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ABSTRACT

At our hospital, we are conducting the “Clinical Study of a Patient-Specific Cardiac Support Net for 
Dilated Cardiomyopathy (jRCTs042180025)”, a multi-facility clinical study of a customized cardiac support 
net (CSN). Here, we describe the cardiac rehabilitation (CR) of a heart failure (HF) patient after CSN 
treatment. The patient was a 65-year-old man who exhibited dilated cardiomyopathy (DCM) because of left 
ventricular non-compaction; his New York Heart Association status was class III. In November 2019, he 
received CSN treatment. The early CR program was adapted for this patient, and his postoperative course 
was uneventful. Functional measurements showed improved leg-muscle strength (before treatment: 61.4% 
BW; at discharge: 77.3% BW). During long-term follow-up, the patient’s exercise tolerance increased, as 
shown by 6-minute walk distance (before treatment: 576 m; long-term follow-up: 600 m) and peak oxygen 
uptake (before treatment: 12.5 mL/kg/min; long-term follow-up: 13.3 mL/kg/min). In the 2 years since 
discharge, the patient has not been hospitalized for HF. This report is the first to show that the CSN can 
be used to perform a CR program in a DCM patient without significant functional decline.
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Abbreviations:
CR: cardiac rehabilitation
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INTRODUCTION

Heart failure (HF) progresses via heart enlargement (ie, cardiac remodeling), regardless of the 
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original disease. The Acorn Cor-Cap is a cardiac support net (CSN) that was devised to prevent 
cardiac remodeling by covering both ventricles with a mesh-like bag; this device received the 
CE-Mark in 2001 and was used in Europe until 2011. Although gradual, sustained improvements 
in cardiac dimensions have been reported, together with improved functional status,1 left ventricle 
improvements have been accompanied by right ventricle dysfunction, rather than improved cardiac 
output.2,3

At our hospital, we are conducting the “Clinical Study of a Patient-Specific Cardiac Support 
Net for Dilated Cardiomyopathy (jRCTs042180025)”, a clinical study of a customized CSN [Fig-
ure 1]. Here, we describe a patient who received this treatment followed by cardiac rehabilitation 
(CR) during the perioperative period; we measured physical function during long-term follow-up.

Fig. 1 The cardiac support net
Fig. 1a:  Customized cardiac support net. The cardiac support net used in this study had a personalized design 

and manufacturing.
Fig. 1b:  Feature of cardiac support net. The cardiac support net was only constrained on the left ventricle.
PS-CAN: patient-specific cardiac assist net
RV: right ventricle
LV: left ventricle
CSN: cardiac support net
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CASE REPORT

The patient was a 65-year-old man who exhibited dilated cardiomyopathy (DCM) because of 
left ventricular non-compaction; his New York Heart Association status was class III. His HF 
symptoms included shortness of breath after walking rapidly and ascending stairs. The patient 
had received a cardiac resynchronization therapy defibrillator implant in 2018; his symptoms had 
not improved after implantation. Echocardiography showed marked heart enlargement with the 
following parameters: left ventricular end-diastolic diameter, 73.3 mm; left ventricular end-systolic 
diameter, 68.9 mm; and reduced left ventricular ejection fraction, 24.5%. His serum level of 
brain natriuretic peptide (BNP) was 254.5 pg/mL. In November 2019, the patient received our 
CSN treatment [Table 1]. The operation time was 136 min and the intubation time was 3 h; 
the bleeding volume was 39 mL.

CR was performed in the perioperative period, based on the Standard CR Program for HF 
formulated by the Japanese Society for CR for use by inpatient acute CR programs.4 To proceed 
to the next stage of treatment, the patient was required to demonstrate stable hemodynamics in 
loading tests. The patient exited the surgical-intensive care unit on the first postoperative day and 
entered the cardiac surgery ward. After the second postoperative day, he advanced through the 
acute rehabilitation program. The patient received defibrillation treatment for paroxysmal atrial 
fibrillation on the seventh day. The CR program included early mobilization, aerobic exercise, 
and resistance training. Exercise guidance comprised an explanation of lifestyle changes com-
mensurate with the patient’s physical capacity. He completed the CR program and was discharged 
on postoperative day (POD) 15 [Figure 2].

Physical-function measurements were performed before surgery, on the 6th day after surgery, 
before discharge (14th day after surgery), and during follow up. Physical function measurements 
were taken and exercise-management guidance was provided during long-term follow-up at the 
planned educational hospitalization (5 and 12 months after surgery). The maximum values of the 
grip and leg strength were divided by the body weight [% BW (kgf/kg)]. Supervised physical 
training was not performed during the long-term follow-up period. To evaluate physical function, 
we conducted a cardiopulmonary exercise test, a 6-minute walk test, grip-strength assessment, and 
leg-extensor-muscle strength assessment. At discharge, the patient exhibited a minimal decrease 
in physical function; his physical function improved during long-term follow-up. Compared to 
before surgery, at 5 months after surgery he exhibited increases in the 6-minute walk distance 
(6MD) (from 576 m to 594 m), peak oxygen uptake (peak VO2) (from 12.5 mL/kg/min to 14.3 
mL/kg/min), and leg strength (from 61.4% BW to 67.5% BW). At 12 months after surgery, 
compared to 5 months after surgery, he exhibited increases in the 6MD (from 594 m to 600 
m), grip strength (from 57.5% BW to 60.7% BW), and leg strength (from 67.5% BW to 71.1% 
BW) [Figure 3]. However, his levels of BNP increased from 342.2 at discharge to 489.6 pg/mL 
at 12 months after surgery [Table 2]. We advised him to avoid excessive physical activity in 
the long-term follow-up period. The patient was not hospitalized for HF during the observation 
period (26 months).

DISCUSSION

In HF patients, exercise ability decreases with disease progression.5,6 The unique myopathy 
in DCM-induced HF presumably exacerbates exercise intolerance.7 Heart transplantation and 
ventricular-assist-device (VAD) treatments are necessary for the management of end-stage HF. 
VAD destination therapy has recently been adapted in Japan for patients aged >65 years. How-
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Table 1 Inclusion and exclusion criteria for cardiac support net

Inclusion Criteria

1. Patients who sign the consent form of participating clinical study by their free will

2. Patients whose age are 20 years old or more, and 75 years or less at the time of obtaining informed consent

3. Patients with heart failure symptoms in spite of optimal drug oral treatment for heart failure of more than 3 months

4. Patients whom NYHA classification is III or IV, or level of INTERMACS Profile is 4 to 7

5. Patients with LVEDD more than 60 mm or LVEDDi more than 30 mm/m2 in echocardiography

6. Patients with LVEF less than 35% in echocardiography

7. Patients who have the intention of follow-up examination and observation, and can be admitted to visit the hospital 
which carries out them

Exclusion Criteria

1. Patients with excessively enlarged heart. LVEDD is more than 85 m

2. Patients with extremely low LVEF less than 10%

3. Patients with history of cardiac surgery except pacemaker implantation

4. Patients who are scheduled for other cardiac surgery

5. Patients with the history or the schedule of CABG

6. Patients with the history or candidate of PCI or trans myocardial laser revascularization within 3 months

7. Patients who are implementing the IABP

8. Patients who are adapted to left ventricular assist devices or scheduled heart transplant

9. Patients with the history or schedule for ICD & CRT within 3 months

10. Patients whose life expectancy 1 year or less

11. Heart failure patients in end stage whose surgery risk is unacceptably high

12. Patients who have developed acute myocardial infarction, unstable angina within 3 months

13. Patients with hypertrophic cardiomyopathy

14. Patient with active infection

15. Patients with severe liver dysfunction whose AST or ALT values are more than 5 times of normal range in their 
institute

16. Patients with poor lung function. FEV1.0 is less than 50%

17. Patients with severe renal failure. Serum creatinine is 3 mg/dL or more or patients with dialysis-dependent

18. Patients with diffuse peripheral vascular disease

19. Patients with history of cerebrovascular disease within 3 months

20. Patients with a high degree of bleeding tendency

21. Patients with blood clotting disorders

22. Patients who refuse blood transfusion

23. Patients with poor prognosis by malignant diseases

24. Patients with severe dementia, drug addiction, alcoholism

25. Patients with severe allergy

26. Pregnant or nursing patients. Patients who do not agree with contraception during the study

27. Patients participating in other studies

28. Patients whom the investigator determine unsuitable for participation

NYHA: New York Heart Association classification
INTERMACS: interagency registry for mechanically assisted circulatory support
LVEDD: left ventricular end-diastolic diameter
LVDDi: left ventricular end-diastolic diameter index
LVEF: left ventricular ejection fraction 
CABG: coronary artery bypass grafting
PCI: percutaneous coronary intervention
IABP: intra-aortic balloon pumping
ICD: implantable cardioverter defibrillator
CRT: cardiac resynchronization therapy
AST: aspartate aminotransferase
ALT: alanine aminotransferase
FEV1.0: forced expiratory volume % in one second
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ever, VAD surgery for older HF patients is sufficiently invasive that patients’ physical function 
decreases.8 Thus, in clinical practice, there is a need to perform careful patient selection.

This case was removed from the surgical intensive care unit on POD1 and early mobilization 
was implemented in the cardiac surgery ward up to POD6. In Europe and the United States, 
early mobilization includes physical activity performed within 2–5 days.9,10 Early rehabilitation is 
essential for early recovery of patients, but progression during rehabilitation in an elderly patient 
with HF is difficult due to hemodynamic problems and the influence of factors such as frailty.

In addition, rehabilitation from HF with the use of an inotropic infusion takes time because 
hemodynamic stability must be checked.11 The hemodynamics were stable in this case, so we 
were able to adapt to early rehabilitation. Grip strength, which is an indicator of skeletal muscle 
wasting,12 was maintained during the perioperative period. Patients with low cardiac function may 
experience delays in physical function recovery after surgery, but he had no physical decline. 
Moreover, physical function in HF patients decreases with each hospital readmission. Regardless 
of whether protein breakdown can be suppressed, protein synthesis cannot be enhanced because 

Fig. 2 The cardiac support net treatment course
Fig. 2a:  The trend of heart rate and blood pressure in cardiac-support-net. The dotted line shows the trend in 

non-invasive systolic blood pressure. The solid line shows the trend in heart rate.
Fig. 2b:  Medication and rehabilitation stages after surgery. Stage 1 is sitting on the edge of the bed and 

maintaining an upright position at the bedside. Stage 3 is a 40-m walk test. Stage 5 is an 80-m walk 
test, 2–3 times in the cardiac surgery ward. Stage 6 is a 6-minute walk test.

a

b
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muscle training is essential for protein synthesis. Therefore, muscle strength generally does not 
increase in HF patients during long-term follow-up. In a previous study, muscle strength in 
VAD patients did not increase after discharge, despite improved cardiac output.13 However, the 
present patient did not exhibit reduced function in the early postoperative period, and exhibited 
increased physical capacity during long-term follow-up. The 6MD was 500–600 m from the 
time of discharge to the remote phase. In international studies, the 6MD is about 400 m at 6 
months.14 It was about 350 m at 2 years after VAD in the late 50s.15 In other words, exercise 
tolerance in this case was maintained at a much better value than the remote stage 6MD of 
elderly VAD patients.

Our patient’s peak VO2 was 12.5 mL/kg/min before and after surgery; his peak VO2 during 
long-term follow-up was 13.3–14.3 mL/kg/min. The peak VO2 for transplant recipients is 14 
mL/kg/min16; his exercise tolerance was similar to the tolerance in patients with severe HF. The 
degree of exercise tolerance in our patient indicated an improved probability of not requiring 
rehospitalization. According to the ROADMAP study, the prevalence of New York Heart As-
sociation status class III is 37%.17 The 2-year rate of death or hospitalization was 56.7% in a 
previous study of HF patients with a reduced left ventricular ejection fraction18; however, our 
patient did not require readmission for HF after CSN treatment. Sufficient exercise tolerance in 
patients with HF is effective for avoiding readmission.19

The levels of BNP increased during the long-term follow-up period. A previous study showed 
that aerobic and resistance training have favorable effects on decreased BNP levels.20 However, 
strength training induces a significant increase in NT-Pro BNP.21 Our report highlights the need 
to manage excessive activity in patients after CSN treatment. Although limited outpatient CR is 
available in Japan,22 inpatient CR centers may be useful for managing excessive activity during 
long-term follow-up.

This is the first report to show that CSN can be performed during a CR program in a DCM 

Fig. 3 Changes in physical function
The patient’s grip strength and leg strength did not decrease after surgery, and his 6-minute walk distance was 
maintained.
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patient without significant functional decline. For patients with low physical reserves who are 
unlikely to be able to tolerate invasive surgery such as VAD, CSN treatment is suitable because 
it results in minimal reduction of physical function during the early postoperative period. It is 
not affected by destination therapy–VAD criteria; it is expected to be much less invasive. For 
patients with low physical reserves, less-invasive treatments can help to preserve physical ability.

Table 2 Patient characteristic and physical function in each phase

Pre  
operative

Post  
operative

At  
discharge

5 months  
after surgery

12 months  
after surgery

BW (kg) 65.6 64.3 63.5 67.1 65.4

BMI (kg/m2) 21.8 21.4 21.1 22.1 21.7

Echocardiography

LVEF (%) 24.5 – 21.0 23.4 21.0

LVDd (mm) 73.3 – 70.7 73.1 73.4

LVDs (mm) 68.9 – 66.9 72.4 69.1

MR grade 3 – 2 3 3

E/e′ 16.3 – 7.5 21.6 11.5

E/A ratio 0.57 – – 0.92 1.34

Laboratory data

Serum albumin (g/dL) 4.0 3.0 3.4 4.4 4.4

Serum creatinine (mg/dL) 1.51 1.31 1.56 1.56 1.63

Serum sodium (mEq/L) 137 138 134 137 142

Total bilirubin (mg/dL) 0.8 0.6 0.8 1.0 0.7

C-reactive protein (mg/dL) 0.08 6.59 1.99 0.11 0.24

Plasma BNP (pg/mL) 254.5 1196.0 343.2 211.3 489.6

Physical function

Grip strength (% BW) 57.5 56.3 56.1 57.5 60.7

Leg strength (% BW) 61.4 65.2 77.3 67.5 71.1

Peak VO2 (mL/kg/min) 12.5 – 12.5 14.3 13.3

6-minute walk distance (m) 576 360 580 594 600

BW: body weight
BMI: body mass index
LVEF: left ventricular ejection fraction
LVDd: left ventricular diastolic diameter
LVDs: left ventricular systolic diameter
MR: mitral regurgitation
E/e′: the ratio of early diastolic transmitral flow velocity to early diastolic mitral annular velocity
E/A ratio: the ratio of early to the late transmitral filling velocities 
BNP: brain natriuretic peptide
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CONCLUSION

We described a patient who received CSN treatment; our patient exhibited improved CR in 
the perioperative period. Our report may be helpful for the selection of HF patients who cannot 
tolerate invasive treatment.
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