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Abstract

Introduction Exercise-based cardiac rehabilitation
(EBCR) is part of the management of patients who
have suffered an acute myocardial infarction (AMI).
Patients with a reduced ejection fraction (EF) com-
prise a higher-risk subgroup and are referred less
often for these programmes. This study aimed at
assessing the impact of the baseline EF on the func-
tional benefits, as assessed by peak oxygen uptake
(pVO,) and exercise duration, of an EBCR programme
in AMI survivors.

Methods Observational, retrospective cohort study
including all patients admitted to a tertiary centre
due to an AMI who completed a phase II EBCR pro-
gramme after discharge, between November 2012 and
April 2017. Functional parameters were assessed by
a symptom-limited cardiopulmonary exercise test.
Results A total of 379 patients were included [40.9%
with reduced EF (<50%) at discharge]. After the
programme, pVO, and exercise duration increased
significantly (p<0.001). Patients with a reduced EF
had a lower pVO, and completed a shorter duration
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of exercise at the beginning and end of the pro-
gramme. This group presented a higher increase in
pVO: (p=0.001) and exercise duration (p=0.007). This
was maintained after adjusting for age, gender, history
of coronary artery disease, number of sessions, Killip
classification, arterial hypertension, dyslipidaemia,
diabetes mellitus, smoking status and baseline pVO,.
Conclusion A phase II EBCR programme was associ-
ated with significant improvements in pVO, and ex-
ercise duration among AMI survivors, irrespective of
baseline EF classification. Those with a reduced base-
line EF derived an even greater improvement, high-
lighting the importance of EBCR in this subgroup of
patients.

Keywords Cardiac rehabilitation - Acute myocardial
infarction

Introduction

Exercise-based cardiac rehabilitation (EBCR) is an
important part of secondary prevention for patients
after an acute myocardial infarction (AMI) [1-3]. Sev-

What’s new?

e Acute myocardial infarction survivors with a re-
duced ejection fraction at discharge have a sig-
nificantly lower functional capacity, as assessed
by cardiopulmonary exercise testing, than those
with a preserved ejection fraction.

e This subgroup, however, derives even greater
functional benefits from an exercise-based car-
diac rehabilitation programme.

e This finding is confirmed even after adjusting
for several potential confounders associated with
this higher-risk population.
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eral benefits, namely in terms of cardiovascular (CV)
endpoints such as mortality and hospitalisations,
have been attributed to the participation in these
programmes [4, 5]. EBCR exerts several physiological
effects by both cardiac and extra-cardiac mechanisms
(namely in the peripheral vasculature, pulmonary
and musculoskeletal function) [6-10]. These effects
range from enhancements in cardiac contractility and
chronotropic reserve to anti-inflammatory effects, im-
proved endothelial relaxation and an overall improved
aerobic capacity [2, 6, 8].

Cardiopulmonary exercise testing (CPET), being ca-
pable of providing functional information relating to
several of these components (namely the cardiovas-
cular, respiratory and muscular systems), is an im-
portant tool in the global assessment of individuals
undergoing EBCR [11, 12]. Importantly, the associ-
ation between overall functional capacity (sometimes
referred to as cardiorespiratory fitness), as assessed by
parameters such as the peak oxygen uptake (pVO,),
and CV events in distinct clinical settings has been
thoroughly described [13-16].

Although the importance of EBCR after an AMI
is well established, several factors which pertain to
its optimal application have not yet been fully ascer-
tained [11, 12, 17]. Importantly, AMI survivors with
a reduced ejection fraction (EF) represent a higher-
risk subgroup [3] and in some series are referred less
often for these programmes [8, 18, 19]. Addition-
ally, the impact of EBCR across different ranges of
EF has been the focus of heightened interest [8, 19].
This stems from the fact that, although there are cur-
rently numerous parameters of potential interest in
the prognostic assessment after an AMI, EF remains
the most important parameter in terms of clinical de-
cision-making and overall prognosis [3, 20]. Among
the higher-risk subset of patients with a reduced EE
optimising strategies to reduce residual risk are of
paramount relevance [2, 7, 19, 21].

This study aimed at assessing the impact of the
baseline EF on the benefits of a contemporary EBCR
programme, as assessed by pVO; and exercise dura-
tion, in AMI survivors.

Methods

This was an observational, retrospective cohort study.
The eligible population comprised all patients who
were discharged from the Cardiology Department of
the Gaia/Espinho Hospital Centre (a tertiary hospital
in Portugal) with the diagnosis of an AMI (according
to the International Classification of Diseases, 9th edi-
tion), between November 2012 and April 2017.

In order to be included, patients had to have com-
pleted a phase II EBCR programme (including at least
two assessments in a consultation with a physical
medicine specialist and performance of a CPET at the
beginning and at the end of the programme).

EBCR protocol

The EBCR programme consisted of a predefined
8-week (three sessions per week) outpatient protocol,
including endurance and resistance training super-
vised by a physical therapist. Before starting, patients
were clinically assessed and underwent a CPET. Ses-
sions consisted of circa 10min of warm-up, 50min
of aerobic (continuous) and resistance training, and
10 min of cooldown [7]. Training intensity was indi-
vidually prescribed by an expert in EBCR to a target
heart rate (HR) of 70-85% of the maximal HR achieved
in baseline CPET, and fatigue was measured with the
Borg scale [7].

Cardiopulmonary exercise testing

At the beginning and at the end of the programme, pa-
tients underwent a symptom-limited CPET on a tread-
mill (Mortara X-Scribe, Mortara Instruments, Milwau-
kee, WI, USA) using either a modification of the Bruce
protocol or a variation of this protocol (in highly de-
conditioned patients).

The following variables were calculated: pVO:
measured in millilitres per kilogram per minute
(ml/kg/min); peak respiratory exchange ratio (RER),
defined by the ratio of CO; production to O con-
sumption at peak effort; exercise duration expressed
in seconds (s). Patients were not asked to discontinue
beta-blockers before the test.

Clinical, analytical and echocardiographic variables

Data were collected for clinical, analytical and echocar-
diographic variables according to the data present on
hospital records (Appendix). Arterial hypertension
was defined according to the presence of this diag-
nosis on clinical files. Dyslipidaemia was defined
according to previous diagnosis, or the use of anti-
dyslipidaemic medication prior to admission, or hav-
ing a low-density lipoprotein cholesterol >190 mg/dl
[1]. Diabetes mellitus was defined according to pre-
vious diagnosis, or the use of anti-diabetic agents
prior to admission, or having a glycated haemoglobin
26.5% [22].

Left ventricular (LV) EF was evaluated by the bi-
plane Simpson’s method, and collected according to
pre-discharge assessment. Measurements were per-
formed on one of four ultrasound systems. Echocar-
diograms were assessed in accordance with the guide-
lines [23] and validated by an experienced cardiolo-
gist. Patients were dichotomised as having preserved
(=50%) or reduced EF (<50%). Although some studies
used a lower cut-off value for defining a reduced EF (of
40%) [19, 24], a higher level was used given the data
which support the range of 40-50% as being within
the scope of LV systolic dysfunction [23] and have an
impact on CV events [20].
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Statistical analysis

Continuous variables were expressed as mean + stan-
dard deviation or as median [percentile 25-75, in-
terquartile range (IQR)] according to the normality of
the distribution. Categorical variables were expressed
as absolute count and percentage. Continuous vari-
ables were compared using unpaired or paired #-
test for those with normal distribution, or with the
Mann-Whitney or Wilcoxon tests (for unmatched and

of distribution was assessed using the Kolmogorov-
Smirnov test.

Linear regression analysis was used to evaluate
if EF was a significant predictor of the change in
pVO: irrespective of potential confounders. Age, gen-
der, prior coronary artery disease (CAD), number of
sessions, Killip classification, arterial hypertension,
dyslipidaemia, diabetes mellitus, smoking status and
baseline pVO, were forced into the model. All results
were two-sided, and a p-value under 0.05 was consid-

matched data, respectively). Categorical variables
were compared with the chi-square test. Normality

ered as significant. Statistical analysis was done using
Stata 15 (Stata Corp, College Station, TX, USA).

Table 1 Study population characteristics

All patients Preserved EF Reduced EF p-value?

(n=379) (n=224) (n=155)
Age (years) 58.8+10.6 58.3+10.4 59.6+10.9 0.259
Male sex 307 (81%) 181 (81%) 126 (81%) 0.905
STEMI 255 (67%) 146 (65%) 109 (70%) 0.294
Revascularisation 335 (88%) 204 (91%) 131 (85%) 0.050
Killip classification
1 309 (82%) 205 (92%) 104 (68%) <0.001
2 50 (13%) 14 (6%) 36 (23%)
3 1 (3%) 3 (1%) 8 (5%)
4 7 (2%) 1 (1%) 6 (4%)
History of CAD 60 (16%) 23 (10%) 37 (24%) <0.001
Arterial hypertension 203 (54%) 118 (53%) 85 (55%) 0.678
Dyslipidaemia 233 (61%) 138 (62%) 95 (61%) 0.950
Diabetes mellitus 100 (26%) 52 (23%) 48 (31%) 0.092
Smoking status
Current smoker 173 (46%) 111 (50%) 62 (40%)
Former smoker 74 (20%) 40 (18%) 34 (22%) 0.183
Body mass index 26.7+3.5 26.7+3.2 26.7+3.8 0.920
Ejection fraction (%) 52 (44-56) 56 (53-58) 42 (36-45) <0.001
Medication at discharge
Acetylsalicylic acid 376 (99%) 223 (100%) 153 (99%) 0.362
Clopidogrel 226 (60%) 126 (56%) 100 (65%) 0.107
Ticagrelor 145 (38%) 95 (42%) 50 (32%) 0.046
Anti-coagulants 27 (7%) 8 (4%) 9 (12%) 0.001
ACEi/ARA 365 (96%) 216 (96%) 149 (96%) 0.879
BB 353 (93%) 206 (92%) 147 (95%) 0.276
Spironolactone 50 (13%) 0 (0%) 50 (32%) <0.001
Diuretics 70 (18%) 15 (7%) 55 (35%) <0.001
CCB 33 (9%) 22 (10%) 11 (7%) 0.355
Nitrates 46 (12%) 16 (7%) 30 (19%) <0.001
Nicorandil 7 (2%) 2 (1%) 5 (3%) 0.097
Ivabradine 2 (1%) 0 (0%) 2 (1%) 0.088
Anti-diabetic agents® 87 (23%) 45 (20%) 42 (27%) 0.111
Insulin 5 (4%) 5 (2%) 10 (6%) 0.038
Statins 377 (99%) 223 (100%) 154 (99%) 0.793
Number of EBCR sessions 22 (16-25) 22 (16-24) 24 (17-27) 0.038

ACE angiotensin-converting enzyme inhibitors, ARA angiotensin Il receptor blockers, BB beta-blockers, CAD coronary artery disease, CCB calcium-channel
blockers, EBCR exercise-based cardiac rehabilitation, EF ejection fraction, n number of subjects, STEMI ST-segment elevation acute myocardial infarction

@ Comparison between preserved and reduced EF

b Excluding insulin
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Table 2 Comparison between functional parameters among preserved and reduced ejection fraction groups at different

stages of the exercise-based cardiac rehabilitation program

CPET1
(preserved EF)
Peak VO, (ml/kg/min) 24.23+5.98
Percent predicted peak V02 83.76 +15.75
RER 1.08+0.11
Duration (s) 600 (480-720)
CPET2
(preserved EF)
Peak VO, (ml/kg/min) 25.16+6.18
Percent predicted peak V02 86.94+15.89
RER 1.09+0.11
Duration (s) 717 (600-780)
Delta
(preserved EF)
Peak VO, (ml/kg/min) 0.94+2.87
Percent predicted peak V02 3.18+10.01
RER 0.01+0.09
Duration (s) 100 (60-120)

CPET1 p-value
(reduced EF)
20.79+5.56 <0.001
72.77+16.34 <0.001
1.06+0.15 0.112
540 (420-600) <0.001
CPET2 p-value
(reduced EF)
22.76+6.25 <0.001
79.37+17.67 <0.001
1.07+0.11 0.049
660 (484-769) 0.009
Delta p-value
(reduced EF)
1.97+3.07 0.001
6.59+10.46 0.002
0.01+£0.13 0.936
120 (60-180) 0.007

CPET1 cardiopulmonary exercise test at the beginning of the EBCR program, CPETZ cardiopulmonary exercise test at the end of the EBCR program, EF ejection

fraction, RER respiratory exchange ratio

Results

A total of 379 patients were included (Tab. 1). Two
patients were represented twice, given that they suf-
fered an AMI on two distinct occasions; in these only
one event (the first) was considered for the analysis.
Overall, 40.9% of patients had a reduced EF upon dis-
charge. Significant differences between patients with
a reduced and preserved EF were present in the Kil-
lip classification, prior CAD, number of sessions and
prescription of ticagrelor, anti-coagulants, spironolac-
tone, diuretics, nitrates and insulin (Tab. 1).

Patients completed a median of 22 EBCR sessions
(IQR 16-25). After the programme, pVO; increased sig-
nificantly (22.82+6.04 vs 24.18+ 6.31 ml/kg/min,—all
patients; 24.23+5.98 vs 25.16+6.18 ml/kg/min, pre-
served EF group; 20.79+ 5.56 vs 22.76 + 6.25 ml/kg/min,
reduced EF group; p<0.001 for all comparisons), as

did CPET duration [542 (480-660) vs 661s (540-780),
all patients; 600 (480-720) vs 717s (600-780), pre-
served EF group; 540 (420-600) vs 660s (484-769),
reduced EF group; p<0.001 for all comparisons].
There were no differences in the RER.

The reduced EF group had a lower pvVO, and com-
pleted a shorter CPET (Tab. 2). Those with a baseline
reduced EE however, presented a significantly higher
increase in pVO, and CPET duration. There were no
differences between groups in the RER at the begin-
ning of the programme, whereas at the end values
differed (p=0.049; Tab. 2).

In the linear regression analysis, a baseline reduced
EF was associated with a higher variation (delta) in
pVO: irrespective of age, gender, prior CAD, number
of sessions, Killip class, arterial hypertension, dyslipi-
daemia, diabetes mellitus and smoking status (Tab. 3).

Table 3 Multivariable linear regression analyses for the evaluation of baseline ejection fraction as a predictor of the change
in peak VO> after an exercise-based cardiac rehabilitation programme

Variables [3-Coefficient
Age —-0.05
Sex —0.11
Arterial hypertension -0.50
Diabetes mellitus 0.25
Dyslipidaemia 0.94
Smoking status —0.31
Previous history of CAD —-0.11
Number of EBCR sessions -0.01
Killip classification -0.29
Reduced ejection fraction 1.24

CAD coronary artery disease, EBCR exercise-based cardiac rehabilitation

Standard error p-value
0.02 0.002
0.40 0.784
0.33 0.132
0.36 0.491

0.34 0.005
0.20 0.124
0.46 0.809
0.02 0.665
0.27 0.296
0.33 <0.001
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This was maintained after inclusion in the model of
the baseline pVO; (p=0.014).

Discussion

In the present study, we found significant improve-
ments in pVO, and CPET duration after an EBCR
programme, irrespective of the baseline EE Although
those patients with a reduced EF presented worse
functional capacity (as assessed by CPET), they
benefitted more from this programme (delta pVO,
1.97+3.07 vs 0.94+2.87, p=0.001).

The benefit in our patient cohort, and specifically
its effect among those with a reduced EE adds to the
current evidence-base for EBCR [1, 8, 25, 26]. Given
that individuals with a reduced EF present a worse
prognosis after an AMI [3, 20], and taking into con-
sideration the impact of the pVO, in terms of CV out-
comes such as mortality, we believe these results are
particularly relevant [8, 16]. Of note, the effect of
EBCR was maintained after adjusting for several po-
tential confounders, including baseline pVO, (which
was significantly lower among patients with a reduced
EF). Although at the end of the programme RER val-
ues differed, given the differences and their absolute
values (Tab. 2), we believe that this fact should not
limit the interpretation of the overall results. Impor-
tantly, even small changes in pVO; can be associated
with positive clinical outcomes, as has been previ-
ously shown [16]. Recently De Schutter et al. re-
ported on data from patients with coronary heart dis-
ease and showed that improvements in pVO, dur-
ing EBCR were associated with reduced mortality, in-
dependently of EF [27]. In this observational study,
a 1ml/kg/min greater improvement in pvVO. was as-
sociated with a 10% reduction in all-cause mortal-
ity [27]. As such, our data highlight the notion that
EBCR presents a relevant intervention in this sub-
group, characterised by a higher residual risk [1, 8,
28]. Although data show that in some series these pa-
tients are referred less often for EBCR, e.g. Brown et al.
reported that although not reaching significance, pa-
tients with LV systolic dysfunction were slightly less
likely to be referred [18, 24], the present study reiter-
ates the need for adequate representation, in light of
the possible benefits [1, 29].

A recent study stratifying AMI survivors with
a CPET showed that those with a worse pVO. reaped
greater benefit from an EBCR programme [11]. Al-
though when stratifying patients according to baseline
EF no difference was noted [11] (a fact possibly ex-
plained by differences in patient characteristics and
functional capacity), these data emphasise the rel-
evance of these programmes among patients with
lower functional capacity.

Patients were discharged under optimal medical
therapy, and most were submitted to revascularisation
during hospitalisation. As stated in the guidelines,
EBCR should be combined with optimal pharmaco-

logical and device-based therapy [1, 3]. Most patients
were male, and mean age was 58.8+ 10.6 years. This is
in line with current data [5, 8], and Brown et al. also
reported that patients referred to these programmes
were more likely to be younger, males and to have
presented with an ST-elevation myocardial infarction
(STEMI) [24]. Interestingly, data from the Portuguese
Registry on Acute Coronary Syndromes described
a mean age of 66+ 13 years, with 44% STEMI patients
[30]. This discrepancy, which we suggest could be
related to differences in referrals, warrants further
study on the best strategies to improve participation
of less-represented populations.

The programme pre-specified 24 sessions. Despite
this, patients in this study completed a median of
22 sessions (IQR 16-25). Several issues have previ-
ously been highlighted concerning hindrances related
to attendance [2]. Though this data was not avail-
able for the present study, it would be of interest, in
order to allow its optimisation. Although this should
be kept in mind, as does the significant difference in
the number of sessions between groups, a reduced EF
persisted as a significant and independent predictor
of a higher change in pVO..

Limitations

Several caveats should be considered when interpret-
ing these results. Firstly, this was a retrospective ob-
servational study, with no control group. However,
given previous data present on a randomised control
trial [7], and the multiple clinical benefits associated
with EBCR [1, 5], this should not negatively affect the
interpretation of the data. Secondly, we did not as-
sess the variation in EF during and after the EBCR
programme. Though we believe it would be of inter-
est to have such data, prior studies and meta-analyses
have extensively addressed this issue [7, 8, 25]. Briefly,
a meta-analysis by Zhang et al. showed that EBCR
could have a positive effect on EF if started early af-
ter the event, though not all studies included showed
this outcome [25]. Notably, although several stud-
ies did not report an improvement in EF there was
a consistent positive effect in pVO, [7, 25]. Thirdly,
this study concerns AMI survivors treated at a single
tertiary centre, most of whom were subjected to per-
cutaneous coronary intervention. Therefore, general-
isation to other settings should be done with caution
[17]. Fourthly, in 5.8% of individuals the CPET was
not performed with the modified Bruce protocol, but
with a variation given the individuals’ low functional
capacity. Finally, we assessed data from a CPET in or-
der to address functional status. In addition, although
advice on a healthy lifestyle is part of the overall man-
agement by the attending physician, no specific pro-
tocol was present. It would be relevant to have data
related to psychological status, as well as parameters
related to body composition (namely lean body mass
and adiposity), in order to fully ascertain the role of

2
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ancillary interventions within the scope of EBCR [1, 2,
8].

Conclusion

The performance of a phase II EBCR programme was
associated with significant improvements in func-
tional capacity, expressed in pVO,, among a con-
temporary cohort of AMI survivors. Patients with
a preserved and those with a reduced baseline EF de-
rived significant benefits from this programme. Those
with a reduced EF derived an even greater benefit, as
assessed by the greater improvement in pVO. (even
when corrected for baseline exercise capacity) and
exercise test duration.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

Appendix

Data collected included: age; sex; history of arterial
hypertension; history of dyslipidemia or prior use of
anti-dyslipidemic medication (and LDLc value); his-
tory of diabetes mellitus or prior use of anti-diabetic
agents (and HbA1C value); smoking status; body mass
index; prior history of coronary artery disease; type of
acute myocardial infarction at presentation (ST-ele-
vation or non ST-elevation); revascularization status;
Killip classification; left ventricular ejection fraction
at discharge (assessed by echocardiography); medica-
tion at discharge; number of exercise-based cardiac
rehabilitation sessions attended.
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