
Safety of Oral Carnitine in Dialysis Patients

Is oral carnitine contraindicated in dialysis patients?

Levocarnitine is available in both an intravenous and
oral formulation. In December 1999 the U.S. Food and
Drug Administration (FDA) granted approval for the
use of the intravenous form of levocarnitine (Carnitor)
for ``the prevention and treatment of carnitine de®ciency
in patients with end-stage renal disease who are under-
going dialysis.'' This approval was speci®c for the
intravenous formulation, as the pharmacokinetic data
supporting adequacy of replacement was speci®c to the
parenteral form. Despite the fact that oral levocarnitine
lacks FDA approval for the speci®c treatment of
carnitine de®ciency in end-stage renal disease (ESRD),
nephrologists have frequently used oral levocarnitine for
this purpose.
Oral levocarnitine di�ers from the intravenous form in

terms of bioavailability (approximately 15%) and,
consequently, achievable blood levels (1). In its 1994
review of 42 published studies in approximately 600
hemodialysis patients on the e�ects of levocarnitine
supplementation in ESRD, the AmericanAssociation of
Kidney Patients Renal Dialysis Consensus Group
concluded that there was a de®nite role for carnitine in
the treatment of renal dialysis patients. The group
elaborated the conditions for which carnitine should be
used and further stated, ``20 milligrams per kilogram of
intravenous carnitine after eachdialysis treatment should
be the recommended dose and mode of therapy.'' With
respect to lower doses and oral administration, the panel
stated ``the data are not su�ciently controlled¼to be
de®nitive'' (2).
In addition to these di�erences in achievable levels and

FDA-approved indications, speci®c safety issues have
been raised relative to the use of oral levocarnitine and
high doses for prolonged periods in the ESRD popula-
tion. These safety concerns are the basis for the
precaution added to the Carnitor package insert in July
2001. The precaution states, ``Administration of high
doses of the oral formulation of levocarnitine is not
recommended in patients with severely compromised
renal function or in ESRDpatients on dialysis due to the
fact that major metabolites formed following oral
administration, trimethylamine (TMA) and trimethyl-
amine- N-oxide (TMAO), will accumulate since they
cannot be e�ciently removed by the kidneys. This does
not occur to the same extent following intravenous
administration.''

This precaution is based on the di�erent metabolic
fates of oral and intravenous carnitine. When adminis-
tered orally, unabsorbed levocarnitine is substantially
degraded by intestinal bacteria to two principal by-
products, TMA (up to 49% of administered dose) and
butyrobetaine (up to 45% of administered dose) (3). As
the bacterial population of the uremic gut has been
shown to exceed that of normal by up to 105-fold, these
by-products would be expected to be particularly
abundant in dialysis patients (4,5). Whereas butyrobe-
taine is eliminated in the feces, TMA is e�ciently
absorbed through the intestinal mucosa. Absorbed
TMA is further metabolized in the liver to TMAO by a
saturable ¯avin containing monooxygenase isoform
3 (FMO 3). In patients with normal renal function, this
TMAO is eliminated by renal excretion. On the other
hand, in patients with renal failure, TMAO is not
normally eliminated. Despite the fact that TMAO is
partially dialyzed out, the intermittent nature of hemod-
ialysis would predict that ambient TMAO levels in
dialysis patients would be higher than in patients with
normal renal function. At higher plasma concentrations,
TMAO can be converted back to TMA. Unfortunately
TMA and other methylamines are potentially toxic for a
number of reasons: 1) Both TMA and its breakdown
product dimethylamine (DMA) may be teratogenic,
inhibiting production of DNA, RNA, and protein (6).
2) If DMA is formed from a minor metabolic pathway
of TMA,N-nitrosodimethylamine (a potent carcinogen)
may also be produced (7). 3) In studies con®ned
speci®cally to dialysis patients, increased plasma TMA
and DMA correlate with lengthening of choice
reaction time (CRT) indicating cognitive impairment
(8). 4) DMA and TMA are responsible for the mal-
odorous nature of uremic breath with consequent social
implications (9).
By bypassing the gut, intravenous levocarnitine

avoids degradation to any substantial degree of these
methylamine by-products so that these toxicity consid-
erations would not apply. The toxic e�ects of these by-
products are assumed to be cumulative and dose
dependent; hence the reason for the precaution in using
oral carnitine in ESRD patients at high doses for
prolonged periods.

Brian Schreiber
Neenah, WI
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Dialysis Clinic welcomes questions of general interest to the
journal's readership. Questions should be typed, double-
spaced and sent to Seminars in Dialysis, Department of
Medicine (Nephrology), 1 Robert Wood Johnson Place,
CN-19, New Brunswick, NJ 08903. Unpublished questions
cannot be answered or returned. Authors of questions will
not be identi®ed unless otherwise requested.

The purpose of Dialysis Clinic is to educate and inform, not
to give medical advice regarding a speci®c patient. Med-
icine is complex and patient-speci®c advice requires more
details, both in the question and the answer, than can be
provided. Information offered here should be checked with
appropriate sources before it is used in diagnosis and
therapy.
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Alteplase Use for Clotted Catheters

How exactly is alteplase used and handled for dialysis
catheter thrombosis?

Tissue plasminogen activator has been used to declot
accesses in hemodialysis patients for almost 10 years.
Prior to 1998 the thrombolytic agent of choice for
thrombosed hemodialysis catheters was urokinase. In
1998 the U.S. Food and Drug Administration (FDA)
prohibited the distribution of this agent because of an
associated risk for infection. Since that time streptokin-
ase andalteplase havebeen theonly agents available.The
allergenic nature of streptokinase prevents repeated use
of this agent, therefore alteplase has become the agent of
choice.
Alteplase has two major problems in comparison to

urokinaseÐit is more expensive and is unstable. Altep-
lase retains maximum thrombolytic activity when stored
for no more than 48 hours at 2 °C. The cost of alteplase
in our institution is approximately $48.00 per 1 mg dose.
Alteplase (Activase; Genentech) is prepared in the
pharmacy in 1 ml aliquots in a concentration of 1 mg/
ml from 50 mg alteplase vials and stored in a constant
temperature freezer at minus 20 °C. The product is
removed from the freezer immediately prior to use and is
completely thawed within a few minutes prior to
administration.
Reports in the literature have documented the use of

alteplase in doses from 2 to 45 mg with dwell times
varying from 30 minutes to 4 days. Successful restor-
ation of catheter patency ranged from 67 to 87.5% (1±4).
Haire et al. (5) conducted the ®rst randomized double-
blind study to compare the e�ciency of alteplase 2 mg/
ml to urokinase 10,000 U/2 ml in oncology patients.
Catheter functionwas restored in 89%with alteplase and
in 59% with urokinase.
We have just completed a retrospective study

comparing alteplase with urokinase (6). Our protocol
was 1 ml of alteplase at a concentration of 1 mg/ml
or 1 ml of 5000 U/ml of urokinase instilled into each
catheter port. The catheter lumen was then ®lled to total
volume with normal saline. At 20-minute intervals,

0.2 ml of normal saline was added to each port. The
thrombolytic agent was allowed to dwell in the catheter
for a total of 60 minutes before being aspirated.
Hemodialysis was then reattempted. In our experience
70% of the patients receiving alteplase achieved
posttreatment blood ¯ow rates greater than 300 cc/
min compared to 35% in the urokinase group. We have
experienced no adverse events during the use of
alteplase.
Patients with a ®brin sheath surrounding the catheter

do not usually respond to this treatment. When urokin-
ase was available we had good results with high-dose
infusions of urokinase during dialysis producing disso-
lution of ®brin sheaths. We have not utilized high-dose
continuing infusions of alteplase primarily because of the
expense. Our current practice is to use alteplase only in
tunneled catheters. We have replaced thrombosed tem-
porary catheters over a wire in order to avoid the delay
required for the use of the thrombolytic agent and the
expense of the agent.

Edwin J. Macon
Atlanta, GA
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