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ABSTRACT

Introduction: Renal anaemia is a common complication of haemodialysis patients. Hyporesponsiveness to
erythropoietin (EPO) has been known as an important factor in poor recombinant human erythropoietin
efficacy in the treatment of renal anaemia. Moreover, an increased erythropoiesis resistance index (ERI) may
be associated with inflammation and lead to an increased mortality.

The aim of the study to study the effect of L-carnitine (LC) therapy on anaemia and erythropoietin therapy
in paediatric patients on regular haemodialysis.

Material and methods: This prospective study was conducted on 30 CKD paediatric patients on regular
haemodialysis attending the haemodialysis unit in Menoufia University. They were classified into 2 groups:
15 CKD patients receiving oral L-carnitine (LC) in a dose of 100 mg/kg per day in 3 divided doses — max-
imum 3 g per day and erythropoietin therapy in a dose of 100-300 IU/kg 3 times per week, considered as
group I, and 15 CKD patients receiving erythropoietin therapy only (group II). Patients were subjected to
history taking, clinical examination, and laboratory investigations including CBC, pre- and post- dialysis
serum urea. Creatinine, iron profile, Ca, phosphorus, intact parathormone, erythropoiesis-stimulating agent
dose (ESA), and erythropoietin-resistance index (ERI) were calculated at the baseline and then on follow-up
after 6 months.

Results: There was a statistically significant increase in Hb level in patients receiving both L-carnitine and
erythropoietin therapy (group I) when compared to patients receiving erythropoietin only (group II) after
6 months. Moreover, there was a significant decrease in the mean erythropoietin-stimulating agent (ESA)
dose and erythropoietin-resistance index (ERI) in group I with mean +SD of 95.12 IU/kg £10.99 IU/kg,
229.59 £21.95 IU/kg/g when compared to group II at 149.11 +43.98 IU/kg, 360.15 £71.105 IU/kg/g (p-value
0.00), respectively.

Conclusions: L-carnitine may be used as an adjuvant therapy in paediatric haemodialysis patients to decrease
the requirement of erythropoietin-stimulating agents (ESA) dosage and erythropoietin-resistance index (ERI)
while maintaining adequate levels of serum haemoglobin.
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INTRODUCTION

Patients with chronic kidney disease (CKD) have
a relative erythropoietin (EPO) deficiency. This is con-
sidered as the main cause of anaemia in these patients.
The severe form of CKD anaemia decreases quality of life
and increases the risk of cardiovascular diseases such as
left ventricular hypertrophy (LVH), depressed neuro-
cognitive ability, reduced exercise capacity, progression
of cardiovascular risk factors, and mortality in dialysis
patients. So, the implementation of prevention and con-
trol measures is recommended [1-3].

Erythropoiesis-stimulating agents (ESAs) are general-
ly used to control anaemia and reduce the need for blood
transfusions in patients with CKD [1, 4]. Although ESAs
are effective for reversing the anaemic status, the aetiol-
ogy of anaemia is multifactorial due to other competing
factors. The response capacity of these patients is variable
[5-7]. The most common cause of erythropoietin resis-
tance is reduced iron availability, including absolute and
functional iron deficiency [8]. Hepcidin, a 25-amino-acid
peptide predominantly produced by the liver, decreases
the release of iron from storage tissues and causes a re-
duction in iron absorption from the gut. Therefore, hep-
cidin is involved in the pathogenesis of erythropoietin re-
sistance [9]. Inflammation increases hepcidin production,
limiting the availability of iron for erythropoiesis and thus
providing a direct link between inflammation and eryth-
ropoietin resistance. The reduction of inflammation is
a reasonable approach for treating erythropoietin resis-
tance [10].

Carnitine is a hydrophilic amino acid that acts as a co-
factor of long fatty-acid metabolism. It has an indirect
role in glucose metabolism. This small molecule (162 D)
is freely filtered by the glomerular membrane and reab-
sorbed by the proximal tubule via organic cation carnitine
transporter 2 receptors, with a renal clearance of about
1-3 ml/min [11].

Carnitine participates in the de-acylation and re-ac-
ylation processes that remodel erythrocyte phospholipid
membranes, stimulate erythropoiesis at high concentra-
tions (> 200 umol/l), increase the survival time of eryth-
rocytes, and reduce oxidative stress via heme oxygenase
1 and inflammation [12].

Plasma carnitine levels decrease by about 80% by
the end of a dialysis session. This depletion is restored after
the session, from endogenous synthesis, cellular storage,
and food intake. However, many factors affect the endog-
enous synthesis including dialysis of cofactors of carnitine
synthesis, such as vitamin B, niacin, vitamin C, lysine,
and methionine, and protein malnutrition. Consequent-
ly, carnitine depletion develops immediately after the start
of haemodialysis and increases with duration of dialysis.
Furthermore, free carnitine is dialyzed at a higher rate than
acylcarnitine. This tends to invert the plasma acyl/free car-
nitine level, which can exceed 0.4 [11].

Nutrition influences anaemia correction in haemodi-
alysis by several pathways, including folic acid, vitamin B,
vitamin C, carnitine, iron deficiencies, and a decrease in
antioxidative capacity that produces a proinflammatory
effect [13].

AIM OF THE STUDY

The aim of this work was to study the effect of L-car-
nitine (LC) supplementation with erythropoietin therapy
in the treatment of renal anaemia in paediatric patients
on regular haemodialysis.

MATERIAL AND METHODS

The study was carried out in the paediatric haemodi-
alysis unit in the paediatric nephrology unit in Menoufia
University and Clinical Pathology Department, National
Liver Institute, Menoufia University during the period
from March 2019 to September 2019. The study included
30 paediatric patients attending the paediatric haemodi-
alysis unit with chronic renal failure on regular haemo-
dialysis 3 times weekly for at least 3 months after obtain-
ing written consent from their parents. The local ethics
committee of Menoufia University approved the study
protocol.

MATERIAL

The study included 30 paediatric Egyptian patients
aged less than 18 years with chronic renal failure on reg-
ular haemodialysis for at least 3 months. The patients
were divided into 2 groups: Group I included 15 patients
receiving oral L-carnitine (LC) in a dose of 100 mg/kg
per day in 3 divided doses - maximum 3 g per day, as de-
scribed by Warady et al. [14], and erythropoietin therapy
in a dose of 100-300 IU/kg 3 times per week. Group II
received only erythropoietin therapy in a dose of 100-300
IU/kg 3 times per week, as described by Gagnadoux et al.
[15]. The patients received about 5-10 blood transfusions
prior to the study

Exclusion criteria: Patients with autoimmune disease,
chronic haemolytic anaemia, or malignancy were exclud-
ed from the study.

ALL PATIENTS WERE SUBJECTED TO
THE FOLLOWING:

Full patient history taking, including history
of the original disease.

Clinical examination: full clinical examination includ-
ing the following:

Vital signs: blood pressure was recorded and com-
pared to the median (50" percentile) for age and sex using
Egyptian standard growth charts.
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Anthropometric measures: height and weight of the
patients were recorded; both were compared to the me-
dian (50" percentile) for age and sex using Egyptian stan-
dard growth charts.

METHODS

By using sterile vein-puncture, 8 ml of venous blood
was withdrawn from each patient and divided into 2
tubes. First, 4 ml blood was transferred into 2 EDTA
tubes. The first one was used for CBC measurement per-
formed on a Sysmex XT-1800i automated haematology
analyser (Sysmex, Japan). The second EDTA tube was
centrifuged for 10 min at 4000 rpm and stored at —80°C.
Another 4mL of blood was transferred into a plain tube
and allowed to clot at 37°C and centrifuged for 10 min at
4000 rpm. Serum was used for determination of kidney
function tests (urea and creatinine) using a Cobas €501
autoanalyser (Roche-Germany), iron profile (iron, total
iron binding capacity “TIBC’, Transferrin saturation, Fer-
ritin) on a modular Cobas 6000 ¢501 system (Roche-Di-
agnostics, Germany), and calcium (Ca) and phospho-
rus were done by AU480 chemistry analyser (Beckman
Coulter Diagnostics).

Intact parathormone measurement

Determination of serum iPTH was done by en-
zyme-linked immunosorbent assay (ELISA) using a Hu-
man Parathyroid Hormone (PTH) ELISA Kit (INNOVA
BIOTECH CO., Ltd., China). This ELISA kit uses a sand-
wich ELISA method. The Microelisa strip plate provided
in the kit is pre-coated with an antibody specific to PTH.
Standards or samples are added to the appropriate wells
and combined to the specific antibody. Then a Horserad-
ish Peroxidase (HRP)-conjugated antibody specific for
PTH is added to each well and then incubated followed
by a washing step to remove free components. The TMB
substrate solution is then added to each well. Only wells
that contain PTH and HRP-conjugated PTH antibody
will appear blue in colour and turn yellow after the addi-
tion of the stop solution. The OD value is proportional to
the concentration of PTH and is measured spectropho-
tometrically at a wavelength of 450 nm. We calculated
the concentration of PTH in the samples by comparing
the OD of the samples to the standard curve. Assay range
was 3.3-200 pg/ml.

Adequacy of dialysis

The urea reduction ratio is a function of the clearance
of urea from the blood by the dialyzer, the length of the in-
dividual dialysis treatment, and the volume of distribution
of urea in a particular patient. Therefore, the urea reduc-
tion ratio is a quantitative measurement of an individual
patient’s urea clearance during a single haemodialysis treat-

ment and can be used as a proxy for the adequacy of solute
clearance during a treatment [16, 17].

The urea reduction ratio as a measure of the adequacy
of dialysis is calculated with the formula 100 x (1 — [Ct/
Co]), in which Ct is the blood urea nitrogen measured
5 minutes after the end of dialysis and Co is the pre-dial-
ysis blood urea nitrogen [18].

We also analysed serum levels of haemoglobin and
erythrocytes, erythropoiesis-stimulating agent dose
(ESA), and erythropoietin-resistance index (ERI) in
U/Kg/g, which were calculated as the mean weekly ad-
justed dose of erythropoietin in units per kg body weight
divided by the average haemoglobin in grams [19].

Measurements were made at the baseline and then on
follow-up after 6 months.

Statistical analysis of data

The data were coded, entered, and processed on
a computer using SPSS (version 24). The results were
represented in tabular and diagrammatic forms and then
interpreted. Mean, standard deviation, range, frequen-
cy, and percentage were used as descriptive statistics.
The chi-square test and x> test were used for the associ-
ation variables for categorical data. Student’s ¢-test was
used to assess the statistical significance of the difference
between 2 population means in a study involving inde-
pendent samples. The paired samples ¢-test was used to
assess the statistical significance of the difference between
2 population means in a study involving paired sam-
ples. The p value was considered significant as follows:
p > 0.05 - non-significant, p < 0.05 - significant.

RESULTS

There were no statistically significant differences be-
tween studied groups regarding age, sex, height, weight,
or BMI index centiles. There were no statistically signif-
icant differences between studied groups regarding dif-
ferences in systolic or diastolic blood pressure centiles,
implying good selection of cases (Table 1).

Table 2 showed no statistically significant difference
regarding pre-dialysis serum urea and creatinine, post-di-
alysis urea and creatinine, urea reduction ratio (URR),
calcium (Ca), phosphorus (P), and parathyroid hormone
(PTH) between the studied groups. There were no statisti-
cally significant differences regarding iron profile between
the studied groups.

The results shown in Table 3 reveal no statistically
significant difference between the studied groups re-
garding haemoglobin level, mean erythropoietin-stim-
ulating agent (ESA) dose, and mean erythropoietin-re-
sistance index (ERI) before the start of L-carnitine
supplementation. Six months after the addition of L-car-
nitine supplementation, there was a significant increase
in haemoglobin level, while there were significant de-
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TABLE 1. Comparison between studied groups regarding demographic data

Parameter

Group 1 Group 2 ttest pvalue
(n=15) (n=15)
Age
Mean £5D 10.80 +2.73 years 11.00 £3.79 years —0.166 0.870 NS
Range 8-16 years 6-16 years
Sex
Female X2 1.00 NS
No. 7 7 0.00
% 46.7% 46.7%
Male
No. 8 8
% 53.3% 53.3%
Height
Mean =D | 125.06 +7.61cm | 127.33+11.82cm | 062 0.537 NS
Weight
Mean £SD 27.86 +8.33 kg 25.93 £11.74 kg 0.518 0.608 NS
No. % No. % X2 1.00 NS
Height centile 0.00
<3¢ n 73.3 N 73.3
31d-g7t 3 20 3 20
> 97t 1 6.6 1 6.6
Weight centile
<3¢ 12 80 12 80
31d-g7th 2 133 2 133
> 97t 1 6.6 1 6.6
BMI centile
< 5 1 73.3 1 73.3
5th-g7th 3 20 3 20
> 97t 1 6.6 1 6.6
No. % No. % X 1.00 NS
SBP centile 0.00
< 95t 5 333 5 333
> 95t 10 66.6 10 66.6
DBP centile
< 95t 40 6 40
> 95t 9 60 9 60
SBP mmHg
Mean =D | 120,00 +22.04 | 120.66 +24.92 | o078 0.939 NS
DBP mmHg
Mean +SD | 80.00 +16.04 | 7600 +16.39 | o676 0.505 NS

SBP — systolic blood pressure; DBP — diastolic blood pressure; S —significant difference (P < 0.05); NS — no significant difference (p > 0.05)

creases in mean ESA dose and ERI in group I treated
with L-carnitine and erythropoietin compared to Group
IT treated with erythropoietin only, in paediatric patients
on regular haemodialysis.

DISCUSSION

Renal anaemia is a common complication of chron-
ic kidney disease (CKD). The decline of renal function
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TABLE 2. Comparison between studied groups regarding laboratory investigations

Parameter Group 1 Group 2 ttest pvalue
(n=15) (n=15)
S. urea pre dialysis (mg/dl) Mean =SD 59.58 +17.69 55.33 +26.89 0.511 0.614 NS
S. creatinine pre dialysis (mg/dl) Mean £SD 6.53 +1.99 6.33 £1.65 0.305 0.763 NS
S. urea post dialysis (mg/dl) Mean +SD 21.26 £11.89 20.60 £18.77 0.116 0.908 NS
S. creatinine post dialysis (mg/dl) Mean +SD 2.62 £1.04 2.47 £0.73 0.446 0.659 NS
Urea reduction ratio (URR)% Mean £SD 64.89 +5.98 67.69 +£7.91 1.87 0.078 NS
Calcium (Ca) (mg/dl) Mean +SD 7.99 +1.84 8.55+0.80 -1.067- 0.295NS
Phosphorus (P) (mg/dl) Mean +SD 5.49 +1.66 4.75+2.21 1.045 0.305NS
Parathyroid hormone (PTH) (pg/ml) Mean +SD 798.47 £440.14 791.27 £487.09 0.042 0.966 NS
Serum iron (ug/dl) Mean +SD 74.00 +35.00 69.67 £25.38 0.388 0.701NS
TIBC (pg/dl) Mean £SD 222.73 £62.64 239.93 +59.84 —0.769 0.448 NS
Ferritin (ng/ml) Mean +SD 782.73 +589.51 897.80 +631.92 —0.516 0.610 NS
Transferrin (%) Mean £SD 80.97 £117.72 30.20 £8.23 1.666 0.107 NS

S — significant difference (p < 0.05); NS — no significant difference (p > 0.05); TIBC — total iron binding capacity

TABLE 3. Comparison between studied groups regarding haemoglobin level, erythropoietin-stimulating agent dose, and erythropoietin-

resistance index

HB | MEAN+SD | BEFORE START of L-carnitine treatment

Group 1 Group 2 ttest pvalue
(n=15) (n=15)
10.97 £1.39 mg/dI 10.73 £1.53 mg/d| 0.440 | 0.663 NS

AFTER 6 months of L-carnitine treatment

11.98 +1.07 mg/dl 1085+1.48mg/dl | 018 | 0025

ESA | MEAN £SD | BEFORE START of L-carnitine treatment

149.11 +£43.98 [U/kg 149.11 £43.98 1U/kg 0.000 | 1.000NS

AFTER 6 months of L-carnitine treatment

95.12£10.99 [U/kg 149.11+43.981U/kg | —14.00 | 0.00S

ERI | MEAN £SD | AFTER 6 months of L-carnitine treatment

229.59 £21.951U/kg/g

360.15£71.1051U/kg/g | —9.09 | 0.00S

S — significant difference (p < 0.05); NS — no significant difference (p > 0.05); ERI — erythropoietin resistance index

is associated with an increased incidence and severity
of anaemia, and it affects more than 90% of patients with
end-stage renal disease [20].

It not only affects the quality of life but also causes
adverse cardiovascular events that can increase mortality
[21, 22].

Deficiency of erythropoietin and iron are the main
causes of anaemia in patients on regular haemodialysis
[23]. The introduction of erythropoietin-stimulating
agents dramatically improves renal anaemia. However,
some patients do not respond effectively to these agents,
which is known as erythropoietin (EPO) hyporesponsive-
ness or resistance [24].

Responsiveness to erythropoietin is affected by many
factors such as serum albumin level, secondary hyper-
parathyroidism, inflammatory response, and iron defi-
ciency [25]. There was a marked reduction in RBC sur-
vival in patients undergoing intermittent haemodialysis
compared with healthy controls [26].

There are several actions of LC on circulating RBC
suggesting that LC and carnitine palmitoyl transferase
play a role in membrane phospholipid fatty acid turn-
over and may improve the viscoelastic properties of RBC
by intervening on both the outer and the inner side

of the erythrocyte membrane. Also, their anti-inflamma-
tory activity is suggested to play a role in the prevention
of apoptosis [27, 28].

So, we aimed to study the effect of L-carnitine (LC)
therapy on anaemia and its treatment with erythropoietin
therapy in paediatric patients on regular haemodialysis.
We analysed serum levels of haemoglobin and erythro-
cytes, erythropoiesis-stimulating agent (ESA) dose, and
erythropoietin-resistance index (ERI) calculated at base-
line and then on follow-up after 6 months.

This study revealed no significant differences between
the studied groups. However, we revealed that about
53.3% of all studied haemodialysis patients were male.
This is in agreement with Tanvir et al., [29] who found
that haemodialysis patients were more often male.

Regarding anthropometric measurements and the
urea reduction ratio in our study, there was no statisti-
cally significant difference between the groups regarding
demographic data. These results were in agreement with
the study of Lotfy et al. [30]. This implies good selection
of cases.

The present study showed that L-carnitine (LC) ther-
apy improved anaemia in paediatric patients on regu-
lar haemodialysis in group I when compared to group
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IT (treated with erythropoietin only). This agrees with
Mortazavi et al., [31] who found that haemoglobin levels
rose significantly in patients receiving oral L-carnitine
(p = 0.04) but not in patients receiving placebo (p > 0.05).
Also, Bellinghieri et al., [32] reported a significant in-
crease in the haematocrit values at the end of a 2-month
treatment with LC at dose of 2 g/day orally.

Similarly, Steiber et al., [33] found that a carni-
tine-treated group showed a statistically significant de-
crease in serum C-reactive protein and increase in blood
haemoglobin, serum albumin, transferrin, and body mass
index.

Furthermore, the addition of L carnitine to erythro-
poietin caused a significant decrease in mean use of ESA
in group I treated with both L-carnitine (LC) and eryth-
ropoietin for 6 months when compared to group II treat-
ed with erythropoietin only. This agrees with Kletzmayr et
al., [34] who reported that LC supplementation increased
haemoglobin in haemodialysis patients without rHUEPO
therapy and reduced rHuEPO requirements for the treat-
ment of anaemia in haemodialysis patients.

These results agree with Murphy et al., [35] who sug-
gested that L-carnitine would reduce the necessary EPO
dose.

Similarly, Labonia [36] found a reduction in the
rHuEPO requirement of the active group following LC
intravenous administration after every dialysis session for
6 months (p < 0.02). Kletzmayr et al. [34] revealed that af-
ter 4 months of co-administration of LC and intravenous
iron, the requirement of weekly rHUEPO dose was sig-
nificantly decreased in haemodialysis patients (p < 0.001).

Also, in agreement with our results, Bilal Aoun et al.
[37] analysed the effect of intravenous L-carnitine supple-
mentation on the erythropoietin (EPO) requirement in
6 paediatric haemodialysis patients. They found increased
Hb levels and decreased EPO requirement.

In contrast to our results, Sabry et al. [38] revealed
no significant improvement in haemoglobin and erythro-
poietin dose after 6 months of addition of LC therapy to
erythropoietin when compared to controls who received
erythropoietin alone. This agrees with Vaux et al., [39]
who could not demonstrate any beneficial effect of LC on
renal anaemia. Also, Lilien et al. [40] found that there
was no significant change in rhEPO requirement, hae-
moglobin level, and haematocrit during the study. They
concluded that there was no beneficial effect of supple-
mentation with L-carnitine on rhEPO requirement in
children on dialysis.

This heterogeneity of results could be due to the dif-
ference in observation periods among these studies.

Kopple [41] found that found that the erythropoietin
dose was significantly decreased in patients supplemented
with I carnitine (1 g/day orally for 4 months, p = 0.001),
while they reported no significant increase in Hb con-
centrations.

In our study, an improvement of ERI was observed
within 6 months after carnitine administration. This is in
agreement with a study conducted by Savica et al., [42]
who found that carnitine supplementation enhanced
the response to the administered dose of erythropoietin
in these patients, which ended in increased haemoglobin,
reduced dose of required erythropoietin, and decreased
index of erythropoietin resistance. This reduction of ERI
strongly suggests that | carnitine supplementation might
expand the erythrocyte lifespan.

The KDIGO guideline suggests not using adjuvants
to an ESA such as vitamin C, vitamin D, vitamin E, folic
acid, LC, or pentoxifylline because their evidence level
was not sufficient [43]. The current study revealed that
ESA and ERI had a statistically significant decrease after
3 months among Group 1 (receiving L-carnitine [LC] and
erythropoietin therapy) but not among Group 2 (receiv-
ing erythropoietin therapy only).

CONCLUSIONS

L-carnitine may be used as an adjuvant therapy in
paediatric haemodialysis patients to decrease the dosage
of erythropoietin-simulating agents (ESA) and the eryth-
ropoietin-resistance index (ERI) while maintaining ade-
quate levels of serum haemoglobin.

Limitations of the study: the sample size was small;
prospective multi-centre studies on larger numbers of pa-
tients are recommended.
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