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Abstract
BACKGROUND
Insertion of a left ventricular assist device (LVAD) and heart transplantation (HT) improve the survival of patients with heart failure. In addition, cardiac rehabilitation (CR) further increases the functional capacity. This case report describes a successful case of CR after LVAD insertion and subsequent HT.

CASE SUMMARY
In the present case, during the LVAD insertion period, peak oxygen consumption (VO2) increased by 12.16% after CR. HT was performed 7 mo after the LVAD insertion, and the patient participated in phases I and II CR. The peak VO2 increased from 17.24 to 22.29 mL/kg/min. This improvement was more significant than that reported in previous studies on CR after LVAD insertion or HT. The patient’s quality of life also improved. The total average score of the short form-36 questionnaire increased from 29.5 points at admission to 53.3 points 9 mo after HT.

CONCLUSION
A tailored CR program after LVAD insertion or HT may improve the patients’ quality of life and increase survival.
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Core Tip: This case report describes a successful case of cardiac rehabilitation (CR) after left ventricular assist device (LVAD) insertion and subsequent heart transplantation (HT). Increase in the peak oxygen consumption was more significant than that reported in previous studies on CR after LVAD insertion or HT. A tailored exercise program for each phase led to improvement in the patient’s quality of life.

INTRODUCTION
Heart transplantation (HT) is the last resort for patients with end-stage heart failure (HF). HT improves the survival of patients with HF[1]; furthermore, a better prognosis can be expected with cardiac rehabilitation (CR) after HT[2]. The limited supply of donor organs remains a major barrier for HT. Mechanical circulatory support, such as a left ventricular assist device (LVAD), is widely used to overcome this limitation. LVAD is used either as a bridge-to-transplant (BTT) or as a destination treatment (DT), especially in patients ineligible for HT due to their poor condition[3]. CR after LVAD insertion improves functional capacity[4]. Herein, we report a successful case of CR after LVAD insertion and subsequent HT. 

CASE PRESENTATION
Chief complaints
A 53-year-old man was admitted to the cardiology department because of dyspnea. 

History of present illness
Transthoracic echocardiography showed severe mitral regurgitation, mitral chordae rupture, and an ejection fraction of 24%. Despite valve replacement, the patient had a poor prognosis; consequently, HT was planned. The patient urgently required HT, although a donor heart was unavailable; therefore, continuous-flow type LVAD (Heartmate II, Abbott, IL, United States) insertion was performed 1 mo after admission.

History of past illness
The patient was diagnosed with dilated cardiomyopathy with atrial fibrillation.

Personal and family history
The patient had chronic kidney disease and had been taking anti-thrombotic medications due to old cerebral infarction. There was no specific family history of related heart disease.

Physical examination
During the physical examination, the patient had a blood pressure of 90/60 mmHg, heart rate of 106 bpm, body temperature of 36.2 °C, respiratory rate of 16 breaths/min, and oxygen saturation of 99% when oxygen was supplied at 2 L/min via a nasal cannula.

Laboratory examinations
The serum pro-brain natriuretic peptide level was elevated to 5250 pg/mL, and the serum creatinine level was also elevated to 1.73 mg/dL.

Imaging examinations
Chest X-ray showed cardiomegaly with pulmonary edema.

FINAL DIAGNOSIS
The patient was finally diagnosed with acute aggravation of HF.

TREATMENT
After LVAD insertion, phase I CR, which included chest physiotherapy and aerobic exercise using a portable lower limb ergometer, was conducted in the intensive care unit with a focus on preventing respiratory complications, joint contracture, and muscle atrophy (Figure 1A). 
The patient was made to march and to ambulate in the general ward (Figure 1B). The first cardiopulmonary exercise test (CPET) was conducted 3 mo after the LVAD insertion (Figure 1C). The patient’s cardiac parameters were as follows: Peak oxygen consumption (VO2), 18.01 mL/min/kg; respiratory exchange ratio, 1.02; minute ventilation (VE)/volume of exhaled CO2 (VCO2) slope, 29.7; resting heart rate (HR), 100 beats per minute (bpm); maximum HR, 140 bpm; and heart rate recovery (HRR), 4 bpm after 1 min. The intensity of exercise was determined by the Karvonen formula using HR. 

OUTCOME AND FOLLOW-UP
After discharge, the patient participated in the phase II CR program and peak VO2 increased by 12% of the initial value to 20.20 mL/min/kg. HT was performed 7 mo after the LVAD insertion. During phase I CR, the exercise intensity was determined using a rating of perceived exertion (RPE) scale instead of the HR. Four months after HT, peak VO2 decreased to 17.24 mL/min/kg, and HRR began after 2 min. The phase II CR comprised aerobic and resistance exercises twice a week for 12 wk. After completing the CR program, peak VO2 increased by 30% to 22.29 mL/min/kg (Table 1).
The patient’s quality of life also improved. The total average score of the short form-36 questionnaire increased from 29.5 before the LVAD insertion to 53.3 points 9 mo after HT.

DISCUSSION
There are several cases of CR after LVAD insertion where LVAD was used as a DT, but not as a BTT[5,6]. Furthermore, few cases have been reported worldwide in which CR was performed after LVAD insertion and subsequent HT. The patient demonstrated a greater improvement in cardiopulmonary parameters than those reported in previous studies[2,4], although 8 mo had passed between admission and HT. The patient underwent an LVAD insertion and HT sequentially, and each phase required different considerations. Major considerations during phase I CR were exercise intensity and sternal precautions; therefore, low-intensity exercise, such as that which elevates HR by 20 bpm or an RPE of 12, was used (Table 2). In addition, resistance band exercises that focused on hip flexors and knee extensors were performed. The intensity of the resistance exercise was set to about 30% of one repetition maximum. Strength can be estimated using increase in band length from that of the initial length and material of the band. Moreover, based on the Holten diagram, resistance exercise was performed at an intensity that could be performed for 4-5 sets with a short interval of 15 repetitions per set. After median sternotomy, trunk and arm activities were restricted postoperatively to ensure adequate healing and the band elongation ratio was set to 75% to limit the range of motion.
During phase II CR after the LVAD insertion, the exercise intensity was set based on the Karvonen formula after CPET. Usually, aerobic exercise intensity for patients with cardiovascular disease was set to 40–80% of the exercise capacity using the Karvonen formula. The patient was classified as belonging to the high risk group according to the American Association of Cardiovascular and Pulmonary Rehabilitation Risk Stratification Criteria because the rest ejection fraction was < 40% and congestive heart failure occurred. Therefore, the target intensity was set to 40%–55%. The phase II CR was conducted for 3 mo, twice a week. As a continuous-flow type LVAD was inserted in the patient, blood pressure could be measured with a vascular Doppler device. Blood pressure was measured before, during, and after exercise, and the mean arterial pressure was monitored to maintain it between 70 and 90 mmHg. Hypertension would affect the LVAD capacity to pump blood forward; hypotension and LVAD blood flow alterations might be related to under-filling of the left ventricle secondary to high pump speed, RV failure, and arrhythmias[7]. LVAD may increase the risk of cerebrovascular disorders caused by thrombus; therefore, it is vital to monitor the pump speed and flow rate. Care of the driveline is also essential; an inappropriate position could cause pressure injury, and excessive sweating could cause wound infection. Additionally, since excessive sweating and dehydration can reduce venous return and negatively affect LVAD function, regular water intake was recommended before and after exercise. Furthermore, rapid changes of posture from supine to upright positions were avoided. To reduce the risk of adverse events, warming up and cooling down were performed gradually for 10 min each. Breath-holding Valsalva maneuver was avoided, and the patient's vital signs and condition were monitored for 15 min after exercise. 
In a previous study on CR after LVAD, peak VO2 increased by approximately 10%[4]. In the present case, peak VO2 improved by 12.16%, despite the prolonged hospitalization. The patient did not experience any LVAD-associated adverse events. The patient had a gout attack and underwent cholecystectomy for acute cholecystitis; therefore, hospital stay was extended to 5 mo. The patient was able to secure sufficient rehabilitation sessions during the hospitalization period and maintain a relatively long phase I CR. Even after the phase II CR was implemented, the medical staff and the patient continued to communicate to encourage the continuation of rehabilitation treatment. In addition, when the patient moved to a place nearby the hospital, access to the rehabilitation center improved further. The participation rates in CR among patients with HF remain low, ranging from 14% to 43% worldwide[8]. Longer and continuous exercise training interventions could improve physical fitness and quality of life. Also, a tailored exercise program for each phase led to improvement in the patient's quality of life. In phase I CR, low-intensity exercise for the purpose of reconditioning was performed in consideration of the patient's overall condition. In phase II CR, exercise capacity was improved by performing moderate- or high-intensity exercise. Mechanisms contributing to the greater fatigability in patients with HF are likely caused by alterations in the skeletal muscle metabolism, resulting in greater glycolytic capacity and reduced oxidative capacity of the muscle and reduced blood perfusion to the muscle[9]. In this case, the time interval from acute aggravation of HF to LVAD insertion was about 1 mo. For this reason, although a decrease in skeletal muscle dysfunction occurred, this change was relatively reversible and could be overcome by continuing rehabilitation.
A denervated autonomic nervous system is a key physiological change after HT. Loss of vagal inhibition to the sinoatrial node causes resting tachycardia with an HR of 100 bpm. The chronotropic response is caused by changes in blood catecholamine concentration owing to the loss of sympathetic innervation. As a result, the HR response to exercise is blunted, with a lower peak HR (20% approximately)[10]. The exercise intensity should be determined based on RPE. Even in the same phase of CR, the target intensity settings were different after LVAD insertion or HT, so that CR was organically intervened at each stage. In this case, the maximum HR decreased from 159 to 107 bpm after HT, and HRR began 2 min after the peak exercise. According to the Fick equation, the peak VO2 also decreased from 20.20 to 17.24 mL/min/kg.
The patient participated in phases I and II CR, and peak VO2 increased from 17.24 to 22.29 mL/min/kg at 5 mo after HT. Compared to a previous study in which VO2 increased by 2.34 mL/min/kg, the patient described herein showed a greater improvement in functional capacity[2]. The maximum HR rose from 64% of the predicted value to 77%, indicating sympathetic reinnervation; however, HRR was still delayed. Since parasympathetic reinnervation is expected to continue for 2 years after HT, further follow-up is necessary[11,12]. 

CONCLUSION
The number of end-stage HF patients requiring LVAD or HT is gradually increasing. During CR in these patients, proper exercise prescription and a tailored exercise program for each phase are essential. One-year survival after HT is at least 85%, and median survival exceeds 12 years. Therefore, further research is needed to elucidate the impact of improved functional capacity after CR on the survival rate.
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Figure 1 Cardiac rehabilitation program by phase. A: Incentive spirometry training in intensive care unit after left ventricular assist device (LVAD) insertion; B: The patient marched and ambulated with the help of medical staff after LVAD insertion; C: First cardiopulmonary exercise test after LVAD insertion; D: Phase II cardiac rehabilitation after heart transplantation. 


Table 1 Results of serial cardiopulmonary exercise tests
	
	Post-LVAD1, 81 d, (August 8, 2019)
	Post-LVAD, 207 d, (December 12, 2019)
	Post-HT1, 116 d, (April 13, 2020)
	Post-HT, 162 d, (May 29, 2020)

	Protocol
	Modified Bruce
	Modified 
Bruce
	Modified 
Bruce
	Modified 
Bruce

	Duration
	7 min 44 s
	12 min 23 s
	9 min 55 s
	14 min 06 s

	VO2 peak, mL/min/kg (% of the predicted)
	18.01 (47%)
	20.20 (57%)
	17.24 (47%)
	22.29 (62%)

	VO2  at AT, mL/min/kg
	15.81 
	15.97
	13.03
	16.78

	METs
	5.2
	5.7
	5.0
	6.4

	Resting HR, bpm
	100
	85
	86
	88

	Maximum HR, bpm (% of the predicted)
	140 (83%)
	159 (95%)
	107 (64%)
	129 (77%)

	HRR after 1 min
	-4
	-14
	+2
	+5

	Resting BP, mmHg
	NM
	NM
	115/88
	119/86

	Maximum BP, mmHg
	NM
	NM
	130/67
	147/88

	VE/VCO2 slope
	29.7
	30.6
	34.0
	31.6

	RER
	1.02
	0.98
	1.01
	1.11


1LVAD was conducted on May 20, 2019, and HT was conducted on December 20, 2019.
LVAD: Left ventricular assist device; HT: Heart transplantation; VO2 peak: Peak oxygen consumption; VO2  at AT: Oxygen uptake at the anaerobic threshold; MET: Metabolic equivalent task; HR: Heart rate; HRR-1 min: Heart rate recovery in one minute; BP: Blood pressure; VE: Minute ventilation; VCO2: The volume of exhaled carbon dioxide; RER: Respiratory exchange ratio; NM: Not measurable.
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Table 2 Rehabilitation program
	Aerobic exercise
	Exercise type
	Intensity
	Duration of one session
	Sessions/d
	Days/wk

	Post LVAD
	
	
	
	
	

	Phase I
	Supervised indoor walking
	HR < resting HR + 20 or RPE of 12
	5-10 min, increase up to 20-30 min
	2
	3

	
	Lower limb ergometer
	10-20 Watt
	
	
	

	Phase II
	Lower limb ergometer, treadmill, box step up
	40%-55% based on the Karvonen formula
	Warm-up 10 min, main exercise 20 min, cool-down 10 min
	1
	2

	Post HT
	
	
	
	
	

	Phase I
	Supervised indoor walking
	RPE of 12
	5-10 min, increase up to 20-30 min
	2
	3

	
	Lower limb ergometer
	10-20 Watt
	
	
	

	Phase II
	Lower limb ergometer
	RPE of 13
	Warm-up 10 min, main exercise 20 min, cool-down 10 min
	1
	2

	
	Treadmill 
	
	
	
	

	
	Box step up
	
	
	
	

	Resistance training
	Exercise type
	[bookmark: _GoBack]Strength % of 1RM
	Repetitions per set
	Sets per exercise/d
	Days/wk

	Phase I
	Resistance band exercises
	20%-30%
	8-15
	3-5
	2-3

	Phase II
	Overhead press, biceps curl, leg press machine, squat
	40%-60%
	8-15
	3-5
	2-3


LVAD: Left ventricular assist device; HT: Heart transplantation; HR: Heart rate; RPE: Rating of perceived exertion; RM: Repetition maximum.
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