controller and batteries.

Movements illustrated here are thus mainly directed to
enhance lower body mobility and strengthening, because muscle
dysfunctions in patients with chronic heart failure [13] are likely to
affect primarily the muscle groups that work against gravity, such
as quadriceps and gluteus. In light of these assumptions, the fol-
lowing exercises can contribute to achieving safely early mobility
in patients with an LVAD.

Frequency, intensity, and duration

Frequency (number of days per week) of exercise can vary
depending on patient’s condition, however, in a cohort study,
patients with an LVAD were able to tolerate three hours daily of
physiotherapy for six days per week [14]. In addition, in a recent
Cochrane review by Anderson et al. [15] that investigated exercise
frequency in patients who underwent coronary artery bypass graft-
ing, it has been confirmed that exercise prescription can vary con-
siderably (1 to 7 sessions per week).

The possibility to perform exercise could also be related to the
availability of a physiotherapy service [16]; generally, in
acute/sub-acute settings physiotherapy is available 6 to 7 days per
week. However, in a previously published systematic review, exer-
cise frequency in patients with an LVAD ranged from 3 to 5 days
per week [10]. In another recent study by Racca et al. [17] exercise
sessions reached a maximum of 50 min and were performed twice
a day for six days a week.

Determination of exercise intensity (difficulty) can be
achieved using the Borg scale, which is commonly administered to
assess exercise intensity in cardiac patients [10,18], limiting the
effort to light/somewhat hard, as confirmed in the literature
[7,10,16,19]. As the exercises illustrated here are designed to be
executed during the initial postoperative phase, their intensity can
also be tailored referring to vital parameters as in this timeframe
(sub-acute setting) patients with an LVAD are typically monitored
continuously. It has been reported that 50-70% of peak heart rate
and mean arterial pressure 70-95 mmHg can be used as exercise
parameters in addition to the use of the Borg scale [10,17].

A large body of evidence supports that duration (time) of exer-
cises in patients with an LVAD throughout the early postoperative
recovery range between 20-50 minutes per session [10,17,20]. If
all exercises illustrated here are performed in one single session, its
duration would be  ̴30-40 min (performing approximately five rep-
etitions for each position). Exercise sessions were designed to be
repeated once to twice a day according to the demonstrated possi-
bility for LVAD patients to tolerate relative intense training [14].
Ideally, workouts can be divided into two daily sessions -morning
and afternoon- whose duration can be scheduled to reach progres-
sively more intensity [14] allowing patients to take some hours of
rest. Dividing sessions into two or more moments can also facili-
tate other interventions not directly related to physiotherapy (nurs-
ing and medical activities). The number of repetitions, frequency,
and duration should be of course adapted to increase progressively
throughout the hospital stay. Progressive independent ambulation
and cycling can be initiated in parallel within the first 15 postoper-
ative days as already described in previously published studies
[5,10,16]. Synthesising all the above considerations, the super-
vised movements illustrated here can be performed 5 to 6 days per
week and can be divided into two daily sessions (Borg scale
light/somewhat hard) whose duration should be about 1 h each, to
get the patient accustomed to exercise within the first postopera-
tive weeks.
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Involvement of the upper limbs

Prevention of postoperative sternal complications following car-
diac surgery, when performed via median sternotomy, is routinely
achieved by placing restrictions on the use of the upper limbs such
as reducing the range of motion and load applied; physiotherapist
habitually introduce these restrictions in the acute setting particular-
ly on unilateral elevation, lifting, and weight load [21,22].

Nevertheless, in a recent randomised controlled trial protocol,
it has been hypothesised that upper limbs movements are possible
using both arms for exercises and activities [23]; at the same time,
there is a lack of consensus on postoperative upper limbs exercise
restrictions [21]. The safety score of the movements of the upper
extremities illustrated here is high in accordance with the findings
by Adams et al. [24]: 3 on a scale ranging between 3 to 1 (where 3
represents the absence of risk and 1 the highest risk) assuming,
therefore, no risk for sternal healing.

Notes to the illustrations
For illustrative purposes, a model rather than a patient has been

used to demonstrate the position and movements, and thus the
images contained here do not include the driveline connecting the

device to the patient: the illustrated bag serves merely as an exam-
ple. During the execution of the exercises, the device must be posi-
tioned safely and stable with no tension in the driveline.

Exercises in a supine position

Exercises performed in a supine position aim to strengthen mus-
cular groups most prone to atrophy because of non-use, including
the gluteus and quadriceps muscles. The main advantage of exercis-
es performed when supine is that they can be commenced in the
early phase of postoperative recovery, thereby minimising clinical
risks (falls, exercise-related injuries) and reducing mechanical stress.
Supine exercises can be used either as warm-ups or as components
of more complex motor programmes. Typically, these movements
can be executed as soon as the patient is cooperative, but the pres-
ence of lines, drainages, and/or catheters must be considered at all
time to avoid exercise-induced damages. The safety of the patient is
guaranteed by the position itself and by the bed’s retaining bars
when needed (Figure 1). Progression toward a different posture (sit-
ting, upright) should be encouraged when the patient is comfortable
with supine exercise training, and no adverse events have occurred.
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Figure 1. Exercises performed in a supine position. A) The patient lies supine in the centre of the bed and bends the right leg with the
sole on the surface of the bed. B) While exhaling, the left leg is extended upward, and the position held for about 3 s; the same movement
is then performed on the opposite side. C) The patient lies supine in the centre of the bed. Keeping the right leg straight, the left leg is
bent upward with the sole held on the surface of the bed. D) While exhaling, the left leg is bent up toward the chest, and the hip and
knee are held at 90° for about 3 s; the same movement is then performed on the opposite side. E) The patient lies supine in the centre
of the bed; both legs are bent with the soles kept on the surface of the bed. F) While exhaling, the buttocks are raised off the bed as far
as possible, and the position is held for 3-5 s. G) The patient lies supine in the centre of the bed; both legs are bent with the soles kept
on the surface of the bed. H) While exhaling, knees are maximally separated. 
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Exercises in a sitting position at the edge
of the bed or on a chair

During sitting exercises, an antigravity posture is actively pre-
served. This aids in the development of the strength required to main-
tain the physical position against the force of gravity. Once the patient
can transition safely from a supine to a sitting position, incremental
increases in the exercises performed in the sitting position should be
encouraged with the aim of achieving better trunk control (Figures 2
and 3). To avoid driveline tension and/or entrapment, these exercises
should be performed when the patient is entirely cooperative, and a
certain degree of autonomy has been reached. Progression toward
upright supervised training should be allowed only when the patient
is confident in the ability to perform the sitting exercises, and no
adverse events have occurred. Arms movements are performed main-
taining the arms close to the body [21,22] (Figure 2).

Transitioning from a sitting to an upright position
and walking in place

The transition from sitting to a standing position allows the
strengthening of more than one muscle group with a single move-

ment (Figure 4). The aims are to improve functional capacity and
personal autonomy. This exercise can be introduced when the
patient gains strength but is not yet able to leave the chair/bed eas-
ily. The patient should be supervised during the performance of the
exercise, to avoid driveline impingements. The exercise can be
accompanied by walking in place to enhance body flexibility and
equilibrium (Figure 4).

Exercises in an upright position and walking

When postural transitions from the upright position and in-bed
movements become autonomous, the patient is ready to walk
(sometimes a frame may be temporarily required by patients with
complications). Walking, standing on tip-toes, bending the knees,
cycling, stair-climbing, and other exercises must all be supervised.

Walking, bicycle and treadmill are among the most advanced
types of training for patients with an LVAD particularly during the
outpatient rehabilitation phase: duration of exercise has been found
to increase gradually from 20 to 40 minutes per session [11,16,17].
Exercises in an upright position (Figure 5) are an essential compo-
nent of muscular training, specifically, the enhancement of muscu-
lar strength and the optimisation of equilibrium. The patient should
be encouraged to perform these exercises when he/she can walk,
and the first independent activities are possible. Walking, cycling
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Figure 2. Exercises performed in a sitting position. A) The patient sits on the edge of the bed or a chair with the soles on the floor for
about 5 s and then relaxes. B) The arms are raised, and the position held for about 5 s. C) The arms are extended to the front, and the
pose held for about 5 s. D-F) The patient sits on the edge of the bed or a chair with the soles on the floor; both knees are fully extended;
legs are separated, and the position maintained with the aid of hand support. 
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and stair-climbing (Figure 5) should be integrated with other exer-
cises and should be commenced as soon as the patient can maintain
upright postural control.

Exercise precautions

During rehabilitation activities and physiotherapy, it is possi-
ble that sudden hemodynamic changes occur in patients with an
LVAD, thus is essential that patients are monitored closely to
detect adverse physiological events. Exercise should be interrupted
and even avoided if significant alterations in the cardiovascular
system occur (Figure 6), if the patient develops chest pain or pal-
pitations, or if the oxygen saturation is <90%, as discussed in a pre-
vious systematic review [10]. In general, before patients are
allowed to engage in exercise, it must be confirmed that there are
no contraindications posed by their overall clinical condition

[25,26]. In order to commence the supervised exercise in the initial
phase during the ICU stay, cooperating patients must be weaned
from mechanical ventilation and be hemodynamically stable.
Before starting the supervised exercises, the following functional
indicators should be considered: the patient can maintain a sitting
position free of symptoms for at least 1h30’, the patient is able to
maintain a standing position, and he/she can walk a few meters
[27]. Although the movements we have illustrated here can be ini-
tiated already with the patient in the ICU, the use of the indicators
listed above can certainly optimise the execution of the exercises
during the phase of the sub-intensive care setting. Monitoring of
perceived effort, dyspnea, and the vital parameters is essential dur-
ing physiotherapeutic sessions. Exercise intolerance in patients
with an LVAD can be elicited by contributing factors such as fixed
continuous flow-LVAD pump speed, sarcopenia, abnormal muscu-
lar response to vasodilation, aortic valve abnormalities, anaemia,
ventilation/perfusion mismatch, reduced right ventricular function
[28]. In LVAD patients is also crucial to maintain an optimal circu-

                           [Monaldi Archives for Chest Disease 2019; 89:995]                                             [page 37]

                             Original Article

Figure 3. Exercises performed in a sitting position. A) The patient sits on the edge of the bed or a chair with the soles on the floor and
the palms of the hands on the bed, and then bends the right leg toward the chest to the maximal extent and holds the position for about
3 s. B) The same movement is repeated on the opposite side. C) The patient sits on the edge of the bed or on a chair with the soles on
the floor and the palms on the bed, and then entirely extends the right knee with the ankle maximally flexed; the pose is held for about
3 s. D) The same movement is repeated on the opposite side. E) The patient sits on the edge of the bed or a chair with the soles on the
floor and then lifts the heels off the floor and holds the position for about 3 s. F) After raising the heels, the forefeet are bent upwards
and the position held for about 3 s. G) The patient sits on the edge of the bed or a chair with the soles on the floor and squeezes a pillow
between the knees. H) While exhaling, the pillow is squeezed between the knees. 
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lating volume to avoid hypotension during physical activity, and
suction effects on interventricular septum; during and after exer-
cise patients should be stimulated to introduce small amounts of
fluids to avoid hypovolemia [29]. If exercise-induced hemody-
namic complications occur, the exercise must be interrupted, and
the patient referred to the ward staff for physician evaluation.
Exercise can be, afterwards, reinitiated as soon as the patient
returns to stable clinical conditions and by following the criteria
previously described. As we have formerly highlighted in the cur-
rent article, the patient must be instructed on how to avoid drive-
line tension and how to carry the bag containing the controller and
batteries, safely. Supervised-exercise at an early stage should be
planned within the VAD multidisciplinary team to clarify the
intended goals, and to identify potentially harmful details.

Conclusions

LVAD recipients are often convinced that the device implanta-
tion can negatively interact with their degree of mobility and that
the device would affect their eligibility for transplantation [30];

considering these findings there are not substantial differences
between those patients who are referred to LVAD as destination
therapy (DT) and those who are implanted for a bridge to trans-
plantation (BTT). In either case, improving physical function is
indeed of primary importance; early mobilisation and supervised
exercises have the same rationale in both DT and BTT patients.
These assumptions seem to be also supported by a recent meta-
analysis whose results showed no difference in 1-year mortality
rates between patients implanted as BTT and those as DT vs heart
transplantation [31]. Nevertheless, LVAD implantation is not free
from complications such as psychological issues for patients and
surrounding relatives, infections, neurologic dysfunctions, gas-
trointestinal bleeding, and thrombosis [32].

The implementation of an early mobilisation programme in
patients with an LVAD can be undoubtedly enhanced by a multi-
disciplinary approach where all professionals are contributing to
the pathway of care (cardiologist, physiotherapist, cardiac surgeon,
nutritionist, psychologist, nurse) [27]. Following LVAD implanta-
tion supervised exercise should be initiated as soon as possible,
after the patient has been thoroughly instructed on how the device
works, and after a checklist to ensure that the patient understands
the workings of the device, has been signed off. In this regard, the
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Figure 4. Exercises performed in an upright position. A) The patient sits on a chair with the soles on the floor and extends the hands to
the bed. B) With the head forward, the patient begins to rise. C) The knees are fully extended, and the head straightened until the
upright position is attained. D) The patient stands in front of the bed, extends the hands to the bed, and starts by lifting the left foot.
E) The patient marches in place for as long as possible. F) The patient stands in front of the bed, rests the hands on the bed, and extends
the left leg backwards. G) This exercise is repeated for the opposite side. H) The patient stands in front of the bed, brings the hands to
the bed, and extends the left leg laterally. I) This exercise is repeated for the opposite side. 
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patient must be able to substitute the batteries and to understand
the controller alarms, and he/she can appropriately interact with
the members of the multidisciplinary team [27]. A skilled profes-
sional must supervise the movements illustrated here, and a certain
degree of progression must be expected during the postoperative
recovery. Aiming at illustrating those movements suitable for the
postoperative exercise in LVAD patients, we must not forget that
safety is of primary importance and one must be aware that exer-
cise must be supervised at all time: to date, there is no evidence
supporting self-administered exercise in patients with an LVAD.

Although the many technical advances and improved knowledge
of the physiology imposed by LVADs have paved the way for an
active postoperative pathway of care, early physiotherapy for
patients with an LVAD remain of primary importance.
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