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To test the hypothesis that camnitine is decreased in
the myocardial tissue of patients with end-stage
congestive heart failure (CHF), left ventricular myo-
cardial camitine was measured in 51 patients un-
dergoing orthotopic cardiac transpiantation. The
study group included patients with idiopathic dilat-
ed cardiomyopathy, coronary artery disease, myo-
carditis and rheumatic heart disease. Myocardial
camnitine varied in different cardiac chambers. In
normal control hearts, the left and right ventricular
total carnitine was similar, but the ventricles had
higher levels than the atria (p <0.005); in 30
hearts in CHF, the left ventricular total carnitine
was higher than in the right ventricle (p <0.001)
and both ventricles had higher total camitine than
the atria (p <0.005). Only 7 of 51 patients with
CHF had low myocardial camitine, whereas plasma
carnitine was elevated in all diagnostic groups of
end-stage CHF studied.
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from mitochondrial oxidation of long chain fatty

acids. Carnitine, a quaternary ammonium com-
pound, is essential for transport of long chain fatty acids
across the inner mitochondrial membrane to the site of
beta-oxidation. Myocardial carnitine deficiency has
been documented in several animal models of cardiac
failure, including cardiomyopathic Syrian hamsters,'
guinea pigs with diphtheria,? rats with pressure-over-
load myocardial hypertrophy® and dogs with regional
myocardial ischemia caused by surgical ligations.
Markedly reduced levels of myocardial carnitine have
also been reported in children with cardiomyopathy and
systemic carnitine deficiency.>¢ To test the hypothesis
that carnitine is depleted from the myocardium in end-
stage human congestive heart failure (CHF), we mea-
sured carnitine from the hearts of 51 patients who un-
derwent orthotopic cardiac transplantation.

T he heart derives its predominant energy production

METHODS

In 51 patients undergoing orthotopic cardiac trans-
plantation because of severe CHF, a transmural section
of the left ventricular free wall was obtained immediate-
ly after surgical removal of the recipient heart. The sec-
tion (50 to 100 mg) was frozen immediately on dry ice
and stored at —80°C. These samples and all other sam-
ples, including blood, were obtained under a protocol
approved by the Committee on the Use of Human Sub-
jects in Research of the University of Minnesota. In the
first 21 of the S1 subjects, only a transmural section
removed from the left ventricular anterolateral free wall
along the circumflex marginal coronary artery (30cm
from origin) was obtained. In the second group of 30
subjects, myocardial sections werc obtained from the
right ventricle (anterior free wall, 2.0 cm below the in-
fundibulum), right atrium (appendage) and left atrium
(appendage) in addition to the left ventricular sample.
Similar sections of each chamber were also obtained at
autopsy of S control subjects with normal hearts (nc
malformations or evidence of coronary artery disease)
who died of noncardiac causes. Blood plasma samples
were obtained from 23 of the 51 subjects within 24
hours before cardiac transplantation. Plasma and myo-
cardial carnitine were measured by a radioisotopic
method as previously described.”® All data are present-
ed as mean % standard deviation.

RESULTS
Subject population: The 51 patients in this study
ranged in age from 6 months to 64 years (mean 39 £



TABLE | Clirical Characteristics of End-Stage Congestive Heart Failure
Dilated Coronary Rheumatic
Al Pts Cardiomyopathy Artery Disease Heart Disease
(n=51) (n=31) (n=13) (n=5) (n=2)
Age (yrs) 39£17 3617 50+ 8°* 25%19 4713
Dur Sx (yrs) 28129 3015 26+4.0 1321 40x42
EF (%) 18+9 19+£10 16+6 20+ 6 15%6
PAW (mm Hg) 28+7 2847 27+8 314+10 25+4
CO (liters /min) 3610 3710 35+08 33+1.2 33x13
Cl (liters /min/m?) 20405 20+05 1.9+04 21+10 1707
RAP (mm Hg) 14+7 1547 85 1842 9+5
PAR (dynes s cm™9) 234+ 126 225£120 270+ 140 186 + 141 261 +£111
flv:o%sl.smemtwm.
CF = cardiac index: CO = cardiac output: Dur Sx = yof sy EF = ejection fraction; PAR = p y arteriolar PAW = puimonary artery wedge pressure;
RAP = nght atnal pressure.

17 years) at the time of cardiac transplantation. There
were 41 males and 10 females. The etiology of severe
CHF determined by pathologic and microscopic exami-
nation of the explanted heart was idiopathic dilated car-
diomyopathy in 31, severe coronary artery disease in 13,
acute or chronic myocarditis in 5 and rheumatic heart
disease in 2. Virtually every patient was receiving digox-
in, diuretics, vasodilator preparations and anticoagulant
drugs. The severity of left ventricular dysfunction of all
51 patients was documented by hemodynamic measure-
ments at cardiac catheterization, and by determination
of left ventricular ejection fraction using gated radionu-
clide left ventriculography (45 patients), quantitative
left ventricular angiography (1 patient) or 2-dimension-
al echocardiography (5 patients).

Clinical and hemodynamic data: The mean left ven-
tricular ejection fraction of the study group (18 £ 9%)
was low, and the mean pulmonary arterial wedge pres-
sure high (28 + 7 mm Hg) compared to normal values
for both adults and children. When the study group was
divided according to etiology of CHF (Table I), dura-
tion of symptoms, ejection fraction, pulmonary arterial
wedge pressure, cardiac output, cardiac index and pul-
monary arteriolar resistance were similar in all groups.
Patients with coronary artery disease were significantly
older than those with idiopathic dilated cardiomyopathy
(p <0.01) or myocarditis (p <0.001). The right atrial
pressure was significantly lower in the group with coro-
nary artery disease compared to those with dilated car-
diomyopathy (p <0.01) or myocarditis (p <0.001).

intracardiac camitine variability: Table Il presents
a comparison of myocardial carnitine levels in different
cardiac chambers for the 5 normal hearts obtained at
autopsy and 30 hearts of CHF patients. Analysis of
variance for repeated measures on the same clements
revealed that in normal hearts, the left ventricular and
right ventricular myocardial total carnitine levels were
similar, but both ventricular levels were significantly
higher than either the left atrium or right atrium (p
<0.005). Similarly, in the 30 patients with CHEF, the
right ventricular and left ventricular myocardial total
carnitine levels were both significantly higher than ei-
ther the left atrium or right atrium. In addition, left
ventricular total carnitine was significantly higher than
in the right ventricle (p <0.001). In both normal hearts

TABLE 1l Intracardiac Variability of Carnitine Levels
Normat Hearts  CHF Hearts CHF Hearts

Chamber Total Carnitine  Total Camitine  Free Carnitine
Location (n=5) (n=30) (n = 30)
Left ventricle 57+£1.0 62+1.7 34+14
Right ventrice 6.2+ 1.8 52+1.6 28+1.2
Left atrium 41x05 41+13 22%1.0
Right atrium 37+£01 42+1.1 21108

All values are mean + standard deviabon, Mol /mg NONCoRagenous proten.

CHF = congestive heart fadure.

and CHF hearts, the right and left atria had similar
values.

Frec carnitine was not measured in the 5 normal
hearts because postmortem alterations in the levels of
unesterified (free) carnitine during the interval from
death to autopsy would probably invalidate the results.
Total carnitine, however, is stable during the interval
from death to autopsy.>!® Free carnitine in the CHF
hearts (Table II) showed a distribution similar to that
for total carnitine—namely, left ventricle higher than
right ventricle (p <0.01) and both ventricles greater
than either atria (p <0.001).

Variation in left ventricular carnitine: The mean val-
ue of left ventricular total carnitine for the 51 patients
with severe CHF was not significantly different from
control values: 6.0 + 2.0 vs 5.7 £ 1.0 nmol/mg noncol-
lagenous protein. The mean values of total carnitine for
patients with dilated cardiomyopathy (5.7 & 20,n =
31), coronary artery disease (6.7 £ 1.6, n 13) and
myocarditis (5.9 £ 2.0, n = 5) were also not significant-
ly different from control. However, Figure 1 shows the
striking finding of marked variation in left ventricular
total carnitine among the 51 patients undergoing cardi-
ac transplantation according to the overall group and
within each subgroup as well. Seven of the 51 hearts
(13.7%) had left ventricular total carnitine levels that
were more than 2 standard deviations below the mean
of the 5 normal hearts. Of the 7 with very low myocar-
dial carnitine, 5 individuals had idiopathic dilated car-
diomyopathy, 1 had acute myocarditis and 1 had rheu-
matic heart disease. No patient with coronary artery
disease had low myocardial total carnitine. The extent
of variation of left ventricular total carnitine in individ-
uals with severe CHF is further evident by noting that
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relatively high values for myocardial carnitine {>2 stan-
dard deviations) are present in 8 (15.7%) of the patients
in Figure 1 (4 with idiopathic dilated cardiomyopathy, 3
with coronary artery discase and 1 with myocarditis).

Quantitative correlations: As scen in Table 111, total
myocardial carnitine did not correlate significantly with
any of the hemodynamic variables, age or duration of
symptoms for either the CHF group as a whole (n =
51), or the subgroup with dilated cardiomyopathy (n =
31). In the 13 patients with coronary artery disease,
myocardial total carnitine correlated with cardiac out-
put (r = 0.62, p <0.05) and cardiac index (r = 0.70, p
<0.01), while there was a negative correlation with
right atrial pressure (r = —0.67, p <0.05). In the §
patients with severe myocarditis, only the pulmonary ar-
terial wedge pressure correlated with myocardial total
carnitine (r = 0.99, p <0.01).

Plasma carnitine: None of the 23 patients in whom
blood samples were obtained before surgery had defi-
ciency of plasma carnitine (total carnitine <20 nmol/
ml). Moreover the mean value of total plasma carnitine
(Figure 2) for all of the 23 patients was significantly
higher than 36 normal healthy control subjects (p
<0.001). Each subgroup sorted by ctiology of CHF also
had a mean plasma carnitine value significantly higher

than control. The highest plasma carnitine values werc
measured in those patients with severe myocarditis.

Relation of plasma total carnitine and creatinin«
clearance: Of the 23 patients who had plasma total car
nitine measurements, all had concomitant measuremen
of serum creatinine and 20 had measurement of creati
nine clearance. Using linear regression analysis, serun
creatinine correlated poorly with both plasma total car
nitine (r = 0.54, p <0.01) and free carnitine (r = 0.50
p <0.05). Creatinine clearance did not correlate signifi
cantly with either total or free plasma carnitine. Simi
larly, the natural logarithm of creatinine clearance dic
not correlate with the natural logarithm of either tota
or free plasma carnitine.

DISCUSSION

Plasma or myocardial carnitine deficiency has beer
reported in patients with endocardial fibroelastosis, idio
pathic dilated cardiomyopathy or hypertrophic cardio
myopathy.56-11-17 In addition, alterations in carnitinc
levels have been described in patients with cardiac dys
rhythmias and CHF .81 Little baseline data are avail
able on normal values for myocardial total carnitine
Values ranging from 4.5 to 12.5 nmol/mg noncollagen-
ous protein have been reported, with the majority in the
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FIGURE 1. Left ventricular total carnitine from the hearts of 51 patients undergoing cardiac transplantation and from 5 normal
sutopsy hearts. ALL = all patients; CAD = patients with coronary artery disease; CM = patients with idiopathic dilated cardio-
myopathy; MYO = patients with myocarditis; RHD = patients with rheumatic heart disease.
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TAIL!HICondmbnCmmknnsﬂxNN«:«EIFM&C:nﬂhethHanaMManmsawCRNHVakas
Correlation Coefficients
Dilated Coronary
Al Pts Cardiomyopathy Artery Disease Myocarditis
Variable (n=51) (n=31) (n=13) (n=95)
Age 0.14 0.10 -0.21 0.21
Dur Sx (yrs) 0.25 0.18 0.62¢ 047
EF (%) —0.04 ~0.08 0.20 0.27
PAW (mm Hg) 0.17 0.17 -0.17 0.99!
CO (liters/min) 0.26 0.18 0.62* 0.61
Cl (liters /min/m?) 0.19 0.11 0.70" 0.35
RAP (mm Hg) —-0.29 -0.25 -0.67* 0.65
PAR (dynes s cm™$) 012 0.08 0.14 -0.03
*p <0.05;'p <0.01.
Abbreviations as mn Table |.

6 to 7 range.'016:19-2! Our values for normal left ventric-
ular total carnitine (5.7 £ 1.0 nmol/mg noncollagenous
protein) compare favorably with these values. More-
over, our findings that both total and free carnitine vary
depending on the cardiac chamber sampled could ex-
plain some of the differences among previous reports,
and suggest that measurement of right ventricular car-
nitine from endomyocardial biopsies may not accurately
reflect left ventricular carnitine concentration.

There was remarkable variability in the myocardial
carnitine in our CHF patients, with 7 of the 51 (13.7%)
having left ventricular total carnitine >2 standard devi-
ations below normal and 8 (15.7%) being >2 standard
deviations above normal. In the group of 51 patients
with CHF, these myocardial carnitine levels did not cor-
relate with any hemodynamic variable. Myocardial free
carnitine has previously been shown to be depleted in
areas of acute myocardial infarction,'® but none of our
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talhure before cardiac transplantation. *p <0.01; **p <0.001. Abbreviations as in Figure 1.
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13 patients wits coronary artery discase had scverely
depleted myocardial carnitine. Decreased myocardial
carnitine has also been reported in papillary muscle bi-
opsies’ and endomyocardial biopsies'® from patients
with chronic CHF. In the latter study by Regitz et al,'¢
the decreased myocardial carnitine was relatively con-
sistent, including both patients with idiopathic dilated
cardiomyopathy and coronary insufficiency. Another
study by Regitz et al'” found myocardial carnitine levels
in explanted human hearts similar to ours, but conclud-
ed they were low based on comparison to relatively high
normal values obtained from 3 donor hearts. It is tempt-
ing to speculate that the severe carnitine deficiency in
some patients may be clinically relevant, since Ghidini
et al2? reported that L-carnitine supplementation in el-
derly patients with heart failure reduced heart rate, im-
proved diuresis, reduced edema, alleviated dyspnea and
decreased digitalis requirements. Our study did not ex-
amine the efficacy of dietary carnitine supplementation,
but our results suggest that relatively few CHF patients
would benefit based on their myocardial levels.

We did not find plasma carnitine deficiency in any
of the 23 patients in whom it was measured. This is in
contrast to 6 of 27 adults with dilated cardiomyopathy
studied by Feldman et al'2 and 2 of 25 patients (both
young children) reported by Tripp et al.!! However,
plasma total carnitine levels can be normal even in pa-
tients with systemic carnitine deficiency?* who can have
marked variation in plasma carnitine from day to day.
Thus, a single normal plasma carnitine measurcment
may not reflect deficiency of carnitine in tissues. The
poor correlation between plasma carnitine and myocar-
dial carnitine in our study and that of Regitz et al'¢
further supports this statement.

The mean plasma carnitine in our patients was high-
er than normal, and 12 of our patients had plasma total
carnitine >60 nmol/ml. This finding is consistent with
those of Tripp,'! Feldman!2 and co-workers in cardio-
myopathy patients, and Conte et al?* in patients with
dilated, hypertrophic and alcoholic cardiomyopathy and
CHF from other causes.

The cause of clevated plasma carnitine in severe
CHEF is not clear. Because carnitine is excreted by the
kidney and can be removed by hemodialysis,?> Feldman
et al'2 suggested that decreased excretion of carnitine is
a likely cause. They found a good correlation between
the natural logarithms of plasma carnitine and creati-
nine clearance in 15 patients they studied, but we were
unable to confirm this finding. A correlation between
total plasma carnitine and serum creatinine was also re-
ported by Bartel et al?® in a group of patients with se-
vere renal failure undergoing hemodialysis. Due to the
selection process for cardiac transplantation, renal dys-
function in our patients was minimal and thus the 2
study groups are not directly comparable. We found a
weak correlation between plasma total carnitine and se-
rum carnitine, whereas Regitz et al'? and Conte et al?*
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found no such correlation. It would appear that de-
creased renal function alone cannot account for the eie-
vated plasma carnitine, and some alterations in carni-
tine metabolism in CHF still remain unknown.
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