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40.1 Introduction

Increasing numbers of patients require implan-
tation of permanent ventricular assist devices
(VADs) for treatment of refractory end-stage
heart failure [1, 2], as confirmed by surveys con-
ducted in several European hospitals 3, 4]. VADs
have been initially employed either as a bridge to
recovery or bridge to transplantation [5]. It has
been reported that 78% of VAD implants (between
2002 and 2004) have been used as bridge to
transplantation, 11.9% as destination therapy, and
5.3% as bridge to recovery [6]: rehabilitation
management, if we consider these data, would be
centered on maintaining motor abilities in order
to prepare patient for a future transplantation
when VADs are used as bridge treatment. Such a
trend is nowadays differing since, due to the
donor crisis, VADs are increasingly used as desti-
nation therapy. Although this practice is widely
experienced in end-stage heart failure popula-
tions, mortality remains high: appropriateness of
enrollment criteria is determinant in order to
avoid inappropriate patient selection. In this
regard, it has been found that patient’s frailty
reduce the left ventricular assist devices (LVADs)
outcomes; mortality at 1 year after implantation is
higher in frail patients when compared with not
frails [7]. Earlier reviews examined indications for
LVAD use, LVAD suitability, cost-effectiveness,
and the utility of the devices when used to treat
refractory end-stage heart disease [8-16]. VAD
implantation is indicated in order to augment or
replace left ventricle (LVAD), right ventricle
(RVAD), or both ventricle (BiVAD) function [6].
Postoperative complications of physiotherapic
interest are mainly represented by infections,
bleeding, thromboembolic events, device mal-
function, and depression [17]. Indeed, postopera-
tive rehabilitation in VAD recipients does not
substantially differ from common cardiac surgery
patients, as the main goals are related to the treat-
ment/prevention of postoperative pulmonary
complications, in the early phase. One of the
major differences between common surgery
patients and LVAD recipients consists in the com-
plexity of the preoperative general conditions,
being LVAD patients more prone to physical
deconditioning often determined by forced bed
rest and physical inactivity. Another substantial
difference concerns the safety issues related to the

device management, either by patients or by those
providing care, including caregivers.

Herein, we aim to discuss emerging aspects of
the physiotherapeutic intervention in LVAD
patients, dividing the rehabilitation pathway in
several steps from the acute phase to discharge
home.

40.2 Before Implantation

Some of the patients sent for an LVAD implanta-
tion are chronic patients suffering from heart fail-
ure and who are slowly deteriorating. A program
of revalidation is frequently proposed: it is now
evident that there are clinical benefits in this type
of population. Recommendations for physical
exercises are established: they propose mixed
training to obtain central and peripheral effects -
dynamic training, resistive training, and work on
the respiratory muscles [18, 19]. Another aspect
of this rehabilitation is that all these cardiac
patients (heart failure, LVAD, heart transplanta-
tion) are following their training in the same
sports hall: they are progressively familiarized
with the post-LVAD implantation or even the
post-transplantation program.

40.3 Intensive Care Unit Stay
and Related Patient Goals:
Early Postoperative
Physiotherapy in a High
Intensity Level of Care (The
First Ten Days)

Physiotherapeutic intervention takes place at
every phase during the postoperative recovery,
starting in the intensive care unit (ICU), as early
as the subject is awake. Physiotherapists are
actively involved in the pathway of care, and they
are recognized as a key figure within the multidis-
ciplinary team in order to achieve patient recov-
ery and manage postoperative complications in
those subjected to cardiac surgical procedures
[20]. Rehabilitation pathway in LVAD patients
can be divided into some phases according to the
patient’s clinical status, and intensity of care char-
acteristics (8 Fig. 40.1). The early recovery phase,
after implantation, consists of the treatment and/
or prevention of pulmonary complications and
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improvement of respiratory function if compro-
mised by surgery (i.e., pulmonary atelectasis, oxy-
genation impairment, pleural effusion). To this
end, in the first 24/48 h or after extubation, and/or
when sedation is reduced and then stopped, an
early physiotherapeutic evaluation process should
start. The bedside evaluation will consist in
observing the respiratory pattern: Is chest dyna-
mic altered? Is the patient breathing spontane-
ously? How much oxygen support is needed and,
if yes, which kind of support is provided? Is pain
preventing appropriate breathing? Are pulmonary
secretions present, and, if yes, is patient able to
eliminate them by means of effective cough?

All of these issues should be checked in order
to obtain a global view of the pulmonary condi-
tion and function, postoperatively. Indeed, ICU
is the safer place in a hospital since intensive
monitoring and staff allocation usually guar-
antee the highest degree of assistance to the
patient. The physiotherapeutic approach must
be oriented to share clinical information with
the multidisciplinary team: multidisciplinarity
in ICU is not an option rather a true need.
Physiotherapy intervention must take place both
according to the patient’s clinical status and
team shared decisions: a certain degree of per-
sonal attitude and the willingness to cooperate
must identify a physiotherapist in such a setting.

_________________________

Low intensity

Rehabilitation phases and intensity of care. ICU intensive care unit, ADL activities of daily living

Physiotherapeutic evaluation must be oriented
to identify red flags and appropriateness of
care, considering the patient mental status, the
patient’s cooperation, and stability of the vital
signs. It should not be forgotten that physiother-
apeutic duties can be different around the world:
in example, respiratory treatment is usually
carried out by respiratory therapist, and physi-
cal rehabilitation is instead provided by physi-
cal therapist in the USA. Within the Eurozone
countries, physiotherapists are normally entitled
to provide both respiratory and physical rehabili-
tation. Returning back to the matter, ICU time-
frame is an exciting phase since the planning of
an appropriate treatment can pave the way for
turther improvements along the whole postop-
erative recovery.

LVAD recipients, while in ICU, are initially con-
fined to bedrest: in the first postoperative days, the
patient configuration will be characterized by the
presence of the Swan-Ganz catheter, infusion lines,
heavy monitoring, urinary catheter, oxygen sup-
port systems (goggles or facial mask), and the VAD
equipment - batteries and controller. Early mobili-
zation and wound care play a key role in the initial
management of VAD patients already in the ICU.
Early physiotherapy is initiated to prevent compli-
cations of bedrest and minimize loss of mobility
[21] by means of range of motion (ROM) exercises,
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and in-bed positioning: once hemodynamically
stable, patient is assisted out of the bed to a chair
[22]. In such a configuration - in uncomplicated
patients - ROM exercises can be done in order to
evaluate if any deficit is present and to stimulate
further active movements. Indeed, enhancing
patient in-bed positioning can play an important
role with the aim to stimulate the first patient’s
movements. Mobilization in ICU of patients on
mechanical circulatory support is considered a
standard of care and it can begin with simple activi-
ties such as turning in bed [23]. The ICU phase is
generally protective against pulmonary complica-
tions; they are more frequently seen in the sub-
intensive setting as they become more evident at
48-72 h, because a certain amount of time is neces-
sary to develop and, consequently, observe imaging
alterations and related clinical findings. As previ-
ously observed, an important ICU physiotherapeu-
tic goal is to prevent the onset of pulmonary
complications and enhance the respiratory pattern,
if altered. On the other hand, pleural effusion and
dysventilation phenomena, requiring physiothera-
peutic intervention, are common after cardiac sur-
gical procedures [24, 25]. To this end, respiratory
therapy should be proposed including deep breath-
ing exercises and secretions clearance techniques.
Deep breathing exercises and resistive breathing
are commonly carried out in ICU patients, postop-
eratively [26]. The major objective to be pursued by
means of respiratory exercises is to encourage
patients to perform deep breathings in order to
treat atelectasis, improve hypoxemia, and prevent
worsening of the pulmonary function more in gen-
eral [24]. To this end, in uncomplicated patients,
the blow-bottle device can be used as soon as the
subject is awake and sedation stopped. Blow bottle
is a respiratory device used to allow lung expansion
in postsurgical setting. It consists of a set that can
be built up using material commonly available in
hospital wards, such as a saline bottle and a chest
drain tubing (length 20-30 cm, >30 cm) [25, 26]
(B Fig. 40.2). The patient is asked to make an inspi-
ration and then blow into the tube: during the expi-
ration, the water contained in the bottle provides an
expiratory resistance. The blow-bottle respiratory
exercises, a simple and feasible technique, can be
used in the first postoperative days, when needed.
This exercise can be repeated — several daily ses-
sions by a defined set of repetitions according to the
patient’s status — and it can be performed either in a
sitting or in a supine position. Patient must be

awake and cooperative. Effective coughing can also
play an important role in the secretions clearance:
the subject is instructed to effective coughing in
order to facilitate the secretions clearance. A pillow
embraced with the arms while coughing is usually
well accepted in order to reduce chest pain during
cough.

40.4 Sub-intensive Setting Stay
and Related Patient Goals:
Postoperative Physiotherapy
in a Medium Intensity Level
of Care (From Tenth
to Thirtieth/Fortieth Day)

At the ICU discharge, VAD recipients are usually
transferred to a sub-intensive setting where the
principal objectives of the physiotherapeutic
intervention are improving safe movements and
postural passages and improving autonomy of
daily activities. Monitoring of the pulmonary
function still remains an important aspect. To
this end, continuing evaluation of the chest imag-
ing, together with the clinical observation, should
be adopted to avoid worsening of the respiratory
function if it has been already jeopardized during
the ICU stay. Pleural effusion, atelectasis, and
lung dysventilation must be also prevented/
treated by means of a respiratory program
focused on respiratory exercises (B Fig. 40.3).
Particularly in those showing pulmonary altera-
tions, and that do not require a more intense
treatment, respiratory therapy can be continued
by means of incentive spirometry exercises, in
order to encourage deep breathings and enhance
diaphragmatic excursion and chest wall expan-
sion. This practice, during the initial postopera-
tive timeframe, also contributes to obtain the
active patient involvement. Respiratory exercises
can be scheduled during the day in more than
one session; once the patient is trained on the use
of the incentive spirometry device, the exercise
can be performed autonomously. Furthermore,
since the degree of patient’s mobility normally
increases during this phase, there is also the need
to plan a specific device training activity in order
to preserve and guarantee the patients safety.
Thus, the main goals of the initial rehabilitation
treatment are centered on patient’s autonomy
and device management: exercise sessions are a
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O Fig. 40.2 Exercises with blow-bottle device. a-c The
blow-bottle device can be made using common material
available in hospital wards. A saline bottle (500 ml) is
opened and drained to the desired level of water b, and
then the bottle is closed and a tube is inserted into the
water through a slot b, c formed on the container.d A

O Fig. 40.3 Pulmonary complications after surgery. A
left pleural effusion in a patient after LVAD implantation

patient is performing the respiratory exercise while in
a supine position. The device shown in this figure can
be closed preventing exit of water even while patient
is resting. The set should be replaced frequently in
order to guarantee adequate sanitation

good way also to teach the patient how to handle
an alarm and a change of batteries. At this stage,
active ROM exercises, ambulation, and stair
climbing are implemented [27], and flexibility
exercises are also encouraged and tailored on
patient characteristics. Upper body exercises are
delayed until 6-8 weeks to ensure sternal healing.
Exercise is stopped in case of subjective intoler-
ance or drop in systolic pressure. Physiotherapist
must be trained in emergency procedures in case
of device malfunctioning and must be also aware
of patient hemodynamic instability and device
dislodgement during mobilization [22].

Initial postural passages should be performed
and the subject instructed how to change the

40
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position safely. These activities, for those patients
who have not yet started, should be encouraged
beginning with the maintenance of a sitting posi-
tion at the edge of the bed, progressing toward
the sitting position in a chair. Then, the patient
can start a more intensive muscular program ori-
ented to develop the ability to gain autonomously

an upright position. When postural passages,
upright position, and in-bed movements are car-
ried out autonomously, patient is ready to walk
with or without a walking frame. Walking, lifting
on toes, bending knees, cycling, climbing stairs,
and other exercises should be supervised
(B Figs. 40.4 and 40.5). At this stage, the patient

O Fig. 40.4 Supervised lower limb exercises. a Stretching of the left leg posterior muscles. b Strengthening of the
gluteus. c Strengthening of calves. d Bending on the knees and quadriceps strengthening

B Fig.40.5 Supervised
cycling and walking.a A
patient is cycling. b Walking
onward
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must be confident with the device and must be
able to dress it, safely. Pre-LVAD conditions can
play a major role during the postoperative reha-
bilitation. Patients who were already confident
with the exercise may be facilitated; hemody-
namic stability is needed in order to proceed
with the exercise’s intensity [28]. Physical activity
can be made also in small groups and the dura-
tion can range between 5 and 30 min. Group
activities are important as patients need to gain
confidence in the equipment and become com-
fortable with the reactions of those who look at
the device. Indeed, facilitation of LVAD accep-
tance is an important component of rehabilita-
tion. At discharge, it is advisable to set up a
follow-up period which comprises sessions of
supervised exercise [29]. At the end of the hospi-
talization, the patient must be able to walk alone
and to climb the stairs.

40.5 Outcome Measures, Evaluation
Tools, and Treatment
Progression in LVAD Recipients

No official guidelines or even recommendations
exist to determine the training modality for the
patients with a LVAD. It seemed appropriate to
build the program on the established recommen-
dations for heart failure since many problems
are common to both populations. Therefore, we
decided to take care of two aspects of the
rehabilitation:

1. The aerobic metabolism: we know that there is
an interaction between the pulmonary,
cardiovascular, and skeletal systems during
exercise. There is an improvement of the
aerobic metabolism, of the autonomic
regulation, and on the peripheral perfusion.
This will lead to an improvement of the
respiratory control and an improvement in the
quality of life. A very demonstrative benefit is
the decreasing of hospital readmissions.

2. The reinforcement of the resistance training:
due to the usual previous physical inactivity,
this part of the rehabilitation is mandatory in
order to increase muscle strength and muscle
endurance. Due to increased blood flow,
there are an increased mitochondrial ATP
production rate, a better oxidative capacity,
and a relative increase of flow distribution in
the area of type I fibers. Again with those

physiological benefits, we will obtain an
increased quality of life and probably an
increased VO, peak but certainly no adverse
events and no deterioration of the ventricular
function. Based on the physiological
understanding of the Fick equation, O,
consumption per minute = pulmonary blood
flow x (pulmonary artery O, blood
concentration - pulmonary vein O, blood
concentration) [VO, = Q (CaO, - CvO,)], we
know that we have to work on the flow
(LVAD) and the muscular extraction of O,.

Following the Fick principle, the VO, depends from
the flow and the peripheral extraction. After LVAD
implantation the improvement of VO, values is not
concomitant with an improvement of the hemody-
namic parameters given by the device: this confirms
the need of a training oriented to the peripheral
muscles [30, 31]. There is a common conclusion in
literature to agree on the benefit of revalidation after
implantation. With a well-oriented training pro-
gram and combined exercises, the patients will have
a better quality of life; those patients who may still
develop an aortic flow during exercise could most
probably be able to generate greater efforts.

Physiotherapeutic intervention is planned
considering a certain degree of progression along
the recovery pathway. Activities should progress
from passive ROM to ambulation and resistive
ROM exercises [32]. Safety during mobilization is
implemented by means of the physiotherapeutic
intervention as patient can be instructed how to
realize postural passages and how to achieve a safe
mobility program considering the safety issues
related to the driveline and device management
[33]. In the ICU, implanted patient is not able to
manage autonomously the device, and safety is
completely delegated to the staft.

The LVAD used today has a continuous flow,
which does look to be an improvement [34]. The
absence of pulse and the measurement of a mean
arterial pressure (not always easy) have created
the necessity to design the training on the maxi-
mal charge obtained during cardiopulmonary
exercise testing (CPET). The rehabilitation pro-
gram must propose a combined training.

The dynamic training is based on a CPET
practiced on bicycle, treadmill, or other similar
ergometers. The feasibility of a maximal test is
well demonstrated in the literature, proved by the
respiratory quotients (RQ) reached [35-41]. It is
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mandatory to obtain this maximal test in order to
optimize the structure of the training and also to
obtain a unique scale to compare results (intra-
and inter-studies).

When this CPET is maximal with a RQ >1.15
and without anomaly, the workload will be fixed
to 70-80% of the Watts max. The dynamic train-
ing must be completed by muscular reinforce-
ment: the principal muscular groups (arms, legs,
back, abdominal) must be trained with specific
tools [40, 42-44]. Those specific exercises address
qualitative and quantitative muscular changes
which are met in the heart failure patients and
increased by a prolonged bedrest [45, 46]. Based
on the one repetition maximum (RM, charge that
the patient can lift one time), exercises are planned
at 75% of RM, and performed as two sets of ten
repetitions.

Some authors define the limited zone of exer-
cise around 60-70% of the VO2max [47] or 50%
of the VO2reserve [45], but they do not explain
how the training is adapted afterward.

The interval training has not shown this benefit,
in any study, for these types of patients. Anyway,
the improvements obtained in patients suffering
from cardiac failure, via the peripheral pathway,
and the higher workload developed with this type
of training, give us the impression that this inter-
val training should be proposed as a complemen-
tary modality. For the same reason, a training with
work period above the respiratory level 1 seems to
be pertinent and feasible [42-48]: cycling, walk-
ing, rowing, etc., session of 45-60 min, frequency
3-5 per week, duration 8-10 weeks.

We did not find in the literature any publica-
tion and of course no recommendation for the use
of neuromuscular electrical stimulation for these
patients; this technology is very limited and is
more about addressing noncompliant patients. It
is the same for stretching and relaxation.

A single study proposes a training of the respi-
ratory muscles [39].

On the contrary, in multiple studies, as for
heart failure patients, there is a major interest of a
multidisciplinary team in close collaboration with
the VAD team [34, 42, 43, 48, 49].

Patient’s progress and rehabilitation outcomes
of LVAD recipients admitted to a sub-intensive
care setting after ICU discharge should be evalu-
ated. To this end, the Functional Independence
Measure (FIM) scale has been described as a suit-
able tool during in-patient rehabilitation [50-53].

The FIM scale consists of the evaluation of 18 func-
tional and cognitive items: eating, grooming, bath-
ing, upper body dressing, lower body dressing,
toileting, bladder, bowel, toilet transfer, bed/chair/
wheelchair transfer, tub/shower transfer, walking
or wheelchair mobility, stair climbing, comprehen-
sion, expression, social interaction, problem solv-
ing, and memory. FIM, more than other evaluation
tools (i.e., Barthel Index), better intercept the treat-
ment progress thanks to the presence of a number
of items that explore various functional areas: the
cognitive items also contribute to the evaluation of
the social and personal interactions. During in-
patient rehabilitation, treatment intensity should
be also established in order to guarantee appropri-
ateness and safety of care (B Fig. 40.6). In LVAD
patients, the use of the Borg scale has been proven
effective to check patient’s status while exercising
[29, 32, 40]. An exertion of somewhat hard inten-
sity on the Borg scale should be used as a limit to
interrupt the exercise [39, 40, 43].

A further evaluation tool consists in the mea-
surement of the daily walking distance which
should improve over the rehabilitation treatment:
this is a simple, immediate measure which can be
obtained in order to verify patient’s progressions
[54]. Ambulation distance can be fixed on meters
or time and must take into account adverse
symptoms [55].

6-min walk test has been shown, at 3.6 months
postoperatively, to be a predictor of LVAD

B Fig.40.6 The work intensity is being evaluated in an
LVAD patient (Jarvick). Ergometric stress test and pressure
measurement (by means of Doppler technique)
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mortality, since poor performance (<300 m) on
the test is associated with increased mortality [56].

To our best knowledge, there is not yet any
specific study in LVAD-supported patients that
investigated how to best afford gait and balance
problems during cardiac rehabilitation (CR).
Some useful suggestions could be derived by a
study on aged individuals submitted to CR after
coronary bypass heart surgery [57]. In that study,
besides other physical and functional evaluations,
patients were assessed by a Timed-Up-and-Go
(TUG) test, aimed at documenting the time taken
to rise from a 43 cm high chair, walk as fast as pos-
sible to a mark on the floor 3 m away from the
chair, and turn, walk back, and sit down again;
[58] a TUG test taking longer than 16 s is consid-
ered a predictor of falls in older individuals. In
order to improve patients’ balance, in the cited
study, the usual aerobic and callisthenic exercises
and resistance training aimed at reinforcing legs
strength have been complemented by exercises on
unstable devices, such as balls and loose plat-
forms, under progressively increasing difficulties.
The intervention group showed a highly signifi-
cant improvement in the TUG test, without any
complication linked to the exercises. Similar posi-
tive results have been reported also by a study on
rehabilitation of chronic pulmonary disease pati-
ents, [59] in which balance assessment was per-
formed by the cited TUG test and integrated with
four more evaluations: the Berg balance scale (a
14-item scale evaluating activities such as trans-
fers, reaching, turning around, and single-leg
stance, graded on a scale ranging from 0 = unable/
unsafe to 4 = independent/efficient/safe) [60], the
unipedal stance test (patient’s ability to stand on
one leg for 45 s) [61], the Tinetti test (a 16-item
test divided into two sections: balance (9 items)
and gait (7 items), for a total score of 28, where
scores <26 indicate high risk of falling) [62], and
the activities-specific balance confidence scale (it
describes patient’s confidence in performing 16
activities without losing their balance or becom-
ing unsteady, on an 11-point scale) [63]. Although
no study evaluating such tests and specific inter-
ventions has yet been conducted in LVAD-
supported patients, the cited tests and the balance
training interventions seem to be possibly useful
in the particularly new group of chronic patients
represented by LVAD patients. Device education
and self-care management must be achieved prior
to discharge and are basic conditions for

admission to an outpatient rehabilitation pro-
gram. A multidisciplinary approach including
cardiac rehabilitation and prevention staff, con-
tributing staff, and consultant staff is strongly rec-
ommended in order to guarantee effectiveness
and appropriateness of care in VAD patients [64].

40.6 Discharge Facility: Advanced
Rehabilitation in a Low
Intensity Level of Care Setting
(Over the Thirtieth Day)

After device implantation, a progressive reduc-
tion of left ventricular pressure and volume and a
decrease of mean pulmonary artery and wedge
pressures are usually observed [37]. Such modifi-
cations result in reduction and disappearance of
dyspnea. The increased output obtained with the
support of the LVAD leads to better perfusion of
muscle masses, gradual anatomical and func-
tional muscle fibers reverse modifications, and
smoothening of neurohormonal mechanisms,
which result in progressive reduction of fatigue.
Thus, the majority of patients gradually improve
their clinical status, from preimplantation NYHA
class IV to class I or II; this improvement is most
often noticed after 1 month from implantation, as
reported by the HeartMate II Investigators [34].
As soon as the LVAD-supported patient is
hemodynamically stable, comprehensive (mainly
exercise-based) rehabilitation may begin, aimed
at restoring an adequate level of mobility inde-
pendence [21, 22, 65, 66]. The optimal time to
start exercise training is yet to be defined. Some
recent studies report beginning of exercise train-
ing after 27 + 15 days [52], after 38 + 18 days [67],
and after 48 + 38 days [40] when patients are con-
sidered clinically stable; this kind of rehabilitation
is usually conducted as in-patient rehabilitation.
Exercise-based rehabilitation is also advocated in
the following period, as long-term ambulatory
rehabilitation, with the aim of adequately address-
ing the challenges that influence patients’ inde-
pendence and quality of life [68]. What is known
nowadays is that exercise training, as part of a
multimodal intervention, is safe and effective in
LVAD-supported patients, both in those ones
waiting for heart transplantation (in which exer-
cise training favorably impacts clinical course and
improves post-transplant recovery) and in
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patients implanted with an LVAD as destination
therapy [39, 42, 43, 49, 50, 69, 70]. In LVAD-
supported patients, it is well known that regular
physical exercise has the potential to progressively
reverse — at least partially - the pre-existing nega-
tive physical and functional modifications [71].
At the beginning of more intensive rehabilitative
activities, some care must be given to the fact that
the device could create an obstacle to physical,
mainly exercise-based, rehabilitation in a still
debilitated patient. Patients supported by LVAD
come usually from a long and troublesome his-
tory of low cardiac output; one of the main fea-
tures they often present for weeks or months after
beginning of LVAD support is sarcopenia. The
reduced muscle masses cause a direct limitation
on individual’s capacity to stand and walk with
correct balance; the effects are worsened by con-
comitant presence of autonomic dysfunction that
may contribute to orthostatic hypotension and to
reduced efficiency of receptor-integrator-effector
system with consequent reduced balance/stability
control.

During the most common rehabilitative
activities practiced in the initial phases of CR,
such as walking, treadmill, cyclette, and step-
ping, there is the risk of accidental falls of the
patient or the device. Little is reported in litera-
ture about complications linked to such falls. It
must be remembered that, in the majority of
continuous-flow LVAD (cf-LVAD) models in
use, the driveline (from skin to controller) is
rather short, and a fall of the device (or a fall of
the patient with the driveline caught in the han-
dlebars of the ergometer or treadmill) could lead
to disconnection of the LVAD’s external power
supply, with awful consequences [72]. In some
models of cf-LVADs, spring wire extensions are
used between the body cable and the external
controller, which could be rather long (up to 2 m
or more); patients should be instructed to avoid
cable swing while cycling, a situation that could
lead to trapping or stretching of the cable by the
cycle treadle. In a similar way, patients should be
instructed to avoid carrying by hand the bag
containing batteries and controller, as the long
extension cables could swing near their feet and
be accidentally stump. In patients with heart fail-
ure, all training intensities have been shown to
be effective in improving exercise capacity, while
moderate to high intensity aerobic training

seems to be more effective to induce reverse left
ventricular remodeling [73]. In LVAD-supported
patients, we would suggest that exercise training
could be conducted at individual anaerobic
threshold. A cardiopulmonary exercise test
should thus be performed as soon as the patient
is able to cycle and repeated by time to time; the
effort could be limited to the amount necessary
to identify the anaerobic threshold (or slightly
more), with greatest attention paid to patient’s
symptoms (dyspnea, fatigue, sense of fainting) or
clinical signs possibly indicating low peripheral
perfusion (paleness, cold sweating, reduction -
even small - of mean blood pressure). Performing
exercise training at individual’s anaerobic thresh-
old has demonstrated to be safe and effective
even in patients rehabilitated rather early, within
2 months from continuous-flow device implan-
tation [74]. It is not yet known if patients could
present different levels of effort tolerance as a
consequence of different models of implanted cf-
LVADs that could present different adaptation of
their output to modifications of preload (differ-
ent ability to accept the contribution given by the
systole of the native heart) and afterload (periph-
eral resistances) linked to physical effort. In the
past, in patients supported by pulsatile LVADs,
different exercise performances have been
reported for pneumatic versus electrically driven
devices [75]. As regards cf-LVADs, only one
study performed on a mock circulatory system
tested and compared performances of an axial-
flow and a centrifugal-flow device: in this experi-
mental model, the axial-flow LVAD reached
greater maximal output that - if confirmed on
clinical ground - could in theory allow better
physical performance; it showed anyway also a
greater risk of left-ventricle suck-down, which
could be counterproductive [76]. Unfortunately,
on the clinical ground, no data are yet available
about possible different exercise performances
allowed by different models of cf-LVADs; in fact,
a single study reported the main clinical differ-
ences (survival rate, incidence of perioperative
bleeding, gastrointestinal bleeding, stroke, renal
dysfunction, liver dysfunction, and infection)
between two models of c¢f-LVADs (an axial-flow
and a centrifugal-flow device), but did not collect
informations about exercise tolerance [77].
During the initial phases of a physical effort, in
patients supported by cf-LVADs, mean arterial
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blood pressure shows an increase whose amount
is correlated to the level of METs achieved [55].
Due to the combination of limited maximum
output given by the LVAD, poor function of the
native heart, and inadequate autonomic regula-
tion of peripheral vascular resistances, blood
pressure could progressively reduce at higher
intensities of exercise and eventually drop in case
of intense effort. However, a substantial problem
exists in cf-LVAD-supported patients that blood
pressure is not usually measurable by traditional
means in clinical practice. A method combining
arm-cufft plus Doppler ultrasound identification
of humeral artery opening pressure allows to
identify “mean” pressure values. It is obvious that
during exercise in gymnasium, it is usually difhi-
cult to check blood pressure with such method; it
is in any case recommended during a cardiopul-
monary exercise test, to properly identify the
optimal amount of physical activity sustainable
by the individual patient. According to treatment
protocols for chronic heart failure patients [78],
and in an attempt to maximize the unloading of
the left ventricle, improve pulmonary resistances,
and eventually obtain reversal remodeling of the
failing heart [79], LVAD patients are most often
treated with a combination of drugs that include
angiotensin-converting enzyme inhibitors or
angiotensin II receptor blockers associated with
selective beta-blockers and aldosterone receptor
antagonists drugs. The target for blood pressure
control is often put at levels of mean pressure
around or below 80 mmHg [80, 81]. By conse-
quence, hypotension with related symptoms is a
frequent finding during CR, as well as during
normal life activities. Maintenance of an optimal
circulating volume is critical to avoid symptom-
atic hypotension during physical activities, as
well as to avoid suction effects induced by the
device on interventricular septum, which modify
the geometry of the right ventricle and impair its
function. Activation of device alarms during
physical activity or during changes of patient’s
decubitus is most often an indicator of poor “cir-
culating volume,” as it may happen, e.g., due to
excessive sweating or important vasodilation
after strenuous effort. Thus, patients should be
stimulated to regularly introduce small amounts
of fluids during and after exercise, in order to
compensate for perspiration and avoid relative
hypovolemia and consequent hypotension. We

would suggest that periodical echocardiographic
control of dimensions of left ventricle, position
and appearance of interventricular septum,
and - if possible - calculation of estimated pul-
monary systolic pressure should be performed
(all controls that are obviously not possible dur-
ing performance of rehabilitative physical activi-
ties) [82]. Besides being linked to volemia and
drugs effects, orthostatic hypotension may be
present also as a consequence of the already cited
profound cardiac dysautonomia. Autonomic
imbalance is present during the first months
from the beginning of circulatory support [83]
and could progressively improve in the following
months [84], reaching an almost normal cardio-
vascular autonomic homeostasis (and baroreflex
activity) after 7-32 months [85]. While in
chronic heart failure patients, it is known that
exercise training reduces sympathetic outflow
and leads to an improvement of baroreflex sensi-
tivity and heart rate variability [86], in cf-LVAD-
supported patients, it is not yet known if recovery
of a normal autonomic activity could be acceler-
ated by endurance exercise. It is usually not rec-
ommended to modify LVAD settings during
physical exercise. Even though it should seem
logical to try and increase rotational speed in
order to parallel the device output with the aug-
mented metabolic demand linked to physical
activity, it must be remembered that LVAD out-
put seems to be partially adaptive to changes in
activities of daily living, allowing at least low lev-
els of physical engagement [87] and supporting
near-normal increments in cardiac output and
legs perfusion (with constant cerebral perfusion)
during even maximal exercise [88]. While it is
true that some experiences report positive func-
tional results with an increase of rotational speed
of various models of devices (and, conversely,
reduced performance with reduction of their
operational speed), especially in cases with lower
residual left ventricular function [88-91], the
results obtained in these small dimension studies
need to be evaluated face to the possible negative
effects that the increased rotational pump speed
may induce on right ventricle function during
sustained submaximal exercise. A possible com-
plication during physical exercise in cf-LVAD-
supported patients is the appearance or
worsening of atrial and ventricular arrhythmias.
During the initial phases of an exercise-based
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rehabilitation, LVAD patients should ideally be
controlled by telemetry ECG monitoring, to
check for presence or appearance of major atrial
or ventricular arrhythmias; it must be remem-
bered, anyway, that ECG monitoring implies
application of chest leads and carrying a trans-
mitter that may be disturbing in a patient who is
already carrying the device controller and batter-
ies, connected to an abdominal or retroauricular
driveline. Ventricular arrhythmias are rather fre-
quent in LVAD-supported patients; it has been
reported that ventricular arrhythmias account
for 4.66 events per 100 patients/month in the
first 12 months after implant of a cf-LVAD [92].
They are a consequence of the underlying heart
disease; they may also be linked to hemodynamic
modifications induced by the device and to scars
around the outflow cannula. During physical
exercise in orthostatic position, an even mild
dehydration may reduce the diastolic dimen-
sions of the left ventricle and lead to suction
events that may cause ventricular irritation and
trigger arrhythmic events [93]. This is another
reason to stimulate LVAD patients to introduce
repeatedly moderate amounts of fluids during
and after exercise. If major or life-threatening
arrhythmias occur during rehabilitation activi-
ties, they usually do not constitute, anyway, an
emergency problem:

1. The circulating flow provided by the device
is generally sufficient at least for the basic
needs of the patient.

2. The majority of patients (at least those
assisted by an LVAD as destination therapy)
are already implanted with an ICD.

3. It has been reported that even episodes of
sustained ventricular tachycardia and
ventricular fibrillation are rather well
tolerated, with modest hemodynamic
deterioration [94-97].

In any case, ventricular arrhythmias, especially if
sustained, should be controlled by appropriate
pharmacological therapy, as they impact nega-
tively on the function of the right ventricle and
lead to reduced effort tolerance during CR [98,
99]. We would like to remember that ventricular
fibrillation may be treated as usual by direct cur-
rent shock, while cardiac massage must be
avoided, to avoid detaching or displacing the
outflow cannula of the device. Atrial fibrillation
may condition some compromise of right

ventricular function, due to loss of atrial contri-
bution to ventricular filling and irregular length
of diastole; symptoms of right ventricular failure
may appear more often in these patients than in
patients in sinus rhythm, with consequent reduc-
tion of effort tolerance [100, 101]. Patients in
atrial fibrillation usually require a level of antico-
agulation higher than that of LVAD cases in sinus
rhythm [102]; the topic of coagulation monitor-
ing and possible worrisome complications is
treated in another chapter of this book. It is not
known if the hemorrhagic risk could increase in
association with performance of physical exer-
cise. After an intensive period of in-hospital
rehabilitation, continuation of a structured out-
patient rehabilitative program is advocated [64].
As it is known to happen in chronic heart failure
patients that benefit from CR periods as long as
12-52 weeks [103], it is reasonable to suppose
that a long-lasting rehabilitative intervention fol-
lowed by self-maintenance of regular physical
activity could help maintaining and improving
physical fitness and quality of life also in LVAD-
supported patients. Some studies performed on
patients supported by pneumatic LVADs
reported an increase of exercise capacity over
time [36-104], and occasional cases have been
reported that patients supported by pulsatile or
continuous-flow LVADs continue improving
their functional class [105, 106]. By the contrary,
a few other observational studies on small groups
of patients with continuous-flow devices
reported that the improvement in exercise time
observed after implant was not accompanied by
improvement in peak oxygen uptake, and in
evaluations of exercise capacity made after the
first 3-6 months, no further significant gain of
physical performance was achieved [107-109].
The strategies of prolonging rehabilitative inter-
ventions with out-patient rehabilitation, target-
ing low levels of physical activity in
LVAD-supported patients, are, anyway, guided
by the aim of giving the best possible improve-
ment of patients’ quality of life; they are also sup-
ported by the observation that patients who
achieve a minimally satisfactory level of physical
fitness after CR seem to present better long-term
survival, as demonstrated by a study in which
patients that walked >300 m at a 6-min walk test
conducted >2 months after device implantation
presented a significantly lower risk for late all-
cause mortality [56]. In general cardiac patients
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and specifically in chronic heart failure patients,
it has recently been demonstrated that home-
based long-term maintenance of rehabilitation
effects is achievable by adoption of telemedicine
applications that may be individually tailored
[110-113]; they may also contribute to the
achievement of other goals, such as enhanced
care for frail patients, home hospitalization and
early discharge, and support for remote diagno-
sis [114]. Although similar experiences applied
to patients supported by cf-LVADs are at present
ongoing in some centers, to our best knowledge,
no results of their efficacy, effectiveness, and sus-
tainability in the specific LVAD population have
yet been published.

40.7 LVAD Equipment Wear
and Body Posture

Although the models of LVAD that are currently
most often implanted in adult patients are regu-
lated by highly portable external controller and
fed by rechargeable lightweight batteries, the
total weight that must be carried by the patients
in a wrist or shoulder bag is usually around
2-2.5 kg. This implies posture changes and a new
body balance; often, patients need to change
their gait, and this - besides generating earlier
fatigue - could lead to easier falls. A practical
suggestion for still debilitated patients could be
to carry the controller and the batteries in a
shoulder bag, instead of in a wrist bag (patients
often pull back) or in a bag hanging from a single
shoulder (patients lean sideways). Recently it has
been argued that body posture may be affected
by continuing device wear in LVAD recipients
[115]. Further devices’ miniaturizing are pre-
dictable and very welcome in order to avoid any
postural issues in such a class of patient which is,
today, strictly dependent on equipment technol-
ogy size. In LVAD patients, body stability is
influenced by the position, size, and weight of
the equipment. As the load is always present, and
is rather asymmetric, it is possible that a certain
degree of postural alteration may develop over
time. Comfort issues are important in LVAD
patients who must complete daily activities and
maintain a correct posture, while wearing a con-
trol unit and a power source 24 hours a day.
LVAD recipients must wear bags in order to
carry the equipment: to this end, a tailored body

support can prevent postural alteration and body
misalignment. Various LVAD vests are commer-
cially available and may be customized to
improve comfort.

Key Points

1.

10.

At an early stage, respiratory therapy
should be considered in order to prevent
postoperative pulmonary complications:
device-assisted (i.e., incentive
spirometer) and manual (i.e., deep
breathings) techniques are suitable as
soon as patient is cooperative.

Postural passages (in-bed movements,
transfer from bed to a chair, and
reaching an upright position) should be
facilitated as soon as possible during the
early postoperative timeframe.

Patient should be instructed on making
safe movements already during the
initial postoperative days and/or when
mobility is increasing.

Begin exercise-based cardiac
rehabilitation as soon as the patient is
hemodynamically stable.

Evaluate gait and balance of the patient;
teach him/her how to correct abnormal gait.
Avoid the driveline to be trapped in the
handlebars of the cyclette or treadmill;
do not leave the connecting cables too
long and avoid they swing while the
patient is cycling or walking.

Choose intensity of exercise activities
according to measurable patient’s
parameters (ideally conduct activities at
an effort approximately corresponding
to aerobic threshold).

Stimulate patients to introduce fluids
during and after exercise, in order to
avoid relative hypovolemia and
hypotension, and possible triggering of
ventricular arrhythmias.

Telemetry monitoring during the first
phases of exercise-based rehabilitation is
indicated, to check for atrial and
ventricular arrhythmias and possibly
guide antiarrhythmic therapy.

Aim at reaching a goal of at least 300 m
walked at the 6MWT, as it seems linked
to better long-term survival.
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