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Substantial evidence supports the importance of physical
activity (PA), exercise training (ET) and cardiorespiratory
fitness (CRF) in patients with coronary heart disease (CHD)
and heart failure (HF).1–4 Certainly, ET has been demon-
strated to markedly improve levels of CRF as measured by:
1) estimated exercise capacity or estimated metabolic
equivalents (METs), determined typically by speed and
incline on a treadmill or Watts on a cycle ergometer, 2)
ventilatory expired gas that precisely quantifies peak oxygen
consumption (VO2peak) and 3) predictive modeling, and 4)
simple testing such as the 6-minute walk test. In fact, cardiac
rehabilitation and exercise training (CRET) programs, using
moderate-intensity aerobic training as a cornerstone inter-
vention, have been demonstrated to markedly improve
estimated METs and VO2peak, and these improvements
correlate with reductions in morbidity and mortality in both
CHD and HF.1–4

Not surprisingly, moderate-intensity ET has become part
of the standard of care for most patients with cardiovascular
diseases (CVD). Recently, however, evidence has emerged
demonstrating that high-intensity interval training (HIIT)
may be performed safely and results in improvements in
physiology, functional capacity/CRF and quality of life
(QoL), leading some to intimate that HIIT, as opposed to
traditional moderate-intensity continuous training (MICT),
should be the preferred clinical approach in patients with
CVD.5,6 In studies of patients with CHD and HF, as well as
in cohorts of obesity and metabolic syndrome, HIIT has
been typically superior to MICT for CRF, as determined by
VO2peak, and for positive adaptations in cardiac structure
and function, including hemodynamics, biomarkers and
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various echocardiographic parameters.5,6 This may be a
somewhat controversial paradigm shift, particularly given
the theoretical potential increases in adverse event risk
associated with ET at higher intensities.

In patients undergoing heart transplantation (HT), there
are also many potential benefits of ET, particularly on
exercise capacity/CRF (e.g., VO2peak typically improves by
nearly 25% after ET) and QoL.7,8 The impact of ET on
frequency or severity of acute rejection and survival has not
been documented.7 Clearly, ET has many theoretical and
proven effects on patients with atherosclerosis,2,3 but
cardiac allograft vasculopathy (CAV) is a progressive form
of atherosclerosis in HT recipients characterized by diffuse
intimal thickening and more diffuse narrowing of small
coronary arteries. This unique type of atherosclerosis is a
major cause of morbidity and mortality in HT patients.9,10

However, little is known about the impact of ET on CAV in
patients undergoing HT.

In this issue, Nytrøen and colleagues11 report that HIIT in
HT patients resulted in a reduced rate of CAV progression
during 1-year follow-up, suggesting that, in addition to
statins and state-of-the art immunosuppressive therapy,
HIIT could be included in the detailed treatment regimen
for many HT recipients. Because CAV appears to be closely
correlated with inflammation,10 we may speculate that part
of the ET benefit is via anti-inflammatory effects, which we
have previously demonstrated.12,13 However, HIIT only
significantly lowered levels of interleukin-8,11 and even this
was not significantly different from the changes noted in a
control group. Certainly, Nytrøen et al should be applauded for
a well-conducted and interesting study with major potential
clinical implications. However, numerous issues and questions
exist that limit the immediate impact of their data.

First, the study population was relatively small (N ¼ 43)
and were divided between HIIT and standard care patients.
Second, the study suggested benefits of HIIT on CAV
progression by intravascular ultrasound (IVUS) criteria,
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which is impressive after only 1 year of treatment. However,
it is not possible to determine whether the benefits were
specifically related to HIIT or due to ET in general (e.g.,
would MICT have resulted in similar benefits?). Third,
many of the IVUS parameters were numerically worse at
baseline in the control group than in the HIIT group, raising
concerns that, with respect to CAV, although not signifi-
cantly different, the control group’s CAV may have
progressed more rapidly, a point that the authors countered
by stating that the progression of CAV did not correlate
with baseline IVUS parameters. Certainly, other statistical
methods could have been used to analyze the changes in the
2 groups, but they too would have been limited by the
relatively small number of patients. Finally, as admitted by
Nytrøen et al, their patients had quite high levels of baseline
CRF (VO2peak ¼ 28 ml/kg/min), considerably higher than
baseline values in most patients with CHD, HF and HT,
which raises concerns about considerable selection bias in
this unique cohort of HT recipients.

Regarding HIIT, their study data are consistent with
findings from previous studies examining CHD and HF
cohorts, suggesting that HIIT is safe even in patients with
advanced CVD.5,6 In our recent HF review,6 only longer on/
off cycles (e.g., 3 minutes on and 3-minute recovery)
seemed to produce better improvements in VO2peak than
MICT, whereas shorter on/off cycles (e.g., 30 to 90 seconds)
produced results more comparable to those of HIIT and
MICT. Nevertheless, in our review of the world’s literature
on HIIT and HF, we analyzed data in just over 100 patients,
demonstrating the major problem in advocating for routine
implementation of HIIT in current clinical practice—that is,
the current total body of literature examining this ET
approach has examined a limited number of patients. In the
Nytrøen et al study,11 the ET protocol utilized 4 minutes of
HIIT/3 minutes of active recovery, where ET was performed
at approximately 90% of maximal heart rate. Certainly,
more data are needed on the optimal type of HIIT in many
patients with CVD, including those with CHD, HF and HT.
In most of these patients the long-term efficacy and safety of
HIIT still needs to be demonstrated above and beyond the
benefits obtained with MICT, including that for CAV in HT
patients. In addition, HIIT needs to be studied intermixed
with MICT, which is the ET method of choice used in the
majority of rehabilitation programs, including those fre-
quently utilized by competitive athletes.

At present, HIIT seems to be showing considerably
greater promise with each published study. Among many
exercise physiologists, ET clinicians and scientists, there
seems to be a growing consensus that HIIT produces greater
benefits than MICT. However, despite the potential benefits
of HIIT above and beyond that of MICT, there have been
no studies on CHD, HF or HT demonstrating benefits in
major clinical morbidity and mortality with HIIT. A new
randomized, multicenter trial (SMARTEX-HF) in Europe
will begin to address many of the questions requiring further
attention with HIIT.14 SMARTEX-HF will include 200
subjects with systolic HF and randomize them to one of the
following groups: (1) 12-week supervised HIIT; (2) 12-week
supervised MICT; or (3) education on how to perform an
independent ET program. Left ventricular remodeling, exercise
performance, B-type natriuretic peptide and QoL will be
assessed immediately after (i.e., 12 weeks) the intervention, as
well as at 1 year. Subjects in this study will also be tracked for
ET compliance, ET-related adverse events and overall
morbidity and mortality. However, HT is mostly a model of
diastolic HF, with elevated filling pressures at rest and with
exercise, presumably due to hypertension, acute rejection
episodes resulting in myocardial scarring and fibrosis, as well
as CAV7; SMARTEX-HF, on the other hand, will study
systolic HF.

In general, ET presents a challenge in HT patients, where
the transplanted heart is surgically denervated and receives
no direct efferent input and provides no direct afferent
signals to the central nervous system.7 As a result of loss
of parasympathetic innervation of the donor heart, heart
rate (HR) at rest is elevated to approximately 95 to 115
beats/min and represents the inherent rate of depolarization
of the sino-atrial node. With graded ET, HR does not
typically increase for several minutes, followed by a gradual
rise with peak HR to generally lower than normal (typically
as high as 150 beats/min, but often in the low- to mid-130s
range) due to sympathetic nervous system denervation. In
fact, many HT patients achieve their highest HR during the
first few minutes of recovery, before gradually returning to
their resting HR (with delayed HR recovery). Therefore,
regulation of HR during ET in HT patients is almost totally
dependent on circulating catecholamines. However, several
months or years post-HT, many HT patients develop partial
cardiac sympathetic efferent reinnervation, which is asso-
ciated with partial “normalization” of a typical HR response
and higher maximal HR (e.g., HR in the high 140s instead
of mid-130s), and this is associated with improved overall
exercise capacity.7,8,15

The prescribed ET for HT patients is similar to that for
other cardiac patients,2,3 with the one exception that target
HR is not used, unless the HT patient exhibits a partially
normalized HR response to ET, as described previously.7 A
Borg Perceived Exertion Scale score of 12 to 14 (described
as “somewhat hard”) may be used to prescribe ET intensity,
and the ET prescription should include standard warm-up
and cool-down, a gradual increase in aerobic ET duration to
30 to 45 minutes, with a frequency of 4 to 6 sessions/week.
If cardiopulmonary stress testing is available, which would
be ideal for prescribing a detailed ET regimen, this would be
utilized as described by Nytrøen et al,11 depending on
whether MICT, HIIT or some combination is utilized.
Typical aerobic ET involves walking (treadmill and out-
door), elliptical machines, cycle ergometry and stair
climbing. In addition, skeletal muscle weakness is extremely
common in HT recipients, due to skeletal muscle atrophy
with advanced HF, pre-HT deconditioning and post-HT use
of corticosteroids and other immunosuppressant agents. As
in other cardiac patients, muscle strength is also very
important,16 so muscle-strengthening ET, or resistance ET,
is also needed to counter these factors. This resistance ET
should emphasize moderate resistance, 10 to 20 slow
repetitions per set and 1 to 3 sets of resistance ET for the
major muscle groups, with a frequency of 2 or 3 sessions per
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week, again using an intensity of 12 to 14 on the Borg Scale
to gauge the intensity of lifting.

Although the Nytrøen et al11 study is intriguing, larger
studies with a longer follow-up and clinical end-points, such
as the SMARTEX-HF trial,14 are needed before HIIT
becomes routinely utilized in HF patients, much less HT
patients. Finally, regardless of the type of ET utilized (MICT,
HIIT with various on/off cycles, and various combinations of
these modalities), greater efforts are needed to promote PA,
ET and improvements of CRF for the general population
(primary prevention)1,2 and for patients with CVD (secondary
prevention).1–8,12,13,17 Specifically, in secondary prevention,
efforts are needed to improve referral and attendance of
patients with CVD in formal CRET programs, which has
been the case for decades in patients with CHD,2,3,17 and now
should be extended to those with HF4,6 and HT.7,8,11
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