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Abstract
Cardiac transplantation is the final therapeutic option for patients with end-stage heart failure. Most patients experience 
a favorable functional ability post-transplant. However, episodes of acute rejection, and multiple comorbidities such as 
hypertension, diabetes mellitus, chronic kidney disease and cardiac allograft vasculopathy are common. The number of 
transplants has increased steadily over the past two decades with 3,817 operations performed in the United States in 2021. 
Patients have abnormal exercise physiologic responses related to surgical cardiac denervation, diastolic dysfunction, and the 
legacy of reduced skeletal muscle oxidative capacity and impaired peripheral and coronary vasodilatory reserve resulting 
from pre-transplant chronic heart failure. Cardiorespiratory fitness is below normal for most patients with a mean peak VO2 
of approximately 60% of predicted for healthy persons. Cardiac transplant recipients are therefore excellent candidates for 
Exercise-Based Cardiac Rehabilitation (CR). CR is safe and is a recommendation of professional societies both before (pre-
rehabilitation) and after transplantation. CR improves peak VO2, autonomic function, quality of life, and skeletal muscle 
strength. Exercise training reduces the severity of cardiac allograft vasculopathy, stroke risk, percutaneous coronary inter-
vention, hospitalization for either acute rejection or heart failure, and death. However, there are deficits in our knowledge 
regarding CR for women and children. In addition, the use of telehealth options for the provision of CR for cardiac transplant 
patients requires additional investigation.

Keywords  Cardiac transplant · Exercise responses · Exercise training

Introduction

Cardiac transplantation is the final therapeutic option for 
patients with end-stage heart failure with markedly improved 
survival, functional status, and quality of life compared to 
alternative treatments [1]. The number of transplants has 
steadily increased over the past two decades. In 2021, there 
were 3,817 operations in the US (513 children). For the past 
ten years, 31,238 transplants were performed in the US [2]. 
For North America, one-year and five-year survival after 
transplantation is 90% and 87%, respectively [3]. After trans-
plantation, episodes of acute rejection and multiple comor-
bidities such as hypertension, diabetes mellitus, chronic 
kidney disease, and cardiac allograft vasculopathy are com-
mon [4]. Causes of death in the early years after cardiac 

transplantation include graft failure (primary graft dysfunc-
tion and acute rejection), infection, and multi organ failure. 
Late mortality is due primarily to malignancy, cardiac allo-
graft vasculopathy and renal failure [1]. Cardiac transplan-
tation continues to be limited by a relative lack of donor 
organs despite increased acceptance of marginal hearts once 
considered unacceptable [5]. The relative paucity of donor 
hearts will be improved with the continued use of marginal 
organs and genetically modified porcine hearts, potentially 
expanding the numbers of transplant recipients referred to 
Exercise-Based Cardiac Rehabilitation (CR) [6].

Cardiac transplant patients are excellent candidates for 
CR given their pre-transplant heart failure syndrome and 
multiple comorbidities. CR after heart transplantation has 
been recommended since the early 1980s and has received 
endorsement from multiple professional societies [7, 8]. 
CR services for heart transplant patients are reimbursed by 
government and commercial payors in the US. Recently, 
exercise training prior to transplant with the goal of main-
taining or improving exercise capacity to potentially reduce 
postoperative complications (pre-habilitation) has been 
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advocated [9]. This review will focus on the responses to 
exercise, exercise training and associated benefits after heart 
transplantation. Other components of comprehensive CR, 
such as psychological assessment and intervention, medica-
tion compliance, healthy nutrition, avoidance of tobacco and 
nicotine, and symptom surveillance will not be discussed.

Responses to acute exercise

Cardiac transplant patients exhibit abnormal exercise physi-
ologic responses. These include both central abnormalities 
of surgical cardiac denervation during organ harvesting, no 
intact pericardium, diastolic dysfunction (elevated filling 
pressures at rest and during exercise) and impaired coronary 
artery vasodilatory capacity; and the peripheral abnormali-
ties of reduced skeletal muscle oxidative capacity, decreased 
skeletal muscle contractile force development, and impaired 
peripheral vasodilatory capacity (lingering effects of chronic 
heart failure) [10–12]. Table 1 lists common abnormal 
exercise physiologic findings in cardiac transplant patients. 
These abnormalities result in a reduced ability to perform 
both aerobic and resistance exercise and directly affect the 
process of exercise prescription in CR as discussed later.

Heart rate during graded exercise testing

Because of the loss of autonomic innervation of the donor 
heart, the heart rate at rest, during graded exercise and dur-
ing recovery is different for heart transplant recipients com-
pared to the general population observed during exercise 

testing. As a result of the loss of parasympathetic innerva-
tion of the donor heart with transplantation, heart rate at rest 
is elevated at approximately 95 to 115 beats/min and rep-
resents the inherent rate of depolarization of the sinoatrial 
node [10]. With graded exercise, the heart rate typically 
does not increase during the first several minutes (delayed 
increase), followed by a gradual rise with peak heart rates 
slightly lower than normal (mean of approximately 150 
beats/min, 80% of age predicted) due to sympathetic nerv-
ous system denervation [10]. Many patients achieve their 
highest exercise heart rate during the first few minutes of 
recovery from exercise, rather than at the point of peak exer-
cise intensity. Heart rate may remain near peak values for 
several minutes during recovery before gradually returning 
to resting levels (delayed decrease) [10]. The chronotropic 
or heart rate reserve (the difference between peak and rest-
ing heart rates) is less than normal. Regulation of heart rate 
during exercise is dependent upon circulating catechola-
mines [10]. Figure 1 shows the heart rate response during 
graded exercise in the same patient one year before and three 
months after orthotopic transplantation. Note the delayed 
increase in heart rate during the first few minutes of exercise 
and the highest rate during recovery after transplantation. 
Partial cardiac sympathetic efferent re-innervation occurs in 
some patients (approximately 35% to 40%) during the first 
several months to years after surgery and results in relative 
normalization of the heart rate response during exercise [13, 
14]. Figure 2 shows the heart rate responses during graded 
exercise for the same patient at 3 and 12 months after trans-
plantation. Note the typical denervated response at 3 months 
and the partially normalized response at 12 months.

Table 1   Abnormal Exercise 
Physiologic Findings in Heart 
Transplant Patients (from 
Squires [20])

Increased resting heart rate
Delayed increase in heart rate at onset of exercise
Blunted maximal heart rate
Delayed return of heart rate to resting level after cessation of exercise
Reduced heart rate reserve
Increased exercise left ventricular end-diastolic pressure (diastolic dysfunction)
Increased exercise pulmonary artery pressure, pulmonary capillary wedge pressure, right atrial pressure
Increased left ventricular end-systolic and end-diastolic volume indices
Impaired increase in stroke volume during exercise
Reduced exercise cardiac output
Decreased exercise arterial-mixed venous oxygen difference
Slowed oxygen uptake kinetics during exercise
Decreased maximal oxygen uptake
Impaired peripheral and coronary vasodilatory reserve
Reduced maximal power output during exercise testing
Decreased ventilatory anaerobic threshold
Increased exercise ventilatory equivalents for oxygen and carbon dioxide
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Peak oxygen uptake (peak VO2), athletic potential

Left ventricular ejection fraction is generally normal at rest 
and during exercise [12]. However, left ventricular diastolic 
function is often impaired as evidenced by an elevated filling 
pressure for a given end-diastolic volume. This impairment 
results in a below normal increase in stroke volume during 
exercise. The impaired rise in stroke volume, coupled with a 
below normal heart rate reserve, results in impaired exercise 
cardiac output [10].

Because of the dual abnormalities of an impaired exercise 
cardiac output and a reduced arterial-mixed venous oxygen 

difference, peak exercise VO2 is usually below normal for 
transplant patients. In a series of 95 patients (18 women) with 
a mean age of 49 years who performed a cardiopulmonary 
exercise test approximately one year after transplantation, the 
mean peak VO2 was 20 ml*kg−1*min−1(62% of age- and sex-
predicted) [13]. Marked variability in response was evident 
with a range for peak VO2 of 11 to 38 ml*kg−1*min−1 (39% 
to 110% of age- and sex-predicted). Similar average peak 
VO2 values measured at 3 months (19.4 ml*kg−1*min−1) and 
nearly five years after transplant (19.3 ml*kg−1*min−1) have 
been reported [15]. The high variability of cardiorespiratory 
fitness after transplant, with most patients exhibiting a con-
siderably below normal fitness, highlights the importance of 
individualization of the exercise prescription for this popula-
tion. Important determinants of peak VO2 after transplanta-
tion include oxygen pulse (VO2/heart rate, a surrogate meas-
ure for stroke volume), heart rate reserve, skeletal muscle 
strength, body mass index, and sex which together explain 
84% of the variance [15].

Select, very highly exercise-trained transplant patients 
may achieve much higher values for peak VO2: average peak 
VO2 of 40 to 54 ml*kg−1*min−1in a cohort of 26 men (mean 
age 45 years) [16, 17]. Although rare, impressive athletic 
performances have been reported after transplant. For exam-
ple, a 45-year-old male endurance athlete developed non-
ischemic cardiomyopathy with a pre-transplant peak VO2 
of 9 ml*kg−1*min−1. After transplantation he trained exten-
sively and completed three ironman triathlons (peak VO2 
56 ml*kg−1*min−1, 149% of predicted) [18]. A 44-year-old 
endurance athlete trained 10 to 12 h per week after recover-
ing from heart transplantation. He completed a seven-day 

Fig. 1   Heart rates measured 
during graded exercise in the 
same patient 1 year before 
and 3 months after orthotopic 
cardiac transplantation. Note 
the elevated resting heart 
rate and the delayed increase 
in heart rate during exercise 
after transplantation consist-
ent with complete denervation. 
METs = metabolic equivalents. 
(From Squires [10])

Fig. 2   Heart rate responses to graded exercise in the same patient at 
3  months and 12  months after cardiac transplantation demonstrating 
both denervation (at 3 months) and partial reinnervation (at 12 months). 
(From Squires [13])
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two-person, team-based trans-alpine ultra-endurance run of 
257 km (160 miles) in 43.1 h (he was paired with a healthy 
runner), placing 133rd of 300 teams- [19].

Cardiac transplant recipients are excellent candidates for 
CR for several reasons [20]:

1.	 Pre-transplant syndrome of chronic heart failure with 
poor exercise capacity due to central and peripheral cir-
culatory abnormalities, skeletal muscle pathology and 
chronic heart failure-related cachexia

2.	 Deconditioning due to inactivity before and after trans-
plant as well as the healing process with open-heart sur-
gery as observed with conventional coronary bypass or 
valvular surgery

3.	 Post-transplant use of corticosteroid medications with 
resultant skeletal muscle atrophy and weakness as well 
as increased body fat

CR provides impressive benefits in terms of improved 
cardiorespiratory fitness and skeletal muscle function as 
discussed in the next section.

Responses to exercise training

Aerobic exercise training in adults

There have been relatively few studies on the topic of aerobic 
exercise training after transplantation. In addition, studies 
have been limited by methodological differences. For exam-
ple, investigators have employed heterogenous approaches to 
exercise training with differences in intensity, session dura-
tion, frequency of exercise sessions and length of the train-
ing program. Also, the time interval between transplantation 
and starting exercise training varied widely between studies 
from a few days to several years, and the number of women 
included in the studies was limited.

A Cochrane Systematic Review, published in 2017, 
included only 10 randomized, controlled trials of CR ver-
sus usual care [21]. One study was a randomized cross-
over trial comparing moderate intensity continuous aerobic 
training with high-intensity interval training. The 10 trials 
included only 300 patients (< 25% women) with a median 
age of 54.4 years who began CR a median of 12 months 
(range: 0.5 to 61 months) after transplantation. The median 
follow-up interval was 12 months. Three CR models were 
employed by investigators: traditional medical center-based 
exercise training (5 studies), hybrid CR (combination of 
center-based and home-based exercise training, 2 studies) 
and home-based CR (3 studies). CR appeared to be safe 
for transplant recipients. Peak VO2 improved by an aver-
age of 2.5 ml*kg−1*min−1 with CR versus the usual care. 
There were no data on CR adherence, mortality rates or 

hospitalizations. Thus, randomized, controlled trials have 
demonstrated that exercise training results in improved car-
diorespiratory fitness when compared to usual care.

Observational studies have demonstrated a wide range 
of improvement in peak VO2 depending upon the amount 
of exercise training that was accomplished. A review of 12 
observational studies of exercise training after transplantation 
reported a range of 1.3 to 5.6 ml*kg−1*min−1improvements in 
peak VO2 [22]. However, some individual trials demonstrated 
much greater improvements in aerobic capacity. In 1988, 
Kavanagh and associates reported the results of a 16-month 
exercise training program in 36 transplant recipients (no con-
trol group) [23]. Exercise training (walk/jog; goal of 45 min, 
5 days per week) began approximately 7 months after surgery 
and was carefully supervised. Patients improved exercise 
capacity with training, including an average 27% increase 
in peak VO2 (21.7 to 25.9 ml*kg−1*min−1; a difference of 
4.2 ml*kg−1*min−1). In a subset of subjects who performed 
a much greater amount of training (mean walk/jog distance of 
32 km/week versus 24 km/week for the entire cohort), peak 
VO2 increased by 54% (21.3 to 32.2 ml*kg−1*min−1; a mean 
difference of 10.9 ml*kg−1*min−1).

Women and men appear to experience a similar percent 
increase in peak VO2 after CR [24]. A greater number of 
CR sessions performed is an independent predictor of peak 
VO2 [25]. Additional factors predicting post-transplant peak 
VO2 include transplant-related complications, chronotropic 
incompetence, and impaired diastolic function [26].

CR may begin successfully soon after surgery. Haykowsky 
et al. performed an observational study of early outpatient 
CR in 18 transplant recipients (mean age 57 ± 6 years, sex 
not reported) who began CR 24 ± 7 days after surgery [27]. 
Supervised exercise training consisted of 30–40 min of mod-
erate intensity aerobic exercise and lower extremity resist-
ance exercise, five sessions per week for 12 weeks. Peak VO2 
improved from approximately 14 to 19 ml*kg−1*min−1.

High-intensity aerobic interval training (HIIT) has 
emerged as an attractive alternative to continuous moder-
ate intensity exercise training (MICT) for transplant recipi-
ents. Traditional MICT in CR is prescribed by a target heart 
rate range of 60% to 85% of peak (corresponding to 50% 
to 75% of peak VO2) and Borg perceived exertion ratings 
(RPE) of 11-14 on the 6 to 20 scale [28]. HIIT may be pre-
scribed as two or more periods of 10 seconds to 4+ minutes 
at 85% to 95% of peak heart rate (75% to 85+% of peak 
VO2, RPE 15-17) interspersed with 1 to 3 minutes of MICT 
during a 30-40 minute exercise session [28]. The precise 
HIIT exercise prescription requires individualized based on 
patient characteristics such as time from surgery, baseline 
fitness level, evidence of partial normalization of heart rate 
response to exercise, and patient goals.

The HITTS multicenter trial randomized 81 patients 
11 weeks after transplant (range 7–16 weeks) to 9 months 
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of either HIIT (4 × 4 min intervals at 85% to 95% of peak 
effort [Borg perceived exertion ratings of 16–18] inter-
spersed with 3 min of lower intensity exercise [perceived 
exertion ratings of 11–13]) or MICT (60% to 70% of peak 
effort [perceived exertion ratings of 12–15]) [29]. Sub-
jects were 73% men with an average age of 49 ± 13 years. 
Exercise session duration was approximately 40 min, 2–3 
times per week, and included resistance exercises for the 
large muscle groups. All sessions were directly supervised 
by physical therapists in the subjects’ local communities in 
Norway, Sweden, and Denmark. At one year, both HIIT and 
MICT resulted in improvements in peak VO2, with HIIT 
superior, 25% versus 15% (mean difference HIIT versus 
MICT of + 1.8 ml*kg−1*min−1). There were no serious exer-
cise-related adverse events. The HIIT group demonstrated 
a greater increase in leg extensor strength. Two years after 
completion of HITTS, patients were evaluated for exercise 
training amounts (unsupervised, and independent from the 
investigators) and peak VO2 [30]. Weekly amounts of exer-
cise training, both intensity and duration, were similar in 
both groups. A high percentage of both HIIT and MICT sub-
jects exercised ≥ 2 times per week. There was no significant 
between group difference in peak VO2 (24 ml*kg−1*min−1, 
66% of predicted for healthy persons), however, the anaer-
obic threshold and skeletal muscle endurance remained 
significantly higher in the HIIT group. Although patients 
appear to have difficulty continuing with HIIT without direct 
supervision, HIIT may provide sustainable positive effects.

HIIT, without concurrent resistance exercise training, 
has been shown to improve lower extremity muscle strength 
(quadriceps + 15%, hamstrings + 19%) [31]. Younger age 
in transplant patients (28 ± 7 years versus 54 ± 8 years) 
is associated with greater increases in peak VO2 for both 
HIIT (7.0 versus 2.2  ml*kg−1*min−1) and MICT (4.7 
versus 1.2 ml*kg−1*min−1) [32]. HIIT does not impact 

echocardiographic features of left ventricular function, how-
ever it does increase peak exercise O2 pulse and improves 
health-related quality of life [33, 34].

Thus, while both MICT and HIIT improve cardiorespi-
ratory fitness after transplantation, HIIT appears to be the 
most effective form of training. Additional potential benefits 
of aerobic exercise training after heart transplantation are 
provided in Table 2.

Resistance exercise training in adults

Skeletal muscle atrophy and weakness as well as bone dem-
ineralization are common side effects of the immunosup-
pressant prednisone commonly used after transplantation for 
at least a period of several months. Long-standing chronic 
heart failure also results in skeletal muscle adverse changes 
including reduced contractile force development. Resistance 
exercise training partially reverses corticosteroid-related 
myopathy and improves skeletal muscle strength. Horber 
et al. found definite evidence of skeletal muscle wasting 
and weakness in the lower extremities of renal transplant 
patients who received prednisone [36]. Fifty days of isoki-
netic strength training substantially increased muscle mass 
and strength in these patients. There are a limited number of 
key studies regarding the benefits of resistance training after 
heart transplantation. Braith et al. pioneered the assessment 
of the results of six months of supervised resistance exercise 
training after transplantation. In a series of papers, Braith 
et al. reported important clinical benefits, including substan-
tially improved skeletal muscle strength, partial reversal of 
skeletal muscle myopathy with increased numbers of type I 
fibers (slow twitch, more aerobic) and reduced numbers of 
type II fibers (fast twitch, more anaerobic), and improved 
bone mineral density [37–39]. Therefore, resistance training 
during CR should be emphasized.

Table 2   Additional potential 
benefits of aerobic exercise 
training for heart transplant 
recipients (from Squires and 
Bonikowske [35])

Improved submaximal exercise endurance
Increased peak treadmill exercise workload or peak cycle power
Increased peak heart rate
Decreased exercise heart rate at the same absolute submaximal workload
Increased ventilatory (anaerobic) threshold
Decreased submaximal exercise minute ventilation
Reduced exercise ventilatory equivalent for CO2

Lessened symptoms of fatigue and/or dyspnea
Reduced rest and submaximal exercise systolic and diastolic blood pressures
Decreased peak exercise diastolic blood pressure
Reduced ratings of perceived exertion at a fixed submaximal workload
Improved psychosocial function
Increased lean body mass
Reduced body fat mass
Increased bone mineral content
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Exercise training in children

There are only limited data for exercise training in pediatric 
heart transplant recipients. Patel et al. enrolled 11 patients 
(8 girls), a mean of 5.3 ± 5.3 years after transplantation, age 
14.7 ± 5.3 years of age (range: 8–25 years), in a 12-week 
home-based exercise program [40]. Two patients were 
adults, ages 24 and 25 years. Exercise training involved mod-
erate intensity aerobic exercise for 30 min, three times per 
week and resistance exercise (elastic bands for upper extrem-
ities only) two times per week. Peak VO2 increased from 
24.5 ± 3.8 ml*kg−1*min−1 to 28.2 ± 4.2 ml*kg−1*min−1. 
Muscle strength increased significantly for the triceps, 
biceps, and quadriceps groups.

Chen et al. studied 14 children (median age 15.2 years, 
9 girls) at a median of 3.3 years post-transplant who par-
ticipated in 12-to-16-week video conference supervised CR 
[41]. Supervised aerobic and resistance exercise sessions of 
approximately 60 min duration occurred 3 times per week. 
Compared with baseline, peak VO2 improved by a median of 
2 ml*kg−1*min−1. Additional 12 to 16 weeks of maintenance 
exercise (1 video-supervised session and 2 unsupervised ses-
sions per week) resulted in further improvement in peak VO2 
(median of 3.2 ml*kg−1*min−1).

Effect of exercise training on immune 
function and adverse cardiovascular events

An important question concerning exercise training in 
immunosuppressed cardiac transplant recipients is the effect 
of training on immune function. Although the available data 
are limited, traditional moderate-intensity training does not 
appear to increase or decrease the number of episodes of 
acute rejection [42]. In addition, training does not com-
plicate medical treatment and does not require changes in 
immunosuppressant dosage. Infection risk is not changed by 
exercise training [35]. However, additional research on the 
effects of exercise training on immune function is needed.

To date there has been only one investigation examin-
ing the impact of exercise training in CR on mortality [43]. 
Rosenbaum et al. investigated 201 heart transplant recipients 
in the modern era of transplantation, 2000 to 2013 [43]. The 
number of CR sessions attended during the first 90 days after 
transplantation predicted survival to 10 years (82% survival 
overall) with a hazard ratio of 0.31 (69% reduction) for mor-
tality if patients participated in ≥ 8 sessions. Thus, CR par-
ticipation appears to be associated with improved survival.

Cardiac graft vasculopathy (CAV) is a highly prevalent 
and potentially lethal long-term complication after trans-
plantation [4]. Nytroen et al. assessed CAV with intravascu-
lar ultrasound at baseline and after one year in patients ran-
domized to HIIT versus standard care [44]. Although CAV 

progressed in both groups, HIIT resulted in a significantly 
reduced rate of progression of CAV.

Bachman et al. studied the 595 patients who underwent 
transplantation in the United States during 2013 and received 
Medicare coverage for CR [45]. Participation in CR (55% 
participation rate, mean number of sessions: 26.7) was asso-
ciated with a 29% lower one-year risk of re-hospitalization.

Uithoven et al. evaluated the relationship between the 
number of CR sessions performed and major adverse car-
diac events (MACE) in 140 heart transplant recipients (41 
women, age 52 ± 12 years) [46]. Based on recursive parti-
tioning, patients were divided into two groups: ≤ 23 sessions 
(group 1) and ≥ 23 sessions (group 2). Group 1 attended an 
average of 13 ± 6 sessions and group 2 attended 28 ± 5 ses-
sions. MACE was defined as stroke, percutaneous coronary 
intervention, heart failure requiring hospitalization, acute 
myocardial infarction, acute rejection resulting in hospi-
talization, and death. After a mean follow-up interval of 
4.1 ± 2.7 years and with adjustment for age, sex, diabetes, 
body mass index and pre-transplant peak VO2, group 2 
experienced an approximately 60% lower rate of the MACE 
composite endpoint than group 1. Thus, CR participation is 
associated with a substantially lower rate of MACE.

Exercise‑based cardiac rehabilitation 
specifics for heart transplantation: 
pre‑habilitation, inpatient and outpatient 
cardiac rehabilitation

Pre‑habilitation

The International Society for Heart and Lung Transplan-
tation recommends CR both before (pre-habilitation) and 
after surgery [47]. Cardiac transplant candidates who require 
prolonged hospitalization while awaiting a suitable donor 
heart, if stable, may participate in supervised stationary 
cycling and mild strength training [9]. The specific amount 
of exercise prescribed for hospitalized patients requires 
individualization, is dependent on multiple clinical factors, 
and follows exercise prescription guidelines for patients 
with symptomatic chronic heart failure. Outpatients await-
ing heart transplantation may be referred for outpatient CR 
(including patients supported with a left ventricular assist 
device as a bridge to transplant) and follow exercise train-
ing guidelines (both aerobic and resistance exercise) appro-
priate for individuals with chronic heart failure [48]. The 
goals of pre-habilitation for both inpatients and outpatients 
include familiarization with exercise training procedures, 
assisting patients in developing the habit of regular exercise, 
providing medical surveillance, and maintaining or improv-
ing exercise capacity to facilitate recovery from surgery. CR 
may be particularly challenging for these patients due to 
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profound deconditioning with limited exercise capacity, low 
cardiac output state, fatigue, and skeletal muscle weakness. 
Nonetheless, pre-habilitation for stable patients awaiting 
transplantation should be encouraged.

Inpatient exercise cardiac rehabilitation

Inpatient CR is standard care after transplantation and may 
begin very soon after surgery [20]. Passive range-of-motion 
exercises for both the upper and lower extremities, sitting 
up in a chair, and slow ambulation may begin and progress 
gradually after extubation (typically within 24 h after sur-
gery) [49]. Walking or cycle ergometry may begin at < 5 min 
and gradually increase to 20 to 30 min, as tolerated. Exercise 
intensity is guided using the Borg perceived exertion scale 
ratings of 11 to 13 (“fairly light” to “somewhat hard”) on the 
6–20 scale, keeping the respiratory rate below 30 breaths 
per minute and arterial oxygen saturation above 90%. Exer-
cise frequency is two to three sessions per day [10]. Patients 
whose postoperative courses are uncomplicated are typically 
discharged from the hospital in approximately 7 days.

Outpatient exercise cardiac rehabilitation

Cardiac transplant recipients may begin outpatient CR pro-
gram as soon as they are dismissed from the hospital [10]. 
Most CR programs strive to enroll patients within one to 
two weeks after dismissal. However, there may be a delay 
in starting outpatient CR due to a variety of health system 
level as well as patient level factors [50]. Participation in CR 
after transplantation appears to be suboptimal with approx-
imally 55% of Medicare-age patients attending programs 
[45]. Additional investigation of CR participation rates for 
non-Medicare patients is needed.

Exercise prescription for cardiac transplant patients fol-
lows methods used with patients who have undergone recent 
conventional coronary bypass, coronary valve, or other car-
diothoracic surgery [35]. The one exception is that a target 
heart rate is not used, unless the patient exhibits a partially 
normalized heart rate response to exercise as discussed pre-
viously. Borg perceived exertion scale ratings of 11 to 14 
(“fairly light” to “somewhat hard”) may be used to prescribe 
moderate intensity exercise [10]. HIIT may be introduced 
within the first 2–3 weeks of CR, using perceived exertion 
ratings of 15–17 for the higher-intensity intervals, as dis-
cussed previously. The exercise prescription should include 
standard 5–10 min aerobic warm-up and cool-down activi-
ties (a prolonged aerobic warm-up and cool-down in patients 
with evidence of cardiac denervation is not needed), a grad-
ual increase in aerobic exercise duration to 30 to 60 min, 
with a frequency of four to six sessions per week. Typical 
modes of aerobic exercise used during the early outpatient 

recovery period include walking (treadmill, indoors, or out-
doors), cycle ergometry, and stair climbing.

Since ratings of perceived exertion, rather than a target  
heart rate, are used to prescribe exercise intensity It is not  
necessary to perform graded exercise testing before begin-
ning the outpatient exercise program. Performance of a 6-min  
walk is helpful in assessing functional capacity, however. 
Graded exercise testing may be performed 6 to 8 weeks after 
surgery for patients without complicated recoveries, when 
the patient has recovered sufficiently from surgery to assess 
the cardiopulmonary responses to exercise and to refine the 
exercise prescription. Because of the sternal incision, special  
emphasis on upper extremity active range of motion exer-
cises to maintain normal flexibility is recommended during 
early outpatient CR. Additionally, at approximately 6 weeks 
after surgery, when sternal healing is nearly completed, row-
ing, arm cranking, combination arm/leg ergometry, outdoor 
cycling, hiking, and jogging become additional options, 
depending on the patients’ exercise capacity [51]. Please note  
that these guidelines may be surgeon specific. Some cardio-
thoracic surgeons recommend restriction of arm exercise for 
a full 12 weeks after the operation.

Skeletal muscle weakness in cardiac transplant recipients 
is very common, as discussed previously. Muscle strength-
ening exercises should be incorporated into the exercise 
program. For approximately the first 6 weeks after surgery 
(surgeon dependent), bilateral arm lifting may be restricted 
to less than 10 pounds to avoid sternal nonunion. During 
this early stage of rehabilitation, light hand weights are an 
excellent method of introducing resistance exercise. After at 
least 6 weeks of healing, patients may be started on standard 
weight machines, emphasizing moderate resistance, 10 to 
20 slow repetitions per set, one to three sets of exercises 
for the major muscle groups, with a frequency of two or 
three sessions per week [10, 51]. Elastic band exercises are 
also another excellent mode of resistance training for these 
patients. Borg perceived exertion scale ratings of 12 to 14 
to may be used gauge the intended moderate intensity of 
lifting. Strength gains of 25% to 50% or greater commonly 
occur after 8 weeks of strength training in these patients. 
Because cardiac transplant recipients are likely to require 
anti-hypertensive medications, periodic blood pressure 
measurement during both aerobic and strengthening exer-
cise is recommended.

Patients must be counseled to maintain a life-time exer-
cise routine to maintain the benefits of exercise training. 
Patients should continue either in a supervised exercise 
program indefinitely (maintenance cardiac rehabilitation 
program), exercise independently, or use a combination of 
supervised and unsupervised exercise. Periodic adjustment 
of the exercise prescription should occur, as needed.
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Summary

CR is recommended by professional societies both before 
(pre-habilitation) and after heart transplantation. Patients 
have abnormal exercise physiologic responses related to 
surgical cardiac denervation, diastolic dysfunction, and the 
legacy of reduced skeletal muscle oxidative capacity and 
impaired vasodilatory reserve resulting from pre-transplant 
chronic heart failure. Most patients have a below predicted 
baseline peak VO2. For adults, CR improves peak VO2, auto-
nomic function, quality of life, and skeletal muscle strength. 
In addition, CR reduces the severity cardiac allograft vas-
culopathy, stroke risk, percutaneous coronary intervention, 
hospitalization for either acute rejection or heart failure, 
and death. Data regarding CR in children are very limited. 
Further study of alternative delivery modes for CR using 
telemedicine and other technologies to improve long-term 
adherence with exercise is needed. Additional exercise train-
ing methods, such as inspiratory muscle training, are attrac-
tive targets for investigation [52].
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