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Abstract
Introduction: Heart transplantation (HT) is known to be the final therapy for patients with advanced heart failure; however, the
exercise capacity of these patients remains under the aged-predicted value after HT. Many studies have described the effectiveness
and safety of cardiac rehabilitation (CR) in HT recipients. Nevertheless, long-term follow-up data of HT recipients undergoing CR are
insufficient, and there is a lack of evidence on the long-term effects of CR. In this case report, we present the long-term benefits of CR
in an HT recipient, including serial follow-up clinical data over 1 year.

Patient concerns: A 48-year-old female patient underwent HT because of advanced dilated cardiomyopathy.

Diagnosis: Cardiopulmonary exercise test showed reduced exercise capacity and pulmonary function. The grip power and
quadriceps muscle strength were also decreased after HT.

Interventions:The patient underwent a phase I CR program for 3 months, followed by a phase III CR program for 7 months. In the
beginning, moderate-intensity continuous training was conducted. Thereafter, high-intensity interval training was implemented after a
period of adjustment for interval training.

Outcomes: The exercise capacity, 6-min walk distance, muscle strength, and vital capacity were improved after CR.

Conclusion: CR in HT recipients may improve muscle strength and pulmonary function as well as exercise capacity, without
serious cardiovascular complications. Phase III CR may help maintain exercise capacity in these patients.

Abbreviations: 6MWT = 6-min walk test, CR = cardiac rehabilitation, FEV1 = forced expiratory volume in 1 s, FVC = forced vital
capacity, HIIT= high-intensity interval training, HT = heart transplantation, MET =metabolic equivalent, PCF= peak cough flow, PhA
= phase angle, SMM = skeletal muscle mass, VO2max = maximal oxygen uptake.
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1. Introduction

Cardiac rehabilitation (CR) is a comprehensive program
including physician-prescribed exercise, education or counseling
on cardiac risk factors, and psychosocial assessment.[1] CR
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provides a multifaceted approach to enhance the exercise
capacity, mental and social functioning, and prognosis of cardiac
patients.[2] For decades, exercise was restricted in heart
transplantation (HT) recipients owing to the inappropriate heart
rate (HR) response after heart denervation in these patients.[3]

However, progress in CR research has shown that aerobic
exercise training may be effective in reversing the pathophysio-
logical consequences associated with cardiac denervation and in
preventing immunosuppression-induced adverse effects in HT
recipients.[3,4]

Exercise capacity improves after HT when compared with that
during end-stage heart failure; however, it continues to be
subnormal when compared with the age-matched values in
healthy individuals. Most studies show that the maximal oxygen
uptake (VO2max) level in HT recipients range from 50% to 70%
of that of the general population, and a reduced VO2max level is
generally associated with a poorer prognosis.[3] As decreased
exercise capacity affects the survival rate of HT recipients, like in
other cardiovascular diseases, the importance of CR after HT is
increasing.[5]

A recent systematic review on CR showed that long-term
follow-up data are insufficient and there is a lack of evidence on
the effects of CR on patient-related outcomes, except for
exercise capacity, in HT recipients.[6] In this case report, we
present objective findings on the benefits of CR in an HT
recipient, including serial longitudinal clinical follow-up data
over 1 year.
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2. Case report
A 48-year-old female patient was diagnosed with dilated
cardiomyopathy and underwent insertion of an implantable
cardioverter-defibrillator on May 26, 2017. However, she
experienced progressive dyspnea with exercise intolerance, and
her condition was classified as New York Heart Association class
III. Thereby, she underwent HT on June 22, 2018.
When she first visited our CR clinic on July 27, 2018, 1 month

after HT, she needed a wheel chair for long-distance mobility and
had to stop for breath when walking at her own pace. As her
health status did not allow conducting cardiopulmonary exercise
testing, we prescribed comprehensive CR twice a day, 5 days a
week, based on medical records and physical examination
findings. During the first 2 weeks, aerobic exercise was performed
using a bicycle. She also underwent training with lower-extremity
strengthening exercises. After 2 weeks of comprehensive CR, she
was able to walk on a treadmill independently.
The first CPET was performed at the second week of CR. The

intensity of CPET was 1.6 metabolic equivalents (METs) initially
and was manually increased by 0.3 METs every 3minutes
according to the manual protocol. After 12minutes 30 seconds,
the CPET was terminated according to the patient’s request
because of leg fatigue. At that time, the VO2max was 12.3mL/min/
kg and the respiratory exchange ratio was 1.17. Themaximal HR
and myocardial oxygen demand were 100 bpm and 17,646
mmHgbpm, respectively. As the heart was denervated after HT,
the HR recovery was delayed. HR increased up to 107 bpm in the
recovery period for 4minutes and then decreased. The 6-min
walk test (6MWT) distance was measured to be 281 m (Table 1).
The knee strength and hand-grip power were measured using an
isokinetic dynamometer (BIODEX System 4 ProTM; BIODEX,
USA) and JAMAR Plus+ hand dynamometer (Performance
Health, USA), respectively. Both knee extensor and flexor peak
Table 1

Results of cardiopulmonary exercise test.

First CPET Second CPET

Onset time after HT 2- mo 3- mo
Onset time after CR Baseline 1-mo
Completed CR sessions 7 23
CPET protocol Manual Manual
Total CPET time 12min 30 s 24min 57 s
VO2max (ml/kg/min) 12.3 15.7
VE/VCO2 slope 31.5 31.8
RER 1.17 1.18
HRrest (bpm) 75 71
HRmax (bpm) 100 114
HRR (bpm)
> Beats at 1 min 101 (+1)

∗
115 (+1)

> Beats at 2 min 102 (+2) 114 (0)
> Beats at 3 min 104 (+4) 112 (�2)
> Beats at 4 min 106 (+6) 110 (�4)
> Beats at 5 min 104 (+4) 106 (�8)

SBPmax (mmHg) 173 178
DBPmax (mmHg) 88 78
RPP (mmHg·bpm) 17,646† 18,370‡

6MWT (meter) 281 357

6MWT=6-min walk test, CPET= cardiopulmonary exercise test, CR= cardiac rehabilitation, DBP=diastoli
rate pressure product, SBP= systolic blood pressure.
∗
the change in heart rate 1min after stopping peak exercise.

†Measured at 3.2 METs.
‡Measured at 4.6 METs.
xMeasured at 5.1 METs.
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torques were < 30% of the age-predicted average values. The
right and left hand-grip power was 64.3% and 67.0% of the age-
predicted average value, respectively. A bioelectrical impedance
analyzer (InBody S10; Biospace, Seoul, Korea) was used for the
measurements of skeletal muscle mass (SMM) and phase angle
(PhA) (Table 2). The parameters of pulmonary function were
within the normal ranges; however, the respiratory muscle
strength and peak cough flow (PCF) values were below the
normal ranges (Table 3).
We prescribed the exercise program based on the first CPET

and used a high-intensity interval training (HIIT) protocol with a
treadmill. The patient exercised for a total of 50minutes. Her
program consisted of a 10-minute warm-up at 40% to 60% of
the HR reserve, followed by four 4-minute intervals of walking
on a treadmill at 85% of the HR reserve with three active pauses
of 3-minute walking at 40% to 60% of the HR reserve and a 10-
minute cool-down at 40% to 60% of the HR reserve.
Adjustments were made to maintain the target HR at the
equivalent percentages of the HR reserve. The MET values were
calculated from the speed and slope of the treadmill, and were
adjusted continuously to ensure that every training session was
performed at the assigned HR. During exercise, the patient’s
blood pressure, HR, oxygen saturation, and electrocardiographic
parameters were strictly monitored.Moreover, the exercises were
supervised by an experienced physical therapist and a medical
doctor who are specialized in CR.
At 1 and 3 months after starting CR, we conducted follow-up

CPET and pulmonary function test. As the patient’s exercise
capacity and maximal HR were increased, we prescribed an
increased exercise intensity based on the second CPET. She
underwent HIIT with four 4-minute intervals of walking on a
treadmill at 85% of the HR reserve (107–108 bpm) for 1 month.
She experienced some complications that interfered with CR,
Third CPET Fourth CPET Fifth CPET

5- mo 10-mo 12-mo
3-mo 8-mo 10-mo
38 Home exercise Home exercise

Modified Bruce Modified Bruce Modified Bruce
12min 5 s 12min 9 s 12min 45 s

17.7 20.8 22.8
30.0 27.9 31.1
1.22 1.19 1.25
67 87 99
108 134 150

114 (+6) 130 (�4) 148 (�2)
116 (+8) 125 (�9) 142 (�8)
115 (+7) 120 (�14) 134 (�16)
112 (+4) 114 (�20) 127 (�23)
107 (�1) 113 (�21) 121 (�29)

198 167 160
90 88 82

13,746x 16,530x 17,080x

445 501 520

c blood pressure, HR=heart rate, HRR=heart rate recovery, RER= respiratory exchange ratio, RPP=



Table 2

Muscle strength and mass.

First Second Third Fourth

Onset time after HT 2-mo 5-mo 10-mo 12-mo
Onset time after CR Baseline 3-mo 8-mo 10-mo
Completed CR sessions 7 38 Home exercise Home exercise
Extension peak torque

∗
, Rt (Nm) 28.6 (35.2%) 37.4 (46.0%) 41.2 (50.7%) 39.3 (48.4%)

Extension peak torque
∗
, Lt (Nm) 23.6 (29.0%) 38.7 (47.6%) 32.4 (39.9%) 38.5 (47.4%)

Flexion peak torque
∗
, Rt (Nm) 11.7 (25.8%) 16.5 (20.3%) 21.8 (48.1%) 18.8 (41.5%)

Flexion peak torque
∗
, Lt (Nm) 9.6 (21.2%) 15.5 (34.2%) 19.7 (43.5%) 17.3 (38.2%)

Grip power†, Rt (kg) 18.2 (64.2%) 24.0 (84.7%) 27.0 (95.3%) 30.6 (108.0%)
Grip power†, Lt (kg) 16.1 (61.6%) 18.8 (71.9%) 25.1 (96.0%) 27.5 (105.2%)
Whole body PhAc) (degree) 2.7 3.4 4.0 4.1
Rt arm 3.2 3.8 4.4 4.6
Lt arm 3.2 3.6 3.8 4.1
Rt leg 2.0 2.8 3.6 3.4
Lt leg 1.8 3.0 3.7 3.4
Skeletal muscle massc) (kg) 15.3 17.8 17.3 17.1
Rt arm 1.34 (75.1%) 1.55 (86.8%) 1.64 (91.8%) 1.57 (88.0%)
Lt arm 1.28 (71.6%) 1.65 (92.3%) 1.56 (87.3%) 1.57 (87.9%)
Rt leg 4.62 (81.6%) 5.30 (93.6%) 5.01 (88.5%) 5.09 (89.9%)
Lt leg 4.48 (79.2%) 5.19 (91.7%) 4.90 (86.6%) 5.06 (89.4%)

CR= cardiac rehabilitation, HT=heart transplantation, PhA=phase angle.
∗
Measured with isokinetic protocol at speed 60°/s.

† Average of the 3 measurements.
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such as varicella zoster infection; however, there were no serious
cardiovascular events or complications. After she completed 38
sessions of CR, a third CPET was conducted with the modified
Bruce protocol. As we changed the CPET protocol, the treadmill
speed of the recovery phase was faster than that recommended in
the manual protocol. Therefore, the HR recovery seemed delayed
compared with that in the previous CPET.
After 38 sessions of CR, the patient’s exercise capacity was

5.14METs. She could finally walk and conduct most activities of
daily living independently. Moreover, her respiratory muscle
strength and PCF were also improved. Both knee strength and
hand-grip power increased. The increase in SMM was 13%
compared with that in the first bioelectrical impedance analysis.
We recommended phase II CR; however, the patient refused
outpatient CR because she lived far from the hospital that
conducts CR. Therefore, we prescribed a home exercise program
for phase III CR and educated the patient on how to perform the
exercises.
After 5 months of home exercise training, we conducted

follow-up CPET at 10 months and 1 year after HT. Although the
patient performed home exercises for 5 months, she achieved an
Table 3

Results of pulmonary function test.

First Second

Onset time after HT 2-mo 3-mo
Onset time after CR Baseline 1-mo
Completed CR sessions 7 23
FVC (L) 3.29 (115%) 3.47 (121%)
FEV1 (L) 2.16 (99%) 2.22 (102%)
MIP (cmH20) 18 (23%) 20 (25%)
MEP (cmH20) 47 (52%) 41 (46%)
PCF (L/min) 250 250

CR= cardiac rehabilitation, FEV1=first second of forced expiration, FVC= forced vital capacity, HT=heart
cough flow.
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exercise capacity of 6.51 METs and maximal HR of 150 bpm.
The 6MWT distance was increased from 445 to 501 m (Fig. 1).
Unlike in the previous CPET, the HR decreased immediately in
the recovery period. This observation indicated that the
pathophysiological consequences associated with cardiac dener-
vation after HT had been reversed. Moreover, both grip power,
the respiratory muscle strength, PCF and knee muscle strength
were increased. However, the left knee extensor strength and
SMM were slightly decreased.
During 1 year of follow-up of the HT recipient, we observed

that the oxygen consumption and maximal HR values constantly
improved. However, her exercise capacity remained below the
age-predicted value. At 1 year after HT, the HR recovery
improved gradually. With respect to pulmonary function,
although the forced vital capacity (FVC) and forced expiratory
volume in 1 s (FEV1) were within the normal ranges at baseline,
the respiratory muscle strength and PCFwere very low before CR
started. These parameters constantly increased until 1 year after
HT (Fig. 2). The grip power gradually increased and reached
the age-averaged value at the first year after HT; however, the
lower-extremity muscle strength was below the 50% level of the
Third Fourth Fifth

5- mo 10-mo 12-mo
3-mo 8-mo 10-mo
38 Home exercise Home exercise

3.64 (127%) 3.01 (106%) 3.08 (105%)
2.39 (110%) 2.46 (114%) 2.57 (116%)
29 (37%) 43 (55%) 55 (70%)
43 (48%) 49 (55%) 57 (64%)
260 280 300

transplantation, MEP=maximal expiratory pressure, MIP=maximal inspiratory pressure, PCF=peak

http://www.md-journal.com
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Figure 1. Serial follow-up of exercise capacity. 6MWT=6-min walk test, HT=
heart transplantation.
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age-averaged value. The SMM correspondingly increased to
about 90% of the age-averaged value. The PhA showed constant
increase during 1 year after HT (Fig. 3). With respect to the
decrease in lower-extremity muscle strength during the home
exercise period, it was believed to be related to lower-extremity
pain. During the home exercise period, the patient periodically
visited the outpatient department for evaluations. Her pain was
concentrated on the hip joints, gluteus medius muscles, and
tensor fascia latae, and she complained of gait disturbance.
Although conservative treatment was provided, her hip pain
persisted. Therefore, magnetic resonance imaging was con-
ducted, which revealed avascular necrosis on both femoral heads
due to post-HT steroid use. She underwent bilateral hip
replacement arthroplasty at the hospital that conducted HT.

3. Discussion

To our knowledge, this is the first case report with time-series
comparisons of maximal oxygen consumption, peak HR,
pulmonary function, autonomic function, peripheral and
respiratory muscle strength, and SMM in an HT recipient.
Studies on the effects and safety of CR in HT recipients have

been increasing in recent years.[7] Anderson et al systemically
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Figure 2. The improvement of respiratory muscle strength and peak cough
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reviewed 10 randomized controlled trials of CR in HT recipients.
They suggested that there is moderate-quality evidence showing
that CR improves exercise capacity in HT recipients.[6] The meta-
analysis study of Didsbury et al reported that patients who
underwent CR after HT achieved, on average, a 10.2% increase
in VO2max compared with recipients who did not.[8] As reported
in previous studies,[4,6,8] this case showed a constant increase of
VO2max, from 12.3 to 22.8mL/min/kg, up to 1 year after HT.
However, the change rate was 85.4%, which is much higher than
that reported in other studies. According to Anderson et al’s
meta-analysis, most of the randomized controlled trials that
performed CR in HT recipients started CR at least 1 year after
HT. Only one study started CR within 2 weeks after HT. During
6 months of CR, the exercise capacity of patients increased from
9.2 to 13.6mL/kg/min with a change rate of 49%.[9] In the
present case, although the duration of CRwas only 3 months, the
exercise capacity of the patient at 6 months after HT was higher
than that in Kobashigawa report (17.7 vs 13.6mL/min/kg).[9]

This difference in exercise capacity improvement seems to be
associated with the baseline exercise capacity, exercise training
intensity, HT surgical techniques, HT-related drugs, and post-HT
management skills.
Unfortunately, studies with a follow-up of >1 year after HT

are rare. Tegtbur et al reported that the exercise capacity at an
average of 5.1 years after HTwas improved in the CR group after
1 year of phase III CR compared with that in the control
group.[10] Kavanagh et al demonstrated that patients who
underwent 16 months of outpatient CR, which started at 4.8
months after HT, had improved VO2max from 22.2±4 to 27.9±
6mL/min/kg.[11] However, by 12 years, the exercise capacity
regressed to only slightly above the initial level (23.7±6mL/min/
kg). In the present case, VO2max was continuously increased over
1 year after HT.Moreover, the exercise capacity increased after 5
months of home exercise, although it remained under the age-
predicted value.[3] Therefore, long-term CR may be needed, with
gradual progression from phase I to phase III CR.
HT recipients show decreased maximum HR and delayed

chronotropic response because of the denervated heart. Such
inappropriate physiologic responses are associated with de-
creased exercise capacity in these patients.[6] The effectiveness of
CR in improving the chronotropic response has not been well
established in HT recipients, and few studies have demonstrated
the recovery of chronotropic response after CR.[2,12] Dall et al
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compared patients who underwent HIIT with those who
underwent continued moderate exercise training, and observed
improvement of HR recovery in both groups after 12 weeks of
training.[2] Karapolat et al compared a hospital-based CR group
with a home-based CR group, and found significant improve-
ment of the HR reserve in the hospital-based CR group after 8
weeks of training.[12] Further, there was no significant change in
HR recovery at 1minute after peak exercise in both groups.[12]

Consistent with these findings, the present patient showed
substantially increased HR reserve up to 1 year after HT;
however, the HR recovery was insufficient after 3 months of CR.
We also found that the chronotropic incompetence was
continuously improved during the long-term CR period.
Muscle atrophy caused by postoperative restrictions and

adverse effects of immunosuppressive agents is commonly found
in HT recipients, leading to poor functional capacity after HT.[13]

Haykowsky et al applied 12 weeks of CR in HT recipients, and
achieved improvements not only in the maximal strength in leg-
and chest-press, but also in lean tissue mass in the legs.[4]

Kavanagh et al found that 16 months of exercise training was
associated with a 2-kg increase in lean body mass.[11] Braith et al
reported that 6 months of aerobic and strength training increased
the lean body mass,[14] chest-press strength,[14,15] and leg-
extension strength.[14,15] These investigators also found signifi-
cant increases in vastus lateralis type 1 (oxidative) myosin heavy
chain isoform, citrate synthase, and lactate dehydrogenase
enzymes.[15] Consistent with these results, we found that 12
weeks of hospital-based CR increased the knee extension/flexion
peak torque, grip power, and SMM.However, the overall muscle
strength and the muscle mass of the extremities were not
increased in the home-based CR period. These findings were
presumed to be due to the patient’s hip pain during home exercise
training. In addition, there is a possibility that home-based CR
might not have been properly performed comparedwith hospital-
based CR. Interestingly, we found that PhA, which represents
cellular health and is a parameter used in recent studies to
evaluate the recovery and prognosis of critically ill patients,[16]

showed a constant increase during long-term CR. Although there
has been no study on PhA in HT recipients, PhA may be used as
an indicator of general health or functional status in HT
recipients.
Meanwhile, pulmonary function before HT is related to chronic

heart failure andmanifests as restrictive ventilatory abnormalities.
Moreover, it is known that FEV1 and FVC recover after HT.[17]

Our patient showed normal ranges of FEV1 and FVC, similar to
patients in previous studies. However, the maximal inspiratory
pressure, maximal expiratory pressure, and PCF, which represent
respiratory muscle strength, were below the normal predicted
values. During CR in this case, the maximal inspiratory pressure,
maximal expiratory pressure, and PCF continuously improved.
Aerobic exercise is known to improve pulmonary function by
strengthening the respiratory muscles, improving thoracic mobili-
ty, and enhancing the balance between lung and chest elasticity.[18]

These findings suggest that not only skeletal muscle strength but
also respiratory muscle strength can decrease after HT.
This case showed that CR programs can be successfully

performed in HT recipients, with objective improvements in
exercise capacity, chronotropic responses, skeletal and respira-
tory muscle strength, and SMM. Concerning safety, there were
5

no life-threatening events or complications during long-term CR,
even with the HIIT protocol, in the present case. However, it is
difficult to conclude that HIIT is sufficiently safe for patients with
HT. Therefore, large-scale multicenter randomized studies are
needed to confirm the long-term efficacy and safety of CR in the
future.
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