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Abstract

Background: Exercise rehabilitation in heart failure patients has been shown to improve quality
of life (QoL) and survival. It is also recommended in clinical practice guidelines for ventricular
assist device (VAD) recipients. However, there have only been 2 meta-analyses on the effects of
exercise rehabilitation in VAD patients, on only 2 outcomes. The objective of the review was to
quantitatively evaluate the effect of exercise rehabilitation in VAD recipients on functional
capacity, exercise physiology parameters, chronotropic responses, inflammatory biomarkers and
neurohormones, heart structure and function, as well as clinical outcomes.

Methods: The following databases were systematically searched: CCTR, CDSR, CINAHL,
EMBASE, Psyclnfo, and Medline through to November 2015, for studies reporting on VAD
recipients receiving >2 sessions of aerobic training. Citations were considered for inclusion, and
data were extracted in included studies as well as quality assessed, each by 2 investigators
independently. Random-effects meta-analyses were performed where possible.

Results: The meta-analysis showed that compared to usual care, exercise rehabilitation
significantly improved peak VO, (n=74, mean difference=1.94 mL-kg *-min?, 95% CI 0.63-
3.26, p=0.004) and 6-minute walk test distance (n=52, mean difference=42.46 meters, 95% ClI
8.45-76.46, p=0.01). No significant differences were found for the ventilatory equivalent slope
(VE/VCOy) or ventilatory anaerobic threshold (VAT). In the 6 studies which reported QoL,
exercise rehabilitation was beneficial in 4, with no difference observed in 2 studies.
Conclusion: Exercise rehabilitation is associated with improved outcomes in VAD recipients,

and therefore should be more systematically delivered in this population.
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Abbreviations

HF = heart failure

VADs = ventricular assist devices

LVAD = left ventricular assist device

QoL = quality of life

Peak VO = maximal oxygen consumption (ml/kg/min)
VE/VCO; = ventilatory equivalent

VAT = ventilatory anaerobic threshold



Introduction
Heart failure (HF), the fastest growing cardiovascular disease [1], is chronic and progressive,
such that it becomes refractory to optimal medical management [2, 3]. Where transplantation is
not an option, mechanical circulatory support devices are a life-saving therapy for the treatment
of end-stage HF. While ventricular assist devices (VADs) improve cardiac output and peripheral
circulation, exercise intolerance persists in these patients [3, 4, 5, 6]. Not only does the resulting
exertional dyspnea and fatigue significantly impair quality of life (QoL) [7], but decreased
exercise capacity (i.e., peak VOy) is associated with decreased patient survival.

Previous studies have documented that aerobic exercise training in HF patients improves
QoL and survival [8, 9, 10]. As VADs emerge as destination therapy, we must assess whether
exercise rehabilitation can improve outcomes in this population. Indeed, clinical practice
guidelines recommend patient exercise [11] and cardiac rehabilitation attendance (Class I, Level
C), but the guidelines also concede the effects in this population have not been well-studied [12].
There have been several narrative reviews on the effects of exercise rehabilitation in this
population published recently [13, 14] , but only 2 systematic reviews with meta-analyses to our
knowledge (1 was an abstract only, focused only on functional capacity [15]; and in the other the
only outcomes assessed quantitatively were peak VOzand QOL [16]). Therefore, the objectives
of this study were to systematically review the evidence regarding the effects of exercise training
/ rehabilitation in VAD recipients on a broader range of key outcomes, namely: functional
capacity, exercise physiology parameters, chronotropic responses, inflammatory biomarkers and
neurohormones, heart structure and function, as well as clinical outcomes (i.e., QoL and adverse

events). The aim was to quantitatively pool findings where possible.



Methods

A systematic review was performed to identify and appraise relevant studies and quantify
the effects of exercise rehabilitation on physiological and clinical outcomes in VAD recipients.
The protocol was registered on PROSPERO (CDR42016035438). The methods were based on
the Cochrane Collaboration handbook [17].
Inclusion and exclusion criteria
The systematic review included studies where the population was male or female adults (i.e., age
>18) with heart failure supported by a VAD (left, right, or BiVAD). The VADs could be old or
new generation (i.e., pulsatile or continuous flow devices [axial or centrifugal]), implanted as a
bridge-to-transplant or destination therapy. Patients must have been prescribed cardiac
rehabilitation or structured exercise training / rehabilitation, consisting of either supervised or
unsupervised aerobic activity, of at least 2 sessions. Studies with a randomized controlled trial,
cohort, case-control, prospective, quasi-experimental, or observational design were included.
Studies that were not in the English language, animal studies, abstracts only, as well as case
studies and those that did not present original research (i.e., meta-analyses, systematic reviews,
comments, and editorials) were excluded. Finally, to be included in the meta-analysis, studies
had to report outcomes in an intervention group (exercise training) and a control group (no

exercise training), both pre- and post-exercise rehabilitation.

Outcomes of interest

Physiological and clinical outcomes were collected: (1) functional capacity (e.g., peak
VO_, 6-minute walk test [distance]), (2) exercise physiology parameters (e.g., the ventilatory
equivalent (VE/VCOy), ventilatory anaerobic threshold (VAT), (3) chronotropic responses (e.g.,

heart rate at peak exercise, heart rate reserve), (4) inflammation or inflammatory biomarkers



(e.g., cytokines, chemokines, C-reactive protein levels) and neurohormones (e.g., brain
natriuretic peptide, norepinephrine, epinephrine, and angiotensin Il levels), (5) heart function and
structure (e.g., left and right ventricle diameters [mm], ejection fraction), as well as (6) clinical
outcomes, including QoL (psychometrically-validated scales), and adverse events related to
exercise (e.g., death, re-hospitalization, morbidity, arrhythmias). For the latter, only adverse
events that were specifically related to the exercise rehabilitation were considered.
Search Strategy

The following databases were searched: CCTR (Cochrane Central Register of Controlled
Trials - CENTRAL), CDSR (Cochrane Database of Systematic Reviews), CINAHL (Cumulative
Index to Nursing and Allied Health Literature), Embase (Excerpta Medica dataBASE),
PsycINFO, and MEDLINE. Year of publication was not restricted, and the searches were from
database inception through November 2015. The search strategy was designed to retrieve the
maximum number of studies possible from the pool of studies available on the above databases.
MeSH terms and free terms relating to exercise rehabilitation in VAD recipients were used (see
supplemental Table 1 for search strategy used for Medline as an example). A scientist with
intensive experience in exercise physiology and VAD research (LGR) worked with an
information scientist (MP) to ascertain terms used for the search in the database.

Reference lists from identified reviews were hand-searched for potentially-relevant
articles. Experts in the area were also consulted for other potential articles.
Selection of Studies

Identified citations from each database were downloaded to EndNote, and duplicates were

removed. The final list of citations was imported to covidence.org to facilitate study selection.


http://community.cochrane.org/editorial-and-publishing-policy-resource/cochrane-database-systematic-reviews-cdsr

The first screening of the citations was conducted independently by two reviewers (SL and
NS) based on titles and abstract only. A third reviewer (SLG) resolved conflicting ratings and
then arbitrated the final decision.

The full-text articles of potentially-relevant citations were imported into covidence.org. The
full-texts were then evaluated for potential inclusion independently by two reviewers (SL and
NS). Where a study was closely related to the subject matter, but some required information for
inclusion was not reported, the corresponding author was contacted to request the information. A
third reviewer resolved any conflicting ratings and then arbitrated the final decision (SLG).
Data Extraction Process and Quality Assessment

Two authors (LGR and NS) independently extracted study and patient characteristics,
intervention and comparator details, as well as outcome data from included studies using a
piloted database with dictionary, following calibration. A third author (SL) reconciled the
extracted data points and arbitrated any discrepancies.

The Cochrane risk of bias tool could not be applied as non-randomized trials were included,
given the newness of this area. Using the Downs and Black Quality Assessment tool [18], two
reviewers independently assessed the quality of each study (NS and LGR). Discrepancies were
resolved by a third reviewer (SL). The tool is comprised of 27 items. Scores were summed, with
a maximum of 31 indicative of the highest quality.

Data Synthesis and Analysis

Data for each outcome were reviewed, and summarized quantitatively through meta-
analyses where >2 studies reported the given outcome and it was deemed there was sufficient
consistency across these studies to warrant pooling. Effects of exercise rehabilitation on

outcomes that did not meet these criteria were summarized qualitatively.



Meta-analyses were performed using RevMan version 5.3, to estimate the pooled effect for the
outcomes and the 95% confidence interval (CI). Comprehensive Meta-Analysis Software

(Version 3) was used to conduct the Meta-regression analysis.

Continuous outcomes were expressed as mean differences; dichotomous outcomes were
expressed as relative risks (RR). Standard errors were converted to standard deviation. Data from
each study were pooled using inverse variance and random-effect meta-analysis methods.
Heterogeneity among included studies was explored qualitatively and quantitatively, using the
chi-square test of heterogeneity, and 12 statistic. Meta-regression was performed to assess the
effect of exercise program duration, sex, age and study quality on the pooled effect where

possible. A p-value < 0.05 was considered significant.
Results

Figure 1 summarizes the study selection process. Ultimately, 16 articles were included (Table 1).

Study, Patient and Intervention Characteristics

As shown in Table 1, with regard to the characteristics of included studies, the average
overall quality rating was 12.56, and ranged from 1-24. Five (31.2%) studies were conducted in
the United States, 3 (18.7%) in Austria, and 2 (12.5%) Greece. Studies were published between
1994-2015. Eleven (68.7%) studies reported recruitment initiation dates, which ranged from
1988-2011; 9 (56.3%) studies reported end dates, which ranged from 1992-2012. Regarding
design, all (100.0%) included studies were single-centre, and 4 (25.0%) were randomized
controlled trials. The average overall study sample size was N=51.1, ranging from 6-280
participants. The average sample size for the intervention group was n=19.2 (range=6-41), and

for the control group was n=17.6 (range=7-36).



With regard to patients, in terms of sociodemographic characteristics, the average age in
the intervention group was 48.0+11.2 years (range=31.0-63.4), and in the control group was
50.748.9 years (range, 40.9-64.6). The mean percentage of female participants across studies was
13.9%, and the range was from 0.0-31.0%. From a clinical perspective, HF etiology was reported
in 11 (68.7%) studies; the average percentage of patients with the etiology of ischemic
cardiomyopathy was 33.0%, and ranged from 22.7-50.0%. New York Heart Association class
was reported in 6 (37.5%) studies; the average class was 3.8, and ranged from 2-4. Four (25.0%)
studies reported Interagency Registry for Mechanically Assisted Circulatory Support
(INTERMACS) level, and the mean percentage of patients at INTERMACS level 1 was 26.75%
(range=15.0-50.0%). Left ventricular ejection fraction was reported in 4 (25.0%) studies, with
the average percentage at 17.2% (range=13.0-21.0%).

Regarding mechanical circulatory support in participants, VAD therapy was used as a
bridge-to-transplantation in 14 (87.5%) studies. The mean duration of VAD support was 14.8
weeks, ranging from 3-27 weeks. In most studies (n=12; 75%), the type of mechanical
circulatory support used was an LVAD, in 1 (6.2%) participants had an LVAD or BiVAD, and in
2 (12.5%) participants had an LVAD, BiVAD or EXCOR. With regard to VAD flow, in 10
(62.5%) studies they were continuous, in 4 (25.0%) they were pulsatile, and 2 (12.5%) studies

contained a mix of continuous and pulsatile VADs.

As shown in Table 1, with regard to the exercise intervention in the included studies, in
15 (93.8%) studies, it was delivered within the cardiac rehabilitation setting. Among these
studies, in 8 (50.0%) the exercise program was supervised, in 2 (12.5%) it was unsupervised, and
in 3 (18.7%) studies a combination of supervised or unsupervised sessions were delivered, and 3

did not report these data). A detailed description of the exercise interventions is presented in



Table 1. Duration of the exercise program was reported in 10 (62.5%) studies, ranging from 2
weeks to 8 months. Exercise frequency was reported by 12 (75.0%) studies, and ranged from 2-7
times per week. The lowest dose or number of sessions (where both were reported) was 12 [33].
In the 6 (37.5%) studies in which adherence to the exercise program was reported, it was high

(88-100%).

Outcome Results

As shown in Table 1, 13 (81.2%) studies reported functional capacity indicators (n=11
for peak VO2; n=3 for six-minute walk distance). For both peak VO and six-minute walk
distance, a benefit was reported. Five (31.2%) reported exercise physiology parameters (n=5 for
VE/VCO: slope; n=4 for VAT-VO3; n=4 for respiratory exchange ratio). With regard to the
latter, exercise rehabilitation did not have an impact in any of the studies. It was determined that
meta-analysis could be performed for 2 functional capacity indicators (peak VO and six-minute

walk distance), and 2 exercise physiology parameters (VE/VCO: slope and VAT-VO>).

Three (18.7%) studies reported chronotropic responses (n=3 for peak heart rate; n=1 for
resting heart rate). Two of these studies reported improvement of peak heart rate, and one study
reported no change following exercise training. For resting heart rate, there was no significant
difference by group or time in the one study where it was reported. No studies reported
inflammatory biomarkers. One (6.2%) study reported neurohormones, specifically B-type
natriuretic peptide. A reduction was observed, but it was unclear whether it was significant. Two
(12.4%) studies reported indicators of heart structure and function (n=1 for ejection fraction; n=1
for left ventricular end-diastolic dimension). A benefit for ejection fraction was found with

exercise rehabilitation.
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With regard to clinical outcomes, 6 (3.7%) studies reported QoL (n=3 for Short-Form
General Health Survey [19]; n=1 for Sickness Impact Profile physical activity subscales [20];
n=1 for Kansas City Cardiomyopathy Questionnaire [21]; and n=1 for Minnesota Living with
Heart Failure Questionnaire [22]). Exercise rehabilitation was beneficial in 4 (66%) studies. No
difference in QoL scores were observed in 2 (33%) studies between patients who received and
those who did not receive exercise rehabilitation (Table 1). Finally, in the 9 studies that reported
adverse events, in many cases it was not clear whether the events were related to the exercise

rehabilitation or VAD implantation.
Quantitative Results

Four studies could be included in the meta-analysis for peak VO, all of which were randomized
trials. The heterogeneity was considered moderate (12=47.0%). As shown in Figure 2, there was
significant improvement in peak VO2 with exercise rehabilitation compared to usual care. Meta-
regression analysis results indicated that the effect was not related to age (p=0.10), sex (p= 0.44),

exercise program duration (p=0.10), or study quality (p=0.51).

Three studies could be included in the meta-analysis for the 6-minute walk test outcome,
again all of which were randomized trials. The heterogeneity was considered low (1>=0.0%). As
shown in Figure 3, results showed significant improvement in 6-minute walk distance with

exercise rehabilitation compared to usual care (p=0.01).

Two randomized trials could included in the meta-analysis for VE/VCO; slope. The
heterogeneity was considered moderate (12=55.0%). There was no significant improvement in

VE/VCO: slope with exercise rehabilitation (supplementary Figure 1).
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Finally, 2 randomized trials were included in the meta-analysis for VAT outcome. The
heterogeneity was considered moderate (12=51.0%). The meta-analysis did not demonstrate

significant improvement in VAT with exercise rehabilitation.
Discussion

Exercise rehabilitation is generally beneficial for VAD recipients. In particular, exercise
rehabilitation is established as effective in increasing functional capacity across multiple
indicators, and QoL, but potentially not some exercise physiology parameters. Overall, these
findings support conclusions from the previous narrative reviews [14], initial meta-analyses [15,
16], as well as clinical practice guideline recommendations [11], that VAD recipients should

receive exercise rehabilitation.

Consistent with previous meta-analyses in this area [15, 16], exercise rehabilitation was
associated with significantly greater improvement in functional capacity compared to controls, as
reflected by peak VO and 6-minute walk test distance. Clinical endpoints such as mortality were
not assessable due to inconsistency in the reporting; however, it may be reasonable to postulate
that the degree of increased functional capacity observed may translate into reduced mortality

[23, 24, 25, 26].

There have been no previous meta-analyses reporting on exercise physiology parameters
to our knowledge. This initial one suggests no significant improvements with exercise
rehabilitation, but further study is warranted prior to drawing firm conclusions. Qualitatively,

results suggested improvements in chronotropic responses with exercise rehabilitation.
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Also consistent with the meta-analysis in this area [15, 16], overall an impact of exercise
rehabilitation on QoL was found. Improvements in QoL are especially important endpoints in the

context of patients on long-term VAD destination therapy not listed for transplantation.

Some initial guidance is now available to assist clinicians in the cardiac rehabilitation
setting working with VAD recipients [13, 27, 28, 29]. In the studies reviewed herein, VAD
patients generally were trained 2 weeks to 8 months, 2-7 times per week. Most were trained in a
supervised setting, with many transitioning to unsupervised exercise. It may be reasonable to
introduce a program of low-impact activity such as on an exercise bike under careful supervision
in a cardiac rehabilitation centre, and gradually advance the prescription intensity and broaden
exercise modalities. Given the clinical complexity, each patient will have different endurance
capabilities as a starting point. From our experience as a large cardiac centre, many of our
patients live remotely from the hospital and cardiac rehabilitation centre. Therefore, transitioning
to unsupervised exercise once patient safety and confidence are established may be preferable.
Future larger multi-centre studies should be conducted to determine whether home-based

exercise in patients who live at a distance from cardiac rehabilitation could be safe.

Limitations

Caution is warranted in interpreting these results, particularly given the small pool of
available studies and that some studies included in the qualitative summary were of low quality.
First, the lack of benefit observed for some outcomes (e.g., VE/VCOzand VAT) may be due to
low power. The meta-analyses for VE/VCO: slope and VAT in particular are very limited, with
only 2 studies. Future exercise training studies in patients supported by circulatory support

should report these exercise testing parameters.
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Second, the small number of studies precluded planned sensitivity analyses, including
study quality, sex, age, and device parameters. With regard to the latter in particular, in most
studies, devices were newer-generation continuous flow, however in over one-quarter of the
studies patients with pulsatile flow devices were included; these were from an early era of
mechanical support when outcomes were generally poorer, and most patients were bridge-to-
transplant versus destination therapy in contemporary practice. Indeed, pulsatile-flow devices are
no longer in use, and therefore are not relevant to current clinical practice. Although previous
studies have shown that implantation of pulsatile or continuous-flow VADs provided equivalent
degrees of exercise capacity [4], different VAD devices may differentially affect exercise
training outcomes. For example, the physiology of the new continuous devices is different than
that of the old pulsatile flow pumps, as it provides non-physiological low-pulsatile blood flow.
However, the meta-analysis included only studies from 2011 onwards, which are relatively

newer studies.

Moreover, while most studies were comprised of patients with an LVAD, some studies
included patients with other device types as well, such as BiVADs. These patients are likely to
have poorer outcomes, and therefore inclusion of these devices may have lead to under-
estimation of exercise rehabilitation effects. Moreover, BiVADSs are no longer clinically
available, and therefore the corresponding findings are again not applicable to current clinical

practice. Clearly there is need for a current, multi-centre, larger trial.
Directions for Future Research

The included studies applied different exercise protocols (some including resistance
training), which would augment heterogeneity. Further investigation is required to understand

the effect of the duration, intensity, mode as well as frequency of aerobic exercise on outcomes,

14



to support guideline recommendations for exercise prescription. Empirical guidance as to when it
safe to start an exercise rehabilitation program after such a complex surgical intervention as
VAD implantation is also required. Moreover, the impact of VAD settings such as pump speed

and power deserve more consideration [30, 31].

More studies of the impact of exercise rehabilitation on chronotropic responses,
inflammatory biomarkers, neurohormones, as well as heart structure and function are also
needed. There was insufficient data to pool quantitatively for these outcomes. With accumulating
studies in the VAD population, it is hoped that the effects of exercise rehabilitation specifically
on adverse events can also be characterized (e.g., respiratory distress, bleeding, suction events,
rhythm disturbances). Finally, longer-term outcome data is needed to establish the impact of

exercise rehabilitation on mortality and morbidity.

In conclusion, in this systematic review and meta-analysis on the benefits of exercise
rehabilitation for VAD recipients, findings demonstrated it is effective in improving
physiological and clinical outcomes. Specifically, VAD recipients exhibited significant increases
in peak VO., and 6-minute walk distance with exercise compared to controls. Improvements in
QoL and chronotropic responses were also observed. These results provide support for clinical
practice recommendations that VAD recipients receive exercise training. Cardiac rehabilitation
societies should develop education programs for professionals to increase capacity to treat this

population.
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What is already known about this subject?

Ventricular assist device (VAD) recipients have persistently low functional capacity and hence
quality of life. Early data suggests exercise rehabilitation may have ameliorative effects for both.

What does this study add?

Through meta-analysis, exercise rehabilitation was shown to result in significantly improved
functional capacity (peak VO, and 6-minute walk test distance) when compared to usual care.
Benefits were also observed in quality of life and chronotropic responses, but not exercise
physiology parameters.

How might this impact on clinical practice?

These results provide support for clinical practice recommendations that VAD recipients receive
exercise training. Cardiac rehabilitation societies should develop education programs for
professionals to increase capacity to treat this population.
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Table 1: Study and Patient characteristics for included papers examining the effects of exercise training/rehabilitation in VAD
recipients on physiological and clinical outcomes

Study Author,

Year, Country

Study design,
Quiality

Score* (/30)

Participants: VAD
type; sample size,
mean age,
proportion female;
duration after

implant (weeks)

Exercise Intervention:
Frequency, Intensity,
Minutes/session, Duration
(weeks); Type/Mode;
Resistance Training

(Yes/No)

Outcomes

Adamopoulos et

al., 2013, Greece

32

RCT, 12

CF-VAD 27% (n=6)
PF-VAD 73% (n=16)
LVAD 59% (n=13)
BiVAD 41% (n=9)
Berlin Heart (number

in each group are NR)

4x/week, moderate intensity
Borg 12-14, 45 minutes, 12
weeks, treadmill or bicycle, Y

(Inspiratory Muscle Training)

Functional Capacity: peak VO> (ml/kg/min)

pre-intx 12.9+1.2; post-intx 18.0£0.8; pre-
control 12.0+0.8; post-control 13.7+0.7.

Significant differences between groups.
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CF-LVVAD and PF-
LVVAD models NR 22,

39.7, 9.1%, NR

Compostella et

al., 2014, Italy *

RCT,13

CF-LVAD 100%
(n=26)

Jarvik-2000 (n=24)
Berlin Heart (n=2)
26, 63.4,11.5%, 5.5

WwWks

6x/week, NR, NR, 2 weeks,

NR, Y

Functional Capacity: peak VO» (ml/kg/min)

post-intx 12.5+3.0; post-control 13.6+2.9. No

significant differences between groups.

Chronotropic Responses: Peak HR (bpm)

post-intx 112.4+18.8; post-control 101.5+16.1.

Significant differences between groups

Exercise Physiology parameters: VE/\VVCO»

post-intx 32.2+3.6; post-control 33.948.5. No

significant difference between groups.
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Exercise Physiology parameters: AT-VO,

(ml/kg/min)

post-intx 10.4+2.5; post-control 10.9+2.2. No

significant difference between groups.

Heart Function and Structure: Ejection

Fraction (%) post-intx 20.3£6.3; post-control
24.4+4.0. Significant difference between

groups.

deJonge et al.,

2001, Netherland

34

Observational

Cohort, 13

PE-LVAD 100%
(n=15)

Pneumatic

TCI HeartMate
(n=15), 15, 37.0,
0.0%, 8 wks; 12 wks;

48 wks

3-5x/week, Borg 2 to 4 (light to
somewhat hard intensity) 20-40
minutes, NR, bicycle, treadmill,

or rowing machine, Y

Functional Capacity: peak VO> (ml/kg/min)

(n=10) 8 weeks post LVAD implantation 21.3
=+ 3.8; 12 weeks post LVAD implantation
24.2 + 4.8. Significant differences between
groups.

(n=15) 12 weeks post LVAD implantation

23.0+4.4. No significant differences.
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(n=9) 12 weeks post LVAD implantation
22.8+5.3; 12 weeks post HTx 24.6+3.3; 1 year
post HTx 26.2+3.8. No significant differences

between groups.

Exercise Physiology parameters: VE/VVCO»

(n=10) 8 weeks post LVAD implantation
39.4+10.1; 12 weeks post LVAD implantation
36.3+8.2. Significant differences between
groups.

(n=9) 12 weeks post LVAD implantation
37.2+7.8; 12 weeks post HTx 33.0+4.4; 1 year
post HTx 33.7+4.7. No significant differences

between groups.
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Exercise Physiology parameters: AT-VO,

(ml/kg/min)

(n=10) 8 weeks post LVAD implantation
14.8+2.2; 12 weeks post LVAD implantation
15.8+4.0. No significant differences between
groups.

(n=15) 12 weeks post LVAD implantation
15.4+3.7. No significant differences.

(n=9) 12 weeks post LVAD implantation
14.4+4.0; 12 weeks post HTx 15.9+3.3; 1 year
post HTx 18.7+2.5. No significant differences

between groups.

Exercise Physiology parameters: RER

(n=10) 8 weeks post LVAD implantation

1.2+0.1; 12 weeks post LVAD implantation

26




1.2+0.1. No significant differences between
groups.

(n=15) 12 weeks post LVAD implantation
1.2+0.1. No significant differences.

(n=9) post 12 weeks LVAD implantation
1.2+0.1; post 12 weeks HTx 1.1+0.1 post 1
year HTx 1.1+0.0. No significant differences

between groups.

Hayes et al.,

2012, Australia

35

RCT, 21

CE-LVAD 100%
(n=14)

VentrAssist LVAD
(n=14)

14, 47.9, 14.3%; 4.5

wks

3x/week, variable; 30
minutes, 8 weeks,

combination; Y

Functional Capacity: peak VO> (ml/kg/min)

pre intx 10.5£2.3; post intx 14.8+4.9; pre
control 12.4+1.7; post control 15.3+4.4. No
significant group differences. Significant
improvement from pre to post in both

groups.
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Functional Capacity: 6MWT (m)

No significant group differences. Significant
improvement from pre to post in both

groups.

QoL (SF-36): pre intx 30.4+10.7; post-intx
59.6+24.2; pre-control 36.7+£12.2; post-
control 53.0+6.2. No significant group
difference. Significant improvement from

pre to post in both groups.

Karapolat at al,

2013, Turkey

36

Observational

Cohort, 12

PE-LVAD 27%

(n=3)
Berlin EXCOR

(n=3)

CE-LVAD 73%

(n=8)

3x/week, 60-70% of VO2max
Borg 12-14, 30 min aerobic
and 90 min total (resistance +

relaxation), 8 weeks, NR, Y

Functional Capacity: peak VO2 (ml/kg/min)

pre-intx 14.68+3.63; post-intx 15.13+3.42.
No significant difference between groups
pre to post. Significant differences within

intx group pre to post.

QoL.: (SF-36)
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HeartWare (n=8)
11, 45.6, 26%, 12.7

weeks

(PCS) pre-intx 38.57+£36.37; post-intx
56.57£25.23 (MCS) pre-intx 66.86+13.80;
post-intx 82.67+16.91. No significant
differences between groups pre to post.
Significant differences within intx group in

both PCS and MCS pre to post.

Kerrigan et al.,
2014, United

States 37

RCT, 22

CE-LVAD 100%
(n=26),

Heartware (n=6)
Heartmate Il (n=20)
26, 55.0, 26.9%,

11.7 wks

3x/week, 60% of heart rate
reserve progressed up to 80%
of heart rate reserve, 30mins,
6 weeks, treadmill and
bicycle or arm ergometer or

recumbent stepper, N

Functional Capacity: peak VO2 (ml/lkg/min)

pre-intx 13.6£3.3; post-intx 15.3+4.4; pre-
control 11.2+2.0; post-control 11.8+2.0. No
significant difference between groups pre to
post. Significant difference within intx

group pre to post

Functional Capacity: 6MWT (m)

pre-intx 350.1+64.7; post-intx 402.4+89.3,;

pre-control 336.6+£59.0; post-control
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356.0+51.6. No significant differences
between groups pre to post. Significant

differences within intx group pre to post.

Chronotropic Responses: Resting HR (bpm)

pre-intx 88+13; post-intx 85+12; pre-control
88+18; post- control 91+11. No significant
differences between groups and within

groups.

Chronotropic Responses: Peak HR (bpm)

pre-intx 128+24; post-intx 132+28; pre-
control 116+18; post- control 124+25. No
significant differences between groups and

within groups.
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Exercise Physiology parameters: VEVCO.

pre-intx 36.8+8.7; post-intx 37.8+8.8; pre-
control 38.8+8.0; post- control 37.2+8.4. No
significant differences between groups and

within groups.

Exercise Physiology parameter: AT-

VO,(ml/kg/min)

pre-intx 10.0+2.1; post-intx 10.9+2.1; pre-
control 9.1+0.7; post-control 9.3+1.0. No
significant difference between groups pre to
post. Significant difference within intx

group pre to post.

Exercise Physiology parameters: RER
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pre-intx 1.17+0.08; post-intx 1.18+0.08;
pre-control 1.24+0.09; post-control
1.20+0.09. No significant differences

between groups and within groups.

QoL.: (KCCQ) Intx 14.4-point increase;

control 0.5-point increase. Significant
improvements within intx and between
groups pre to post.

Adverse Events:

1 instance of hospitalization due to a
syncopal episode immediately after an

exercise session.

Kohli et al.,
2011, United

States 38

Observational

Cohort, 11

CE-LVAD 100%

(n=12)

Heartmate Il (n=12)

3-5x/week, Borg <13, 5-
10minutes progressed

towards 30minutes

Chronotropic responses:
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continuous aerobic activity, 8 | Mean arterial pressure pre 87 £8; post 95

The study also has weeks, treadmill or +13. Significant improvement from pre to
30 total artificial upper/lower extremity post.
hearts (The recumbent stepper, N

CardioWest TAH)

12, 51.2,17.0%, 2.7

wks
Kormos etal., | Observational | PE-LVAD 100% NR, NR, NR, NR, bicycle Functional Capacity: peak VO, (ml/kg/min)
1994, United Cohort, 8 (n=12) and walking, NR pre-intx 10; post-intx 15. Significant
States Novacor N-100 improvement from pre to post.

(n=12)

12, 43.8, 8.3%, NR Chronotropic responses: Peak HR

(%predicted) pre-intx 75%; post-intx 90%.

Significant improvements from pre to post

33




QoL (Sickness Impact Profile physical

activity subscale)

Physical functional well-being scores of
outpatient LVAD patients compared to
home-bound, and in hospital improved in

limitation to activity.

Kugler et al.,

2012, Germany

40

Quiasi-
Experimental,

13

CE-LVAD 100%
(n=70)

Heart mate 11
(n=38)
HeartWare (n=32)
70, 52.0, 13.6%; 6

wks

3.5x/week, NR, 78 week,

bicycle, N

Functional Capacity: peak VO> (ml/kg/min)

Significant group differences with intx
patients having higher functional capacity.
Significant improvements from pre to post

in both groups.

QoL.: (SF-36)
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PCS improved from pre to post in
intervention group only. No significant

group differences.

Laoutaris et al.,

2011, Greece 4

RCT, 24

CF-VAD 13% (n=2)
INCOR (n=2)
PE-VAD 87%
(n=13)

EXCOR (n=13)
(NR whether it is

BiVAD or LVAD)

BiVAD 47% (n=7)
LVAD 53% (n=8)
15, 38.3, 6.7%, 27.4

weeks

3-5x/week, moderate Borg
12-14, 45 mins, 10 weeks,
bicycle or treadmill, Y

(Inspiratory Muscle Training)

Functional Capacity: peak VO» (ml/kg/min)

pre-intx 16.8+3.7; post-intx 19.3+4.5; pre-
control 14.9+4; post-control 14.8+4.2. No
significant difference between groups pre to
post. Significant difference within intx

group pre to post.

Functional Capacity: 6MWT(m)

pre-intx 462+88; post-intx 527+76; pre-
control 430+41; post-control 448+55. No
significant difference between groups pre to
post. Significant difference within intx

group pre to post.
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Exercise Physiology parameters: VE/\VVCO»

pre-intx 40+6.5; post-intx 35.9+5.6; pre-
control 41.4+8.1; post-control 40.2+7.3. No
significant difference between groups pre to
post. Significant differences within intx

group pre to post

Exercise Physiology parameter: AT-VO

(ml/kg/min) pre-intx 12.0+5.6; post-intx
15.1+4.2; pre-control 12.2+4.4; post- control
12.9+3. No significant difference between
groups pre to post. Significant differences

within intx group pre to post.

Exercise Physiology parameters: RER
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pre-intx 1.13+0.1; post-intx 1.2+0.1; pre-
control 1.1+0.07; post-control 1.2+0.1. No
significant differences between groups and

within groups from pre to post.

QoL: (MLWHFQ)

pre-intx 48.9+£12.8; post-intx 38.2+11.6;
pre-control 49.8+9.5; post-control
50.8+10.3. No significant difference
between groups pre to post. Significant

difference within intx group pre to post.

Marko et al.,

2015, Austria

42

Observational

Cohort, 18

CE-LVAD 100%

(n=41)
Heartmate Il (n=9)

Heartware (n=32)

NR, Borg 13, 30-90 minutes;

4.5 weeks; combination, Y

Functional Capacity: peak VO> (ml/kg/min)

pre intx 11.3+4.1; post intx 14.5£5.2.

Significant improvement from pre to post.

Exercise Physiology parameters: RER
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41, 54.8, 20.0%; 6.9

wks

pre intx 1.1+0.1; post intx 1.1+0.1. No

significant improvement from pre to post

Exercise Physiology parameters: VE/VCO

pre intx 37.8+7.9; post intx 33.745.8.
Significant improvement from pre to post
Neurohormone levels

'BNP — 27% reduction. Unclear if

significant.

Adverse Events:

1 nonsustained instance of ventricular

tachycardia

Morrone et al.,
1996, United

States *®

Observational

Cohort, 12

PF-LVAD 100%
(n=34),

Heartmate 1205 VE

NR, Borg 11- 13, NR, NR,

treadmill or bicycle, Y

Adverse Events:
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Heartmate 1000 IP
Numbers of each
device NR

34, 52.0, 20.6%, 11-

<334 days

4 instances of an acute decrease in pump
flow due to venous pooling, decreased

driveline air volume, and hypovolemia

Nakatani et al.,

1998, Japan *4

Observational

Cohort, 6

LVAD 83% (n=5)
BiVAD 17% (n=1)
(VAD type and
whether it is CF-
LVAD or PF-LVAD
NR)

6, 31.0, 16.7%, NR

2x/week, NR, NR, NR,

bicycle, N

Heart Function and Structure:

LVEDd (mm): 77.3+£7.7

Sapirstein et
al., 1995,

United States

45

Observational

Cohort, 6

PE-LVAD 100%
(n=19)
Pierce-Donachy

(n=19)

Daily, NR, NR, NR treadmill

or bicycle, NR
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19, 51.0, 21.1%,

NR
Wieselthaler Observational | CF-LVAD 100% Daily, NR, NR, 6 weeks,
etal., 2001, Cohort, 1 (n=10) bicycle, N
Austria 46 DeBakey VAD
(n=10)
10, 52.0, 0.0%, NR
Wieselthaler Observational | CF-LVAD 100% NR, NR, NR, NR Bicycle, Functional Capacity: peak VO, (ml/kg/min)

2001, Austria

47

Cohort, 9

(n=6)
DeBakey VAD
(n=6)

6, 53.0, 0.0%,

variable

NR

(In one patient) post-intx 20

Adverse Events:

1 instance of bicycle ischemic
cardiomyopathy and infarction of right

coronary artery
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LVAD = left ventricular assist device, BiVAD = biventricular assist device, VAD = ventricular assist device (when not clear if LVAD
or BiVAD), CF= continuous flow, PF = pulsatile flow, NR = not reported, HR = heart rate peak VO, = maximal oxygen consumption
(ml/kg/min), QoL = Quality of Life, SF-36 = Study Short-Form General Health Survey, MLWHFQ = Minnesota living with heart
failure questionnaire, KCCQ = Kansas City Cardiomyopathy Questionnaire, LVEDd = left ventricular end-diastolic dimension, HTx =
heart transplant , RCT = Randomized Controlled Trial, intx = intervention, PCS = Physical component score, MCS = Mental
component score, 6MWT = 6-min walk test (m), RER = respiratory exchange ratio, VE/VVCO; slope = minute ventilation-carbon
dioxide production relationship, (VAT)-VO2 = oxygen uptake at ventilatory anaerobic threshold (ml/kg/min), BNP = B-type
natriuretic peptide, METs = metabolic equivalents of task.

*Downs and Black!. Highest quality rating is 31.

8Raw scores reported where available at follow-up assessment points.
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