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Abstract

Aims Heart transplantation (HT) is an effective therapeutic option for end-stage heart failure. Infection is a major cause of
morbidity and mortality after HT. Sarcopenia, defined as the loss of muscle mass and strength, is a common comorbidity in HT
candidates with end-stage heart failure. However, the effects of sarcopenia on the occurrence of post-HT infections are not
well understood. Therefore, we explored the association between the skeletal muscle mass and post-transplant infections
in adult HT recipients.
Methods and results We retrospectively examined the records of 135 patients who underwent HT between August 2007
and November 2019 at our institution. Pre-transplant computed tomography was used to calculate the skeletal muscle index
(SMI) at the level of the third lumbar vertebra. Muscle wasting was defined as the SMI of the lowest sex-based tertiles. The
primary endpoint was infections within 6 months of HT. The study included 109 patients (80 men, mean age: 41.6 ± 12.0 years):
37 patients in the muscle wasting group and 72 patients in the non-muscle wasting group. The mean SMI values in the muscle
wasting and non-muscle wasting groups were 29.9 ± 4.8 cm2/m2 and 40.7 ± 6.7 cm2/m2, respectively. Prior to HT, 108 (99.1%)
patients were on left ventricular assist device support, and during that support, the rate of late right heart failure was signif-
icantly higher in the muscle wasting group than non-muscle wasting group (P = 0.012). Sixteen infections occurred within
6 months of HT. The most common infection sites included the respiratory tract (n = 5) and the upper gastrointestinal tract
(n = 5), followed by the urinary tract (n = 4). Overall, 10 patients experienced infections in the muscle wasting group
(27.0%) and 6 in the non-muscle wasting group (8.3%) (P = 0.009). Two patients in the muscle wasting group required inten-
sive care unit admission, compared to none in the non-muscle wasting group. Low skeletal muscle mass was associated with
infections in the univariate and multivariate logistic regression models (hazard ratio: 3.68, 95% confidence interval: 1.19–11.3;
P = 0.023). However, the duration of all-cause mortality within 3 years did not differ between the groups (P = 0.56).
Conclusions Low skeletal muscle mass is a predictor of post-HT infections within 6 months of HT.
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Introduction

Heart transplantation (HT) improves survival and quality of
life in patients with end-stage heart failure.1 One-year sur-
vival rate of 91% and a median survival of 12 to 13 years have
been reported.2 Despite advances in immunosuppressive

therapy and anti-microbial prophylaxis, HT recipients remain
at a high risk for infection, which can result in morbidity
and mortality. Infection, especially during the period immedi-
ately after HT, is a leading cause of death, and its prevention
contributes to improved outcomes.3 While the number of pa-
tients with end-stage heart failure who require HT has been
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increasing in Japan,4 the number of donor hearts has not in-
creased significantly; therefore, risk stratification and optimal
patient selection for HT are crucial to maximize donor heart
utilization.

Recently, the role of frailty in cardiovascular disease has
been recognized, and pre-transplant frailty has been ob-
served to be associated with increased mortality after HT.5

Sarcopenia, first described by Rosenberg in 1989, is defined
as the loss of muscle mass and strength that occurs with
aging6 and is a notable phenotype of frailty.7 Sarcopenia is
now classified into primary and secondary categories. Pri-
mary sarcopenia is caused by age-related physical inactivity,
impaired mobility, and malnutrition. On the other hand, sec-
ondary sarcopenia is related with various chronic diseases
and is highly prevalent in patients with chronic heart failure.8

Several factors contribute to the development of sarcopenia
in heart failure patients, such as malnutrition, hormonal
change, inflammation, oxidative stress, apoptosis,
overactivation of ubiquitin-proteasome system, low muscle
blood flow, and endothelial dysfunction.8

Sarcopenia is also observed in candidates for solid
organ transplantation and is reported to be associated with
poor outcomes following liver, kidney, and lung
transplantations.9–11 Preoperative sarcopenia was found to
be associated with an increased risk of infection after liver
transplantation.12 However, there are few studies on sarco-
penia in HT recipients, and the influence of sarcopenia on
the occurrence of post-HT infections has not been well inves-
tigated. Therefore, we performed this study to explore the
association between sarcopenia and post-transplant infec-
tions in HT recipients.

Methods

We reviewed the records of patients who underwent
orthotopic HT at the University of Tokyo between August
2007 and December 2019. We excluded patients who were
younger than 18 years of age, presented with neuromuscular
diseases, died in the hospital, or were not discharged within
6 months from HT.

The muscle mass was assessed using computed tomogra-
phy (CT), which was performed within 150 days before HT.
We assessed the skeletal muscle area (SMA) at the level of
the third lumbar vertebra (L3), as previously described.13

The muscles in the area included the psoas and paraspinal
muscles, erector spinae, quadratus lumborum, transversus
abdominis, obliquus externus abdominis, obliquus internus
abdominis, and rectus abdominis. We analysed the CT images
using ImageJ v1.42q (National Institutes of Health, http://rsb.
info.nih.gov/ij). The cross-sectional SMAs were measured
based on the attenuation thresholds of �29 to +150 Houns-
field units. We calculated the skeletal muscle indices (SMIs,

cm2/m2) by normalizing the SMA by height in meters. Pa-
tients were categorized into the muscle wasting group if their
SMIs were in the lowest sex-based tertile. We examined the
clinical characteristics and outcomes between the muscle
wasting group and non-muscle wasting group.

Fasting blood samples were collected within 3 days be-
fore HT for laboratory investigations, and each laboratory
parameter was assessed using the standard laboratory
methods at the University of Tokyo Hospital (Tokyo,
Japan). The study protocol conformed to the tenets of
the Declaration of Helsinki and was approved by the Insti-
tutional Review Board (approval number: 2650) of the Uni-
versity of Tokyo. Informed consent was obtained from all
patients.

Immunosuppressive therapy

Heart transplantation was performed according to the stan-
dard procedures using the modified bicaval anastomosis
technique.14 In accordance with the institutional policy, in-
duction therapy was not performed routinely. All patients re-
ceived a standard immunosuppressive regimen, which
included a calcineurin inhibitor (CNI), mycophenolate mofetil
(MMF), and prednisolone. Some recipients received everoli-
mus with or without discontinuation of MMF or reduction
of CNI for coronary allograft vasculopathy, severe renal fail-
ure, intractable gastrointestinal symptoms, and refractory re-
jection. The doses of these immunosuppressants were based
on scheduled monitoring of trough concentrations, as de-
scribed previously.15 The prednisolone dose was reduced
stepwise to 5 to 10 mg by 6 months when cardiac allograft re-
jection, as assessed by endomyocardial biopsy, was negative
or mild.

Endomyocardial biopsy

Cardiac allograft rejections were determined using
endomyocardial biopsies.16 Beginning on postoperative day
7 following HT, endomyocardial biopsies of the right ventricle
were performed every week for the first month, every
2 weeks until 3 months, and every month up to 6 months
(1, 2, 3, 4, 6, 8, 10, 12, 16, 20, and 24 weeks after HT). From
October 2019, the schedule of endomyocardial biopsy was
changed to 1, 2, 3, 4, 6, 8, 12, 18, and 24 weeks after HT.
When moderate-to-severe acute cellular rejection (ACR) was
identified, methylprednisolone pulse therapy was initiated
at 1000 mg/day for 3 days, and the immunosuppressive reg-
imen was optimized. Endomyocardial biopsy was repeated
1 week later and continued until resolution of the
moderate-to-severe ACR.
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Prophylaxis

In cases in which the donor was positive for Cytomegalovirus
(CMV) antibodies and the recipient was negative (CMV mis-
match), patients were prescribed oral valganciclovir for
3 months from April 2016. Acyclovir was used to prevent in-
fections due to Herpes simplex and Varicella zoster. For pro-
phylaxis against Pneumocystis jiroveci, all recipients were
prescribed trimethoprim-sulfamethoxazole, atovaquone, or
pentamidine inhalation. For prophylaxis against fungal infec-
tions, patients were prescribed oral miconazole, amphoteri-
cin B, or itraconazole.

Outcome and definitions

The primary outcomes were severe infections within
6 months of HT. We defined severe infections as those that
required hospitalization and intravenous or prolonged
courses of antimicrobials. The diagnosis of every specific type
of infection, including respiratory tract, gastrointestinal tract
(GI), urinary tract and skin or soft tissue infections, was made
according to the Centers for Disease Control and
Prevention/National Healthcare Safety Network criteria.17

CMV disease was defined as the presence of clinical signs or
symptoms along with the documentation of CMV in the rele-
vant tissues.18 The presence of CMV antigen was not used to
diagnose CMV disease. We also compared the survival be-
tween the two groups following HT within 3 years or until
31 May 2020.

Statistical analysis

Data are presented as means ± standard deviation or me-
dians with interquartile ranges. Statistical analyses were per-
formed using JMP pro v14 (SAS Institute, Cary, NC, USA). A P-
value <0.05 was considered statistically significant. We eval-
uated the differences between the two groups using the Stu-
dent’s t-test or the Mann–Whitney U test for continuous
variables and the χ2 test for categorical variables. Univariate
and multivariate analyses were performed using a logistic re-
gression model to identify the risk factors for infections that
occurred within 6 months after HT. Variables with P < 0.05
in the univariate analysis were included in the final multivar-
iate analysis. All continuous parameters were dichotomized
at the 25th, 33rd, 50th, and 75th percentiles, and the percen-
tile value with the lowest P-value was chosen as the thresh-
old for the analysis.19 The Kaplan–Meier method was used
to estimate survival within 3 years and the log-rank tests
were used to compare the survival between the two groups.

Results

Patient characteristics

One hundred and thirty-five patients underwent HT during
the study period. Of these, 14 patients were younger than
18 years of age, two had neuromuscular diseases, two were
not discharged within 6 months, two died in the hospital,
and six lacked abdominal CT data. After excluding these pa-
tients, the final study cohort included 109 patients. Our
study population consisted of 80 (73.4%) men and 29
(26.6%) women. The overall mean age was 41.6 ± 12.0 years.
The most common aetiology of heart failure was
non-ischaemic dilated cardiomyopathy.

The overall mean SMA was 103.9 ± 27.8 cm2, and
the mean SMI was 37.1 ± 8.0 cm2/m2. The overall mean
SMA and the mean SMI in men were 115.5 ± 22.1 cm2

and 39.8 ± 6.9 cm2/m2, respectively, and in women
were 71.9 ± 13.1 cm2 and 29.4 ± 5.3 cm2/m2, respectively.
The SMI cut-off value was 36.3 cm2/m2 in men and
28.3 cm2/m2 in women. Subsequently, 37 (33.9%) patients
were categorized into the muscle wasting group and 72
(66.1%) patients into the non-muscle wasting group
(Figure 1).

Table 1 summarizes the baseline patient characteristics
in each group. The mean SMA values in the muscle wasting
and non-muscle wasting groups were 83.9 ± 18.4 cm2 and
114.2 ± 26.2 cm2, respectively. The mean SMI values in
the muscle wasting and non-muscle wasting groups were
29.9 ± 4.8 cm2/m2 and 40.7 ± 6.7 cm2/m2, respectively.
The body weight, body mass index, and body surface area
were significantly lower in the muscle wasting group. The
serum haemoglobin and glycosylated haemoglobin levels
were significantly lower in the muscle wasting group; how-
ever, other laboratory data including CMV mismatch and
Epstein–Barr virus-negative serostatus of donor were simi-
lar between the two groups.

Overall, 108 (99.1%) patients required left ventricular
assist devices (LVADs) before HT. At the time of HT, 83
patients had implantable LVADs, while the remaining
25 patients had paracorporeal LVADs. Three patients were
supported by a biventricular assist device: two in
the muscle wasting group and one in the non-muscle
wasting.

We assessed the readmission events during LVAD sup-
port (Figure 2). The duration of implantable and
paracorporeal LVAD support was 1178 ± 385 days in the
muscle wasting group and 1162 ± 411 days in the non-
muscle wasting group (P = 0.84). The rates of readmission
for cerebrovascular disease and driveline infection did not
differ; however, that for late right heart failure (RHF), as
defined in a previous report,20 was significantly higher in
the muscle wasting group (P = 0.012).
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Post-transplant course

The lengths of hospital and intensive care unit stay following
HT were similar between the two groups. Two patients re-
quired induction therapy with basiliximab for renal dysfunc-
tion. Table 2 summarizes the immunosuppressive therapy
and the number of moderate-to-severe ACR episodes. Some
patients required an immunosuppressive regimen of CNI,
MMF, everolimus, and prednisolone (multiple immunosup-
pressive therapy) for intractable rejection. There was no dif-
ference in the immunosuppressive regimen at baseline and
at 6 months after HT. The trough concentrations of CNI at 3
and 6 months after HT were similar. However, the dose of
prednisolone at 6 months was higher in the muscle wasting
group. The number of moderate-to-severe ACR episodes did
not differ between the groups.

Post-transplant infections

Sixteen patients experienced infection within 6 months of HT:
10 (27.0%) in the muscle wasting group vs. 6 (8.3%) in the
non-muscle wasting group; P = 0.009. The median hospital
length of stay due to infection was 18 (14–34) days in muscle
wasting group and 17 (10–18) days in non-muscle wasting
group. Two patients required intensive care unit admission
in the muscle wasting group compared with none in the
non-muscle wasting group.

The sites of infection and the causative organisms are
summarized in Table 3. The most common infection sites
included the respiratory tract (n = 5) and the upper GI
(n = 5), followed by the urinary tract (n = 4). Bacterial
and viral infections were observed in six and five cases, re-
spectively. All bacterial infections occurred in the muscle
wasting group and were caused by Gram-negative bacteria:
Klebsiella pneumoniae (n = 5), Enterobacter aerogenes
(n = 2), and Pseudomonas aeruginosa (n = 1). Two patients
experienced blood stream infections complicated by urinary
tract infections.

Viral infections were all caused by CMV (three cases each
in the muscle wasting group and the non-muscle wasting
group). The sites of CMV involvement included multiple or-
gans (n = 3), lung and upper GI (n = 1), and upper and lower
GI (n = 2).

Risk factors of post-transplant infections

We evaluated the clinical characteristics associated with
infections that occurred within 6 months of HT. The
results of the logistic regression analysis are summarized
in Table 4. Muscle wasting was a predictor of
infections in both univariate and multivariate analyses (haz-
ard ratio: 3.68, 95% confidence interval: 1.19–11.3;
P = 0.023).

Figure 1 Flowchart demonstrating the inclusion of patients.
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Post-transplant survival

The mean follow-up period was 886 ± 312 days. During this
period, four (3.7%) patients died: two (5.4%) with muscle
wasting and two (2.8%) without muscle wasting.
Kaplan–Meier curves comparing the 3-year survival between
the two groups demonstrated no differences in the mortality
(P = 0.56, Figure 3).

Discussion

To our knowledge, this is the first report to demonstrate a
relationship between skeletal muscle mass and infections
following HT. We observed that 14.7% of the HT recipients
experienced infections within 6 months. Infections were
significantly more common in HT recipients with muscle
wasting than in those without. Muscle wasting before HT

Table 1 Comparison of the baseline, clinical, and laboratory findings between patients with and without muscle wasting

Muscle wasting group Non-muscle wasting group P-value

Characteristics of the recipient
Sex, male 27 (73%) 53 (74%) 0.94
Age (years) 42.5 ± 11.4 41.2 ± 12.4 0.62
Body weight (kg) 54.7 ± 9.7 63.0 ± 11.7 <0.001
Body height (cm) 167 ± 8.4 167 ± 8.6 0.99
Body mass index (kg/m2) 19.6 ± 2.6 22.6 ± 3.2 <0.001
Body surface area (m2) 1.60 ± 0.17 1.70 ± 0.19 0.008
SMA (cm2) 83.9 ± 18.4 114.2 ± 26.2 <0.001
SMI (cm2/m2) 29.9 ± 4.8 40.7 ± 6.7 <0.001

Past medical history
Diabetes mellitus 2 (5%) 9 (13%) 0.63
Smoking 19 (51%) 35 (49%) 0.79

Aetiology of heart failure
DCM 25 (68%) 47 (65%)
d-HCM 7 (19%) 5 (7%)
ICM 4 (11%) 9 (13%)
Others 1 (3%) 11 (15%) 0.08

Medication
Beta-blockers 32 (86%) 67 (93%) 0.26
ACE inhibitor/ARB 17 (46%) 38 (53%) 0.50
Aldosterone antagonist 23 (62%) 48 (67%) 0.64

Laboratory data
Hb (g/dL) 11.5 ± 2.0 12.4 ± 2.2 0.04
TP (g/dL) 7.1 ± 0.84 7.2 ± 0.73 0.47
Alb (g/dL) 4.0 ± 0.61 4.2 ± 0.51 0.10
AST (U/L) 36.4 ± 22.4 31.7 ± 14.0 0.19
ALT (U/L) 24.1 ± 27.7 19.8 ± 12.2 0.27
Bil (mg/dL) 0.92 ± 0.41 0.97 ± 0.49 0.55
LDH (U/L) 503 ± 472 479 ± 300 0.75
Cr (mg/dL) 0.96 ± 0.29 0.99 ± 0.33 0.81
eGFR (mL/min/1.73 m2) 72.8 ± 29.5 72.0 ± 25.4 0.88
CRP (mg/dL) 0.89 ± 0.77 1.19 ± 1.90 0.36
T-chol (mg/dL) 176 ± 44 170 ± 37 0.52
HbA1c (NGSP) (%) 4.9 ± 0.76 5.2 ± 0.64 0.03
BNP (pg/mL) 144 (83–307) 172 (77–298) 0.37

LVAD at HT
Paracorporeal LVAD 10 (27%) 15 (21%) 0.47
Implantable LVAD 27 (73%) 56 (78%) 0.58

Length of stay after HT
Hospital (days) 56.3 ± 24.1 50.0 ± 20.3 0.16
ICU (days) 8.5 ± 4.6 8.4 ± 6.8 0.91

Characteristics of donors
Age (years) 43.9 ± 11.2 45.8 ± 12.7 0.45
Sex, male 18 (49%) 40 (56%) 0.49
Sex mismatch 15 (41%) 21 (29%) 0.23
CMV mismatch 8 (22%) 17 (24%) 0.82
EBV-negative serostatus 4 (11%) 4 (6%) 0.32

ACE, angiotensin-converting enzyme; Alb, albumin; ALT, alanine aminotransferase; ARB, angiotensin II receptor blocker; AST, aspartate
aminotransferase; Bil, total bilirubin; BNP, B-type natriuretic peptide; CMV, cytomegalovirus; Cr, creatinine; CRP, C-reactive protein;
DCM, non-ischaemic dilated cardiomyopathy; d-HCM, dilated phase of hypertrophic cardiomyopathy; EBV, Epstein–Barr virus; eGFR, esti-
mate glomerular filtration rate; Hb, haemoglobin; HbA1c, haemoglobin A1c; HT, heart transplantation; ICM, ischaemic cardiomyopathy;
ICU, intensive care unit; LDH, lactate dehydrogenase; LVAD, left ventricular assist device; NGSP, National Glycohemoglobin Standardiza-
tion Program; SMA, skeletal muscle area; SMI, skeletal muscle index; T-chol, total cholesterol; TP, total protein.

Sarcopenia in adult heart transplant recipients 1417

ESC Heart Failure 2022; 9: 1413–1423
DOI: 10.1002/ehf2.13835



Figure 2 The rate of complications during LVAD support.

Table 2 Immunosuppressive therapy and ACR episodes in patients with and without muscle wasting

Muscle wasting group Non-muscle wasting group P-value

CNI at baseline
TAC 18 (49%) 40 (56%)
CYA 19 (51%) 32 (44%) 0.49

Immunosuppression at 6 months
TAC 18 (49%) 41 (58%) 0.37
EVL 25 (68%) 37 (52%) 0.12
MMF 14 (20%) 39 (55%) 0.09
PSL 36 (97%) 71 (100%) 0.16
Multiple immunosuppression 2 (5%) 5 (7%) 0.74

Trough concentrations of TAC (ng/mL)
3 months 11.1 ± 3.1 12.0 ± 3.1 0.36
6 months 10.5 ± 3.0 11.0 ± 3.6 0.66

Trough concentrations of CYA (ng/mL)
3 months 278.6 ± 72.2 280.2 ± 69.9 0.94
6 months 226.8 ± 71.5 260.0 ± 74.1 0.14

PSL dose per day
3 months 10.4 ± 5.3 9.7 ± 5.4 0.52
6 months 8.3 ± 4.5 6.3 ± 3.2 0.011
ACR episode 14 (38%) 35 (49%) 0.28

ACR, acute cellular rejection; CNI, calcineurin inhibitor; CYA, cyclosporine; EVL, everolimus; MMF, mycophenolate mofetil; PSL, predniso-
lone; TAC, tacrolimus.

Table 3 Pathogens and sites of infections within 6 months of HT

Klebsiella
pneumoniae

Enterobacter
aerogenes

Pseudomonas
aeruginosa CMV

Mucor
species Unknown Total

Respiratory 1 0 0 1 1 2 5
Upper GI 0 0 0 5 0 0 5
Lower GI 0 0 0 3 0 0 3
Urinary tract 3 1 0 0 0 0 4
Surgical wound 0 0 1 0 0 1 2
Blood stream 1 1 0 0 0 0 2
Total 5 2 1 9 1 3 21

GI, gastrointestinal tract.

1418 M. Tsuji et al.

ESC Heart Failure 2022; 9: 1413–1423
DOI: 10.1002/ehf2.13835



was associated with development of infections within
6 months of HT.

Right heart failure during left ventricular assist
device support

In Japan, most patients awaiting HT are supported with LVAD
due to donor shortage. In our study, all patients except one
were supported by LVAD before HT, over a period of 3 years.
In our analysis, the rate of readmission for late RHF during

LVAD implantation was significantly higher in the muscle
wasting group than in the non-muscle wasting group.

Right heart failure was related with cardiac cachexia, which
is characterized by severe loss of body weight and fat, bone,
and muscle mass due to heart failure. Increased right atrial
pressure leads to venous congestion, which results in liver
dysfunction and intestinal congestion. Liver dysfunction is as-
sociated with reduced protein synthesis, while intestinal con-
gestion is associated with gut dysbiosis, appetite loss,
postprandial fullness, and malabsorption.21,22 Although LVAD
implantation improves nutrition status23 and muscle
function,24 late RHF prevents the improvement in these pa-

Table 4 Univariate and multivariate logistic regression analysis of predictors of infection within 6 months of HT

Univariate analysis Multivariate analysis

Risk factors Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Pre-transplantation
Age (≥53 years) 2.67 (0.89–8.02) 0.081
Male 0.55 (0.18–1.76) 0.30
Body mass index (≤24.0 kg/m2) 2.57 (0.55–12.1) 0.23
Diabetes mellitus 0.55 (0.07–4.65) 0.59
Hb (≤10.5 g/dL) 2.84 (0.12–1.06) 0.064
Alb (≤3.8 g/dL) 1.47 (0.46–4.68) 0.52
eGFR (≥89.0 mL/min/1.73 m2) 1.94 (0.63–5.93) 0.25
CRP (≥0.24 mg/dL) 4.22 (0.91–19.7) 0.067
BNP (≤100 pg/mL) 1.72 (0.58–5.06) 0.33
Muscle wasting 4.07 (1.38–13.0) 0.011 3.68 (1.19–11.3) 0.023

Post-transplantation
Length of hospital stay (≥60 days) 2.06 (0.67–6.32) 0.21
CMV mismatch 1.66 (0.52–5.33) 0.40
CNI (TAC) 2.15 (0.69–6.68) 0.18
PSL at 3 months (≥10 mg/day) 2.98 (1.01–8.81) 0.048 2.60 (0.85–7.95) 0.094
ACR episode 0.94 (0.32–2.75) 0.92

CI, confidence interval.

Figure 3 Probability of survival within 3 years in patients with and without muscle wasting.
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rameters and contributes to cachexia, including skeletal mus-
cle loss, at the time of HT.

Sarcopenia and immunity

Sarcopenia is associated with various pathophysiological
mechanisms, and inflammation plays a key role. Low-grade
inflammation increases serum levels of inflammatory
markers, such as interleukin (IL)-6, tumour necrosis factor al-
pha, and C-reactive protein, which are linked to activation of
the ubiquitin-proteasome system, resulting in muscle catabo-
lism and muscle atrophy.8

Sarcopenia is also associated with impairment of the im-
mune system via inflammation.25 Skeletal muscle is consid-
ered a secretory organ because myocytes secrete myokines,
such as IL-6, IL-7, and IL-15, which modulate the immune sys-
tem. IL-6 produced by macrophages leads to inflammation,
while that produced by muscle lymph cells do not activate
the inflammatory pathway; instead, it stimulates
anti-inflammatory cytokines, such as IL-10 and IL-1 receptor
antagonist. IL-7 is associated with the development and
maintenance of immature lymphocytes,26 and IL-15 is re-
quired for the development and survival of natural killer
cells.27 The secretion of these myokines, which helps in in
maintaining immune function, is reduced in patients with
low skeletal muscle mass.

Inflammation also affects the adaptive immune system.
CD8+ T-cells, such as cytotoxic T lymphocytes, are important
in the defence against intracellular pathogens, including vi-
ruses and bacteria. IL-15 modulates CD8+ T-cell
homeostasis,28 and a reduced number of CD8+ T-cells are
present in patients with low muscle mass.29 Therefore, sarco-
penia is closely linked to impairments in both innate and
adaptive immunities.

Post-transplant infections and mortality

We observed no correlations between skeletal muscle mass
and mortality. It was demonstrated that a low psoas muscle
area was an independent predictor of mortality following
HT.30 Survival rates in Japan are better than those reported
by the international registry.4 In our study, in-hospital deaths
were excluded, and the number of deaths was small; there-
fore, we need more robust studies to investigate the relation-
ship between skeletal muscle mass and mortality.

The incidence of post-transplant infection varies depend-
ing upon the definition of infections and the duration of fol-
low-up.31–33 Our study had a lower incidence of infections
compared with previous studies, which may be due to the
shorter follow-up period and the fact that we did not record
perioperative infections. Previous studies have reported that
infections were commonly due to bacteria and viruses, and

Gram-negative bacteria were the most frequent causative
organisms.34 The respiratory tract, urinary tract, blood, and
GI system were the major sites of infections.33,34 Similar char-
acteristics of pathogens and sites of infection were observed
in our study.

Furthermore, CMV accounted for 31% of the infections in
our study, with GI being the most commonly affected site.
There were three cases of CMV disease in both groups; how-
ever, two cases in the non-muscle wasting group did not re-
ceive valganciclovir despite CMV mismatch because of the
prophylaxis protocol before 2016, and it is possible that these
cases might have been preventable. CMV infection is mainly
controlled by cytotoxic CD8+ T-cells. The severity of CMV in-
fection and the extent of organ involvement are inversely
correlated with the restoration of an efficient CD8+ T-cell im-
mune response.35 Besides CD8 expression, CD28 expression,
a co-stimulatory molecule for T-cell activation and survival,
is required for CMV infection control. Furthermore, CD8+
and CD28� T-cell alterations have been reported in frail
patients.36 Low skeletal muscle mass is a major component
of frailty and may be involved in CD28 expression.

Coronavirus disease 2019

The coronavirus disease 2019 (COVID-19) pandemic has
spread worldwide. Although no cases of COVID-19 were iden-
tified within 6 months of HT in our population, one patient
experienced non-severe COVID-19 5 years after HT.

The severity of COVID-19 and the mortality associated with
it were higher in recipients of solid organ transplants than in
nontransplant recipients.37 A mortality rate of 15% was re-
ported in HT recipients with COVID-19.38 The use of ‘triple
therapy regimen’, including CNI, antimetabolite, and predni-
sone, was associated with a 7.3-fold risk of severe disease
and a 17.8-fold increased risk of death.38 However, the rela-
tionship between immunosuppressive regimen and COVID-
19, and appropriate immunosuppressive management, needs
further validation. Sarcopenia evaluated by chest CT scans
was independently associated with prolonged hospital stay
and death in patients with COVID-19.39

Treatment approach to sarcopenia

Interventions for sarcopenia with heart failure are crucial to
improve prognosis after HT. Exercise training is highly recom-
mended for patients with heart failure.40 Preoperative exer-
cise training prevents physical deconditioning while being
on the heart transplant waiting list41 and post-surgical com-
plications in patients undergoing non-urgent cardiovascular
procedures.42 The safety and efficacy of exercise training
have also been reported in patients with an LVAD.43
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Although some preliminary data exist, specific nutritional
support in sarcopenic patients with heart failure is still un-
clear. Adequate energy protein intake with essential amino
acid supplementation improved exercise capacity.44

Skeletal muscle dysfunction is linked to impaired growth
hormone/insulin-like growth factor signalling and low
testosterone levels. Therefore, testosterone, growth
hormone, vitamin D are under study as a treatment for
sarcopenia in heart failure patients. However, there is no
established treatment yet.45

Limitations

This study has several limitations that must be considered.
First, this was a retrospective study at a single centre with a
small number of patients. Second, the biopsy schedule and
prophylaxis protocol changed during the study period, which
affected the immunosuppressive regimen and outcomes.
Third, there was selection bias as CT was not performed in
all HT patients. Fourth, the timing of CT varied between pa-
tients, and the median number of days between CT and HT
was 1 (1–10 days). Finally, a single observer measured the
muscle mass in all patients and our intraobserver reliability
analysis for the value of SMI yielded an intraclass correlation
of 0.95.

Conclusions

Skeletal muscle mass measurement should be considered for
infection risk stratification in HT candidates. It can be used to
establish a strategy for preventing skeletal muscle loss prior
to HT. In cases requiring long-term LVAD support prior to
HT, management of RHF during LVAD support may be useful
in preventing skeletal muscle loss. In conclusion, a low skele-
tal muscle mass before HT is a prognostic predictor of
post-HT infections in HT recipients.

Conflict of interest

M. T,, E. A., and M. H. belong to the Department of Therapeu-
tic Strategy for Heart Failure, Graduate School of Medicine,
University of Tokyo, which is endowed by AQuA k.k., Ono
Pharmaceutical Co., Sun Medical Technology Research Corp.,
Nipro Corporation, Terumo Corporation., Senko Medical In-
strument Mfg., Century Medical Inc., Abiomed Japan K.K.,
Nippon Shinyaku Co., Medtronic Japan Co., Fukuda Life Tech
Tokyo K.K.

Funding

None.

References

1. Stehlik J, Kobashigawa J, Hunt SA,
Reichenspurner H, Kirklin JK.
Honoring 50 years of clinical heart
transplantation in circulation: in-depth
state-of-the-art review. Circulation
2018; 137: 71–87.

2. Khush KK, Cherikh WS, Chambers DC,
Goldfarb S, Hayes D Jr, Kucheryavaya
AY, Levvey BJ, Meiser B, Rossano JW,
Stehlik J. The international thoracic or-
gan transplant registry of the Interna-
tional Society for Heart and Lung
Transplantation: thirty-fifth adult heart
transplantation Report-2018; focus
theme: Multiorgan transplantation. J
Heart Lung Transplant 2018; 37:
1155–1168.

3. Rossano JW, Singh TP, Cherikh WS,
Chambers DC, Harhay MO, Hayes D Jr,
Hsich E, Khush KK, Meiser B, Potena L,
Toll AE, Sadavarte A, Zuckermann A,
Stehlik J. The international thoracic or-
gan transplant registry of the Interna-
tional Society for Heart and Lung
Transplantation: twenty-second pediat-
ric heart transplantation report - 2019;
focus theme: Donor and recipient size
match. J Heart Lung Transplant 2019;
38: 1028–1041.

4. Fukushima N, Ono M, Saiki Y, Sawa Y,
Nunoda S, Isobe M. Registry report on
heart transplantation in Japan (June
2016). Circ J 2017; 81: 298–303.

5. Macdonald PS, Gorrie N, Brennan X, Aili
SR, De Silva R, Jha SR, Fritis-Lamora R,
Montgomery E, Wilhelm K, Pierce R,
Lam F, Schnegg B, Hayward C, Jabbour
A, Kotlyar E, Muthiah K, Keogh AM,
Granger E, Connellan M, Watson A, Iyer
A, Jansz PC. The impact of frailty on
mortality after heart transplantation. J
Heart Lung Transplant 2021; 40: 87–94.

6. Rosenberg I. Summary comments: epi-
demiological and methodological prob-
lems in determining nutritional status
of older persons. Am J Clin Nutr 1989;
50: 1231–1233.

7. Kobashigawa J, Shah P, Joseph S,
Olymbios M, Bhat G, Dhital K, Eisen H,
Kransdorf E, Patel J, Skorka R, Pinney
S, Wilson ME, Hall S. Frailty in heart
transplantation: report from the heart
workgroup of a consensus conference
on frailty. Am J Transplant 2021; 21:
636–644.

8. Curcio F, Testa G, Liguori I, Papillo M,
Flocco V, Panicara V, Galizia G, Della-
Morte D, Gargiulo G, Cacciatore F,

Bonaduce D, Landi F, Abete P. Sarcope-
nia and heart failure. Nutrients 2020;
12: 12.

9. Englesbe MJ, Patel SP, He K, Lynch RJ,
Schaubel DE, Harbaugh C, Holcombe
SA, Wang SC, Segev DL, Sonnenday CJ.
Sarcopenia and mortality after liver
transplantation. J Am Coll Surg 2010;
211: 271–278.

10. Streja E, Molnar MZ, Kovesdy CP,
Bunnapradist S, Jing J, Nissenson AR,
Mucsi I, Danovitch GM, Kalantar-Zadeh
K. Associations of pretransplant weight
and muscle mass with mortality in renal
transplant recipients. Clin J Am Soc
Nephrol 2011; 6: 1463–1473.

11. Hsu J, Krishnan A, Lin CT, Shah PD,
Broderick SR, Higgins RSD, Merlo CA,
Bush EL. Sarcopenia of the psoas mus-
cles is associated with poor outcomes
following lung transplantation. Ann
Thorac Surg 2019; 107: 1082–1088.

12. Krell RW, Kaul DR, Martin AR,
Englesbe MJ, Sonnenday CJ, Cai S,
Malani PN. Association between sarco-
penia and the risk of serious infection
among adults undergoing liver trans-
plantation. Liver Transpl 2013; 19:
1396–1402.

Sarcopenia in adult heart transplant recipients 1421

ESC Heart Failure 2022; 9: 1413–1423
DOI: 10.1002/ehf2.13835



13. Tsuji M, Amiya E, Hatano M, Nitta D,
Maki H, Bujo C, Saito A, Hosoya Y,
Minatsuki S, Hara T, Nemoto M, Kagami
Y, Endo M, Kimura M, Kinoshita O,
Nawata K, Morita H, Ono M, Komuro I.
Abdominal skeletal muscle mass as a
predictor of mortality in Japanese pa-
tients undergoing left ventricular assist
device implantation. ESC Heart Fail
2019; 6: 526–535.

14. Kitamura S, Nakatani T, Bando K,
Sasako Y, Kobayashi J, Yagihara T. Mod-
ification of bicaval anastomosis tech-
nique for orthotopic heart
transplantation. Ann Thorac Surg 2001;
72: 1405–1406.

15. Costanzo MR, Dipchand A, Starling R,
Anderson A, Chan M, Desai S, Fedson
S, Fisher P, Gonzales-Stawinski G,
Martinelli L, McGiffin D, Smith J, Taylor
D, Meiser B, Webber S, Baran D, Carboni
M, Dengler T, Feldman D, Frigerio M,
Kfoury A, Kim D, Kobashigawa J, Shullo
M, Stehlik J, Teuteberg J, Uber P,
Zuckermann A, Hunt S, Burch M, Bhat
G, Canter C, Chinnock R, Crespo-Leiro
M, Delgado R, Dobbels F, Grady K, Kao
W, Lamour J, Parry G, Patel J, Pini D,
Towbin J, Wolfel G, Delgado D, Eisen
H, Goldberg L, Hosenpud J, Johnson
M, Keogh A, Lewis C, O’Connell J, Rog-
ers J, Ross H, Russell S, Vanhaecke J.
The International Society of Heart and
Lung Transplantation Guidelines for
the care of heart transplant recipients.
J Heart Lung Transplant 2010; 29:
914–956.

16. Billingham M, Kobashigawa JA. The re-
vised ISHLT heart biopsy grading scale.
J Heart Lung Transplant 2005; 24: 1709.

17. Horan TC, Andrus M, Dudeck MA. CDC/
NHSN surveillance definition of health
care-associated infection and criteria for
specific types of infections in the acute
care setting. Am J Infect Control 2008;
36: 309–332.

18. Ljungman P, Boeckh M, Hirsch HH, Jo-
sephson F, Lundgren J, Nichols G, Pikis
A, Razonable RR, Miller V, Griffiths PD.
Definitions of cytomegalovirus infection
and disease in transplant patients for
use in clinical trials. Clin Infect Dis
2017; 64: 87–91.

19. Kormos RL, Teuteberg JJ, Pagani FD,
Russell SD, John R, Miller LW, Massey
T, Milano CA, Moazami N,
Sundareswaran KS, Farrar DJ. Right
ventricular failure in patients with the
HeartMate II continuous-flow left ven-
tricular assist device: incidence, risk fac-
tors, and effect on outcomes. J Thorac
Cardiovasc Surg 2010; 139: 1316–1324.

20. Rich JD, Gosev I, Patel CB, Joseph S,
Katz JN, Eckman PM, Lee S,
Sundareswaran K, Kilic A, Bethea B,
Soleimani B, Lima B, Uriel N, Kiernan
M. The incidence, risk factors, and out-
comes associated with late right-sided
heart failure in patients supported with
an axial-flow left ventricular assist de-
vice. J Heart Lung Transplant 2017; 36:
50–58.

21. Valentova M, von Haehling S, Krause C,
Ebner N, Steinbeck L, Cramer L,
Doehner W, Murin J, Anker SD, Sandek
A. Cardiac cachexia is associated with
right ventricular failure and liver dys-
function. Int J Cardiol 2013; 169:
219–224.

22. Valentova M, von Haehling S, Bauditz J,
Doehner W, Ebner N, Bekfani T, Elsner
S, Sliziuk V, Scherbakov N, Murín J,
Anker SD, Sandek A. Intestinal conges-
tion and right ventricular dysfunction:
a link with appetite loss, inflammation,
and cachexia in chronic heart failure.
Eur Heart J 2016; 37: 1684–1691.

23. Genev I, Yost G, Gregory M, Gomez K,
Pappas P, Tatooles A, Bhat G. Improved
nutrition status in patients with ad-
vanced heart failure implanted with a
left ventricular assist device. Nutr Clin
Pract 2019; 34: 444–449.

24. Khawaja T, Chokshi A, Ji R, Kato TS, Xu
K, Zizola C, Wu C, Forman DE, Ota T,
Kennel P, Takayama H, Naka Y, George
I, Mancini D, Schulze CP. Ventricular as-
sist device implantation improves skele-
tal muscle function, oxidative capacity,
and growth hormone/insulin-like
growth factor-1 axis signaling in patients
with advanced heart failure. J Cachexia
Sarcopenia Muscle 2014; 5: 297–305.

25. Fülster S, Tacke M, Sandek A, Ebner N,
Tschöpe C, Doehner W, Anker SD,
von Haehling S. Muscle wasting in pa-
tients with chronic heart failure: results
from the studies investigating
co-morbidities aggravating heart failure
(SICA-HF). Eur Heart J 2013; 34:
512–519.

26. Duggal NA, Pollock RD, Lazarus NR,
Harridge S, Lord JM. Major features of
immunesenescence, including reduced
thymic output, are ameliorated by high
levels of physical activity in adulthood.
Aging Cell 2018; 17: e12750.

27. Lutz CT, Quinn LS. Sarcopenia, obesity,
and natural killer cell immune senes-
cence in aging: altered cytokine levels
as a common mechanism. Aging (Albany
NY) 2012; 4: 535–546.

28. Conlon KC, Lugli E, Welles HC,
Rosenberg SA, Fojo AT, Morris JC,
Fleisher TA, Dubois SP, Perera LP, Stew-
art DM, Goldman CK, Bryant BR, Decker
JM, Chen J, Worthy TA, Figg WD Sr,
Peer CJ, Sneller MC, Lane HC,
Yovandich JL, Creekmore SP, Roederer
M, Waldmann TA. Redistribution,
hyperproliferation, activation of natural
killer cells and CD8 T cells, and cytokine
production during first-in-human clini-
cal trial of recombinant human
interleukin-15 in patients with cancer. J
Clin Oncol 2015; 33: 74–82.

29. Anoveros-Barrera A, Bhullar AS, Stretch
C, Dunichand-Hoedl AR, Martins KJB,
Rieger A, Bigam D, McMullen T, Bathe
OF, Putman CT, Field CJ, Baracos VE,
Mazurak VC. Immunohistochemical
phenotyping of T cells, granulocytes,
and phagocytes in the muscle of cancer
patients: association with radiologically

defined muscle mass and gene expres-
sion. Skelet Muscle 2019; 9: 24.

30. Bibas L, Saleh E, Al-Kharji S, Chetrit J,
Mullie L, Cantarovich M, Cecere R,
Giannetti N, Afilalo J. Muscle mass and
mortality after cardiac transplantation.
Transplantation 2018; 102: 2101–2107.

31. van de Beek D, Kremers WK, Del Pozo
JL, Daly RC, Edwards BS, McGregor
CG, Patel R. Effect of infectious diseases
on outcome after heart transplant.Mayo
Clin Proc 2008; 83: 304–308.

32. Gómez-Moreno S, Lage E, Jiménez-
Jambrina M, Ordóñez A, Borrego JM,
Hernández A, Cayuela A, Cisneros JM.
Infections in cardiac transplant recipi-
ents: clinical and microbiological char-
acteristics and consequences.
Transplant Proc 2006; 38: 2555–2557.

33. Pons S, Sonneville R, Bouadma L,
Styfalova L, Ruckly S, Neuville M,
Radjou A, Lebut J, Dilly MP, Mourvillier
B, Dorent R, Nataf P, Wolff M, Timsit JF.
Infectious complications following heart
transplantation in the era of
high-priority allocation and extracorpo-
real membrane oxygenation. Ann Inten-
sive Care 2019; 9: 17.

34. Multani A, Moayedi Y, Puing A,
Henricksen E, Garvert DW, Gomez CA,
Tremblay-Gravel M, Bunce PE, Luikart
H, Ross HJ, Khush KK, Montoya JG,
Teuteberg JJ. Recent trends of infectious
complications following heart transplan-
tation. Transplantation 2020; 104:
e284–e294.

35. Rowshani AT, Bemelman FJ, van
Leeuwen EM, van Lier RA, ten Berge IJ.
Clinical and immunologic aspects of cy-
tomegalovirus infection in solid organ
transplant recipients. Transplantation
2005; 79: 381–386.

36. Li H, Manwani B, Leng SX. Frailty, in-
flammation, and immunity. Aging Dis
2011; 2: 466–473.

37. Pereira MR, Mohan S, Cohen DJ, Husain
SA, Dube GK, Ratner LE, Arcasoy S,
Aversa MM, Benvenuto LJ, Dadhania
DM, Kapur S, Dove LM, Brown RS Jr,
Rosenblatt RE, Samstein B, Uriel N, Farr
MA, Satlin M, Small CB, Walsh TJ,
Kodiyanplakkal RP, Miko BA, Aaron JG,
Tsapepas DS, Emond JC, Verna EC.
COVID-19 in solid organ transplant re-
cipients: initial report from the US epi-
center. Am J Transplant 2020; 20:
1800–1808.

38. Genuardi MV, Moss N, Najjar SS,
Houston BA, Shore S, Vorovich E, Atluri
P, Molina M, Chambers S, Sharkoski T,
Hsich E, Estep JD, Owens AT, Alexander
KM, Chaudhry SP, Garcia-Cortes R, Mo-
lina E, Rodrigo M, Wald MJ, Margulies
KB, Hanff TC, Zimmer R, Kilic A,
McLean R, Vidula H, Dodd K, Blumberg
EA, Mazurek JA, Goldberg LR, Alvarez-
Garcia J, Mancini D, Teuteberg JJ,
Tedford RJ, Birati EY. Coronavirus dis-
ease 2019 in heart transplant recipients:
risk factors, immunosuppression, and
outcomes. J Heart Lung Transplant
2021; 40: 926–935.

1422 M. Tsuji et al.

ESC Heart Failure 2022; 9: 1413–1423
DOI: 10.1002/ehf2.13835



39. Ufuk F, Demirci M, Sagtas E, Akbudak
IH, Ugurlu E, Sari T. The prognostic
value of pneumonia severity score and
pectoralis muscle area on chest CT in
adult COVID-19 patients. Eur J Radiol
2020; 131: 109271.

40. Piepoli MF, Conraads V, Corrà U,
Dickstein K, Francis DP, Jaarsma T,
McMurray J, Pieske B, Piotrowicz E,
Schmid JP, Anker SD, Solal AC,
Filippatos GS, Hoes AW, Gielen S,
Giannuzzi P, Ponikowski PP. Exercise
training in heart failure: from theory to
practice. A consensus document of the
heart failure association and the Euro-
pean Association for Cardiovascular Pre-
vention and Rehabilitation. Eur J Heart
Fail 2011; 13: 347–357.

41. Gimeno-Santos E, Coca-Martinez M,
Arguis MJ, Navarro R, Lopez-Hernandez
A, Castel MA, Romano B,

Lopez-Baamonde M, Sandoval E, Farrero
M, Sanz M, Bofill A, Martinez-Palli G.
Multimodal prehabilitation as a promis-
ing strategy for preventing physical de-
conditioning on the heart transplant
waiting list. Eur J Prev Cardiol 2020;
27: 2367–2370.

42. Marmelo F, Rocha V, Moreira-Gonçalves
D. The impact of prehabilitation on
post-surgical complications in patients
undergoing non-urgent cardiovascular
surgical intervention: Systematic review
and meta-analysis. Eur J Prev Cardiol
2018; 25: 404–417.

43. Adamopoulos S, Corrà U, Laoutaris ID,
Pistono M, Agostoni PG, Coats AJS,
Crespo Leiro MG, Cornelis J, Davos CH,
Filippatos G, Lund LH, Jaarsma T,
Ruschitzka F, Seferovic PM, Schmid JP,
Volterrani M, Piepoli MF. Exercise train-
ing in patients with ventricular assist

devices: a review of the evidence and
practical advice. A position paper from
the committee on exercise physiology
and training and the Committee of Ad-
vanced Heart Failure of the heart failure
Association of the European Society of
cardiology. Eur J Heart Fail 2019; 21:
3–13.

44. Aquilani R, Opasich C, Gualco A, Verri
M, Testa A, Pasini E, Viglio S, Iadarola
P, Pastoris O, Dossena M, Boschi F. Ade-
quate energy-protein intake is not
enough to improve nutritional and met-
abolic status in muscle-depleted patients
with chronic heart failure. Eur J Heart
Fail 2008; 10: 1127–1135.

45. Collamati A, Marzetti E, Calvani R,
Tosato M, D’Angelo E, Sisto AN, Landi
F. Sarcopenia in heart failure: mecha-
nisms and therapeutic strategies. J
Geriatr Cardiol 2016; 13: 615–624.

Sarcopenia in adult heart transplant recipients 1423

ESC Heart Failure 2022; 9: 1413–1423
DOI: 10.1002/ehf2.13835


