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Should high-intensity-aerobic interval training become the clinical

standard in heart failure?
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Abstract Aerobic exercise training in the heart failure
(HF) population is supported by an extensive body of
literature. The clinically accepted model for exercise
prescription is currently moderate-intensity-aerobic con-
tinuous training (MI-ACT). Documented benefits from the
literature include improvements in various aspects of
physiologic function, aerobic exercise capacity and quality
of life while the impact on morbidity and mortality is
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promising but requires further investigation. Recently,
however, a body of evidence has begun to emerge dem-
onstrating high-intensity-aerobic interval training (HI-AIT)
can be performed safely with impressive improvements in
physiology, functional capacity and quality of life. These
initial findings have led some to question the long-standing
clinical approach to aerobic exercise training in patients
with HF (i.e., MI-ACT), implying it should perhaps be
replaced with a HI-AIT model. This is a potentially con-
troversial paradigm shift given the potential increase in
adverse event risk associated with exercising at higher
intensities, particularly in the HF population where the
likelihood of an untoward episode is already at a height-
ened state relative to the apparently healthy population.
The present review therefore addresses key issues related
to HI-AIT in the HF population and makes recommenda-
tions for future research and current clinical practice.

Keywords Rehabilitation - Cardiac - Exercise
prescription - Moderate intensity - Continuous - Safety

Introduction

Evidence demonstrating the benefits of aerobic exercise
training (ET) in patients diagnosed with heart failure (HF)
began to surface more than 30 years ago [1]. Since that
time, a wealth of original research has accumulated clearly
demonstrating aerobic ET is a highly valuable intervention
in this chronic disease population [2-7]. Documented
benefits from the literature include improvements in vari-
ous aspects of physiologic function, aerobic exercise
capacity and quality of life while the impact on morbidity
and mortality is promising but requires further investiga-
tion. Even so, the available data have resulted in leading
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professional organizations to strongly recommend that
aerobic ET be considered a standard of care in HF [8, 9].
The vast majority of original investigations supporting
aerobic ET have utilized programs that are continuous at a
moderate intensity relative to an individual’s maximal
capacity. Currently, these exercise prescription parameters
are well accepted as the clinical standard in patients
with HF.

Recently, however, initial evidence has begun to emerge
demonstrating high-intensity-aerobic interval training (HI-
AIT) may be performed safely and result in improvements
in physiology, functional capacity and quality of life [10].
These initial findings have led some to question the long-
standing clinical approach to aerobic ET in patients with
HF, implying it should perhaps be replaced with a HI-AIT
model. This is a potentially controversial paradigm shift
given the potential increase in adverse event risk associated
with exercising at higher intensities [11], particularly in the
HF population where the likelihood of an untoward episode
is already at a heightened state relative to the apparently
healthy population. Nevertheless, initial evidence examin-
ing HI-AIT in patients with HF has produced positive
findings, which warrants further consideration. The present
review therefore addresses key issues related to HI-AIT in
the HF population and makes recommendations for future
research and current clinical practice.

Exercise prescription principles for high-intensity-
aerobic interval training

Principals of high-intensity interval training

The fundamental principle behind HI-AIT is that periods of
high-level ET are interspersed with periods of lower-
intensity ET that permit enough recovery such that the
individual is able to reengage in high-intensity ET bouts, or
“intervals.” Historically, HI-AIT was thought to be
applicable only to athletes; for example, repeated bouts of
sprinting have been used for decades among competitive
runners to optimize performance in middle- and long-dis-
tance events. However, when performed appropriately, this
form of ET confers many of the same benefits among
patients with cardiovascular (CV) disease, including
patients with HF [12]. In patients with HF, interval training
periods can take the form of walking, cycling, rowing,
swimming or other forms of exercise; like any exercise
prescription, the work rate employed is individualized and
will differ considerably from that of healthy individuals.
Available data suggest that it is the accumulated time
engaged in the high-intensity intervals that determines
physiological benefits with ET [12].

@ Springer

There have been several approaches to HI-AIT in the
current body of research, admittedly a great deal of which
has been performed in cohorts not diagnosed with HF, and
it is unlikely that there is one approach that suits all
patients. The alternating periods of reduced intensity ET
are designed such that the cardiopulmonary system does
not fully recover (i.e., return to near resting levels), while
permitting the individual enough recovery to be able to
repeat the period of high-intensity ET. The underlying
physiologic concept behind interval training is that the
metabolic rate is raised for a brief period that is consider-
ably higher than that for a typical continuous ET program,
which permits a longer duration of a given training period
to be spent at a higher percentage of peak oxygen con-
sumption (VO,). This has the effect of eliciting a higher
rate of energy production, requiring different metabolic
pathways to produce energy and different muscle fiber
recruitment patterns from those elicited by continuous
training. Studies have suggested that when compared to
moderate-intensity-aerobic continuous training (MI-ACT),
HI-AIT results in greater skeletal muscle fat oxidation and
improved glucose tolerance [13, 14]. It should be noted that
improvements in fat oxidation and glucose tolerance have
been demonstrated in apparently healthy cohorts as
opposed to patient diagnosed with HF. Because lactate can
accumulate rapidly during HI-AIT, the body’s ability to
remove lactate (through bicarbonate buffering and lactate
utilization in tissues other than those from which it was
produced) is enhanced. Given that lactate accumulation is a
key factor underlying the hyperventilatory response to
exercise in HF, this has the effect of increasing the aerobic
or ventilatory threshold. An increase in the ventilatory
threshold is an important adaptation to ET in patients with
HF because it permits the patient to perform more work at a
submaximal level before excessive fatigue or dyspnea [15,
16]. At least some of the available studies suggest that
these factors combine to elicit more robust CV and
muscular adaptations when compared to continuous ET
[10, 12, 17].

Protocols for interval training in HF

Specific approaches to interval ET in HF have varied
considerably, but all have involved the principle that
interspersing periods of high-intensity exercise results in a
superior response to ET. Some examples of HI-AIT pro-
tocols are presented in Table 1. Approaches to interval ET
have typically involved 2—4-min periods at an intensity
equivalent to at least 80-90 % of peak VO,, followed by a
similar duration of lower-intensity ET such as 40-50 % of
peak VO, or a passive recovery. Some investigators have
employed high-intensity intervals for durations as little as
30 s, followed by 30 or 60 s of low-intensity exercise or
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passive recovery, and several approaches in between these
have been described. Meyer et al. [18] recently compared
four HI-AIT protocols using “on-phase” and recovery
intervals of 30 or 90 s. The recovery phase was either
active or passive. The results of this study suggest shorter
“on-phase” and recovery intervals, the latter of which is
passive, may be optimal among the four protocols com-
pared with respect to patient tolerance and the amount of
work performed. To the best of our knowledge, there have
been no studies of this nature that have included HI-AIT
protocols with longer “on-phase” and recovery periods for
comparative purposes. Lastly, warm-up and cool-down
periods, prior to and following the training session, should
be included for 5-10 min, at or below the lower-intensity
recovery interval. Notably, all of these approaches have
been demonstrated to be effective in achieving favorable
ET responses, albeit to varying degrees.

General recommendations for HI-AIT parameters

Generally, HI-AIT programs in patients with HF have been
shown to be safe to this point, although the number of
investigations assessing this important issue is currently
limited. Moreover, the currently limited number of studies
addressing this area each assessed relatively small cohorts.
Thus, these investigations were not sufficiently powered to
address the safety of HI-AIT in an appropriate way. Plans
for a larger investigation that will more adequately address
the issue of HI-AIT safety in patients with HF are under-
way [19]. Given the current insufficient assessment of the
safety of HI-AIT in patients with HF, we would like to
stress the point that the training parameters described in
this section should not be viewed as clinical practice rec-
ommendations at this point in time. Rather, these recom-
mendations should be viewed as HI-AIT parameters that
are acceptable for future research.

It should further be recognized that HI-AIT, even if
deemed clinically acceptable in the future, is likely not
appropriate for all patients with HF, as ET intensities
beyond 60-70 % of maximum will not be tolerated by
some patients even for a very short period of time.
Importantly, while the traditional goal of HI-AIT has been
improved athletic performance, this goal does not apply to
patients with HF; rather, the goal in these patients should
be to improve exercise capacity and enhance the ability to
perform activities of daily living. In addition, patients who
are highly deconditioned or susceptible to rhythm abnor-
malities are not candidates for interval ET. Such individ-
uals should participate in more conventional continuous
programs. Other patients may need to begin with a MI-
ACT program and gradually evolve to HI-AIT program as
their functional capabilities improve and they are able to
tolerate higher levels of ET.

With the above caveats in mind, the following protocol
has been used successfully by several groups and in at
least one study has resulted in superior ET responses
when compared to a MI-ACT program [10]. While the
specifics of the work/rest intervals have varied widely,
this approach is used as an illustration because it repre-
sents a reasonably conservative method that is likely to be
tolerable for most HF patients appropriate for HI-AIT.
Moreover, as will be discussed subsequently (see
“Directions for future research” section and Table 1),
initial evidence indicates the approach illustrated below
may produce optimal training benefits compared to other
approached to HI-AIT (i.e., shorter “on-phase” and
recovery). Many aerobic exercise modes are suitable for
this form of training, but studies have typically involved
walking or cycling:

e 10-min warm-up at 40-50 %
(=~ 60-70 % of peak heart rate)

e 3-min interval at 80-90 % of peak VO, (x 85-95 %
of peak heart rate)

e 3-min active recovery at = 40-50 % of peak VO,
(~ 60-70 % of peak heart rate)

e Repeat intervals 4-6 times

e 5 min cool-down at 30-40 % of peak VO, (50-60 % of
peak heart rate)

of peak VO,

Again, it should be noted that the ET intensities are
relative to the individual; the absolute energy expended
by two individuals may be quite different, although both
are exercising at the same relative intensity of 80-90 %
of their peak capacity. During the early phase of the
rehabilitation program, it would be appropriate for
patients to perform 3—4 repeat intervals and increase to
4-6 intervals after adapting to the ET regimen. Some
studies have used a 1:2 ET/rest interval ratio for patients
who are beginning a program and have progressed
toward a 1:1 ET/rest interval ratio as ET tolerance
improves.

It should be emphasized that the HI-AIT model pro-
posed in this section has demonstrated efficacy in a limited
number of HF patients to this point and should thus not be
regarded as a “gold-standard”, but rather one of several
potentially appropriate approaches. As a specific example,
while the HI-AIT model proposed in this section recom-
mends the exercise intensity be set according to percent of
peak VO, or peak HR, other approaches, such as the
determination of critical power [20, 21] or critical velocity
[22], have been proposed as alternate methods to set
exercise training intensity, a crucial parameter consider-
ation for HI-AIT. Evaluation of the value of these alternate
exercise intensity prescription techniques are important
considerations when performing HI-AIT in HF cohorts in
the future.
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Functional and clinical benefits: HI-AIT versus
MI-ACT

There have been a number of previous investigations that
have assessed the effects of interval aerobic ET in patients
with HF. This body of research was eloquently summarized
in a recent meta-analysis by Smart et al. [17]. Collectively,
these investigations indicate the improvements in aerobic
capacity and ventilatory efficiency are greater with interval
ET when compared to a continuous training program in
patients with HF. However, the majority of these investi-
gations compared interval and continuous aerobic ET
programs that utilized similar ET intensities. Therefore, a
number of the studies included in this meta-analysis did not
employ interval training programs that were high intensity,
which is the primary thrust of this review.

An early study by Meyer et al. [25] in 1997 assessed the
effect of HI-AIT in a HF cohort without including a MI-
ACT group for comparison. The cohort consisted of 18
male patients (age: 52 + 2 years) with severe systolic HF
[left ventricular ejection fraction (LVEF) (21 &+ 1 %)], half
of whom were on a transplant list at the time of the study.
This investigation employed a training intensity set at 50 %
of the workload achieved during a steep ramp test on a
cycle ergometer (increase workload 25 Watts every 10 s
until patient could not maintain 60 rotations per min). The
steep ramp test was conducted each week of the 3-week
training program to adjust training intensity. Subjects
exercised on a cycle ergometer at this intensity for 30 s,
followed by a 60 active recovery period (pedaling at 15
Watts) for a total of 15 min, 5 times per week over
3 weeks. In addition, subjects walked on a treadmill for
10 min three times a week. The treadmill sessions also
utilized a HI-AIT training model with a 60 s “on-phase”
(mean speed 2.4 mph) and a 60 s recovery phase (mean
speed 0.9 mph). There were no adverse events reported in
this investigation. By the end of the program, the training
work rate for the cycle ergometer portion of the program
was more than double the work rate obtained at 75 % of
peak VO, during a standard exercise testing (100 £ 7 vs.
47 £ 5 Watts). Using a standard ramp cycle ergometry
protocol, peak VO, was also significantly increased
by ~20 % following the three-week program (12.2 £
0.7-14.6 + 0.7 ml kg~ min~", p < 0.001).

Two more recent investigations have compared HI-AIT to
HI-AIT in combination with resistance training. Tasoulis et al.
[26] randomized 46 patients with systolic HF to either perform
12 weeks of HI-AIT alone (19 males and 2 females; age:
53 + 11 years; LVEF: 34.1 & 11.0 %) or a combination of
HI-AIT and resistance training (19 males and 6 females; age:
53 £ 12 years; mean LVEF: 35.6 & 10.3 %). Both groups
trained 3 times per week for a total of 36 sessions. The HI-AIT
program followed the guidelines proposed by Meyer et al.
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[25], and the training intensity was adjusted every six sessions
according to a new steep ramp test. For subjects in the HI-AIT
only group, sessions were 40 min in duration. For subjects in
the combined HI-AIT and resistance training group, the aer-
obic training portion was 20 min with an additional 20 min for
strength training. The strength training component of the
program consisted of both upper (with loads allowing for 10
repetitions) and lower (loads at 55-65 % of 2 repetition max)
extremity maneuvers. No adverse events were reported in this
study. Peak VO, was significantly increased by ~8.5 %
(164 &+ 4.1-17.8 + 4.6 ml kg~ ' min™!, p <0.01) in the
HI-AIT only group and by ~ 18 % (16.2 £ 5.3-
19.1 &£ 5.8 ml kg~' min~", p < 0.001) in the combined HI-
AIT and resistance training group. Anagnostakou et al. [27]
randomized 28 patients with systolic HF to either perform
12 weeks of HI-AIT only (12 males and 2 females; age:
52 £ 11 years; LVEF: 36 & 13 %) or a combination of HI-
AIT and resistance training (11 males and 3 females; age:
54 + 10 years; mean LVEF: 39 £ 11 %). The training pro-
tocol employed was identical to the study by Tasoulos et al.
[26]. No adverse events were reported in this study. Peak VO,
was significantly increased by ~9.5 % (15.7 £ 4.0-17.2 &+
3.7 ml kg~' min~', p < 0.05) in the HI-AIT only group and
by ~16.5% (157 £ 6.0-183 + 63 ml kg™ ' min™', p <
0.01) in the combined HI-AIT and resistance training group.
‘While additional work is needed, these two studies indicate the
combination of HI-AIT and strength training may have a syn-
ergistic beneficial effect on functional outcomes.

In another recent investigation, Freyssin et al. [28]
randomized 26 patients with systolic HF to either perform
8 weeks of HI-AIT (6 males and 6 females; age:
54 £ 9 years; LVEF: 27.8 + 4.7 %) or MI-ACT (7 males
and 7 females; age: 55 % 12 years; mean LVEF:
30.7 £ 7.8 %). Both aerobic training programs were one
component of a multidisciplinary cardiac rehabilitation
program, which consisted of 8 weeks of “physical activity
and education sessions”. The physical activity component
consisted of 13 h of exercise each week (2-3 h per day,
5 days per week). Strengthening, stretching and relaxation
exercise were performed by both groups. For the HI-AIT
group, the steep ramp test [25] was again used to establish
exercise intensity. Each HI-AIT session consisted of 3
bouts of exercise, each separated by 5 min of rest. Each
bout included 12, 30 s repetitions at either 50 % (first four
weeks of training) or 80 % (last 4 weeks of training) of
maximal power as determined by the steep ramp test. The
MI-ACT group performed 45 min of exercise, either on a
treadmill or cycle ergometer, at an intensity corresponding
to the first ventilatory threshold, which was determined by
cardiopulmonary exercise testing on a treadmill. No
adverse events were reported in this study. Peak VO, was
significantly increased by 27.1 % (10.7 £2.9-13.6 +
32 ml kg™' min~', p < 0.001) in the HI-AIT group and
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by only 2% (10.6 + 4.1-10.8 + 4.1 ml kg~ ' min™",
p: NS) in the MI-ACT group.

Upon a detailed analysis of the current body of litera-
ture, there appears to be a limited number of recent
investigations that have compared HI-AIT to MI-ACT, in
isolation (i.e., no additional rehabilitation interventions
utilized), in patients with HF. These investigations are
summarized in Table 1. All three investigations trained
both the HI-AIT and MI-ACT groups for 36 sessions over
12 weeks. These studies included cohorts that were
exclusively diagnosed with systolic HF and were pre-
dominantly male. The majority of patients in all three
studies were prescribed both a beta-blocking agent and
angiotensin-converting enzyme inhibitor, indicated the
cohorts were managed according to present-day standards
of care. The parameters for the MI-ACT program were
similar among the three investigations, but differences did
exist in the HI-AIT arms. Specifically, the ET intensity for
the “on-phase” of the HI-AIT program in the study by
Dimopoulos et al. [23] was significantly shorter compared
to the investigations by Wisloff et al. [10] and Fu et al.
[24]. Moreover, Dimopoulos et al. [23] employed a passive
recovery phase while Wisloff et al. [10] and Fu et al. [24]
both employed an active recovery. None of the investiga-
tions, however, reported any adverse events during these
various ET protocols. The investigation by Dimopoulos
et al. [23] reported a significant but comparable improve-
ment in aerobic capacity in the HI-AIT and MI-ACT
groups. Conversely, ventilatory efficiency was unchanged
in both ET groups. Wisloff et al. [10] also reported a sig-
nificant improvement in aerobic capacity following both
HI-AIT and MI-ACT. However, the improvement in aer-
obic capacity was significantly greater in the HI-AIT
group. Similarly, quality of life was significantly improved
in both the HI-AIT and MI-ACT groups with greater
benefits realized with the former ET program. Fu et al. [24]
found significant improvements in aerobic capacity and
ventilatory efficiency only in the HI-AIT group. In this
latter study, while one quality of life questionnaire dem-
onstrated significant improvements in both the HI-AIT and
MI-ACT groups, a second questionnaire only found sig-
nificant improvements in subjects participating in the HI-
AIT program. Therefore, to this point, the overall benefits
of HI-AIT appear to be at least comparable and potentially
somewhat superior to that of MI-ACT.

Physiologic benefits: HI-AIT versus MI-ACT

The physiologic benefits of MI-ACT are well documented
in patients with HF [3, 5, 29]. Using this traditional
approach to ET, favorable physiologic adaptations have
been demonstrated in skeletal muscle, the vasculature,

neurohormonal activation and systemic inflammation.
While MI-ACT does not appear to improve left ventricular
(LV) systolic function (i.e., increased stroke volume and
cardiac output), a significant improvement in LV diastolic
function has been demonstrated [3].

Although analysis of the physiologic benefits of HI-AIT
in HF is in its initial phases, intriguing and clinically rel-
evant findings have emerged, particularly in relation to
acute and chronic effects on LV function. Tomczak et al.
[30] assessed the acute effects of a single HI-AIT session
on LV function in a group of nine patients (age
49 £ 16 years; 6 males) with mild (New York Heart
Association class I-II) nonischemic systolic HF
(LVEF <50 %). The ET session was identical to the pro-
tocol utilized by Wisloff et al. [10] (see Table 1 for ET
parameters), and LV function was assessed by magnetic
resonance imaging. Immediately following the ET session,
LV end systolic volume significantly decreased (6 %)
while LV systolic annular velocity significantly increased
(21 %). Thirty minutes following the ET session, LVEF
was significantly increased (2.4 %). Measures of LV dia-
stolic function were also significantly improved following
the HI-AIT session, as reflected by a 24 and 18 % increase
in left ventricular untwisting rate immediately following
and 30 min post exercise, respectively. The authors theo-
rized improvements in LV systolic function immediately
following and up to 30 min post a single HI-AIT session
may be due to a decrease in systemic vascular resistance
and/or enhanced myocardial contractility. Improvements in
LV diastolic function may have been associated with an
increase in LV suction facilitated by an increase in peak
LV untwisting rate following systole, the latter of which is
also augmented by enhanced myocardial contractility [31].
Wisloff et al. [10] (see Table 1 for ET parameters and key
physiologic findings) performed chronic HI-AIT and
compared it with a MI-ACT program in a cohort of systolic
HF patients. Comparing the effects of HI-AIT and MI-ACT
programs, this investigation found significant improve-
ments in LV systolic and diastolic function were only
apparent following the HI-AIT program. Most notable was
the significant improvement in LV systolic function fol-
lowing HI-AIT (i.e., LVEF = 35 % increase, stroke
vvolume = 17 % increase and cardiac output = 11 %
increase), a finding that has generally not been shown with
MI-ACT. Fu et al. [24] (see Table 1 for ET parameters and
key physiologic findings), assessing cardiac hemodynamics
via bioreactance [32], also found measures of LV systolic
function were significantly improved following a chronic
HI-AIT program (31 % increase in peak cardiac output)
while no changes were demonstrated in the MI-ACT group.
Resting LVEF, measured by echocardiography, was also
significantly improved in the HI-AIT group only (27 %
increase). Both Wisloff et al. [10] and Fu et al. [24]
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demonstrated a significant reduction in b-type natriuretic
peptide in groups participating in HI-AIT (40 and 50 %
decrease, respectively), whereas no change was found in
subjects participating in MI-ACT. Improvements in this
important neurohormonal marker are an indirect indication
of CV remodeling and improved CV function. The physi-
ologic mechanism(s) for improvements in LVEF following
chronic HI-AIT is not entirely clear. There is, however,
initial evidence from animal studies to suggest cardiomy-
ocyte adaptations, for example, both size and contractile
characteristics (i.e., fractional shortening and calcium
handling [33-35]), are more responsive to the stimulus
afforded by HI-AIT compared to MI-ACT [12].

Initial evidence also indicates positive physiologic
adaptations to the vasculature and skeletal muscle are
realized following HI-AIT. Wisloff et al. [10] (see Table 1
for key physiologic findings) found endothelial function
was significantly improved following both HI-AIT and MI-
ACT, although improvements were greater in the former
group. The authors theorized this finding may be due to the
fact that a higher amount of shear stress, which facilitates
positive physiologic adaptations in the vasculature, was
induced by HI-AIT compared to MI-ACT. Moreover,
mitochondrial function in the vastus lateralis was only
significantly improved in the HI-AIT group. This latter
finding is also likely due to the fact that the higher ET
stimulus provided by HI-AIT results in a magnified phys-
iologic adaptation in the skeletal musculature.

It has long been recognized that physiologic adaptations
precipitated by an aerobic ET program are significantly
influenced by ET intensity. In patients with HF, initial
evidence indicates HI-AIT surpasses the threshold needed
to elicit improvements in LV systolic function, an adap-
tation that has generally not been demonstrated with MI-
ACT programs. Moreover, initial evidence indicates other
physiologic adaptations in the vasculature and skeletal
muscle are enhanced by HI-AIT in HF. The combination of
central and peripheral physiologic adaptations uniquely
brought about by HI-AIT, the former of which strongly
influences aerobic capacity [36], is a plausible hypothesis
as to why this training approach has been shown to elicit
significantly greater improvements in various parameters
of LV, skeletal muscle and endothelial function, as well as
overall aerobic capacity, compared to MI-ACT [10, 24].

Directions for future research

Given the positive results from investigations that are
currently available, it is the opinion of this writing group
that future research should undoubtedly continue to
examine HI-AIT in patients with HF, as a number of issues
require further exploration. The currently available studies
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have assessed rather small cohorts that were primarily
male. Thus, future investigations should increase their
sample size and include a more balanced distribution
according to sex. Other key baseline characteristics,
including HF etiology and disease severity, should be
considered in future study designs to ensure more hetero-
geneous samples representative of broader HF populations
are analyzed. Along the lines of HF etiology, both patients
with reduced and preserved ejection fraction should be
included in these future investigations. Investigations
including more subjects with a greater degree of hetero-
geneous characteristics should continue to assess the
functional, quality of life and physiologic benefits of HI-
AIT with hopes of further bolstering the positive results
that are currently available. Given the increased exertional
demands required for HI-AIT, it is also important to
determine long-term patient compliance with this type of
rehabilitation program. Demonstration of high patient
compliance is needed to determine whether the benefits of
HI-AIT from a well-controlled research environment are
transferrable to a less-controlled clinical environment. This
appears particularly important considering the relatively
poor real-life compliance recently noted in the major HF-
ACTION study [2]. From a technical standpoint, future
studies should compare different HI-AIT regimens to
determine whether there is an optimal “on-phase”/recov-
ery cycle with respect to time, intensity and frequency. The
summary of ET studies provided in Table 1 indicates
functional improvements elicited by HI-AIT may differ
according to these ET parameters. Specifically, the limited
amount of evidence indicates a HI-AIT program that uti-
lizes a longer “on-phase” (i.e., ~3 min vs. 30 s) and an
active recovery phase may be preferable. More research is
needed to solidify the initial observations related to dif-
ferences in outcomes according to HI-AIT parameters in
order to provide definitive recommendations for clinical
practice. In addition, the use of HI-AIT in conjunction with
other established rehabilitation techniques, specifically
resistance training [37], has demonstrated initial promise
[26, 27] and is therefore a viable research pursuit moving
forward. Once a greater number of subjects with HF have
participated in studies assessing HI-AIT, meaningful
information regarding adverse event rates and the safety of
this ET approach will become available. If present and
future studies, taken together, include a sufficient sample
(i.e., several hundred to several thousand subjects) and
collectively represent the heterogeneous characteristics of
the HF population as a whole (i.e., age, sex, HF etiology,
disease severity, baseline fitness level), it will be possible
to determine the type of HF characteristics that allow for
implementation of a HI-AIT program as well as those
characteristics that would preclude participation in this
type of ET program. Lastly, with MI-AIT programs, there
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Studies in all categories include
cohorts that are on current evidence
based therapies and are
representative of the entire HF
population

To ideally include differences in:

Age

Sex

Etiology

Disease severity
Baseline aerobic capacity
Socioeconomic status
Ethnicity

Demonstrate physiologic benefit: Initial studies
positive, additional data needed

Demonstrate functional and quality of life
benefit: Initial studies positive, additional data

Demonstrate low adverse event risk during
exercise: Initial studies positive, additional data

Demonstrate superior to current clinically
accepted exercise program: Initial studies mixed,
additional data needed

Demonstrate high level of long-term patient
compliance: No data available

needed

needed Sufficient data from
most and preferably all
categories to support
exercise training model
be adopted as clinical
standard of care

Demonstrate cost efficacy (i.e. clinician to
patient ratio for exercise supervision): No data
available

Demonstrate decrease in morbidity and
mortality: No data available

Fig. 1 Characteristics of heart failure cohorts and areas of research needed to support the clinical application of high-intensity-aerobic interval

training in heart failure

appears to be certain HF patients who do not respond to the
exercise program, which is a prognostically ominous
finding [38]. Determining whether this pattern occurs in
certain HF patients who participate in HI-AIT training
would be of value.

Information on patient safety demonstrating the adverse
event risk is low and comparable to MI-ACT [39] is
essential for HI-AIT to be accepted as a clinical standard of
care in this patient population. Along these same lines, the
implementation of HI-AIT will likely require a higher level
of professional supervision (i.e., a lower patient to clinician
ratio), at least in the early stages of implementation of an
HI-AIT program. This potential change in supervision
requirements in order to ensure patient safety has impli-
cations for the cost efficacy of supervised rehabilitation and
therefore must be analyzed. Lastly, although it would be a
substantial undertaking to perform with adequate statistical
power, large randomized trials investigating the impact HI-
AIT has on morbidity and mortality in patients with HF
would be highly informative. This latter endeavor would be
particularly relevant if future investigations continued to
demonstrate positive outcomes (i.e., functional capacity,
quality of life, physiology and low adverse event risk).
Moreover, demonstration that HI-AIT improves prognosis
is essential if this form of training is going to be

recommended as a replacement for MI-ACT in any situa-
tion, given the latter training approach has demonstrated an
ability to improve outcomes in patients with HF [7]. Fig-
ure 1 illustrates a forward-looking research paradigm for
HI-AIT; highlighting factors to consider for cohort char-
acteristics, areas of investigation, both new and continuing,
and findings needed to support this form of aerobic ET as a
clinical standard of care in the HF population. The writing
group acknowledges it would be a daunting task to fulfill
all of the research recommendations proposed in Fig. 1.
Even so, the breadth of the body of evidence supporting
HI-AIT is only in its initial stages and would at a minimum
have to approach what is currently available in support of
MI-ACT, the latter of which has >25 years of studies to
underscore its benefits, addressing the majority of areas
illustrated in Fig. 1 to some level.

Fortunately, a new randomized multicenter European
trial, entitted SMARTEX-HF, is designed to address many
of the aforementioned issues [19]. This trial will recruit
200 subjects with systolic HF (NYHA class II-III,
LVEF < 35 %) and randomize them to either a: (1)
12-week supervised HI-AIT program, (2) 12-week super-
vised MI-ACT program or (3) education on performing an
independent exercise program. The HI-AIT program will
be identical to that proposed by Wisloff et al. [10] (see
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Table 1 for ET parameters). In all groups, subjects will be
advised to exercise regularly following the initial 12-week
program (either supervised ET or encouragement to per-
form ET regularly). Subjects will also undergo assessments
at 12 weeks and 1-year follow-up to assess changes in
cardiopulmonary exercise testing performance, echocardi-
ography, b-type natriuretic peptide and quality of life. The
primary outcome measure will be LV remodeling. Subjects
will also be tracked for ET compliance, ET-related adverse
events, and overall morbidity and mortality. The SMAR-
TEX-HF trial will address a majority of research areas
requiring further inquiry illustrated in Fig. 1 and will
therefore greatly assist in determining the clinical utility of
HI-AIT in patients with HF.

Conclusions

It is clear that patients with HF benefit from MI-ACT,
which is currently the clinical standard of care in this
chronic disease population. While initial evidence dem-
onstrating the benefits of HI-AIT in the HF population is
compelling, we feel there is currently insufficient evidence
to supplant a continuous MI-ACT approach with this new
ET model. This recommendation is not based on the
findings of any one study, which are all positive to this
point, but rather the relatively small body of collective
evidence demonstrating the value of HI-AIT that is cur-
rently available. Collectively, these studies, summarized in
this review, have included just over 100 subjects with HF
who participated in the HI-AIT arms. As discussed in the
Directions for Future Research Section, numerous clini-
cally relevant questions (e.g., patient safety, impact on
prognosis, training compliance) need a significant amount
of additional supporting evidence before HI-AIT can be
advocated as a clinical standard of care in the clinical
rehabilitation setting. Given HI-AIT clearly shows promise
in the HF population, continued research is strongly
encouraged to further bolster support for its clinical
application. The proposed SMARTEX-HF study [19] will
be a major advance and once completed, it is likely more
definitive recommendations can begin to be made with
regard to determining the clinical role of HI-AIT in patients
with HF.
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