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Increased plasma carnitine in trauma patients given
lipid-supplemented total parenteral nutrition12

Alan TDavis, PhD; RoxieMAlbrecht, MD; DonaldfScholten, MD; andRogerEMorgan, MD

ABSTRACT The purpose of this study was to determine the effects of altering the fuel

substrate mix of total parenteral nutrition (TPN) on plasma and urinary carnitine in trauma

patients. TPN solutions were either 100% carbohydrate (CHO) based or lipid based (70% CHO,

30% lipid). There were statistically significant (p < 0.05) increases in plasma levels of free

carnitine, short-chain acyl carnitine, and total carnitine in trauma patients receiving lipid-

based TPN. No significant differences in urinary carnitine excretion were noted between

groups. We conclude that the use oflipids in the TPN oftrauma patients leads to an alteration
in plasma carnitine metabolism. Am J Clin Nutr 1988;48: 1400-2.
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Introduction

Carnitine is a naturally occurring compound involved

in mammalian energy metabolism. Its functions include
facilitation ofmitochondrial long-chain fatty acid oxida-

tion, elimination oftoxic metabolites ofacyl CoA excess,
modulation ofthe free CoA to acyl CoA ratio, and inter-
compartmental shuttling ofenergy substrates (1).

Carnitine is normally derived from dietary intake of
animal products or by endogenous synthesis. Endoge-
nous synthesis requires the essential amino acids lysine
and methionine to form trimethyllysine. Trimethylly-
sine is then metabolized to carnitine via four enzymatic
steps, the last of which, ‘y-butyrobetaine hydroxylation,
occurs only in the liver or kidney in humans (2, 3). Skele-
tal and cardiac muscle contain the highest concentration
ofcarnitine but depend on transport mechanisms via the
plasma to replenish their stores.

In humans exogenous intake or endogenous synthesis
in the liver or kidney is usually sufficient to meet meta-
bolic needs. However, in certain clinical conditions ab-
normalities in carnitine metabolism have been de-
scribed. Both surgical and burn patients show increased
urinary excretion ofcarnitine relative to control subjects
(4-6). Low tissue levels of carnitine were found in pa-
tients on hemodialysis (7) and low plasma levels were
reported in patients with protein-calorie malnutrition
(8). In our laboratory we (9) found a negative arterial-
venous difference or a net loss of carnitine across the

skeletal muscle in stressed, critically ill patients. Borum
(10) suggested that carnitine may be a conditionally es-

sential nutrient and that supplementation may be re-
quired for the metabolically stressed, critically ill patient.

Currently, no enteral or parenteral nutritional supple-
ments contain carnitine. Preliminary work from our lab-
oratory with a small number of patients indicated that
levels ofplasma carnitine may be dependent on the total

parenteral nutrition (TPN) solution infused (A Davis, D
Scholten, R Albrecht, unpublished observation). The
purpose of this study was to determine the effects of
changing fuel substrate mix on plasma carnitine in a
group ofmultiply injured patients.

Methods

The study protocol was approved by the Butterworth Hospi-

tal Human Rights Committee before implementation. In-

formed consent was obtained from all patients enrolled in the
study. Twenty-five consecutive patients with polytrauma who
required intensive care were entered in this prospective ran-
domized crossover study. Ofthe 25 patients originally entered,
5 patients failed to complete the study; 1 died and 4 were
dropped because of protocol violations. Polytrauma features
included closed head injury, one or more major extremity frac-
tures, and postoperative intraabdominal or thoracic trauma.
Patients with Addison disease, cirrhosis, or renal failure were

excluded. Severity of stress was assessed using the Abbreviated
Index Severity Scale score (1 1). All patients had prestudy oxy-
gen consumption indices calculated from data obtained either
from pulmonary artery catheter sample studies (1 1 of 20 pa-
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*i�± SEM: n = 10 forallgroups;p> 0.05 for ANOVA.

TABLE 1

Plasma carnitine concentrations in trauma patients*

Group I

0% Lipid,
19% BCAA

Group 2 Group 3

0% Lipid, 30% Lipid,
44% BCAA 19% BCAA

Group 4

30% Lipid,
44% BCAA

j.imol/L

Free carnitine 29.7 ± 3.3 28.9 ± 3.4 36. 1 ± 4.6t 37.4 ± 4. 1 f
Short-chain acyl

carnitine 7.2± 1.5 6.1 ±0.7 12.7± l.3t 12.0± l.2t

Long-chain acyl

carnitine 4.0 ± 0.4 4.4 ± 0.3 4.7 ± 0.9 5. 1 ± 0.8

Total carnitine 40.4 ± 4.1 41.6 ± 3.8 52.9 ± 6.2t 55.9 ± 5.Ot

Si:± 5EM; n = 10 forall groups.

t significant effect oflipid (p < 0.05).

tients) or by indirect calorimetry with the Beckman metabolic
cart (Sensormedics, Anaheim, CA) (9 of2O patients).

A factorial design was used by which the patients were ran-
domized to receive one of four TPN solutions. Groups 1 and 2
(n = 10) were given 100% carbohydrate (CHO)-based TPN
with no lipid provided as nonprotein calories. Groups 3 and
4 (n = 10) were given lipid-based TPN in which 30% of the
nonprotein calories were provided by 20% Intralipid#{174} (Kabivi-
trum, San Francisco, CA). The protein substrate had 19%

branched-chain amino acids (BCAA) for groups 1 and 3 (Tra-
vasol#{174},Travenol Laboratories, Deerfield, IL) and 44% BCAA

for groups 2 and 4 (Freamine HBC#{174},American McGaw Labo-
ratories, Irvine, CA). Percentage BCAA was given as a percent
oftotal amino acids. Total nonnitrogen calories were provided
at a rate of 30 cal . kg ‘ . d ‘ . All solutions were isonitrogenous
(0.24 g N . kg’ . d�) and isovolemic. All patients received stan-

dard additions oftrace elements, minerals, and vitamins. Daily
adjustments were made in quantities ofelectrolytes and supple-
mental fluid as appropriate. Patients received nothing by
mouth during the study period.

The study was conducted in two parts over 8 d. Patients were
first randomized to one ofthe four TPN solutions. Within the
CHO- or lipid-based groups patients were further randomized
as to the order in which the two solutions were administered.
After an equilibration period of 2 d, patients were studied on
days 3 and 4. On day 5, patients were crossed over within the
CHO- or lipid-based group to the opposite protein substrate.
After 2 d equilibration the patients were studied on days 7

and 8.
On study days femoral arterial blood samples were obtained.

Plasma samples were analyzed for total carnitine, free carni-
tine, short-chain acyl carnitine, and long-chain acyl carnitine.
Carnitine was measured as described by Cederblad and Lin-
stedt(12) and Bohmer et al (1 3), as modified by Brass and Hop-
pel (14). Twenty-four-hour urine collection was analyzed for
free carnitine and acyl carnitine. The mean values for the two

study days were used in the statistical analyses.
Plasma and urinary carnitines were analyzed using the facto-

rial analysis of variance with a significance level of p < 0.05
( 1 5). Differences in 02 consumption and prestudy plasma car-
nitines were analyzed with the Student’s t test.

Results

The 20 patients included 17 males and 3 females with
an average age of39.5 y. The median Abbreviated Injury

Severity Scale (AIS) score was 35. Patients in groups 1
and 2 had a prestudy 02 consumption index of 150.3
± 1 3.7 whereas those in groups 3 and 4 had a value of
148.4 ± 3 1 .6 (1± SEM; mL . min ‘ . m2). There were no
statistically significant differences in the 02 consumption

indices between groups.
Prestudy values for patients in groups 1 and 2 for

plasma free carnitine, short-chain acyl carnitine, and

long-chain acyl carnitine were 39. 1 ± 5.0, 14.0 ± 2.6, and
5.5 ± 0.8 j�mol/L (1 ± SEM), respectively. The corre-
sponding values for patients in groups 3 and 4 were 43.0
± 4. 1, 7. 1 ± 1 . 1, and 6.4 ± 0.8 �mol/L, respectively. The
values for short-chain acyl carnitine were significantly

different.
The study results of plasma carnitine analyses are

shown in Table 1 . There were statistically significant ele-
vations of plasma free carnitine, short-chain acyl carni-
tine, and total carnitine in groups 3 and 4 (lipid-based
TPN) as opposed to groups 1 and 2 (CHO-based TPN).
Urinary excretion of carnitine (Table 2) was markedly
increased in all four groups compared with urinary carni-
tine excretion ofindividuals on a low-carnitine diet (16).
There were no statistically significant differences be-
tween groups.

Discussion

The widespread use of TPN and enteral products,
none ofwhich contain carnitine, has led investigators to
question whether carnitine supplementation during nu-
tritional support of certain patient groups should be im-
plemented (10). Adults can synthesize carnitine in ade-

quate amounts in liver and kidney from endogenous tri-
methyllysine. However, the hypermetabolic injured or
septic patient may be at risk of developing a carnitine
deficiency because of increased carnitine excretion, de-
creased synthesis, or increased requirements. Border et
al (1 7) studied the relationship between infection and
carnitine in a canine sepsis model and noted a decrease
in skeletal muscle free carnitine 2 wk following the septic
insult. Worthley et al (1 8) reported a septicemic patient
on long-term TPN who developed an apparent carnitine
deficiency.

In this study we measured the effects of changing the
fuel substrate mix on plasma and urinary carnitine in

multiply injured patients. A randomized crossover de-
sign was used to reduce the variability inherent to this

type of study. All patients were similar in that they were

TABLE 2

Urinary carnitine excretion in trauma patients5

Group I Group 2 Group 3 Group 4

0% Lipid, 0% Lipid, 30% Lipid, 30% Lipid,
19% BCAA 44% BCAA 19% BCAA 44% BCAA

�smo//L

Freecarnitine 1123.6±201.4 1283.8±233.9 1430.8± 199.8 1312.0± 196.0

Acylcamitine 404.4± 71.6 484.0± 97.4 641.6± 85.3 697.8± 168.0
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multiply injured and had similar degrees ofstress as mdi-
cated by the elevated 02 consumption values.

There were elevated levels of 24-h urinary carnitine
excretion in all four groups (Table 2). These values are
in distinct contrast to normal excretion levels of 100
�tmol/d reported for patients on a carnitine-free diet (16).
Our values are similar to those reported in two previous
studies on stressed patients (5, 6).

The increased plasma carnitine in the lipid-based TPN
groups may be due to an increase in intercompartmental

shuttling of carnitine from areas of storage or synthesis
(liver, kidney) to areas ofhigher metabolic need (skeletal,
cardiac muscle). Borum (1) found that carnitine has the
ability to transport metabolic energy from cell to cell or

organ to organ in the form ofacyl carnitine. This may be
operative in these patients, especially those who received

lipid-based TPN, to assist in fl-oxidation.

The study was also designed to study the effect of
BCAAs on N balance (to be published elsewhere) and
carnitine metabolism. Bieber et al (19) delineated possi-
ble roles for carnitine in the metabolism of the BCAAs.

Carnitine is also thought to have a role in the detoxifica-
tion of excess acyl CoA by modulating the ratio of free
CoA to acyl CoA via excretion ofacyl carnitine. It is con-
ceivable that administration of high concentrations of
the BCAA in TPN could lead to an increase in the excre-

tion of branched-chain acyl carnitines as expressed by
the acyl carnitine fraction in urine. However, the level
of BCAA in TPN had no significant effect on plasma or
urinary carnitine fractions in our study. A recent study
(20) of seven healthy volunteers compared the effects of
modulating CHO and fat levels of meals on changes in
plasma and urinary carnitine fractions. The study em-
ployed a high-CHO, low-fat diet and a low-CHO, high-
fat diet with a crossover design. Although the study dem-
onstrated that diet affects carnitine metabolism, as ex-
pressed by urinary and plasma carnitines, there was no

significant effect of fuel mixture on plasma short-chain
acyl carnitine during the study, as opposed to the find-
ings ofthe present study. However, the meals in the cited
study (20) contained carnitine whereas the TPN in the
present study did not. Also, the patients in the present
study were all trauma patients whereas the previous
study was conducted with seven healthy male volunteers
(20). Therefore, differences between the studies are not

unexpected.
We conclude that the use oflipid in the TPN of trauma

patients leads to an alteration in levels of plasma total

and free carnitine and short-chain acyl carnitine. How
these changes relate to tissue levels of carnitine or the

functions ofcarnitine remains to be determined. The use

of a high-BCAA formula in TPN had no significant
effects on plasma or urinary carnitine fractions. 13

We thank Nancy Solis for sample collection and Laura VanWyk

and Eric Hartfield for their technical assistance.

References

1. Borum PR. Carnitine function. In: Borum PR, ed. Clinical aspects
of human carnitine deficiency. New York: Pergammon Press,
1986:16-27.

2. Englard 5, Carnicero HH. �y-Butyrobetaine hydroxylation to carnitine
in mammalian kidney. Arch Biochem Biophys 1978; 190:361-4.

3. Cederbiad G, Hoim J, Lindstedt G, Lindstedt S, Nordin I, Scher-
sten T. -y-Butyrobetaine hydroxylase activity in human and ovine
liverand skeletal muscle tissue. FEBS Lett 1979;98:57-60.

4. Cederblad G, Larson J, Nordstrom H. Urinary excretion of carni-
tine in burned patients. Burns 198 l;8:l02-9.

5. Cederblad G, Schilt B, Larsson J, Liljedahl 5-0. Urinary excretion

of carnitine in multiply injured patients on different regimens of
total parenteral nutrition. Metabolism 1983;32:383-9.

6. Tanphaichitr V, Lerdvuthisopon N. Urinary excretion in surgical
patients on total parenteral nutrition. JPEN 198 1;5:505-9.

7. Bohmer T, Bergrem H, Eiklid K. Carnitine deficiency induced during
intermittant hemodialysis for renal finlure. Lancet 1978; 1:126-8.

8. Khan L, Bamji MS. Plasma carnitine levels in children with pro-
tein calorie malnutrition before and after rehabilitation. Can Chim
Acta l977;75:l63-6.

9. Scholten DJ, Davis AT, Morgan RE, Albrecht R, Dean RE. Carni-
tine A-V differences in the stressed critically ill. In: Borum PR, ed.
Clinical aspects of human carnitine deficiency. New York: Per-
gammon Press, 1986:247.

10. Borum PR: Carnitine. Annu Rev Nutr 1983; 3:233-59.
1 1. Greenspan L, McLellan BA, Greig H. Abbreviated injury scale and

severity score: a scoring chart. J Trauma l985;25:60-4.
12. Cederblad G, Lindstedt S. A method for the determination of car-

nitine in the picomole range. Clin Chim Acta 1972; 37:235-43.
13. Bohmer T, Rydning A, Sohlberg HE. Carnitine levels in human

serum in health and disease. Clin Chim Acts 1974; 57:55-61.
14. Brass EP, Hoppel CL. Carnitine metabolism in the fasting rat. J

Biol Chem l978;253:2688-93.
15. Steel RGD, Tome JH. Principles and procedures ofstatistics, 2nd

ed. New York: McGraw-Hill Book Co. 1980.
16. Hoppel CL, Genuth SM. Camitine metabolism in normal-weight

and obese human subjects during fasting. Am J Physiol l980;238:
E409-15.

17. Border JR. Burns GP, Rumph C, Schenk WG. Carnitine level in

severe infection and starvation: a possible key to the prolonged cat-
abolic state. Surgery 1970;68: 175-9.

18. Worthley LIG, Fishlock RC, Snoswell AM. Carnitine deficiency
with hyperbilirubinemia, generalized skeletal muscle weakness,
and reactive hypoglycemia in a patient on long-term total paren-
teral nutrition: treatment with intravenous L-carnitine. JPEN
1983;7: 176-80.

19. Bieber LL, Emaus R, Valkner K, Farrell S. Possible functions of
short-chain and medium-chain carnitine acyltransferases. Fed

Proc l982;4l:2858-62.

20. Cederblad G. Effect ofdiet upon plasma carnitine levels and urinary
carnitine excretion in humans. Am J Clin Nutr 1987;45:725-9.

 by guest on S
eptem

ber 26, 2014
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/



