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ORIGINAL ARTICLE

Heart Failure

Long-Term Levocarnitine Ameliorates Left Ventricular
Diastolic as Well as Systolic Dysfunction
in Hemodialysis Patients

— Multi-Center Study —
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Background: Levocarnitine has been reported to improve the left ventricular (LV) systolic function and decrease LV hypertrophy in
hemodialysis (HD) patients. Its effect on LV diastolic dysfunction, however, has not yet been clarified.

Methods and Results: HD patients (n=88) were given levocarnitine i.v. 1,000mg for 12 months at the end of every dialysis session
through the dialysis circuit of the venous site. LV ejection fraction (EF), E/A, E/e’, left atrial volume index (LAVI) and LV mass index
(LVMI) were measured before and 3, 6, 9, and 12 months after the start of levocarnitine on echocardiography. We regarded E/A<0.8,
E/e’>14 and LAVI>34mL/m? as LV diastolic dysfunction, and LVEF<55% as LV systolic dysfunction. We also investigated the effect
of levocarnitine on HFpEF. Plasma brain natriuretic peptide, total carnitine, free carnitine, and acyl-carnitine and biochemistry
parameters were measured. Levocarnitine significantly improved LV diastolic function in HD patients with LV diastolic dysfunction,
but did not affect LV diastolic function in those with normal LV diastolic function. Levocarnitine significantly improved HFpEF.
Levocarnitine significantly improved the LV systolic function in HD patients with LV systolic dysfunction but did not affect the LV
systolic function in those with normal LV systolic function. Levocarnitine significantly decreased LVMI and increased plasma total,
free, and acyl-carnitine.

Conclusions: Levocarnitine ameliorates LV diastolic as well as LV systolic dysfunction in HD patients.
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trimethylaminobutiric acid) deficiency frequently occurs

in patients with hemodialysis (HD).12 Carnitine defi-
ciency may contribute to clinical disorders such as cachexia,
erythropoiesis-stimulating agent-resistant anemia, glucose
intolerance and insulin resistance, muscle weakness, muscle
cramp, and endothelial dysfunction.3# Carnitine deficiency
has been known to cause cardiac dysfunction.5 The inci-
dence of cardiovascular disease increases in HD patients,
and the prognosis of HD patients with left ventricular (LV)

It is widely accepted that carnitine (3-hydroxy-4-N-

systolic dysfunction is poor.® LV hypertrophy (LVH) is an
independent predictor of cardiac death in HD patients.”
There have been many reports demonstrating the effect of
levocarnitine therapy on LV systolic function and LV
hypertrophy in HD patients.8-12 In some studies levocar-
nitine improved the LV systolic function®*1! and decreased
the LV mass index (LVMI),3%12 but others did not show an
improved LV systolic function!® or a decrease in LVH.!® The
effects of levocarnitine on cardiac function and LV hyper-
trophy were controversial, probably because the number
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of patients was small. A recent randomized controlled
study with a large number of HD patients and 12-month
treatment with levocarnitine demonstrated that levocarni-
tine improved the LV ejection fraction (LVEF; LV systolic
function) and decreased LVH.!3 The long-term effect of
levocarnitine on LV diastolic dysfunction in HD patients,
however, has not yet been fully elucidated. Hence, in the
present study, we investigated the effects of long-term
levocarnitine, focusing on LV diastolic dysfunction and
heart failure with preserved ejection fraction (HFpEF) in
HD patients.

Methods

Ninety-six patients who were undergoing HD at 8§ hospitals:
Asahi University Hospital, Chuno Kosei Hospital, Hashima
Municipal Hospital, Sawada Hospital, Yamauchi Hospital,
Gihoku Kosei Hospital, Hirano Hospital, and Gifu Prefec-
tural Gero Hospital, were included in this study. The patients
were enrolled consecutively according to the following
inclusion criteria: (1) HD>6 months; and (2) no history of
carnitine use. The exclusion criteria were: (1) hypersensitivity
to levocarnitine; (2) pregnancy; or (3) inclusion judged as
inappropriate by the attending physician.

Of the 96 HD patients enrolled, 88 patients could be
followed up for 12 months after the start of this study.
Eight patients were excluded from the data analysis (3 died
of complications and 5 patients did not have data available
at 12 months). Of the 88 patients, 61 were male and 27
were female. Mean patient age was 65.1+11.4 years old,
and the mean duration of HD was 4.5+5.7 years.

The protocol was approved by the Ethics Committee of
Gifu University Graduate School of Medicine (approval
number: 26-83). All patients provided written informed
consent before the study commenced. The investigation
conformed to the principles outlined in the Declaration
of Helsinki. The public and trial registry number was
R000040056.

Protocol

The HD patients were given 1,000mg i.v. levocarnitine at
the end of HD through a dialysis circuit of the venous site at
the end of every HD session and followed up for 12 months.

LV Diastolic and Systolic Function

Echocardiography was performed at 24h after HD to
measure LV diastolic and systolic function. With regard to
LV diastolic function, E/A<0.8, E/e’>14 (average of septal
and lateral site measurement) or left atrial volume index
(LAVI)>34mL/m? was defined as LV diastolic dysfunction
according to the guidelines of the American Society of
Echocardiography and European Association of Cardiovas-
cular Imaging." E/A, E/e’ and LAVI were measured before
and 3, 6, 9, and 12 months after the start of levocarnitine.
To measure LV systolic function, LVEF was measured
before and 3, 6, 9, and 12 months after the start of levocar-
nitine. LVEF<55% was defined as LV systolic dysfunction.
LVEEF could be followed up in 88 patients. E/A could be
followed up in 87 patients because 1 patient with atrial
fibrillation (AF) was excluded. E/e’ could be followed up
in 86 patients because E/e’ was not measured in one patient.
LAVI could be followed up in 85 patients because 2 patients
who could not obtain the data at 12 months were excluded.

Effect of Levocarnitine on HFpEF

The effect of levocarnitine on HFpEF was investigated.
HFpEF was defined as LVEF>50% and LAVI>34mL/m?,
LVEF>50% and E/e’>14, and LVEF>50% and e’<7cm/s
(measured at septal site) according to the guidelines for
diagnosis and treatment of acute and chronic heart failure
(JCS 2017/JHFS 2017).

LVMI

Echocardiography was performed to measure LVMI before
and, 3, 6, 9, and 12 months after the start of levocarnitine.
LVM (g)=0.8x{1.04x[(LVDd+IVSth+PWth)’*—(LVDd)3]}
+0.6, where LVDd is LV end-diastolic dimension, IVSth is
interventricular septum thickness, and PWth is posterior
wall thickness. Body height and weight were measured to
calculate the body surface area; LVM was indexed per
square area (LVMI g/m?).

Plasma Carnitine

Blood samples were taken from the antecubital veins at 24 h
after HD. Plasma carnitine (total carnitine, free carnitine,
and acyl-carnitine) were measured using LC/MS/MS before
and, 3, 6, and 12 months after the start of levocarnitine
treatment.

Brain Natriuretic Peptide (BNP)

Changes in BNP, an indicator of heart failure, were
measured at 24h after HD before and, 3, 6, 9, and 12
months after the start of levocarnitine.

Blood Biochemistry

Blood samples were taken from the antecubital veins at
24 after HD. Hemoglobin (Hb), hematocrit (Ht), calcium
(Ca), phosphorus (P), intact parathyroid hormone (iPTH),
total bilirubin (T-Bil), aspartate transaminase (AST),
alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), creatine kinase (CK), blood urea nitrogen (BUN),
creatinine (Cr), and BNP were measured before and 3, 6,
9, and 12 months after the start of levocarnitine.

Statistical Analysis

Data are given as mean+SD. The normality of data distri-
butions was tested using the Kolmogorov-Smirnov test.
This was a prospective cohort study. Given that we divided
the data into 2 groups: LV normal diastolic function and
LV diastolic dysfunction, or LV normal systolic function
and LV systolic dysfunction, respectively, there was a
concurrent control in this study.

To assess the effect of 12-month treatment of levocar-
nitine on cardiac function and LVMI, we could not use
one-way ANOVA with repeated measures, because the data
at 3, 6, and 9 months were sometimes defective. Therefore,
the effect of levocarnitine treatment for 12 months was
assessed using the perfect paired data before and at 12
months with the paired Student’s t-test. In addition, the
difference between before and at 12 months was compared
between patients with normal LV function and LV dysfunc-
tion using the unpaired Student’s t-test. Assessment of
unpaired data between groups before and at 3, 6,9, and 12
months was performed using 1-way ANOVA followed by
multiple comparison with Tukey method. This statistical
analysis was performed using GraphPad Prism 7 (GraphPad
Software). Univariate analysis was performed with EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
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Figure 1. (A,C) Change in (A) E/A and (C) E/e’ over 12 months of levocarnitine treatment in hemodialysis (HD) patients according
to (A) E/A>0.8 and E/A<0.8 and (C) E/e’>14 and E/e’<14; and (B,D) comparison before vs. 12 months of treatment for (B) E/A and
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(R Foundation for Statistical Computing, Vienna, Austria).
P<0.05 was considered significant, P<0.01 was considered
highly significant, and P<0.001 was considered very highly
significant.

Results

Diastolic Function According to E/A, E/e’ and LAVI

We divided HD patients into 2 groups before levocarnitine
treatment according to E/A: E/A<0.8 and E/A>0.8
(Figure 1A). In the E/A>0.8 group, E/A was 1.08%0.25
(n=49), 1.03£0.21 (n=46), 1.02+0.16 (n=45), 1.03£0.17
(n=44), and 1.04+0.23 (n=49) before and 3, 6, 9, and 12
months after the start of levocarnitine, respectively. In the
E/A<0.8 group, it was 0.71£0.09 (n=38), 0.74+0.14 (n=38),
0.82+0.19 (n=31), 0.80£0.14 (n=31), and 0.76+0.17 (n=38)
before and 3, 6, 9, and 12 months after the start of levocar-
nitine, respectively. In the E/A<0.8 (LV diastolic dysfunc-
tion) group, E/A was significantly increased at 6 months as
compared with that before treatment (Figure 1A). Levocar-
nitine significantly increased E/A at 12 months as compared
with before levocarnitine treatment when paired data were
assessed (Figure 1B), but in patients with E/A>0.8 (LV
normal diastolic function), levocarnitine did not affect E/A
(Figure 1A,B).

The HD patients were then divided into 2 groups
according to E/e’: E/e’>14 and E/e’<14 (Figure 1C). In the
E/e’>14 group, E/e’ was 18.844.4 (n=24), 13.743.9 (n=23),
14.446.7 (n=17), 14.9£5.8 (n=19), and 16.2£5.5 (n=24)
before and 3, 6, 9, and 12 months after the start of levocar-
nitine, respectively. In the E/e’<14 group, it was 11.0+2.0

(n=62), 10.6£2.1 (n=62), 11.242.5 (n=60), 10.0+2.0 (n=56),
and 10.7+£2.3 (n=62) before and 3, 6, 9, and 12 months after
the start of levocarnitine, respectively. In the E/e’>14 (LV
diastolic dysfunction) group, E/e’ significantly decreased at
3 months as compared with that before treatment (Figure 1C).
Levocarnitine significantly decreased E/e’ at 12 months as
compared with that before levocarnitine treatment when
paired data were assessed (Figure 1D), but in patients with
E/e’<14 (LV normal diastolic function), levocarnitine did
not affect E/e’ (Figure 1C,D).

The HD patients were also divided into 2 groups
according to LAVL: LAVI>34mL/m? and LAVI<34mL/m?
(Figure 2A). In the LAVI>34mL/m? group, LAVI was
43.7£10.2 (n=41), 38.6£11.0 (n=40), 37.1£12.8 (n=37),
31.248.7 (n=31), and 35.2£13.3mL/m? (n=41) before and
3, 6,9, and 12 months after the start of levocarnitine,
respectively. In the LAVI<34mL/m? group, LAVI was
25.444.4 (n=44), 25.917.3 (n=40), 25.5£7.7 (n=40), 25.2+7 .4
(n=43), and 24.3+£7.3mL/m? (n=44) before and 3, 6, 9, and
12 months after the start of levocarnitine, respectively. In
patients with LAVI>34mL/m? (LV diastolic dysfunction),
LAVI significantly decreased at 3, 6, 9 and 12 months as
compared with before treatment (Figure 2A). Levocarnitine
significantly decreased LAVI at 12 months as compared
with that before levocarnitine treatment when paired data
were assessed (Figure 2B). In the LAVI<34mL/m? (LV
normal diastolic function) group, however, levocarnitine
did not affect LAVI (Figure 2A,B).

LV Systolic Function According to LVEF
We divided patients into 2 groups: LVEF>55% and
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Figure2. (A,C) Change in (A) left atrial volume index (LAVI) and (C) left ventricular ejection fraction (LVEF) over 12 months of
levocarnitine treatment, according to (A) LAVI>34 and LAVI<34 mL/m?, and (C) LVEF>55% and LVEF<55%; and (B,D) comparison
before vs. 12 months of treatment for (B) LAVI and (D) LVEF. *P<0.05, **P<0.01, ***P<0.001. M, months.
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Figure 3. Effect of levocarnitine on heart failure with preserved ejection fraction (EF). Change in (A) left atrial volume index (LAVI),
(B) E/e’ and (C) e’ after 12 months of levocarnitine treatment in hemodialysis patients, with EF>50% and (A) LAVI>34mL/m2 and
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LVEF<55% (Figure 2C). LVEF in patients with LVEF>55%
was 63.415.4 (n=72), 64.0£6.6 (n=71), 64.416.8 (n=64),
65.5£6.7 (n=65), and 65.1£6.3% (n=72), before and 3, 6, 9,
and 12 months after the start of levocarnitine, respectively.
In the LVEF<55% group, it was 45.518.4 (n=16), 50.9£12.2
(n=15), 53.9£11.0 (n=13), 54.8£13.6 (n=11), and 53.7£12.5%
(n=16) before and 3, 6, 9, and 12 months after the start of
levocarnitine, respectively. In the LVEF<55% (LV systolic
dysfunction) group, LVEF significantly increased at 9
and 12 months as compared with that before treatment

(Figure 2C). Levocarnitine treatment significantly increased
LVEF at 12 months as compared with before, when paired
data were assessed (Figure 2D). In patients with LVEF>55%
(LV normal systolic function), however, levocarnitine did
not affect LVEF (Figure 2C,D).

Effect of Levocarnitine on HFpEF

Levocarnitine treatment significantly improved the dete-
riorated E/e’, LAVI and e’ at 12 months as compared with
before treatment in HFpEF patients (Figure 3).
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Figure 5. Change in (A) total carnitine, (B) free carnitine and (C) acyl-carnitine over 12 months of levocarnitine treatment in
hemodialysis patients. (D) Change in biochemistry data over 12 months of levocarnitine treatment in hemodialysis patients. ALT,
alanine aminotransferase; AST, aspartate transaminase; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; Ca, calcium;
CK, creatine kinase; Cr, creatine; Hb, hemoglobin; Ht, hematocrit; iPTH, intact parathyroid hormone; LDH, lactate dehydrogenase;
P, phosphorus; T-Bil, total bilirubin. ***P<0.001. M, months.
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Table 1. Factors That May Affect HD Patient LV Diastolic Function vs. E/A and E/e’
. <0.
prary ey P-value
Characteristics
Age (years) 63.3+9.6 67.4+13.1 0.084
Sex (M/F) 33 (67)/16 (33) 27 (71) /11 (29) 0.715
DM 26 (53) 17 (45) 0.447
HTN 41 (84) 68 (48) 0.095
HL 10 (20) 9 (24) 0.718
LVMI decrease 39 (80) 23 (61) 0.052
Drugs used
ACEI 1(2) 1(3) 0.857
ARB 31 (32) 20 (53) 0.324
CCB 34 (69) 21 (55) 0.179
BB 8 (16) 3(8) 0.245
Diuretics 7 (14) 4 (11) 0.606
Statins 4(8) 5(13) 0.454
Anti-DM drugs 8 (16) 6 (16) 0.947
’ <
oty neo2) P-value
Characteristics
Age (years) 65.0+12.6 65.1+11.1 0.947
Sex M/F 17 (71) /7 (29) 43 (69) / 19 (31) 0.895
DM 13 (54) 28 (45) 0.459
HTN 15 (63) 51 (82) 0.052
HL 6 (25) 14 (23) 0.814
LVMI decrease 19 (79) 43 (69) 0.369
Drugs used
ACEI 2(8) 1(1) 0.131
ARB 10 (42) 21 (34) 0.505
CCB 14 (58) 19 (30) 0.054
BB 4(17) 8 (13) 0.856
Diuretics 2 (8) 4 (6) 0.762
Statins 2(8) 1(2) 0.131
Anti-DM drugs 4 (15) 6 (10) 0.37

Data given as mean+SD or n (%). A, atrial systolic wave; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BB, beta-blockers; CCB, calcium channel blockers; DM, diabetes mellitus; E, early
diastolic wave; e’, early diastolic wall motion velocity; HD, hemodialysis; HL, hyperlipidemia; HTN, hypertension;
LVMI, left ventricular mass index.

Effect on LVYMI Plasma Carnitine

LVMI was 143.1434.3 (n=88), 135.5+£35.2 (n=87), 130.0+31.4
(n=78), 128.3+25.2 (n=79), and 131.9431.6 g/m? (n=88)
before and 3, 6, 9, and 12 months after the start of levo-
carnitine, respectively (Figure 4A). LVMI significantly
decreased at 6, 9, and 12 months as compared with before
levocarnitine treatment. Levocarnitine treatment signifi-
cantly decreased LVMI at 12 months as compared with
that before levocarnitine treatment, when paired data were
assessed (Figure 4B).

Effect on BNP

BNP was 327.4t377.8 (n=88), 264.4t158.1 (n=81),
214.2£158.1 (n=71), and 273.1£393.3 pg/mL (n=88) before
and 6, 9, and 12 months after the start of levocarnitine,
respectively. BNP significantly decreased at 9 months as
compared with before treatment (Figure 4C). Levocarnitine
treatment did not affect LVMI at 12 months as compared
with that before treatment, when paired data were assessed
(Figure 4D).

Plasma total carnitine was 73.91£66.1 (n=76), 276.0+132.7
(n=87), 290.8£143.8 (n=79), 303.3+£163.8 (n=79), and
293.3£141.3ng/mL (n=87) before and 3, 6, 9, and 12 months
after the start of levocarnitine, respectively (Figure SA).
Plasma total carnitine significantly increased at 3, 6, 9, and
12 months after the start of levocarnitine treatment as
compared with that before treatment. Plasma free carnitine
was 33.8424.9 (n=53), 222.0+56.1 (n=54), 242.1+£68.9
(n=46), 270.31£73.3 (n=44), and 253.01£62.0ng/mL (n=54)
before and 6, 9, and 12 months after the start of levocar-
nitine, respectively (Figure 5B). Plasma free carnitine
significantly increased at 3, 6, 9, and 12 months after the
start of levocarnitine as compared with that before treat-
ment. Plasma acyl-carnitine was 20.0£17.3 (n=54),
129.7444.4 (n=54), 146.2445.5 (n=46), 166.2+£62.5 (n=44),
and 152.9449.2ng/mL (n=54) before and 3, 6, 9, and 12
months after the start of levocarnitine treatment, respec-
tively, and significantly increased at 3, 6, 9 and 12 months
after the start of levocarnitine as compared with that
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Table 2. Factors That May Affect HD Patient LV Diastolic Function vs. LAVI and LVEF
<
LAVI-34 LAvI=s4 P-value
Characteristics
Age(years) 64.4+12.3 65.4+10.8 0.655
Sex (M/F) 26 (63) / 15 (37) 34 (77) /10 (23) 0.727
DM 18 (44) 21 (47) 0.727
HTN 27 (66) 41 (93) 0.004
HL 9 (22) 10 (22) 0.933
LVMI decrease 28(68) 32 (72) 0.779
Drugs used
ACEI 1(2) 1(2) 0.96
ARB 22 (54) 31 (70) 0.113
CCB 24 (59) 32 (72) 0.172
BB 2 (5) 8(18) 0.101
Diuretics 5 (12) 4(9) 0.101
Statins 3(7) 7 (16) 0.224
Anti-DM drugs 8 (20) 10 (22) 0.721
>
sy ey P-value
Characteristics
Age (years) 65.8+10.6 62.1£14.7 0.215
Sex (M/F) 47 (65) / 25 (35) 14 (88) /2 (12) 0.112
DM 35 (49) 7 (44) 0.74
HTN 58 (81) 11 (69) 0.586
HL 15 (21) 2 (13) 0.592
LVMI decrease 50 (69) 12 (75) 0.678
Drugs used
ACEI 2(3) 0 (0) 0.503
ARB 46 (64) 7 (44) 0.337
CCB 51 (71) 8 (50) 0.276
BB 8 (11) 3(19) 0.262
Diuretics 7 (10) 4 (25) 0.262
Statins 7 (10) 1(6) 0.966
Anti-DM drugs 14 (19) 2 (13) 0.679
Data given as mean=+SD or n (%). Abbreviations as in Table 1.
before treatment (Figure 5C). Discussion

Blood Biochemistry

The levels of Hb, Ht, Ca, P, PTH, T-Bil, AST, ALT, LDH,
CK, BUN and Cr before and 3, 6, 9, and 12 months after
levocarnitine treatment are listed in Figure SD. There was no
significant change in any parameter during the 12 months.

Factors That May Affect LV Diastolic and Systolic Function
On univariate analysis, some factors that may be associated
with LV diastolic function were compared according to
E/A<0.8 and E/A>0.8, and according to E/e’>14 and
E/e’<14 groups (Table 1), and between LAVI>34 and
LAVI<34mL/m? (Table 2). There was no difference in
these factors between E/A<0.8 and E/A>0.8, or between
E/e’>14 and E/e’<14. There was also no difference in
these factors between LAVI>34 and LAVI<34mlL/m?2,
except for hypertension, which was more frequent in the
LAVI<34mL/m? group, which might not have contributed
to the improvement of LAVI in the LAVI>34mL/m? group
(Table 2). There was no difference in these factors between
the LVEF2>55% and LVEF<55% groups (Table 2).

Carnitine is a natural compound mainly derived from
dietary sources such as red meat, fish, and dairy products.
In humans, most carnitine is absorbed from the small
intestine,!5 although a small amount is synthesized in the
liver, kidney, and brain from the amino acids lysine and
methionine. Most total body carnitine is found in skeletal
muscle, and a small amount is found in the liver and
kidney.!'® The myocardium and skeletal muscle totally
depend on carnitine uptake from the blood. Carnitine is
present in free and esterified forms. In the myocardium,
carnitine plays a crucial role in energy metabolism of both
fatty acids and carbohydrates,!” and in transporting acti-
vated long chain fatty acids (acyl-CoAs) from the cytosol
into the mitochondrial matrix where S-oxidation and the
subsequent production of ATP occur.18-20

Carnitine deficiency in HD patients is caused by the loss
of carnitine during HD,?! and contributes to the patho-
genesis of cardiomegaly in HD patients.?> As noted, carni-
tine is involved in myocardial fatty acid metabolism by
transporting long-chain fatty acids from the cytoplasm to
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the mitochondrial matrix for S-oxidation,? and the normal
fatty acid metabolism requires adequate carnitine concen-
tration in intracellular compartments, especially in myocar-
dial cells, which preferentially use fatty acids rather than
glucose.?* Therefore, theoretically, treatment with levo-
carnitine would improve cardiac function through the
improvement of impaired myocardial fatty acid metabolism
in HD patients. This has also been demonstrated in many
reports, which found that levocarnitine treatment improved
LVEF, an indicator of LV systolic function, in HD
patients.89-11.12

It has also been reported that LV diastolic dysfunction
commonly occurs in HD patients.?s Furthermore, LV
diastolic dysfunction is a significant risk factor for cardio-
vascular events in HD patients.?6-2” Therefore, if LV
diastolic dysfunction in HD patients is improved, the
prognosis of HD patients with LV dysfunction may be
improved. Reports on whether levocarnitine treatment
improves LV diastolic dysfunction in HD patients, however,
are very few. One report stated that levocarnitine improves
LVEF but not E/A or E/¢’ in HD patients.?® In another
report, levocarnitine did not improve LA dilation or E/A,
but improved only E/e’ at 12 months in HD patients.!3 In
these reports, however, the LV function was not divided
into 2 groups: normal LV diastolic function and LV
diastolic dysfunction.!328 In the present study, however, we
have shown for the first time that levocarnitine treatment
for 12 months improved the LV diastolic function in HD
patients with LV diastolic dysfunction on E/A, E/¢’ and
LAVI. Levocarnitine treatment, however, did not change
the LV diastolic function in patients with normal LV
diastolic function as assessed on the same parameters.
Furthermore, LV diastolic dysfunction was assessed in
patients with HFpEF, with EF>50% using LAVI, E/e’ and
e’ according to the guidelines for diagnosis and treatment
of acute and chronic heart failure (JCS 2017/JHFS 2017).
As a result, LV diastolic dysfunction as assessed on those
parameters was improved in HFpEF patients (Figure 3).
This suggests that levocarnitine improves LV diastolic
dysfunction with preserved LV systolic function.

In the present study, levocarnitine treatment improved
the LV systolic function in HD patients with LV systolic
dysfunction assessed on LVEF, which is consistent with
previous reports.3911.13 [ evocarnitine treatment, however,
did not change the LV systolic function in patients with
normal LV systolic function as assessed on LVEF.

Therefore, according to the present data, levocarnitine
treatment is beneficial for improving the LV diastolic
function or LV systolic function only when these functions
have deteriorated.

Cardiac myocyte energy metabolism primarily depends
on the oxidation of fatty acids. Fatty acid metabolism
needs carnitine. Although the precise mechanism by which
levocarnitine improves LV systolic and diastolic dysfunction
is unclear, 1 candidate mechanism may involve the trans-
portation of activated long chain fatty acids (acyl-CoAs)
from the cytosol into mitochondrial matrix with $-oxidation
and ATP production, and regulation of carbohydrate
metabolism by modulating the intra-mitochondrial acyl-
CoA to CoA ratio.'820 [n the present study, levocarnitine
treatment significantly increased plasma total and free
carnitine and acyl-carnitine, which might improve LV
diastolic dysfunction (Figure SA-C). Levocarnitine treat-
ment did not affect the blood biochemistry in the present
study (Figure 5D), suggesting that levocarnitine did not

cause side-effects.

LV diastolic dysfunction may be involved in the decrease
in LVMI, an indicator of LV hypertrophy, because LV
hypertrophy has been reported to be associated with LV
diastolic dysfunction.? In the present study, however,
LVMI decrease was not associated with improvement of
LV dysfunction (Tables 1,2).

BNP significantly decreased at 9 months after the start
of levocarnitine treatment, as compared with that before-
hand (Figure 4C), but there was no significant difference
in plasma BNP between before and after 12 months of
levocarnitine treatment, when paired data were assessed
(Figure 4D). BNP has generally been considered an indicator
of valve disease, LVH, AF, LV diastolic dysfunction, and
LV systolic dysfunction.®® BNP is a sensitive indicator of
acute changes in the volume status of HD patients.3! This
may explain why changes in the LV diastolic function or
LV systolic function before and after levocarnitine were not
necessarily associated with changes in BNP in the present
study.

Of the many factors such as age, sex, diabetes mellitus,
hypertension, hyperlipidemia, smoking and drugs used,
none of them affected the improvement of LV diastolic or
LV systolic dysfunction (Tables 1,2).

Study Limitations

First, it was difficult to clarify the precise mechanism by
which levocarnitine improved LV diastolic dysfunction in
HD patients in the clinical setting of this study. Second,
although this was a prospective cohort study with a
concurrent control, a placebo-controlled study is warranted.
Third, because the number of HD patients examined was
relatively small, a clinical study with a larger number of
HD patients is required.

Conclusions

Levocarnitine treatment ameliorates LV diastolic dysfunc-
tion and HFpEF as well as LV systolic dysfunction in HD
patients.
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