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Abstract

Background: Heart transplantation (HTx) is the final treatment option for patients with chronic heart failure. Several studies have
reported that exercise therapy, which is a component of cardiac rehabilitation, improves exercise capacity and the quality of life (QOL)
in patients with heart failure. Methods: Three patients, referred to an inpatient cardiac rehabilitation before HTx, participated in center-
based cardiac rehabilitation (CBCR) during the hospitalization period. The CBCR, including aerobic exercises and resistance training,
was conducted 3–4 days/week under cardiac rehabilitation team. Clinical outcomes included QOL using short form (SF)-36 questionnaire
and the level of physical activity using international physical activity questionnaire (IPAQ) were evaluated before and after following the
CBCR.Results: These patients showed an improved QOL in physical components with mean 32% and in mental components with mean
43%. The adherence to exercise confirmed by level of physical activity also increased as much as mean 1275 MET-minutes at 3 months
after transplantation. Conclusions: The findings in case report show the safety and effectiveness of CBCR in patients waiting for HTx
during hopitalization. This is the first case report showing the effect of CBCR in admission period in Korean patients undergoing HTx.
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1. Introduction
The prevalence of heart failure (HF) in Korea was es-

timated to be 1.53% in 2013 and is expected to increase to
3.35% by 2040 as a consequence of aging of the population
[1]. Heart transplantation (HTx) is a treatment option for
patients with advanced HF, and 1319 patients have under-
gone HTx between 1992 and 2016 in Korea [2].

Exercise-based cardiac rehabilitation is a safe inter-
vention that improves short-term exercise capacity in heart
transplant recipients [3]. Participation in cardiac rehabilita-
tion following HTx has been reported to be relatively low,
ranging from 43.3% to 55% [4,5]. Most previous studies
have reported the effect of exercise-based cardiac rehabil-
itation after HTx on exercise capacity, the quality of life
(QOL), and readmission [3–5].

Several studies [6–8] have suggested that preopera-
tive exercise therapy including aerobic exercise, inspira-
tory muscle training, balance exercise, and strength exer-
cise is beneficial in reducing postoperative complications
and the length of hospital stay in patients undergoing car-
diac surgery. As the average waiting time for HTx has in-
creased over the past years, psychological, behavioral, and

social problems have also increased among patients wait-
ing for or undergoing HTx, and these problems are associ-
ated with post-transplantation complications [9]. However,
there is a lack of evidence showing that pre-transplantation
exercise therapy improves exercise capacity, the quality of
life, and adherence to exercise after transplantation.

Therefore, the purpose of this case report was to iden-
tify the effect of pre-transplantation center-based cardiac
rehabilitation (CBCR) during hospitalization on QOL and
adherence to exercise at 3 months post-transplantation in
patients undergoing HTx.

2. Details of clinical cases
The first patient was a 35-year-old woman who was

diagnosed with dilated cardiomyopathy (DCMP). She un-
derwent cardioverter-defibrillator implantation following
a cardiac arrest in 2013. Despite optimal medical treat-
ment and interventional therapy, severe dyspnea persisted.
Therefore, the patient was admitted to the S Medical Cen-
ter on March 5, 2018, and underwent HTx on October 31,
2018. She waited for 241 days in the hospital for HTx. The
patient began to participate in inpatient cardiac rehabilita-
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Fig. 1. Clinical outcomes after center-based cardiac rehabilitation. (A) The SF-36 questionnaire was used to evaluate the quality of
life. A higher score indicates better quality of life. (B) Adherence to exercise was confirmed using the International Physical Activity
questionnaire. Higher scores indicate higher physical activity levels. PCS, physical component score; MCS, mental component score.

Table 1. Characteristic of patients and clinical outcomes.
Variables Case 1 Case 2 Case 3

Sex Female Female Female
Age (year) 35 59 26
Blood type O A O
Height (cm) 166 152 163
Weight (kg) 73.3 53.4 70.5
Body mass index (m2/kg) 26.6 23.1 26.5
Diagnosis DCMP DCMP DCMP
Ejection fraction (%) 30.3 25.1 20.3
VO2peak (ml/kg/min) 15.7 7.8 9.9
Medical history Atrial fibrillation CTx induced CMP Atrial flutter

Hypothyroidism Anomalous origin of the coronary
artery (RCA from LCC)

WPW syndrome
Cardiac arrest r/o TIA

s/p ICD insertion Breast cancer op Hypothyroidism
HTx waiting period (day) 241 142 77
Hospitalization after HTx (day) 21 26 20
Planned readmission (day) 5 3 2
Unplanned readmission (day) 0 0 0
Adverse event in CBCR 0 0 0
DCMP, dilated cardiomyopathy; HTx, heart transplantation; ICD, implantable cardioverter defibrillator; CTx,
chemotherapy; RCA, right coronary artery; CBCR, center-based cardiac rehabilitation; LCC, left coronary
cusp; WPW, Wolff-Parkinson-White; TIA, transient ischemic attack; VO2, oxygen uptake; CMP, cardiomy-
opathy; r/o, rule out; s/p, status post; op, operation.

tion at the S Medical Center on April 20, 2018. The second
patient was a 59-year-old woman who was diagnosed with
DCMP induced by chemotherapy. She had an anomalous
origin of the right coronary artery and had undergone mas-
tectomy for breast cancer on May 30, 2007. The patient
received medical treatment with medication and interven-
tion, but her dyspnea worsened while performing activities
of daily living. HTx was planned to improve severe dysp-
nea and the QOL, and the patient was admitted to our hospi-
tal on September 20, 2018. After waiting for 142 days, the

patient underwent HTx on February 8, 2019. The patient
also participated in center-based pre-transplantation cardiac
rehabilitation from November 12, 2018 to before the day of
HTx. The third patient was a 26-year-old woman with atrial
flutter andWolff-Parkinson-White syndrome who had been
diagnosed with DCMP with left ventricular systolic dys-
function. On echocardiography, the ejection fraction was
20.3%, and the wall motion of the heart was hypoactive.
Her shortness of breath worsened, and she could not main-
tain normal activity due to systemic fatigue. Therefore, the
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Table 2. The center-based cardiac rehabilitation program.
Variables Case 1 Case 2 Case 3

Exercise frequency 4–5/week 3–4/week 3–4/week
Aerobic exercise intensity Resting HR+20–30 Resting HR+20–30 Resting HR+20–30
(initial/final) bpm/RPE 12–13 bpm/RPE 12–13 bpm/RPE 12–13
Bike: initial workload Level 0, 8 min Level 0, 10 min Level 0, 10 min
Final workload Level 0, 15 min Level 0-1, 15 min Level 0, 15 min
Treadmill: initial workload S 4.0, G 0 10 min S 3.4, G 0 10 min S 3.2, G 0 10 min
Final workload S 4.5, G 1 15 min S 4.2, G 1 15 min S 4.2, G 0 15 min
RT: initial workload a Mat exercise, RPE 11–13 Mat exercise, RPE 11–13 Mat exercise, RPE 11–13

Final workload
b Machine exercise, 10–15

Rep/2–3 sets
Machine exercise, 10–15

Rep/2–3 sets
Machine exercise, 10–15

Rep/2–3 sets
Total exercise time (min) 60 60 60
Exercise period (month) 6 3 2
Total sessions of CBCR (day) 103 33 30
Frequency of RT (day) 77 27 16

Exercise procedure
Stretching for warm–up (5–10 min), aerobic exercise using a stationary bike and treadmill
(25–30 min), mat or weight training exercise (15–20 min), stretching for cool–down (5–10 min)

HR, heart rate; S, speed; G, grade; RPE, rating of perceived exertion; CBCR, center-based cardiac rehabilitation; Rep, repetition;
RT, resistance training.
a mat exercise: stretching, ankle pump, short arc extension, wall squat.
b machine exercise: leg press, leg extension, hip abduction/adduction, seated row.

patient was admitted to the S Medical Center on January
17, 2019, and waited for 77 days until HTx. She started
inpatient cardiac rehabilitation at the S Medical Center on
January 20, 2019, and participated until HTx (Table 1). Pa-
tient consent was obtained from all subjects involved in the
study.

CBCR was conducted for these patients after hospi-
talization at the S Medical Center, according to the recom-
mendation of a cardiac specialist. The first exercise was
stretching for warm-up, followed by aerobic exercises us-
ing a bicycle and treadmill machine. The bicycle exercise
was for initial aerobic exercise and started at level 0 for 5
or 8 min according to each patient’s exercise capacity or
condition. The target heart rate for aerobic exercise was
calculated as the resting heart rate plus 20 beats per minute
or perceived exertion using the Borg scale of perceived ex-
ertion (range, 11–13). Resistance training was started after
1 month of aerobic exercise if the patient did not develop
symptoms or other cardiac problems. The initial resistance
training used the patient’s body weight; later, the intensity
was increased using weight training equipment (Table 2).
The electrocardiogram was checked using a Q-Tel teleme-
try device (Quinton Instrument Co, Bothell, WA, USA) to
monitor patient status.

To evaluate the QOL, the Short-Form 36 Question-
naire (SF-36), including a physical component and mental
component, was administered in before beginning rehabil-
itation and then postoperative 3 months. The SF-36 scores
of all participants increased in postoperative 3 months com-
pared to before CBCR. The physical component scores in-

creased in all participants: pre-CBCR versus post-CBCR
scores in cases 1, 2, and 3 were 35.6 versus 55.6, 48.1 ver-
sus 59.4, and 35.6 versus 58.6, respectively. Similarly, the
mental component scores of all patients also improved: pre-
CBCR versus post-CBCR scores in cases 1, 2, and 3 were
38.8 versus 69.1, 63.4 versus 81.9, and 34.4 versus 72.2,
respectively. The International Physical Activity Question-
naire (IPAQ; Korean version) [10] also indicated improve-
ment in physical activity after postoperative 3 months in all
patients. Physical activity of patients 1, 2, and 3 increased
from 99 metabolic equivalents (MET)-minutes, 297 MET-
minutes, and 165 MET-minutes to 720 MET-minutes, 2772
MET-minutes, and 840MET-minutes, respectively (Fig. 1).

3. Discussion
CBCR is usually recommended after discharge from

the hospital to facilitate early recovery and prevent other
cardiac illnesses. In general, inpatient cardiac rehabilita-
tion for patients waiting for HTx is conducted in the ward
and includes bed exercise and corridor walking [11]. In this
report, CBCR was conducted at the S Medical Sports Cen-
ter during hospitalization, and patients showed improve-
ment in the QOL and adherence to exercise confirmed by
using IPAQ after HTx. Preoperative exercise before car-
diac surgery is a beneficial intervention to improve postop-
erative clinical outcomes [6–8]. Unlike study subjects in
previous studies, this case report was to examine the ef-
fects of CBCR before transplantation in cardiac patients
who were in hospitalization, and we confirmed its feasibil-
ity and safety.
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HTx candidates have psychosocial problems, such as
depression and social isolation, which seem to negatively
affect health behavior and compliance [8]. In this report,
the SF-36 questionnaire was used to evaluate the QOL at
3 months postoperatively and indicated improvement in
physical (mean 32%) and mental health (mean 42%). Men-
tal health improved more than physical health. Regular
contact with the cardiac rehabilitation team during CBCR
may have been an important factor in improving the mental
health aspects of the QOL. Further controlled studies with a
high number of patients are needed to identify the effective-
ness of pre-transplantation CBCR on the QOL after post-
transplantation.

Participation in exercise after HTx is advised to im-
prove exercise capacity and increase physical activity.
Home-based exercise is usually recommended because it
can achieve similar improvements in postoperative clini-
cal outcomes compared to CBCR [6,12,13]. In this report,
we measured adherence to exercise using a self-reported
IPAQ to calculate the score of physical activity at 3 months
postoperatively. All patients maintained physical activ-
ity after discharge from the hospital to 3 months post-
transplantation, and the exercise volume was also increased
after HTx. All patients have enrolled and attended in out-
patient cardiac rehabilitation after postoperative 3 months.
Adherence to exercise can be assessed using subjective or
objective methods. We used a subjective method in the
form of a physical activity questionnaire. Therefore, fur-
ther studies are needed to measure adherence to exercise
using pedometers or accelerometers to obtain detailed in-
formation.

This report had some limitations. This was a small
case series of only three patients. Therefore, the results are
difficult to generalize to all patients waiting for HTx. Sec-
ond, this report did not include a control group for compar-
ison. Therefore, the results in this study may be considered
as a report showing the feasibility and safety of CBCR be-
fore HTx.

4. Conclusions
This case report showed pre-transplantation CBCR

during hospitalization may be helpful to improve QOL and
adherence to exercise at 3 months postoperatively after
heart transplantation. The findings show the feasibility and
safety of CBCR in patients waiting for HTx in admission
period, and further study with large subjects is required to
confirm this result by comparing with control group.
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