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L-Carnitine Effects on Anemia in Hemodialyzed Patients Treated
With Erythropoietin

Walter Dario Labonia, MD

® To demonstrate whether L-camitine trestment couid further improve the anemia in dialyzed patients under
recombinant human srythropoistin (r-HuEPOQ) therapy, leading to a reduction in r-HuEPQ requirements, L-camitine
{1 g intravenously after every dialysis saasion) was administered for 6 months 10 # group of 13 patients; the results
were compared with data from a placebo control group (N = 11). Globular osmotic fragility and endogenous EPO
secretion wers also evaiusted, L-Camitine trestment promoted a 38.1% reduction in r-HuEPQO requirements in the
sctive group (1022 + 52.8 U/kg/wk v 63.3 = 37.8 U/kg/wi; P < 0.02), with giobular osmotic fragility snd endogenous
EPO lavels remaining unchanged and thus not accounting for camitine effect on anemia. in the active group,
seven patients decreased r-HuEPO needs (responders), while six did not (nonresponders). Compansd with nonre-
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EPO leveis, aithough not statistically significant. it is concluded that L-camitine deficiency might promots EPO
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NEMIA usually is present in patients with
renal failure, often limiting their full reha-
bilitation. Several mechanisms have been in-
volved as causal factors in the anemia of renal
patients, including those that decrease erythro-
poiesis (eg. diminished erythropoietin [{EPO]
production.' iron, folate, and vitamin B12 defi-
ciency,”* aluminum toxicity,” hyperparathyroid-
ism,*’ and the existence of circulating uremic
inhibitors") and those that decrease red blood cell
half-life (eg, hemolysis® and hyperspienism'®). It
is now evident. however, that the most important
factor causing renal anemia is the decrease in
EPQ secretion by the diseased kidney, having
been clinically confirmed by the successful use of
recombinant human EPO (r-HuEPO) in dialyzed
patients in the last few years."""

Another causal factor that may contnibute to
the etioiogy of renal anemia is carmtine defi-
ciency, which usually is observed in dialyzed
patients.'*™ In this sense. many investigators
have demonstrated significant increases in hema-
tocrit values after L-camitine administration (o
rena) patients undergoing hemodialysis. through
yet unknown mechanisms of action.'*™'

Kooistra et al recently showed that patients
with anemia on chronic dialysis have lower se-
rum camitine levels than nonanemic renal pa-
tients: these investigators furthermore observed
that renal patients with low camitine levels seem
to need higher doses of r-HUEPO.™ In addition.
Berard and Jordache also demonstrated that -
camitine administration corrected r-HuEPO re-
sistance in two hemodialyzed children.”

Accordingly, the present study aims to demon-
strate whether [-camitine supplementation to
hemodialyzed patients under r-HuEPO mainte-
nance treatment could further improve their he-
matologic status, also leading 1o a reduction in
the r-HUEPO dose needed to achieve a desired
hematocrit level. Globutar osmotic fragility and
endogenous EPO production were also deter-
mined (o evaiuate the undertying mechanisms re-
sponsible for L-camitine effects on renal anemia.

MATERIALS AND METHODS

Patients

Twenty-four patients with end-stage renal disease of vary-
ing cuclogies were stucied. [nclusion cnitena were as follows:
on chronic hemodialvsis for more than | year: dialysis fre-
quency or duration unchanged for the previous 6 months: r-
HuEPO treatment for 2 mummum of 6 months, with 2 defined
masntenance dose. either intravenous or subcutaneous; hema-
tocnt stable between 28% and 33% for the previous 3 months:
normal iron surus; usual treatment with folic acid and vitamin
B12: no camitine administration for the previous 6 months:
and absence of severe clinical hyperparathyroidism. Al the
pauents were swble and ambulatory, with no intercurrent
discases. None had received transfusions within the last &
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months. None were under angiotensin-converting enzyme in-
hibitor treatment. The patients were randomiy assigned either
10 an active group or a piacebo group, There were 13 patients
in the active group (six men and seven women), their ages
ranging from 25 to 71 years (mean age, 41.8 + 8.6 years).
The 13 patients in the active group had been receiving 4
hour, thrice-weekly intermittent hemodialysis for 13 1o 174
months (mean, 80.4 = 47.4 months} and r-HuEPO for 9 to
50 months (mean, 22.5 + 11.6 months). There were 11 pa-
tients in the placebo group (five men and six women), their
ages ranging from 54 to 76 years (mean age, 62.5 + 7.2
years). The 11 patients in the placebo group had been receiv-
ing 4-hour, thricc-weekly hemodialysis for 13 to 140 months
(mean, 50 = 38.2 months) and r-HoEPQ for 12 to 60 months
(mean, 23.8 % 14.8 months).

Study Design

At time zero (TD), baseline determinations of various hu-
moral parameters were carried out, including general labora-
tory measuremnents, compiete hemogram, and iron status eval-
uation (ie, fermemia. serum transfesrin, and ferriting, Globular
osmotic fragility was also measured as a means of evaluating
red blood ceil membrane resistance to osmotic stress. Addi-
tionally, serum total and free camitine levels were deter-
mined. Endogencus EPO levels in plasma were also measured
at least 24 hours after the last intravenous r-HuEPO dose
administered 1o the patient and at least 72 hours afier the
last subcutaneus r-HuEPO dose 10 avoid interferences with
exogenous r-HUEPOQ, which is totally absent in plasma after
such washout periods. Following this scheme. endogenons
E£PO production (ie, EPO secreted by the patient’s own kid-
neys) was cvaluated.

After bascline determinations. either placebo (distilled wa-
ter) or L-carnitine (Albicar. Laboratorios Casasco SAIC, Bue-
nos Aires, Argentina; 1-g vials) at 2 dose of one vial intrave-
nously after every dialysis session was initiated and continued
for 6 months. When related to body weight, the mean cami-
tine postdialysis dose was 17.9 = 2.8 mp/kg. Patients were
randomly assigned to the placebo or camitine group, and
the study was conducted under double-blind conditions. A
compiete hemogram, including platelet and reticuiocyte
count, was performed every 2 weeks, while genera) laboratory
measurements were repeated every month. Globular osmotic
fragility, serum camitine determinations. and serum EPQ lev-
els were also measured at T3 and T6 (months 3 and 6, respec-
tively).

Recombinant Human Ervihropoietin Posology
Scheme

The target hematocrit was 28% to 33% throughout the
entire study. With hematocrit values greater than 28% at two
consecutive determinations, r-HUEPO maintenance weekly
dose was first reduced by 30% at T2. At T3. T4. and TS. r-
HuUEPO weekly dose was further reduced by 30% each time,
with respect 1o the immediate previous dose, provided that
the hematocnit level was 29% 10 33% at two consecutive
determinations. If hematocrit was 28%. r-HuEPQ dose re-
mained unchanged; with hematocrit less than 28%, r-HuEPO
dose was increased by 30%.
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Iron Sitatus

Serum iron, transferrin, and ferritin were measured every
month and. considering that iron deficiency is the most com-
mon cause of acquired resistance to r-HuEPO, " patients were
treated to maintain normal iron levels throughout the swdy,
which were defined as follows: serum iron greater than 70
pg/dL, serum ferritin greater than 100 ng/mL, and serum
transferrin saturation greater than 20%. Therefore, any defi-
ciency was treated with either oral (ferrous sulfate 300 mg
one to three times a day) or intravenocus (iron dextran 100
mg two to three times per week) iron supplementation, the
administration route depending on efficacy and gastric toler-
ance. Throughout the entire study, blood samples were ob-
tained after a 12-hour fasting period just before dialysis.

Methods

Globular osmotic fragility was measured at TO, T3, and
T6 by means of a quantitative method without inhibition
using 0.10% 10 0.85% NaCl with final fecture at 530 mu;
normal values for 50% hemolysis were 0.40% to 0.445%
NaCl for this method (medium corpuscular fragility).

Plasma EPO levels were measured by radicimmunoassay,
while plasma camitine was determined using the ciassical
method described by McGarry and Foster, as modified by
DiMauro.”” Normal values for plasma total and free camnitine
and the freeftotal ratio were, respectively, 45 to 75 umoi/lL.
40 10 60 umol/L. and 80% 1o 90%.

Hemograms were obtained though a ceilular counter
(Cell-Dyn; Abbort, Chicago, IL). ransferrin by radial immu-~
nodiffusion with Behring-Werke plagues (Marburg, Ger-
many). and ferritin by the microparticles enzyme immunoas-
say (MELA) method using an IMX {Abbott).

Hemodialysis

All patients underwent 4-hour hemadialysis sessions thrice
weekly using Baxter CF-23 filters (Deerfield, IL), blood flow
rates of 300 mL/min. dialysate flow rates of 500 mi/min,
continuous hepaninization with a mean total dose of 8.000
IU, and acetate as dialytic buffer. Dialyzers were reused with
4% formaidehyde as sterilant, manually reprocessed, and dis-
carded whenever the blood compartment volume was less
than 80% of the original volume.

Statistical Analvsis

Student’s r-test was used to evaluate statistical significance.
The various correiations were evaluated by linear regression
{Pearson’s r). All results are expressed as mean = SD.

RESULTS

Recombinant human erythropoietin dose,
globular osmotic fragility, endogenous EPO, and
carnitine levels are outlined in Table 1.

Recombinant Human Erythropoietin Dose

In the camitine-treated group, the mean
weekly dose of r-HUEPO was 5.615.4 + 2,631.2
Urwk at TO; at the end of the study (T6), the
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Table 1. nmummmmmmommm.mmsmmmw
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Carmnitine Placebo
TO Té T0 76

rHUEPQ dose

Uiwk 56154 £ 26312 3,538.5 = 1,898" 4,909.1 = 23142 4,909.1 = 2,968.1

U/kg/wk 1022 = 526 63.3 = 378" 78.6 = 32.1 79.9 = 46.7
Plasma camitine (umol/L)

Totat 69.9 =114 394.6 = 124.21 629 = 18 71.7 =131

Free 418 =71 247.7 = B1.5¢ 363 9.7 47 = 113

Frea/total (%) 60 =77 616 =57 58366 646 = 6.9
Globuiar osmotic fragility (% NaCl) 0.447 x 0.031% 0.452 = 0.015 0.450 = 0.015 0.453 = 0.013
Plasma EPO (mW/mL) 331114 29.9 = 15.2 40.1 = 149 32.8 > 134

*P < 0.02 (TO v T6).
tP < 0.00% {TO v T6).

mear dose was 3,538.5 = 1,898 U/wk, a 37%
reduction in the total r-HuEPO requirements (P
< 0.02). When reiated 10 body weight, the mean
r-HuEPQ weekly dose for the active group was
102.2 = 52.6 U/kg/wk at TO and 63.3 > 37.8
Ufkg/wk at T6, representing a 38.1% reduction
in the total r-HuEPO requirements (P < 0.02)
(Fig 1).

In the placebo group, the mean weekly dose
of r-HuEPO was 4.909.1 * 2,314.2 U/wk at TO
and 4,909.1 = 2,968.1 U/wk at T6, showing no
significant reduction in r-HuEPO requirements
{P = NS). When related to body weight, the
mean r-HuEPQO weekly dose for the placebo
group was 78.6 = 32.1 U/kg/wk at TO and 79.9
= 46.7 U/kg/wk at T6. with no significant varia-
tion (P = NS) (Fig 2).

No statistically significant differences were

tHuEpo dose

(U/xg/ week) obtained when the mean values for the r-HuEPO
1187 weekly dose at TO (both U/wk and Urkg/wk) in
200 1 the active group were compared with mean val-
185 4 ues for the placebo group (Table 1).

170 1 AN Hematocrir

1859 In the carnitine-treated group, the mean value
140 for hematocrit was 29.8% = 2.6% at TO and
125 1 29.1% = 2.1% at T6 (P = NS). In the placebo

Wl O\
ol N N\ N\

group, the mean hematocrit value was 29.5%
= 23% at TO and 279% = 1.9% at T6 (P
< 0.05) (Table 2.

As seen in previous data, although a reduction
in r-HUEPO weekly dose was observed in four

es
50 - NN patients from the placebo group, it is noteworthy
that a parallel decrease in hematocrit was also
351 observed in these patients. accounting for the
20 A overall reduction in the mean hematocrit value

s . v for the whole placebo group (Fig 2).

T0 TS N
P02 L-Carnitine Levels

Fig 1. Values for r-HuEPQ requirements in the ac-
tive group before (TD) and after 6 months (T6) of -
camitine administration

In the active group. mean values at TO for total
and free camitine in plasma and the free/total
ratio were. respectively. 69.9 = 11.4 umol/L.
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Fig 2. Values for r-HUEPQ requirements in the pla-
cebo group at the beginning (T0} and the end (T6) of
the study.

41.8 = 7.1 umol/L, and 60% * 7.7%. while at
T6 the mean values were. respectively, 394.6
* 124.2 umol/L. 247.7 > §1.5 umol/L. and 61.6
* 5.7% (Table 1). Differences in total carnitine
levels at TO versus T6 were highly significant (P
< 0.001), as were the free camitine levels at TO
versus T6 (P < 0.001), represenung a sixfold
increment in both cases; however, the free/total
camnitine ratio at TO versus T6 remained un-
changed (P = NS) (Table 1.

In the placebo group. mean values at TO for
total and free camitine and the free/total ratio
were, respectively, 62.9 = I8 umol/L, 36.3
* 9.7 umol/L, and 58.3% = 6.6%: at T6 the
mean values were, respectively, 71.7 = 13.1
pumol/L, 47 = 11.3 umol/L, and 64.6% + 6.9%.
Differences in TO versus the corresponding T6
values were not significant (P = NS) (Table 1).

Globular Osmotic Fragility

L-Camnitine administration did not modify
globular osmotic fragility in the wreated patients
when values for TO versus T6 were compared

WALTER DARIO LABONIA

(0.447% = 0.031% v 0.452% =+ 0.015% NaCl;
P = NS) (Fig 3). Accordingly, no significant
differences were found in globular osmotic fra-
gility at TO versus T6 in the placebo group
(0.460% = 0.015% v 0.453% =+ 0.013% NaCl;
P = NS) (Table 1).

Endogenous Erythropoietin Levels

The mean value for endogenous plasma EPO
levels at TO in the active group was 33.1 = 11.4
mU/mL, and L-camitine administration failed to
modify these levels when measured at T6 (29.9
* 15.2 mU/mL; P = NS) (Fig 4). Accordingly,
no significant differences were found in endoge-
nous plasma EPQO levels at TO versus T6 in the
placebo group (40.1 = 149 mU/mL v 328
* 13.4 mU/mL; P = NS). Comparing values in
camitine versus placebe patients, no significant
differences were found (Table 1).

fron Requirements

In the active group, seven patients required
300 mg/d of oral ferrous sulfate, while three pa-
tients required 600 mg/d of this compound. All
these patients received the same iron dose
scheme from TO to T6, with no changes during
the study. One patient required no iron supple-
mentation at all, and two patients were shifted at
T2 from 300 mg/d of oral ferrous sulfate to 300
mg/wk of intravenous iron dextran. Interestingly,
these two patients showed no reduction in their
r-HUEPO needs at the end of the study.

In the active group, the mean value for serum
ferritin was 232.1 = 114 ng/mL at TO and 221
+ 79.4 ng/mL at T6 (P = NS). In the placebo
group, five patients required 300 mg/d and four
required 600 mg/d of oral ferrous suifate, while
two patients received 200 mg/wk of intravenous
iron dextran. All these patients received the same
iron dose scheme from TO to T6. with no changes
throughout the study. In this group, the mean
value for serum ferritin was 291.8 + 206.4 ng/
mL at TO and 324.7 + 215.7 ng/mL at T6 (P
= NS).

Responders and Nonresponders

After t-camitine treatment, seven patients
from the active group showed a marked decrease
in their r-HUuEPO requirements (responders),
while six patients showed no change in their r-
HuEPO needs (nonresponders). Using statistical
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Table 2. Laboratory Parameters in Camitine and Placebo Groups
at the Beginning (T0) and End (T6) of the Study
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Carnit
TO T8 To T6
Hematocrit (%) 29826 29.1 = 2.1 295 =23 27819
Urea {mg/dL) 176.1 = 456 142.1 = 34.8 166.4 = 46.1 150.9 = 561
Creatinine (mg/dL) 11.8=x21 10.9 = 3.4 108=19 103 x25
Na (mEg/L) 1415 =33 1431 =18 141 = 2.7 1432 = 1.8
K (mEg/) 59=05 56 04 58=x06 58=>03
Ca {mg/dL) 85=07 96=08 8405 93+13
Phosphate (mg/dL} 66=x14 83=15 62=~14 S.7x15
Total cholestercl (mg/dL) 160.9 = 26.2 1441 = 275 173.8 = 35.5 164.5 > 29.9
HDL cholesterol {mg/dL} 30.7 = 89 385 =104 349 =116 43 =139
Triglycerides (mg/dL) 122.5 = 50.1 106.8 = 454 122 = 53.8 138.5 = 61
lron {ug/dl) 88.7 = 27.3 116 = 39.1 91.7 = 335 120.8 = 32
Iren-binding capacity (g/dt) 239.5 = 93.7 260.5 = 108 228.1 = 642 275.4 = 1043
Feritin {ng/mL} 232.1 = 114 221 = 794 291.8 = 206.4 324.7 = 2157

Abbreviation: HDL, high-density lipoprotein.
*P < 0.05(T0v TH).

analysis, no correlations were found with age,
body weight, dialytic age, dialysis efficacy (Kv/
V), general laboratory parameters, globular os-
maotic fragility, plasma camitine levels, carmitine
dose per killogram of body weight. or hematocrit.
Etiologic factors, medications, and personal
medical history also were evaluated. but no sig-
nificant differences were found. In this regard.
aithough the responders showed a mean value
for r-HuEPQ requirements at TO that was higher
than the mean value in nonresponders (120.3
* 51.3 Ukg/wk v 812 = 404 Ukg/wk; P
= NBS),. this difference was not statistically sig-
nificant. Accordingly, similar differences were
obtained for endogenous plasma EPO levels at
TO, showing that the responders had a higher
mean value than the nonresponders (38.6 = 11.8
mU/mL v 26.8 = 7 mU/mL; P = NS), but this
difference was also statistically nonsignificant. In
both cases, the absence of statistically significant
differences was probably due to the small size
of the samples involved. Interestingly. in the re-
sponder group, five patients attained their lowest
r-HuEPOQ requirement at T4, while the other two
attained it at T3, suggesting that the maximum
camitine effect might be obtained in less than 6
months.

General Measurements

No significant differences were observed in
the general laboratory parameters evaluated, nei-

ther in camnitine-treated patients at TO versus T6
nor in the active group versus the placebo group
(Table 2). In addition. no statistical differences
were observed in the quality of dialysis treat-
ment, assessed through Kt/'V measurements, nei-
ther in the camnitine-treated patients at TC versus
T6 nor in the active group versus the placebo

group.

DISCUSSION

The anemia of chronic renal failure presents a
muhifactorial etiology, although the decrease in
EPO production by the diseased kidney is re-
garded as the most crucial cause. In the last few
years, a strong body of clinical evidence has con-
firmed the imporance of r-HuEPO therapy in
correcting renal anemia.’’"** In normal condi-
tions, the kidney is the major producer of EPO
in adulis™ and the decrease in oxygen flow to
renal tissue. occurring in patients with anemia,
promotes a marked increase in EPO secretion. so
that at hematocrits of 20% the plasma level of
EPO is more than 100-fold higher than basal vai-
uves." In end-stage renal disease, a relative defi-
ciency of EPO is commonly observed. because
EPO plasma levels are usually in the normal
range (10 to 30 mU/mL)."" but are inappropn-
atelly low for the existent degree of anemia.'”
With regard to the final target of EPO. it is known
that this hormone stimulates the maturation and
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proliferation of erythroid precursors in bone mar-
row, mainly at the level of the colony-forming
units—erythroid. "'

Another causal factor that may play a role in
renal anemia is carnitine deficiency. L-Camitine
(L-3-hydroxy-4-N-trimethylmninobutyric acid) is
the natural carrier of fatty acids from the cellular
cytoplasm to the mitochondriaf matrix, where
they undergo S-oxidation.™ It has been classi-
cally stated that patients on chronic hemodialysis
usually present severe carnitine deficiency due
to a combination of inadequate intake, impaired
synthesis, and excessive loss during dial-
ysis."*'** The typical camitine profile in patients
on chronic dialysis, as compared with the normal
population, shows lower free and normal total
camitine plasma levels, with lower free/total car-
nitine ratios and decreased muscie stores, despite
nommal total plasma levels.”"* Remarkably, the
low free/total carnitine ratio reflects a relative or
absolute increase in acyl-carnitine levels. With
regard to renal anemija. many investigators have
observed an increase in hematocrit after L-cami-
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tine administration to patients on chronic dialysis
due to causes that remain unclear, '*2'

In theory, L-camnitine could modify the lipid
composition of the red blood cell membrane,?'
thus increasing its resistance to different types
of stress, which could eventually improve the
erythrocyte haif-life by decreasing hemolysis. In
this study, globular osmotic fragility was mea-
sured as to evaluate this hypothesis. In addition,
provided that one of the functions of carnitine in
uremia, as in organic acidemias, might be to act
as an intracellular *‘scavenger system,”’ which
traps and removes potentially toxic acyl groups,
the acyl camitine increase in uremia may suggest
an impairment in fatty acid oxidation, thus yield-
ing acyl residues that could promote metabolic
derangements, ultimately leading to clinical dis-
turbances, such as anemia. 42

In the present study, L-camitine administration
promoted a 38.1% reduction in r-HuEPQ require-
ments, whereas the target hematocrit remained
unchanged. This beneficial effect of L-carnitine
was due neither to an increase in red blood cell

plasma Epo
{mU/smi)
80 -

70 4

30

20 4

10 L] 1

NS

Fig 4. ValuuforondogomusplamEPolo\nh
inmoacﬁvogmupbofmrm)auaﬂnsmomﬂ‘sl
of L-camitine administration, comparing
{solid lines) to Nonresponders (broken lines),
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membrane resistance (as evaluated by globular
osmotic fragility) nor to a higher secretion of
endogenous EPO by the patients’ kidneys. In this
sense, it has been recently suggested that the
erythrocytosis observed in some renal transplant
recipients could be due to an increased EPO pro-
duction by the diseased native kidneys,”™** thus
demonstrating in patients with terminal kidney
failure a renal reserve in terms of EPQ synthesis,
which, we hypothesized, could be stimulated by
L-camitine administration. We can speculate that
L-camnitine improves renal anemia through its ac-
tion on erythroid precursors, probably enhancing
the stimulatory effects of EPO. Interestingly, in
this study patients who responded to camitine
therapy showed higher mean values for -HUEPQO
requirements at TO as well as for endogenous
EPQO levels compared with nonresponders, al-
though both results proved to be not statistically
significant. Should these results be observed in
a study involving a higher number of patients. the
existence of EPQ resistance caused by camitine
deficiency, and its reversal through camitine sup-
plementation, could be hypothesized.

In our study, all the patients presented a de-
crease in plasma-free camnitine and free/total ratio
at TO, with normal values for total camitine, in
agreement with previous literature.”* Neverthe-
less, the beneficial effect of camitine supplemen-
tation could be related to the repletion of carni-
tine tissue stores, which were not evaluated in
this study. Accordingly, we may hypothesize that
the marked increase in free camitine levels fol-
lowing carnitine supplementation migt correct
any derangement in fatty acid oxidation. due 10
camitine deficiency, thus removing toxic acyl
residues that could eventually disturb erythropoi-
esis.

CONCLUSION

L-Camnitine treatment promoted a marked re-
duction in r-HuEPO requirements. which was re-
lated neither to higher endogenous EPO secretion
by the patients’ kidneys nor to any improvement
in red blood cell membrane resistance. A hypo-
thetical relationship between camitine deficiency
and EPO resistance may be suggested.

Although the number of patients under study
was hardly enough to draw any definitive state-
ments. it can be concluded that t-carnitine sup-
plemeniation to patients undergoing chronic he-
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modialysis might reduce r-HuEPO requirements,
thus approaching a more physiologic therapy
profile and, additionally, lowering the cost of dia-
Iytic treatment.
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