Plasma carnitine levels in patients receiving
home parenteral nutrition'

Brad A Bowyer, MD, C Richard Fleming, MD, Duane Ilstrup, MS,
Jennifer Nelson, MS, RD, Sara Reek, MS, RD, and Jan Burnes, BSN

ABSTRACT Patients on long-term home parenteral nutrition (HPN) are known to frequently
develop hepatic steatosis or steatohepatitis. The etiology of this steatosis or steatohepatitis is unknown,
but carnitine deficiency has been one of the postulated mechanisms. The importance of L-carnitine
in hepatic fatty acid oxidation and the steatosis observed in primary and acquired carnitine deficiencies
prompted us to determine plasma carnitine levels in 37 patients receiving long-term HPN. Thirteen
patients (35%) had low total and free plasma carnitine levels. Fifteen of the 37 HPN patients were
matched for age and sex with 15 patients with Crohn’s disease who did not require HPN. Mean total
and free plasma carnitine values were significantly lower (p < 0.001) in these 15 HPN patients
(32.2 £ 11.9 and 28.4 + 10.8) when compared to Crohn’s patients not requiring HPN (49.1 + 10.9
and 46.4 + 11.5). Associations were not detected between plasma camitine and clinical or biochemical
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parameters that might have explained the low values.
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Introduction

Carnitine (B-hydroxy-Y-trimethylamino-
butyric acid) is synthesized from lysine and
methionine in the liver and kidney. The L-
form of this compound is biologically active
in transporting long-chain fatty acids from
sites of activation in the cytoplasm to sites of
B oxidation in the mitochondria of animal tis-
sues (1).

In humans, primary carnitine deficiency
syndromes include systemic (SCD) and myo-
pathic (MCD) forms. SCD presents in early
life with a clinical picture of acute encepha-
lopathy resembling Reye’s syndrome (2, 3).
Attacks are often precipitated by intercurrent
illness associated with caloric deprivation and
are characterized by hypoglycemia, hypo-
prothrombinemia, hyperammonemia, ele-
vated concentrations of serum liver enzymes,
and hepatic steatosis. Hepatic and muscle car-
nitine contents are low while serum values are
variable (2, 3). MCD is characterized by mus-
cle weakness, low skeletal-muscle carnitine
content, and excess lipids in skeletal muscles
@3, 4).

Am J Clin Nutr 1986;43:85-91.
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Acquired carnitine deficiency has been de-
scribed in cachectic cirrhotic patients (5),
newborn infants receiving total parenteral nu-
trition (TPN) (6), and an adult receiving long-
term TPN (7). Combinations of inadequate
oral dietary intake, absence of L-carnitine in
TPN solutions, and decreased hepatic synthe-
sis probably contributed to carnitine deficiency
in these situations.

We previously reported (8) persistent ab-
normalities in conventional liver tests that
prompted one or more liver biopsies in 9 of
60 (15%) of our adult home parenteral nutri-
tion (HPN) patients. Of the nine patients,
steatohepatitis (eg fat + mononuclear cell in-
flammation) was present in eight, cholestasis
in three, and fibrosis in three. Clinically, three
patients had progressive jaundice and one died
from hepatic encephalopathy. The etiology of
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the steatohepatitis and cholestasis in patients
on long-term HPN is unknown. Carnitine de-
ficiency is one of the frequently postulated
mechanisms that has been implicated in HPN-
associated steatohepatitis; however, this hy-
pothesis has never been tested.

The importance of L-carnitine in hepatic
fatty acid oxidation (9) and the steatosis ob-
served in primary and acquired carnitine de-
ficiency prompted us to determine plasma
carnitine levels in our patients receiving long-
term HPN, who frequently develop hepatic
steatosis or steatohepatitis (or both).

Materials and methods

Seventy-one patients were treated with HPN between
October, 1975 and June, 1984 for a total of 2428 patient-
months. Fifty-nine percent (42/71) of these patients are
currently receiving HPN. In the past 9 mo, 37 HPN pa-
tients returned for examination and had plasma collected
for carnitine determination. All 37 patients had received
HPN for at least 1 mo before carnitine determinations.
Five of these patients had a percutaneous liver biopsy for
histology and quantitative carnitine analysis.

Demographic data of the 37 patients are shown in Table
1. The 20 males and 17 females ranged in age from 9 to
71. Indications for HPN were short bowel syndrome (n
= 26), hypomotility (n = 6), chronic adhesive obstruction
(n = 4), and enterocutaneous fistulae (n = 1). Lengths of
remaining small bowel were: all (n = 10) 3-6 feet (n = 14),
0-3 feet (n = 12), and none in one patient. Duration of
HPN in months ranged from 1 to 87 (mean 32 mo). Eighty-
seven percent (32 patients) received HPN 5 or more nights/
wk, 8% (3 patients) 4 nights/wk, and 5% (2 patients) only
2 nights/wk. There was no statistically significant difference
in sex distribution with respect to primary disease, indi-
cation for HPN, length of remaining small bowel, and
nights of HPN infusion/wk.

Blood for L-carnitine analysis was drawn at approxi-
mately 8 AM, before oral intake of food and after the
overnight HPN infusion. L-carnitine was measured by a
sensitive radioisotope enzymatic assay (10). In this type
of assay, free and esterified carnitine concentrations are
measured by a combined enzymatic-radioisotopic method.
The ['*C] acetyl moiety of [acetyl-1-'*C] acetyl-coenzyme
A is transferred to free carnitine by the catalytic action of
pigeon breast muscle carnitine acetyltransferase. Unreacted
[acetyl-1-'*C] acetyl-coenzyme A is separated from the
product [acetyl-1-'*C] acetylcarnitine by binding the for-
mer to an ion-exchange resin in a small column. The col-
umn effluent containing labeled acetylcarnitine is assayed
in a liquid-scintillation spectrometer. Carnitine present as
fatty acylcarnitine esters is determined by difference fol-
lowing alkaline hydrolysis. The method is applicable to
serum, plasma, urine, and tissue specimens. Results are
reported as free and total carnitine. The difference of the
two values is a measure of short-chain and long-chain fatty
acylcarnitine esters.

Total and free carnitine concentrations were determined
from stored sera in 15 control patients with Crohn’s disease

(ie regional enteritis) who did not require HPN and who
were participating in another study.

Levels of serum aspartate aminotransferase (AST), al-
kaline phosphatase (AP), serum bilirubin (SBR), and al-
bumin were determined at periodic intervals during HPN.
After a patient’s first dismissal from the hospital after HPN,
liver tests were done monthly for at least the first 3 mo.
Thereafter, liver tests were done every 3 mo unless the
presence of abnormalities made shorter intervals desirable.

Details of our HPN program have been previously de-
scribed (11). HPN formulas are individualized, but in gen-
eral, patients receive cyclic overnight infusions of approx-
imately 2000 kcal and 85 g of amino acids for an average
nonprotein kcal-to-nitrogen ratio of 150:1. Each patient
receives approximately 4.9 g of L-methionine and 4.9 g
of L-lysine daily. A minimum of 0.8 g of protein/kg of
body weight is administered each day to all patients. Most
receive between 1.0 and 1.5 g/kg body weight/day. All
patients receive at least two 500-cc bottles (550 kcal/bottle)
of 10% fat emulsion each week and a few patients receive
20% or more of their daily calories as intravenous fat.
Electrolytes, minerals, vitamins, and trace elements are
given in amounts to maintain normal blood concentra-
tions. HPN infusion time varied from 8 to 16 h/day. Pa-
tients were encouraged to eat, but voluntary refusal of oral
food was common and was related to anorexia and fear
of worsening of diarrhea and pain.

Seven-day diet records were obtained on 22 HPN pa-
tients. Each diet record was reviewed by registered dietitians
(JN and SR) for determination of average daily oral energy
(kcal) and protein (g) intakes. Mean intakes were calculated
from only those days reflecting typical eating patterns.
Calorie and protein values were derived using standard
composition tables (12, 13).

Comparisons between means were done with analysis
of variance or { tests if only two groups were tested. Rank
sum tests were used to compare groups if the distributions
were non-Gaussian. The association between continuous
variables was estimated with Pearson’s correlation coef-
ficient or with Spearman’s rank correlation when the dis-
tributions were non-Gaussian.

The following parameters on HPN patients were pro-
spectively collected and later retrieved by a Clinfo Com-
puter System: age, sex, weight (kg), percent ideal body
weight, primary disease, indication for HPN, length of
remaining small bowel, months on HPN, nights of HPN
infusion/wk, total kcal/day, oral kcal/day, intravenous
kcal/day, total protein g/day, oral protein g/day, intrave-
nous (iv) protein g/day, conventional liver tests (AST, AP,
and SBR), and serum albumin values.

Results

Thirteen patients (35%) had low total and
free plasma carnitine levels (patients 1-13,
Table 2). Liver biopsies were performed in five
patients, including 3 of these 13 patients. He-
patic carnitine was low in only one of the five
patients (Table 2). Four of the five liver biop-
sies contained either grade 1 (n = 3) or no fat
(n = 1). The steatosis was characterized by
both macrovesicular and microvesicular fat.
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Grade 2 steatosis in one patient was associated
with the lowest hepatic carnitine.

Fifteen of the 37 HPN patients were closely
matched for age and sex with 15 patients with
Crohn’s disease who did not require HPN.
Mean total and free plasma carnitine concen-
trations were significantly lower (p < 0.001)
in these 15 HPN patients (32.2 + 11.9 and
28.4 + 10.8, respectively) when compared to
Crohn’s patients not requiring HPN (49.1
+10.9 and 46.4 = 11.5, respectively) (Ta-
ble 3).

Table 2 details the carnitine concentrations,
conventional liver tests, and food intake data
for all HPN patients. AP values ranged from
88 to 1183 U/L (normal, 75-220 U/L); mean
310 U/L. Only 6 of 37 patients (16%) had val-
ues greater than twice the upper limits of nor-
mal. AST values ranged from 17 to 303 U/L
(normal < 31 U/L); mean 50 U/L. Six patients
(16%) had AST values greater than twice the
upper limit of normal. Total serum bilirubin
values ranged from 0.2 to 15.5 mg/dl. All but
two patients had total SBR values less than
twice the upper limits of normal.

No significant associations were found be-
tween plasma carnitine concentrations and
age, primary disease, HPN indication, length
of remaining small bowel, months on HPN,
nights of HPN infusion/wk, conventional liver
tests (AP, AST, and SBR), and serum albumin.

We examined the relationship between

TABLE 3

plasma carnitine and nutrient intakes. Specif-
ically, we failed to find significant correlations
between plasma carnitine levels and average
total kcal/day, oral kcal/day, kcal given intra-
venously each day, total daily protein, protein
intakes by mouth each day, and intravenous
protein daily. Similarly, no significant rela-
tionships were detected when plasma carnitine
levels were analyzed against these nutrient in-
takes when the intakes were expressed per kg
of body weight.

When only those patients with low total and
free carnitine levels were examined in the same
fashion with respect to nutrient intakes we
again failed to find significant correlations be-
tween carnitine values and age, primary dis-
ease, HPN indication, length of remaining
small bowel, months on HPN, nights of HPN
infusion/wk, conventional liver tests, and al-
bumin.

Discussion

Thirty-five percent of adult patients who re-
ceived HPN for an average of 32 months had
low free and total plasma carnitine concen-
trations. The carnitine values in 15 HPN pa-
tients were significantly lower than 15 age- and
sex-matched patients with Crohn’s disease who
did not require HPN. Associations were not
detected between carnitine levels and clinical
or biochemical parameters that might have

Free and total plasma carnitine values in patients on HPN and patients with Crohn’s disease not receiving HPN

Patients with

Crohn’s not
HPN (n = 15) on HPN (n = 15)
x*SD x+SD p value
... nmol
Free plasma carnitine o 28.4 + 10.8 464 + 11.5 <.001
... nmol
Total plasma carnitine por 322+119 49.1 £ 109 <.001
Mean * SD Range
Normal values*: Free plasma carnitine %IOI
Male 46.8 + 10 28-69
Female 40.1 = 9.5 19-60
... nmol
Total plasma carnitine _nTl-
Male 593+ 119 37-89
Female 51.5+11.6 30-73

* Normal values derived from 85 normal controls.
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explained the low values by a lack of substrate
availability or defects in synthesis or absorp-
tion. Patients received considerable amounts
of the amino acid precursors of L-carnitine—
lysine and methionine. It is unlikely that im-
paired hepatic synthesis caused the low car-
nitine levels since there were no correlations
with the liver enzyme values. We did not mea-
sure urinary carnitine values, so we cannot ex-
clude excessive urinary losses as a causative
factor. However, 24-h urinary carnitine ex-
cretions in three similar HPN patients were
low (7, 14). Protein-calorie malnourished pa-
tients who were receiving fat-free TPN (ade-
quate supply of lysine and methionine )for 8-
45 days also had low urinary excretion of car-
nitine except during operative stress or infec-
tion (or both) where it increased two- to seven-
fold that of normal values (15).

Low total plasma carnitine levels developed
within 2 wk in two adult patients receiving
carnitine-free total parenteral nutrition (TPN)
(16). Plasma carnitine decreased by an average
of 33% between the 15th and 40th days with-
out enteral nutrition in 10 adult surgical pa-
tients who received continuous lipid-contain-
ing, carnitine-free TPN (17).

There are a limited number of reported car-
nitine values in patients on long-term HPN.
Kuettel and colleagues (18) detected low mean
values for total plasma and red blood cell car-
nitine in a group of 20 clinically stable patients
receiving HPN for 3 mo to 9 yr. Worthley et
al (14) reported decreased levels of plasma and
urinary carnitine in two patients requiring
HPN for 34 and 39 mo. In another report (7),
Worthley and colleagues described an adult
patient receiving TPN who developed symp-
toms and signs that were attributed to L-car-
nitine deficiency. Hyperbilirubinemia, muscle
weakness, and hypoglycemia developed in an
adult patient who received cyclic TPN for 1
yr. His free and total carnitine levels were re-
duced to one-half the normal values and the
urinary-free carnitine was markedly dimin-
ished. Intravenous administration of L-car-
nitine at 400 mg/day for 7 days followed by a
maintenance dose of 60 mg/day corrected the
plasma carnitine and was associated with a re-
turn to normal of bilirubin values, a subjective
improvement of muscle strength, and absence
of reactive hypoglycemia. We have not ob-

served a similar constellation of symptoms in
any of our HPN patients, and although some
have had weakness or hyperbilirubinemia (or
both), multiple factors other than carnitine
deficiency were potential causes of these ab-
normalities.

We did not have enough liver biopsies for
histology and carnitine analysis to make
meaningful observations about a possible cor-
relation between steatosis and carnitine con-
centrations. Sachan et al (19) recently reported
that alcohol-induced hepatic steatosis in rats
could be significantly decreased by supple-
menting the ethanol diet with 1% DL-carni-
tine, 0.5% L-lysine, and 0.2% L-methionine.
The ability to decrease hepatic lipid content
was greater for carnitine than for its amino
acid precursors.

The lack of symptoms that have been re-
ported with carnitine deficiency and the ab-
sence of an association between plasma car-
nitine and serum liver enzymes in our patients
do not exclude carnitine deficiency as a causal
factor in HPN-associated steatosis or steato-
hepatitis. If a causal relationship exists between
low tissue-carnitine concentrations and he-
patic steatosis or steatohepatitis in patients re-
ceiving HPN, carnitine supplementation
should decrease the steatosis concomitant with
enhanced oxidation of long-chain fatty
acids. <
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