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ABBREVIATIONS
AT=aerobic training
CPET=cardiopulmonary exercise test
CRP=cardiac rehabilitation program
HT=heart transplant
RT=resistance training
VAT=ventilator anaerobic threshold

VOzpea =peak 0xygen uptake



ABSTRACT

Background: Timely access, adherence, and efficacy of cardiac rehabilitation programs (CRP)
are important given the potential to mitigate/reverse the side-effects of immunosuppressive
medications, weight gain, and cardiovascular deconditioning that place heart transplant (HT)
recipients at increased cardiovascular risk. However, there is a dearth of information on use and
efficacy of CRPs. Therefore, we examined process indicators (time-to-referral and correlates,
program adherence) and clinical outcome indicators (functional capacity (VO2peax),
anthropometrics) of CR post-HT compared to post-coronary artery bypass graft (CABG).
Methods: Baseline and 6 month exercise stress test results, and anthropometrics were examined
retrospectively among consecutively enrolled post-HT and age- and sex-matched CABG patients.
Time-to-referral/program entry, attendance and completion rates were also measured.

Results: HT (n=43) and CABG patients were referred 24.9+48.9 and 2.1+£3.6 months
respectively, following surgery (p=0.003). Once referred, there was no difference in elapsed-time
to program entry (p=0.2). There was a positive relationship between time-to-referral and
baseline waist circumference (r=0.5,p=0.001), body mass index (r=0.5,p=0.002), hip
circumference (r=0.4,p=0.008), and body fat percentage (r=0.4,p=0.03) in HT. HT and CABG
patients had similar rates of CRP dropout (27.9% vs. 37.2% respectively,p=0.4). There was
improvement in VOgpeak for HT (2.4+4.2 mL-kg™-min*,p=0.02) and CABG (5.5+5.4 mL-kg™-min-
1p<0.001), but was greater for CABG(p=0.04). Anthropometric measures remained stable for
both cohorts (p>0.05).

Conclusions: There is a lengthy delay in time-from-HT to CRP referral, though once referred,
gain significant benefit in functional capacity. The appropriateness of this wait needs to be
elucidated, however it appears that longer wait times are associated with adverse effects on body

composition.



INTRODUCTION

Comprehensive cardiac rehabilitation (CR) programs are recommended in many major guidelines
as a standard of care for individuals recovering from cardiac disease(1). CR programs have been
clearly shown to improve fitness, psychosocial well-being, and to significantly reduce morbidity
and mortality in persons recovering from acute cardiac illness(2-4). Cardiac rehabilitation and
secondary prevention programs are also recommended for people recovering from heart
transplant (HT) surgery by major health associations including the American Heart Association
and the American College of Cardiology Foundation(1). Timely referral to CR treatment is
recognized as important to patient enrolment(5, 6), and may result in greater improvement in
functional capacity(7, 8) and greater beneficial effects on left ventricular remodeling following
myocardial infarction(9). Timely access to CR may be particularly critical for the person with a
transplanted heart. Exercise may ameliorate some of the side-effects of immunosuppressive
medications that develop in early recovery including weight gain, peripheral muscle atrophy,
bone demineralization, cardiovascular deconditioning, and metabolic syndrome(10-16). These
changes place the HT recipient at increased risk for secondary disease such as stroke, coronary
artery disease, renal insufficiency, osteoporosis, hypertension, diabetes, and dyslipidemia(10, 11,
17-19). Indeed, Canadian recommendations suggest 4-10 days as a “preferable” wait following
transplantation to initiate a CR program, with 10-60 day as the “acceptable” benchmark(20).
Nevertheless, the elapsed time from HT to commencement of aerobic or resistance exercise has
exceeded one year in most(21-25), but not all(26-28) randomized controlled studies. There may
be barriers to timely access to CR programs after HT that are unique when compared to other
chronic disease populations. For example, people post HT may have infection, rejection, side-
effects of immunosuppressant medication, as well as psychosocial issues related to organ

transplant.



Despite the importance of timely exercise training and risk factor modification interventions, the
length of time from surgery to commencement of CR in HT recipients in the “real-world” has not
been reported. Moreover, HT patient adherence (attendance and program completion), in this
group has been scantly investigated. Change in cardiovascular fitness has received more attention

in the literature. Results of a recent meta-analysis showed that exercise training following HT

resulted in significantly greater gains in peak oxygen uptake (VOzpeak) than standard of care

treatment in 6 prospective studies(29).

Accordingly, the aims of this study were to determine process and clinical outcome indicators for
persons with HT participating in CR including: (1) the timing of CR initiation, and the
relationship to anthropometrics and functional capacity at program entry, (2) the degree of
program completion/attendance, and (3) efficacy (i.e., anthropometrics and functional capacity).
A cohort of age-and sex-matched post-coronary artery bypass graft (CABG) patients was used as
a comparison group. It was hypothesized that the elapsed time from surgery to commencement of
a CR program would be greater following HT than CABG, but that there would be no differences
in program adherence rates or change in anthropometrics. Also, because the denervated heart
functions differently, we hypothesized that a CR program would yield mitigated gains in

parameters of cardiovascular fitness in HT compared to CABG.

MATERIAL AND METHODS
Study Design and Procedure
This was a retrospective analysis of HT and CABG patient assessments pre-program and

following 6 months of CR. The study was approved by the institution’s Research Ethics Board.

Consecutive patients who had undergone a HT and enrolled in a single cardiac rehabilitation

program (CRP) in Toronto, Canada from January 1996 to October 2013 were identified for this



study (see figure 1). Consecutively-enrolled age- and sex-matched patients with a documented
history of CABG surgery (primary diagnosis) and no prior history of HT were identified for
comparison. They were matched to year and month of CR referral for consistency in medical

care and CR program delivery. Data were extracted from the institution’s database.

CR Intervention

Participants were referred to the CR program by their family physicians, surgeon, or other health
care professional. The program was led by an interprofessional team of physicians,
physiotherapists, nurses, kinesiologists, psychologists, and dietitians. The program delivery
model was the same for CABG and HT patients. Patients attended 90-minute exercise classes
once per week for 6-12 months and monthly classes for 4 to 12 months (duration varied
depending on date of CR entry), and were offered baseline and 6 month cardiopulmonary

exercise tests (CPETS).

Exercise classes included aerobic training (AT), education sessions as well as psychosocial and
dietary counselling. Each patient was assigned to a case manager and patients were required to
complete 5 AT and 2-3 resistance training (RT) sessions per week, which were tracked via an
exercise diary. One exercise session was conducted in the facility, with the balance of the
exercise being completed in the home/community. The initial walking prescription was set at a
distance of approximately 1.6 km per day and an intensity equivalent to the ventilatory anaerobic
threshold (VAT) and/or 60-80% of VOzpeak With a longer warm-up and cool-down period for HT
than CABG. Prescriptions were progressed every 2 weeks, increasing distance to a maximum of
6.4 km and then increasing intensity to a maximum of 80% of VOzpea (Maximum duration of 60

minutes). Thereafter, training intensity was adjusted to maintain a pace equivalent to 80% of

VOzpeak. RT exercises were initiated 8 weeks after AT, and included 3 lower body (2 with



dumbbells one with exercise bands), 5 upper body (dumbbells) and 2 trunk-stabilizing exercises
(patients’ body weight). Patients were advised to gradually progress from 10 to 15 repetitions

and then to increase resistance by 5 kg or one band level and reduce repetitions to 10.

Participants
Patients were eligible for the program if they did not have contraindications to exercise(30) such
as acute systemic illness or fever, uncontrolled resting severe hypertension, or uncontrolled

metabolic disease such as diabetes.

Measures

Time to Referral and Program Initiation, and CR Adherence

Three wait time intervals were considered. First, time from cardiac surgery to program initiation,
was calculated as the elapsed number of days from the date of surgery to the date that the patient
attended the first exercise session. Within this period, time from cardiac surgery to referral was
calculated as elapsed number of days from surgery to the date on the physician referral document,
and time from referral to program initiation was measured as the elapsed number of days from
the date of physician referral to the date that the patient attended the first exercise session. The

CPET was conducted in the interval between referral and program initiation.

Proportion of pre-scheduled on-site weekly attendance was one of the adherence variables of
interest. Subjects attended a maximum of 24 classes over 6 months and monthly classes for 4 to
12 months (duration varied depending on date of CR entry). Patients were coded as “dropout”
when there was confirmation by a patient that he/she no longer wished to or was unable to
participate, and/or when three or more consecutive on-site visits were missed, and/or if the patient
was unreachable by telephone on repeated (minimum of three) attempts over a 2-month period.

Reasons for withdrawal were categorized as medical or non-medical.



Anthropometrics

Percent body fat was assessed by bioelectrical impedance for patients referred after 1999, (Tanita
TBF-300A, Tokyo, Japan), and prior to this by skin fold measurements(31). Waist circumference
was measured at the narrowest part of the torso between the iliac crest and xiphoid process or at
the level of the iliac crest after normal exhalation(30). Hip circumference was measured at the
maximal circumference of the buttocks(30). Abdominal obesity was considered for waist

circumference >88 cm and >102 cm for women and men respectively(32).

Functional Capacity

CPETSs were conducted in all patients at baseline and 6 months, except in those who prematurely
discontinued the CR program or when program completion coincided with a CPET conducted
elsewhere with the transplant team. A CPET on either an upright cycle ergometer (Ergoselect
200P, Germany), or a treadmill (same modality pre- and post-training) was performed depending
on patient balance and comfort. On the cycle, work load was increased by either 8.3 or 16.7
Watts every minute maintaining a pedaling rate of 60 RPM. On the treadmill, the Bruce or
Modified Bruce protocol was selected(30). Gas samples were collected via calibrated metabolic
cart (SensorMedics Vmax Encore, California) with continuous monitoring of 12-lead ECG
(Marquette Case 80), and blood pressure. The test was terminated at peak volitional effort (i.e.,
unable to maintain treadmill speed or pedaling rate), if a physiological maximum was achieved,
or if the patient had adverse clinical signs or symptoms. VAT was determined by a combination

of the V-slope and ventilatory equivalents methods(33, 34) by agreement between the supervising
physician and technologist. The expected VOzpeak (mL-kg™-min™) was calculated from

established age and sex norms(35).



Statistical Analysis

A descriptive examination of the variables of interest was performed, including
sociodemographic and clinical characteristics, wait times, program use, as well as
anthropometrics and functional capacity indicators. Differences between the groups pre-program
were assessed using independent samples Student’s t tests for continuous variables and X tests

for categorical variables.

Student’s t test for paired samples was used to determine within-group differences from pre-
program to 6 months later. Between-group differences were analyzed by independent-samples t
test and categorical variables by X2 or Fisher exact tests. The time-from-transplant to start of CR
data was positively skewed and was log transformed to approximate normal distribution. The
relationship between time-from-HT to referral and baseline anthropometric measures were
determined using the Pearson correlation coefficient. Probability values <0.05 were considered

significant. All analyses were performed in SPSS (version 21.0, SPSS, Inc., Chicago, IL).

RESULTS

Participant Characteristics

Forty-three men and women were referred to the CR program following HT surgery from January
1996 to October 2013. Table 1 displays their sociodemographic and clinical characteristics. The
prescribed immunosuppressant medications at baseline were prednisone (n=32, 74.4%),
mycophenolate mofetil (n=22, 51.2%), cyclosporine (=19, 44.2%), tacrolimus (n=14, 32.6%),
sirolimus (n=7, 16.3%), azathioprine (n=3, 7.0%) and everolimus (n=2, 4.7%). At baseline, there
was no between-group difference in employment status but a greater proportion of the CABG
participants had a diagnosis of CAD and hypertension than HT participants, with expected

differences in use of standard cardiovascular medications.



Wait Times, Attendance and Completion Rate

As shown in Table 1, the elapsed time from surgery to program initiation was over 6 times longer
(p=0.004), and time from surgery to referral was 12 times longer (p=0.003) for HT when
compared to CABG patients. Once referred, there was no significant difference in elapsed time
to the initiation of the first exercise session (p=0.2). Among HT patients, 29.3% (n=9) were
referred to CR within 60 days following HT, in contrast to 74.4 % (n=32) of those post-CABG
(p<0.001). Only 11.6% (n=5) of the post-CABG cohort started the program within 60 days,

while none of the HT patients met this benchmark.

The longer the time from HT to referral, the greater the baseline waist circumference (r=0.5,
p=0.001), body mass index (r=0.4, p=0.03), hip circumference (r=0.4, p=0.008), and body fat %
(r=0.4, p=0.03) at the time of entry. There was no significant relationship between wait time and
functional capacity indicators pre-program (r=0.04, p=0.8). There was no significant correlation

between time from CABG to referral and anthropometrics or functional capacity.

The HT and CABG patients had similar rates of program completion (72.1% and 62.8%
respectively, p=0.4), attending a mean of 19.4+18.9 and 15.7+11.8 pre-scheduled visits,
respectively (p=0.3; Table 1). Among HT and CABG dropouts, 50% and 18.8%, discontinued CR

for medical reasons, respectively (p=0.1).

Within the HT cohort, non-completers were more likely to have a diabetes diagnosis (58.3%;

n=7/12 vs. 19.4%; n=6/31, p=0.04), have abdominal obesity (72.2%; n=8/11, vs. 35.5%; n=11/31,

p=0.04; Figure 2), and a lower peak diastolic blood pressure (73.84£9.6 vs. 82.5£11.4 mmHg,

10



p=0.03) compared to completers. Non-completers were referred a mean of 50.0£79.7

vs.15.2+25.9 months post-HT surgery compared to completers (p=0.2).

Anthropometric and Cardiorespiratory Outcomes

Table 2 displays the outcomes and change from pre-program values among the HT and CABG
patients who completed the program. There was no significant change in any of the
anthropometric measures within both cohorts. With regard to functional capacity indicators, there

was significant improvement in VOzpeac for HT (A 2.4+4.2 mL-kg-min; 16.0+28%, p=0.02)

and CABG (A 5.5+5.4 mL-kg™-min; 28.6+30.2%, p<0.001) participants, but the change was
greater for CABG patients (p=0.04). Within group changes revealed a significant improvement
in VAT for the CABG group only, with a trend for greater improvement in the CABG than HT

cohort (p=0.05). Elapsed time from HT surgery to CR referral did not correlated with

change in any outcome measure (p>0.05).

DISCUSSION

Results of this retrospective analysis demonstrate that a CR program yields significant gains in
cardiovascular fitness, and acceptable adherence and completion rates in consecutively enrolled
HT patients. However, when compared to a matched group of CABG patients, there is a

markedly longer delay in referral time and mitigated gains in cardiovascular fitness parameters.

The person with a transplanted heart has a profile that may include episodes of rejection, and
diastolic dysfunction as well as years of pre-transplant physical inactivity and disability(36, 37).
These factors may have contributed to the marked deconditioning in HT patients at CR entry,
measuring 51% of age- and sex-normative values. In fact, VOzpeak Was significantly lower in HT

than the post-CABG group despite the same relative effort on the baseline CPET as determined

11



by the respiratory exchange ratio. Generally, the oxygen requirements for carrying out activities
of daily living fall within the range of 10 to 18 mL-kg-min™ (activities such as dressing, walking
4.3 kilometers per hour)(38). Thus, with the VOzpeak Of only 15 mL-kg'min that was observed
in the HT group, some routine activities may be prohibitive due to the maximal strain that may be
imposed on the cardiovascular system. Therefore, the documented magnitude of gain in exercise
capacity post CR program (16%) would have positive implications for activity of daily living
function. Moreover a higher VOzpeak may proffer a mortality benefit in patients with CAD and

HT(39-41). Despite a greater proportion of women, the magnitude of change in the current study

is similar to that reported in other HT studies (10.2 to 27%)(13, 29, 39).

There is a dearth of studies examining the underlying mechanisms that determine change in
cardiovascular fitness in HT patients. Kavanagh et al. were among the first to suggest that the
exercise related change in VOzpeak Was likely related in large part to peripheral adaptations in
view of the absence of change to submaximal stroke volume or cardiac output(13). Similarly,
other studies have failed to show central changes in response to exercise training (21, 42) and
most (22, 24, 43, 44) but not all (45) have reported that endothelial function improves with
exercise training. Moreover, reversal of muscle myopathy induced by corticosteroids and
calcineurin inhibitors, may be other peripheral mechanisms contributing to improved functional

capacity (46-48).

In the current study there was a trend for greater improvement in VAT in the CABG group
compared to HT. While improvements in VOzpeak are important for prognostic outcome(40),

delaying lactate accumulation may be more clinically relevant to submaximal endurance

performance(49) given that many activities of daily living are performed below or near the VAT.

12



Research is required to elucidate optimal exercise prescription strategies such as high intensity

interval training to improve the VAT in an HT population attending CR.

The elapsed time from HT surgery to CR program initiation was markedly longer than the time
elapsed in a matched cohort following CABG surgery (mean of 2.2 years vs. 4.1 months
respectively). Both groups exceeded the acceptable benchmark of 60 days established for both
HT and CABG patients by the Canadian Cardiovascular Society(20) with only 11.6% of CABG
patients starting the program within the acceptable time delay. This is not unexpected, as an
examination of the elapsed time from HT to commencement of the exercise intervention
exceeded 1 year in most(21-25), but not all(26-28) published randomized controlled studies. The
greatest difference in delay between cohorts in the current study was related to referral initiation.

Once patients were referred, wait time to program entry was similar between patient groups.

The underlying reasons for referral initiation taking approximately 23 months longer for HT
patients may be multifactorial. Early post-HT, patients may have more medical issues requiring
more intense medical follow up (i.e. major rejection episodes, side effects of immunosuppressant
therapy) leaving less time and motivation to attend further ‘medical’ appointments required of a
CR program. However, it is unlikely that these reasons would fully account for the lengthy delay
revealed in the current study. In earlier studies, health system, patient, and physician factors have
also been identified as barriers to referral in patients with mixed cardiac diagnoses eligible for
CR(50, 51). For example, delayed referral may be related to the amount and strength of
physician support and endorsement, the type of referral strategy utilized by the acute care hospital
(automatic vs. patient initiated referral), lack of awareness of CR, and/or lack of motivation for
exercise (52-54). These factors may be intensified in people following HT. Yet, despite exercise
being an important component of rehabilitation, no study has examined the barriers to timely

referral specific to HT patients. Research is needed to understand the causes of referral delay

13



including intercurrent clinical issues, and to educate physicians on the importance of timely

referral.

A compelling observation from this study is that the greater the delay in CR referral from the time
of HT surgery, the more unfavorable the waist and hip circumference, percent body fat, and BMI
measures. This is in congruence with previous studies showing that adverse body composition
changes develop following HT surgery including a weight gain of up to 10.3 kg within the first
year post-transplant, an increase in trunk fat, waist circumference, and a decrease in peripheral
lean mass(11). While further research comparing these parameters in post-HT patients referred
within the “preferred” benchmark versus later is required, the association between elapsed time to
referral and deterioration in anthropometric measures has important clinical implications for
optimal timing of a CR intervention and long-term disease burden. Generally, obesity is
associated with numerous adverse effects such as CAD, stroke, dyslipidemia, hypertension, sleep-
disordered breathing, systolic and diastolic dysfunction and some cancers(55-59). It is also
related to metabolic abnormalities including type Il diabetes, insulin resistance, and glucose
intolerance(19, 60) Obesity has been associated with greater risk of rejection episodes, failed
allografts, and a survival disadvantage in HT patients(15, 61-65). In the current study,
abdominal obesity was highly prevalent, occurring in 45.2% of the HT cohort. Although
abdominal obesity also occurred in a large proportion of the CABG patients (39.5%), there is
growing evidence that abdominal obesity may be a particularly powerful risk factor for the

development of the metabolic syndrome in HT patients(10, 65).

We also observed that patients with abdominal obesity and those with a diabetes diagnosis were
significantly over-represented in the HT group that did not complete CR compared to those who
completed CR. This is similar to previous studies reporting that obesity and diabetes are

significant predictors of dropout in CR programs(66, 67). This may also explain why the elapsed

14



time to referral in those who dropped out was 4 times longer than time to referral in the
completers (albeit the difference did not reach statistical significance). While the underpinnings
of this relationship have not been fully explored, overweight and obesity can have an adverse
effect on joint health that can affect participation in exercise programs and increase health service
utilization(68, 69). This may in part explain the greater proportion of medical dropouts in the HT
group. Yet, the association of these conditions with CR completion did not occur in the CABG
group despite similar baseline anthropometric measures and prevalence of diabetes. This

suggests that a more complex relationship exists and requires further exploration.

Collectively, these findings suggest that the longer the time to referral, the greater the risk of
secondary disease and risk of non-compliance with CR treatments. While there were no
significant changes in any anthropometric measure following CR, earlier referral may help to halt
these unfavorable body composition changes that occur with time and promote compliance to
heart-healthy behaviors. In an early study, Kobashigawa et al. randomized 27 patients within 2
weeks after HT to either a 6 month exercise intervention or a nonexercise control group(28).
While there was a significantly greater improvement in V/Ozpea for the exercise vs control group,
there was a mean weight gain of 8 kg in both cohorts. Despite this finding and the well-
documented deterioration in anthropometric and body composition parameters within the first
year post-transplant (11, 15), the current study demonstrated stability of the these measures over 6
months of exercise training regardless of length of time from HT in those who completed CR.
This may be owing to the CR program being a comprehensive risk factor modification
intervention that offers dietary education and counseling by a registered dietitian. Therefore,
although the established benchmarks for acceptable wait times for accessing CR programs were
not evidence based but developed through consensus, it appears that earlier referral may be

beneficial. However, the appropriateness of this recommendation requires further investigation.
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STUDY LIMITATIONS

This was a retrospective study conducted in a single centre located in a large city centre and may
lack generalizability to other programs, including those where CR services are not publicly
funded. It is also possible that the sample was not large enough to detect significant differences
between cohorts in certain variables. We did not have access to information regarding length of
stay in hospital or rejection episodes following surgery, which may have impeded CR referral.
The lack of non-CR and early referral post-HT comparison groups also poses a limitation,
however there is a dearth of knowledge in this area of research and as CR programs for HT
expand, and patients are living longer post-transplant, further research to build on these findings
will be required to investigate the efficacy of CR interventions known to extend life in other

populations.

CONCLUSIONS

Patients were referred to the CR program a mean of 2.1 years post-HRT. This is of concern as the
longer the elapsed time to CR referral, the greater the deterioration in patients” body composition.
These data strongly support further research to provide evidence regarding the appropriate wait
for HT patients to prevent or reverse the development of the well-documented atherogenic profile
and to examine barriers to early referral. The marked deconditioning of HT patients compared to
patients early post-CABG surgery suggests that CR should be initiated earlier than observed.
However, while participation in the CR program yielded gains in VO2pea, the magnitude of
change was less than that observed in CABG patients, and there was only a trend towards
improvement in anaerobic threshold for HT patients. Therefore, research is also required to
elucidate optimal exercise prescription strategies for HT patients, who should ideally access

programs earlier.

16



Acknowledgments

The authors would like to acknowledge the patients and Rehabilitation Staff at the Toronto
Rehabilitation Institute (staff including Rene Belliard, Karen Dobson, Marcella Calouro, Priscilla
Gonsalves, and Sonia Watson). This research was funded by the Toronto Rehabilitation
Institute/University Health Network who receives funding under the Provincial Rehabilitation

Research Program from the Ministry of Health and Long-Term Care in Ontario.

17



References

1. Thomas RJ, King M, Lui K, Oldridge N, Pifia IL, Spertus J.
AACVPR/ACC/AHA 2010 update: performance measures on cardiac rehabilitation for
referral to cardiac rehabilitation/secondary prevention services: a report of the American
Association of Cardiovascular and Pulmonary Rehabilitation and the American College
of Cardiology Foundation/American Heart Association Task Force on Performance
Measures (Writing Committee to Develop Clinical Performance Measures for Cardiac
Rehabilitation). J Am Coll Cardiol. 2010;56:1159-67.

2. Alter DA, Oh PI, Chong A. Relationship between cardiac rehabilitation and
survival after acute cardiac hospitalization within a universal health care system. Eur J
Cardiovasc Prev Rehabil 2009.

3. Heran BS, Chen JMH, Ebrahim S, et al. Exercise-based cardiac rehabilitation for
coronary heart disease. Cochrane Database of Systematic Reviews Art No: CD001800
DOI: 101002/14651858CD001800pub2. 2011(7).

4. Taylor RS, Brown A, Ebrahim S, et al. Exercise-based rehabilitation for patients
with coronary heart disease: systematic review and meta-analysis of randomized
controlled trials. Am J Med. 2004;116(10):682-92.

5. Russell KL, Holloway TM, Brum M, Caruso V, Chessex C, Grace SL. Cardiac
rehabilitation wait times: Effect on enrollment. J Cardiopulm Rehabil Prev.

2011;31:373-7.

18



6. Pack QR, Mansour M, Barboza JS, et al. An Early Appointment to Outpatient
Cardiac Rehabilitation at Hospital Discharge Improves Attendance at Orientation: A
Randomized, Single-Blind, Controlled Trial. Circulation. 2013;127:349-55.

7. Parker K, Stone JA, Arena R, et al. An early cardiac access clinic significantly
improves cardiac rehabilitation participation and completion rates in low-risk ST-
elevation myocardial infarction patients. . Can J Cardiol. 2011;27:619-27.

8. Valkeinen H, Aaltonen S, Kujala UM. Effects of exercise training on oxygen
uptake in coronary heart disease: a systematic review and meta-analysis. Scand J Med Sci
Spor. 2010;20(4):545-55.

9. Haykowsky M, Scott J, Esch B, et al. A meta-analysis of the effects of exercise
training on left ventricular remodeling following myocardial infarction: start early and go
longer for greatest exercise benefits on remodeling. Trials. 2011;12(1):92.

10.  Cordero A, Gavira JJ, Alegria-Barrero E, et al. Prevalence of Metabolic
Syndrome in Heart Transplant Patients: Role of Previous Cardiopathy and Years Since
the Procedure—the TRACA Study. J Heart Lung Transplant. 2006;5:1193-8.

11.  Williams JJ, Lund LH, LaManca J, et al. Excessive Weight Gain in Cardiac
Transplant Recipients. J Heart Lung Transplant. 2006;25:36-41.

12. Lake KD, Reutzel TJ, Pritzker MR, Jorgensen CR, Emery RW. The impact of
steroid withdrawal on the development of lipid abnormalities and obesity in heart
transplant recipients J Heart Lung Transplant 1993;12:580-90.

13. Kavanagh T, Yacoub MH, Mertens DJ, Kennedy J, Campbell RB, Sawyer P.
Cardiorespiratory responses to exercise training after orthotopic cardiac transplantation.

Circulation. 1988:77:162-71.

19



14.  Braith RW, Welsch MA, Mills RM, Keller JW, Pollock ML. Resistance exercise
prevents glucocorticoid-induced myopathy in heart transplant recipients. Med Sci Sports
Exerc. 1998;30:483-9.

15. Grady KL, Naftel D, Pamboukain SV, et al. Post-operative obesity and cachexia
are risk factors for morbidity and mortality after heart transplant: multi-institutional
study of post-operative weight change. J Heart Lung Transplant. 2005;24:1424-30.

16. Braith RW, Mills R, Welsch MA. Resistance exercise training restores bone
mineral density in heart transplant recipients. J Am Coll Cardiol. 1996;28:1471-7.

17. Almenar L, Cardo ML, Martinez-Dolz L, et al. Risk factors affecting survival in
heart transplant patients. Transplant Proc. 2005;37:4011.

18. Bonet LA. Predictors of mortality following heart transplantation: Spanish
Registry of Heart Transplantation 19842003 Transplant Proc. 2005;37:4006.

19. Kobashigawa JA, Starling RC, Mehra MR, et al. Multicenter retrospective
analysis of cardiovascular risk factors affecting long-term outcome of de novo cardiac
transplant recipients. J Heart Lung Transplant 2006;25:1063-.

20.  Dafoe W, Arthur H, Stokes H, Morrin L, Beaton L. Universal access: But when?
Treating the right patient at the right time: Access to cardiac rehabilitation. Can J Cardiol.
2006;22:905-11.

21. Haykowsky M, Taylor D, Kim D, Tymchak W. Exercise Training Improves
Aerobic Capacity and Skeletal Muscle Function in Heart Transplant Recipients. Am J

Transplant. 2009;9:734-9.

20



22.  Hermann TS, Dall CH, Christensen SB, Goetze JP, Prescott E, Gustafsson F.
Effect of High Intensity Exercise on Peak Oxygen Uptake and Endothelial Function in
Long-Term Heart Transplant Recipients. Am J Transplant. 2011;11:536-41.

23. Karapolat H, Eyigor S, Zoghi M, et al. Effects of cardiac rehabilitation program
on exercise capacity and chronotropic variables in patients with orthotopic heart
transplant. Clin Res Cardiol. 2008;97:449-56.

24, Nytrgen K, Rustad LA, Aukrust P, et al. High-Intensity Interval Training
Improves Peak Oxygen Uptake and Muscular Exercise Capacity in Heart Transplant
Recipients. Am J Transplant. 2012;12: 3134-42.

25.  Wu YT, Chien CL, Chou NK, Wang SS, Lai JS, Wu YW. Efficacy of a home-
based exercise program for orthotopic heart transplant recipients Cardiology.
2008;111:87-93.

26. Braith RW, Schofield RS, Hill JA, Casey DP, Pierce GL. Exercise training
attenuates progressive decline in brachial artery reactivity in heart transplant recipients. J
Heart Lung Transplant. 2008;27:52-9.

27. Bernardi L, Radaelli A, Passino C, et al. Effects of physical training on
cardiovascular control after heart transplantation. Int J Cardiol. 2007;118:356-62.

28. Kobashigawa JA, Leaf DA, Lee N, et al. A controlled trial of exercise
rehabilitation after heart transplantation. N Engl J Med. 1999;340:272-7.

29. Didsbury M, McGee RG, Tong A, et al. Exercise Training in Solid Organ
Transplant Recipients: A Systematic Review and Meta-Analysis. Transplantation.

2013:95:679-87.

21



30.  ACSM. American College of Sports Medicine's guidelines for exercise testing
and prescription. 8th Edition ed. Philadelphia: Lippincott Williams and Wilkins; 2009.
31. Durnin JVGA, Womersley J. Body fat assessed from total body density and its
estimation from skinfold thickness: measurements on 481 men and women aged from 16
to 72 Years. Br J Nutr. 1974;32:77-97.

32.  Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and management of the
metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood
Institute Scientific Statement. Circulation. 2005;112:2735-52.

33. Beaver WL, Wasserman K, Whipp BJ. A new method for detecting an anaerobic
threshold by gas exchange. J Appl Physiol 1986;60:2020-7.

34.  ATS. American Thoracic Society/American College of Chest Physicians:
ATS/ACCP statement on cardiopulmonary exercise testing. Am J Respir Crit Care Med.
2003;167:211-77.

35.  Jones NL, Campbell EJM. Clinical Exercise Testing Philadelphia: W.B.
Saunders. 2nd ed ed1982.

36. Hausdorf G, Banner NR, Mitchell A, Khaghani A, Martine M, Yacoub M.
Diastolic function after cardiac and heart-lung transplantation. Br Heart J. 1989;62:123-
32.

37. Paulus WJ, Bronzwaer JGF, Felice H, Kishan N, Wellens F. Deficient
acceleration of left ventricular relaxation during exercise after heart transplantation.
Circulation. 1992;86:1175-85.

38. Ivey F, Macko R, Ryan A, Hafer-Macko C. Cardiovascular health and fitness

after stroke. Top Stroke Rehabil. 2005;12:1-16.

22



39. Kavanagh T, Mertens DJ, Shephard RJ, et al. Long-term cardiorespiratory results
of exercise training following cardiac transplantation. Am J Cardiol. 2003;91:190-4.

40. Kavanagh T, Mertens DJ, Hamm LF, et al. Prediction of long-term prognosis in
12 169 men referred for cardiac rehabilitation. Circulation. 2002;106:666-71.

41. Kavanagh T, Mertens DJ, Hamm LF, et al. Peak oxygen intake and cardiac
mortality in women referred for cardiac rehabilitation. J Am Coll Cardiol.
2003;42(12):2139-43.

42.  Geny B, Saini J, Mettauer B, et al. Effect of short-term endurance training on
exercise capacity, haemodynamics and atrial natriuretic peptide secretion in heart
transplant recipients. Eur J Appl Physiol Occup Physiol. 1996;73 (3-4):259-66.

43. Pierce GL, Schofield RS, Casey DP, Hamlina SA, Hill JA, Braith RW. Effects of
exercise training on forearm and calf vasodilation and proinflammatory markers in recent
heart transplant recipients: a pilot study. Eur J Cardiovasc Prev Rehabil. 2008;15:10-8.
44.  Schmidt A, Pleiner J, Bayerle-Eder M, et al. Regular physical exercise improves
endothelial function in heart transplant recipients. Clin Transplant. 2002;16:137-43.

45, Haykowsky M, Riess K, Figgures L, et al. Exercise training improves aerobic
endurance and musculoskeletal fitness in female cardiac transplant recipients. Current
Controlled Trials in Cardiovascular Medicine 2005;6.

46.  Schakman O, Kalista S, Barbe C, Loumaye A, Thissen JP. Glucocorticoid-
induced skeletal muscle atrophy. Int J Biochem Cell Biol. 2013;45(10):2163-72.

47.  Sakuma K, Yamaguchi A. The functional role of calcineurin in hypertrophy,

regeneration, and disorders of skeletal muscle. J Biomed Biotechnol. 2010;2010:721219.

23



48. Braith RW, Magyari PM, Pierce GL,et al. Effect of Resistance Exercise on
Skeletal Muscle Myopathy in Heart Transplant Recipients. Am J Cardiol. 2005;95:1192-
8.

49, Marcinik EJ, Potts J, Schlabach G, Will S, Dawson P, Hurley BF. Effects of
strength training on lactate threshold and endurance performance. Med Sci Sports Exerc.
1991;23(6):739-43.

50.  Grace SL, Gravely-Witte S, Brual J, et al. Contribution of patient and physician
factors to cardiac rehabilitation enrollment: A prospective multi-level study. Eur J
Cardiovasc Prev Rehabil. 2008;15:548-56.

51.  Grace SL, Russell K, Reid R, et al. Effect of cardiac rehabilitation referral
strategies on utilization rates: A prospective, controlled study. Arch Intern Med.
2011;117:235-41.

52.  Gravely-Witte S, Leung YW, Nariani R, et al. Effects of cardiac rehabilitation
referral strategies on referral and enrollment rates. Nat Rev Cardiol. 2010;7:87-96.

53.  Ades PA, Waldmann ML, McCann WJ, Weaver SD. Predictors of cardiac
rehabilitation participation in older coronary patients. Arch Intern Med.
1992;152(5):1033-5.

54.  Ghisis GLM, Polyzotis P, Oh P, Pakosh M, Grace SL. Physician Factors
Affecting Cardiac Rehabilitation Referral and Patient Enrollment: A Systematic Review.
Clin Cardiol.36:323-35.

55.  Chakko S, Mayor M, Allison MD, Kessler KM, Materson BJ, Myerburg RJ.
Abnormal left ventricular diastolic filling in eccentric left ventricular hypertrophy of

obesity. Am J Cardiol. 1991;68:95-8.

24



56. Lavie CJ, Milani RV. Obesity and cardiovascular disease: the Hippocrates
paradox? . J Am Coll Cardiol 2003;42:677-9.

57.  Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of of
sleep disordered breathing among middle-aged adults. N Engl J Med. 1993;328:1230-5.
58.  Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological evidence
and proposed mechanisms. Nat Rev Cancer. 2004;4:579-91.

59.  Yusuf S, Hawken S, Ounpuu S, et al. Obesity and the risk of myocardial
infarction in 27,000 participants from 52 countries: a case- control study. Lancet.
2005;366:1640-9.

60. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet.
2005;365:1415-28.

61.  Winters GL, Kendall TJ, Radio SJ, et al. Posttransplant obesity and
hyperlipidemia: major predictors of severity of coronary arteriopathy in failed human
heart allografts J Heart Transplant 1990;9:364-71.

62. Keogh A, Simons L, Spratt P, et al. Hyperlipidemia after heart transplantation J
Heart Lung Transplant. 1988;7:171-5.

63. Rudas L, Pflugfelder PW, McKenzie FN, Menkis AH, Novick RJ, Kostuk WJ.
Serial evaluation of lipid profiles and risk factors for development of hyperlipidemia after
cardiac transplantation. Am J Cardiol 1990;66:1135-8.

64. Kubo SH, Peters JR, Knutson KR, et al. Factors influencing the development of

hypercholesterolemia after cardiac transplantation. Am J Cardiol. 1992;70:520-6.

25



65.  Valantine H, Rickenbacker P, Kemna M, et al. Metabolic abnormalities
characteristic of dysmetabolic syndrome predict the development of transplant coronary
artery disease: a prospective study. Circulation. 2001;103:2144-52.

66. Marzolini S, Brooks D, Oh PI. Sex differences in completion of a 12-month
cardiac rehabilitation programme: an analysis of 5,922 women and men. Eur J
Cardiovasc Prev Rehabil 2008;15:698-703.

67. Marzolini S, Mertens DJ, Oh PI, Plyley MJ. Self-reported compliance to home-
based resistance training in cardiac patients. Eur J Cardiovasc Prev Rehabil. 2010;17:35-
49.

68. Marzolini S, Candelaria H, Oh PI. Prevalence and impact of musculoskeletal
comorbidities in cardiac rehabilitation. J Cardiopulm Rehabil and Prev. 2010;30:391-400.
69. Marzolini S, Oh PI, Alter D, Stewart DE, Grace SL. Musculoskeletal
comorbidities in cardiac patients: Prevalence, predictors, and health services utilization.

Arch Phys Med Rehabil. 2012;93:856-62.

26



Figure 1. Flow Diagram

Heart Transplant
43 consecutively anroled
palisris

I

Coronary Artery Bypass Graft
43 consecutively anrclled age and

sex maiched pabients

Peopl= folowang HT refemed 1o
cardiac rehabiitation {CR) program

|

S——

-\-\-\_"\-\_
T

Fedraiduals folloming CABG refiermed
o GR program

P

Baseline Candopumonany Exercisa Tesl |

—

Fartiopated in CR program
+1 CR visit'week for & manths
SAT=5 limes par weak
FHT=2-3 limes par wesk

1

12 patients (27 )
discontinued CF
Program

"HH

-

——

———g

Participation m GH program
+1 CR wisitveeek for & months
=AT=5 Tiees per week
oRT=2-3 WS per Wik

1

16 patients (37 )
discontinued CF
PrOagram

d_ﬂ_;-f'

i

-

& honth Cardicpulmonary Exerciss Test |

CABG-=coronary artery bypass graft
CR=cardiac rehabilitation
AT=aerobic training

RT=resistance training

27



Figure 2. Pre-Program Characteristics of Cardiac Rehabilitation
Completers versus Non-Completers among Heart Transplant Recipients
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Table 1. Sociodemographic and Pre-Program Clinical Characteristics, and

Adherence to Cardiac Rehabilitation, by Clinical Indication

Characteristics HT n=43 CABG n=43
Sociodemographic
Male, n (%) 22 (51.2) 22 (51.2)

Age, yrs (range)

Partnered, n (%)

Not Employed, n(%)
Clinical

Body Mass Index, kg-m?

Waist Circumference, cm

Abdominal Obesity, Waist >88 cm >102 cm, n(%)

Hip Circumference, cm

Waist-to-Hip Ratio

Body Fat, %

CAD Diagnosis, n(%)

Diabetes diagnosis, n(%)

Hypertension, n(%)
Medications, n(%)

R-blockers

Ca?*-channel antagonists

Diuretic
Other Antihypertensives

Lipid-lowering agents

51.6+10.7(25-67)

27/39 (69.2)

30/39 (76.9)

26.8+6.1
93.7+14.2
19/42 (45.2)
101.3+14.9
0.93+0.11
27.6+8.7
8 (18.6)
13(30.2)

8 (18.6)

5 (11.6)
11 (25.6)
11 (25.6)
16 (37.2)

35 (81.4)

51.8+10.4(27-67)
24/41 (58.5)

27/42 (64.3)

27.2+4.5
93.2+11.9

17/43 (39.5)
102.4+9.3
0.91+0.08
28.5+8.1
43(100)t
16(37.2)

17 (39.5)

36 (83.7)*
6 (14.0)
5 (11.6)
18 (41.9)

38 (88.4)
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Platelet Inhibitor
Antidiabetic agents
Antidepressants/anxiolytics
Vasodilator
Gastric Acid Inhibitor
CR Utilization
Wait Times
Cardiac Surgery to Program Initiation,
Mean months (min/max)
Median (IQR) months
Cardiac Surgery to Referral,
Mean months (min/max)
Median (IQR) months
Referral to Program Initiation,
Mean days (min/max)
Median (IQR) days
Attendance to all weekly classes, n
Attendance to all monthly classes, n
Attendance within first 6 months, n classes (%)
Program Completion, n (%)
Withdrawal owing to Medical/Non Medical

Reasons, n(%)
VOzpeak, mL-kg'l-min'l
VOZpeak, % Age and Gender-Predicted Norms

Peak Respiratory Exchange Ratio

20 (46.5)

11 (25.6)

12 (27.9)
0(0)

28 (65.1)

26.6+49.0 (2.2-213.2)

6.1 (13.6)

24.9+48.9 (0.7-213)

5.2 (13.2)

52.5+33.6 (7-154)

47 (39)

19.4+18.9
14.2+25.4
11.2+6.1 (46.8+25.5)

31 (72.1)

6 (50)/6(50)

15.3+3.9

51.0+14.5

1.18+0.10

42 (97.7)*
15 (34.9)
11 (25.6)
11 (25.6)*

10 (23.2)*

4.1+3.7 (1.3-23.3)*

2.9 (2.0)

2.1+3.6 (0.13-22.1)t

1.03 (1.4)

61.9+35.5 (14-181)

55 (39)

15.7+11.8
15.9+26
11.8+7.2 (49.1+29.9)

27 (62.8)

3(18.8)/13(81.3)

18.5+5.6*

60.3+16.2*

1.21+0.11
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VAT achieved, n (%)

VAT mL-kg-1-min-1

VAT mL-kg'l-min'l, % VOzpeak
Resting HR, beats-min-1

Peak HR, beats'min-1

Resting DBP, mmHg

Peak DBP, mmHg

Resting SBP, mmHg

Peak SBP, mmHg

34 (79.1)

120+ 3.2

76.7

97.4+129

120 +18.5

78.1+12.1

80.0+11.5
125.1+16.3

160.1 +28.1

39 (90.7)

13.6+4.3

74.3

71.5+ 11.6%

128.0 £22
75.4+ 9.6
82.8+10.9
1274+ 18.4

178.6+28.5*

Values are mean+SD unless otherwise indicated.

*p=<0.05 and Tp=<0.001 between HT and CABG

cabg=Coronary artery bypass graft, ©@=coronary artery disease, VOzperk = peak

oxygen uptake, ®ventilatory anaerobic threshold, "=heart rate, %P=diastolic

blood pressure, s°P=systolic blood pressure
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Table 2. Characteristics and Outcomes of Cardiac Rehabilitation Completers

Variable Heart Transplant Coronary Artery Bypass Graft Between Group
n=23 n=25 Change
Pre- 6 Months p Pre- 6 Months p p Value
Program value Program value
Sociodemographic
Age, years 49.6x11.4 - 49.4+10.7 e mmmemeeee e
Sex, male, n(%) 13(56.5) - 15(60) s e e
Partnered, n(%) 9/20 (45) - 16/24 (66.7) --mmeeeem e e
Not Employed, n(%) 20/21 (95.2) 17/21 (81.0) 0.2 17/24 (70.8) 16/24 (66.7) 06 0 e
Clinical
Body Mass Index, kg-m? 26.4+7.2 26.9+7.3 0.2 26.6+4.4 27.1+5.0 0.1 0.9
Body Fat (%) 26.1+10 25.8+10.0 0.6 27.3x10.4 27.3x10.4 1.0 0.8
Waist Circumference, cm 92.5+15.3 92.3+17.5 0.9 91.9+11.4 92.9+12.9 0.3 0.4
Waist >88 cm >102 cm?*, 10 (43.5) 10 (43.5) 1.0 7 (28.0) 8 (32.0) 1.00 -
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n(%)

Hip Circumference, cm
Waist-to-Hip Ratio
Resting HR, beats ‘min-1
Peak HR, beats ‘min-1
RSBP (mmHg)

RDBP (mmHg)

Peak SBP (mmHg)

Peak DBP (mmHg)

Peak Oxygen Uptake,
mL-kg'l-min'1
VAT mL-kg~L-min-1

Peak RER

98.1+10.6

0.94+0.1

97.8+10.0

121.2+12.7

1271+ 141

821+121

165.9+33.3

83.8+11.9

15.9+3.9

12.3+3.3

1.20+0.1

98.9+10.9

0.92+0.12

94.4+10.1

129.3+16.2

126.9+16.9

80.2+9.0

169.4+ 31.1

80.5+6

18.3+5.6

14.1+4.8

1.22+0.1

0.5

0.2

0.2

0.03

0.96

0.5

0.4

0.1

0.02

0.08

0.3

101.2+8.2

0.91+0.07

72.9+12.2

134.6+18.1

126.3+19.3

75.6+£10.9

182.3+28.7

82.9+10.8

20.2+5.6

14.1+3.9

1.22+0.11

101.1+9.3

0.92+0.07

74.3£14.3

145.8+22.2

122.9+18.8

75.5+£8.9

189.9+25.0

81.5+11.3

25.748.4

19.1+7.3

1.17+0.11

0.9

0.3

0.6

0.009

0.3

0.98

0.1

0.6

<0.001

<0.001

0.2

1.0

0.1

0.2

0.6

0.5

0.6

0.5

0.5

0.04

0.05

0.1

Values are mean+/- SD unless specified otherwise;



hr = heart rate, PP = resting systolic blood pressure, P = resting diastolic blood pressure, Va@=ventilatory anaerobic
threshold, ™'=respiratory exchange ratio.

*Abdominal obesity was considered for waist circumference >88 and >102 cm for women and men, respectively.
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