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Objective week of oxandrolone treatment at 0.1 mg/kg by mouth twice

To explore the hypothesis that oxandrolone may reverse mus-  daily or no pharmacologic treatment. Muscle protein kinetics

cle catabolism in cachectic, critically ill pediatric burn patients. ~ Wwere derived from femoral arterial and venous blood samples
and vastus lateralis muscle biopsies during a stable isotope

Summary Background Data infusion.

Severe burn causes exaggerated muscle protein catabolism,

contributing to weakness and delayed healing. Oxandrolone is Results

an anabolic steroid that has been used in cachectic hepatitis Control and oxandrolone subjects were similar in age, weight,

and AIDS patients. and percentage of body surface area burned. Muscle protein
net balance decreased in controls and improved in the oxan-

Methods drolone group. The improvement in the oxandrolone group

was associated with increased protein synthesis efficiency.

Fourteen severely burned children were enrolled during a ;
Muscle protein breakdown was unchanged.

5-month period in a prospective cohort analytic study. There
was a prolonged delay in the arrival of these patients to the

burn unit for definitive care. This neglect of skin grafting and Conclusions

nutritional support resulted in critically ill children with signifi- In burn victims, oxandrolone improves muscle protein metab-
cant malnutrition. On arrival, all patients underwent excision olism through enhanced protein synthesis efficiency. These
and skin grafting and received similar clinical care. Subjects findings suggest the efficacy of oxandrolone in impeding mus-
were studied 5 to 7 days after admission, and again after 1 cle protein catabolism in cachectic, critically injured children.

Severe burns induce marked physiologic derangementsrave improved clinical outcome in burn care. Heating the
addition to skin injury. These include hypermetabolism withpatient environment to 88°F (30°C) to correspond with the
erosion of lean body mass, generalized weakness, alterpdtient’s elevated hypothalamic temperature set point has
immune function with increased infectious complicationspeen shown to decrease the metabolic fdfarly excision
peripheral insulin resistance, and poor wound hedlfifg. of burned and dead tissue to stop further inflammatory
Many therapeutic strategies have been used to attenuate §inulation has decreased length of stay, incidence of sep-
hypermetabolic response, and the few notable successg§§ and blood loss associated with skin graffiigHow-
ever, even with these improvements, survivors of severe
burn are hypermetabolic for a prolonged period (up to 8
honths after burn with profound muscle wasting, de-
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healing*®2°and also in lowering the death rate in severely “Baseline” “Treatment”
burned patient8: However, it requires a daily subcutaneous Group 1 [Contol | [ Control |
iniecti 8 - Time Control

injection and can cause hyperglycerfitd®Recently, ques

tions have been raised about its safety in adult patients in the
intensive care unit setting-?*Insulin has beneficial results Group 2
. . . L Control D
on protein metabolism. At low doses, its action is directed at Oxandrolone
attenuating protein breakdown, but at higher doses it pri-

marily affects protein synthest82° The potential for pre- Mimmom 1 <48 >

cipitating hypoglycemia must be carefully weighed before I 1 Week IHoursT T T T

beglnnmg'exogenous msulmtregtmentlnthe fa_lce of chmqal 4)/& '7%‘ 6}/» Ao 6}/» ’oO

euglycemia. Testosterone can increase protein synthesis, =~ % %, 9 O,g? s O&(

but its use entails risks of virilism and hepatotoxicity. %, F 6\6} 2 6\6}
Oxandrolone, an oral synthetic testosterone analog, has (/% 0%

been used in acute and rehabilitating adult burn patients
with promising results in terms of weight gain and urinary Figure 1. Study desigg. This study comprised nutritionally depleted
vogen balancé: I s has b use succesfuly i1 07 1 20 oy s i o ot st
children with Turner syndrome and other constitutional g aseq within 48 hours of admission. After 5 days, a baseline muscle
delays in growth, in cachectic alcoholic hepatitis patients protein kinetic study was done. After the second serial grafting proce-
and in patients with AIDS wasting myopatﬁS’/TSZ Com- dure, patients in the control and drug groups underwent a 5-day treat-
pared with testosterone, it has minimal virilizing activity ment period and then were studied again.
and little hepatotoxicity>3*

The purpose of our study was to determine whether
oxandrolone would affect burn-induced catabolism—infoom when autograft donor sites healed and became avail-
other words, would it improve the net balance of muscleable for reharvest (usually 6-10 days). Sequential staged
protein synthesis and breakdown—and if so, by what mechsurgical procedures for repeat excision and grafting were
anism. As an international tertiary referral center for chil-undertaken until the wounds were healed.
dren with severe burns, we receive many patients who are Each patient received enteral nutrition by nasoduodenal
weeks removed from their injury. These patients arriveintubation with Vivonex TEN (Sandoz Nutritional Corp.,
without definitive surgical treatment or adequate nutritionalMinneapolis, MN). The composition of Vivonex is 82%
support. Burn wound sepsis or chronic eschar colonizatio§arbohydrate, 15% protein, and 3% fat. Daily caloric intake
is frequent. These children with large (20-95% total bodyWas given at a rate calculated to deliver 1,500 kcal/m
surface area [TBSA]) burns, chronic infection, and nutri- TBSA burned+ 1,500 kcal/mi TBSA. This feeding regi-
tional depletion are critically ill and extremely catabolic on men was started at admission and continued at a constant

arrival to our burn unit. We chose to Study this subpopu|a.rate until the wounds were healed. Caloric intake remained

tion of burn victims because they shared a similar therapeuconstant throughout the study periods. .
tic indication (depleted nutritional status) with patients who Patients were at bed rest after excision and grafting

had received oxandrolone in previous studie® procedures for 5 days. After this, patients ambulated daily
until the next excision and grafting procedure. Patients were

treated in an identical fashion in terms of mobilization and
METHODS rehabilitation in both study periods.

Patients

This study was performed under a protocol approved byS tudy Design

the University of Texas Medical Branch Institutional Re- From February 1999 through July 1999, 14 patients were
view Board. Informed written consent was obtained fromenrolled in a prospective cohort analytic series. The first
each patient’'s guardian before study enrollment. Inclusiorseven received oxandrolone treatment, and the next seven
criteria were as follows: younger than 18 years of age, burnserved as time controls.
of greater than 20% TBSA, and nutritional depletion based After the first surgical procedure, all patients were studied
on the clinical findings of the physical examination andon postoperative day 5 to determine baseline protein me-
below-normal values of serum nutritional indices (albumin,tabolism (Fig. 1). Net phenylalanine balance across the leg
prealbumin, retinol-binding protein, transferrin). and the fractional synthetic rate (FSR) of skeletal muscle
All subjects were admitted to the Shriners Burns Hospitalprotein were measured as main outcome variables. When
for Children in Galveston, Texas, at least one week aftethe donor sites healed at 6 to 10 days, patients were returned
injury. Within 48 hours of admission, each patient under-to the operating room for another excision and grafting
went total burn wound excision and grafting with autograftprocedure. After the second surgical procedure, patients in
skin and allograft. Patients were returned to the operatinghe drug treatment group received oxandrolone 0.1 mg/kg
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mined by ICG infusion (infusion rate 0.5 mg/min) into the
—l 60" 120" 180" 240" 300" femoral artery. Blood samples from the femoral and sub-
d5-PhenyIaIanine | clavian veins were taken simultaneously every 15 minutes
Yo for this determination. Between hours 4 and 5, blood sam-
ICG A-V Balance ples were obtained from the femoral artery and vein to
A A determine arteriovenous phenylalanine concentration differ-
Biopsy Biopsy ences across the leg. After the last muscle biopsy, the stable

isotope infusion was stopped. Catheters were left in place

Figure 2. Five-hour isotope infusion protocol. Beginning between 5 for use at the next excision and grafting procedure

and 7 AM, subjects in the continuously fed state were infused with a
prime-constant ds-phenylalanine isotope. Indocyanine green dye con-
centration was measured between hours 3 and 4 to determine leg .
blood flow. Femoral arteriovenous sampling during the fifth hour mea- AnaIVSIS of Samples
sured cross-leg phenylalanine balance. Muscle biopsies were per- Blood

formed at 2 and 5 hours while subjects were under intravenous con- 00

sclous sedation. The blood concentration of unlabeled phenylalanine and

the enrichment of its isotopic counterpart were simulta-

] ] ] . neously determined by gas chromatography—-mass spec-
twice daily for 5 days and control patients received NOyometry using the internal standard approach and the nitro-
anabolic agents for 5 days. A second series of prOte'@en-acetyln-propyl esters, as previously descrit&d.
kinetic studies was performed on postoperative day 5 aftegyiefly, 2 mL whole blood was immediately mixed with 200
the second surgical procedure to determine any differences| internal standard containing 29Zmol/L [*3Cg phe-
with oxandrolone treatment or time between the drug andyyajanine. The samples were deproteinized with sulfosali-
control patients. ~ cylic acid and centrifuged, and the supernatant was pro-

Oxandrolone was purchased from BTG Pharmaceuticalgessed to form nitrogen-acetylpropyl esters. The isotopic
(Iselin, NJ). It was administered by mouth to the patients ingpyrichment of free amino acids in blood was determined on
the drug treatment group if tolerated. Otherwise, the oxanyn HP Model 5989 (Hewlett-Packard Co., Palo Alto, CA)

drolone tablet was crushed and suspended in 2 mL ethanqly, chemical ionization and selected ion monitoring at mass-
This suspension was then injected into the nasoduodenf)g_charge ratios of 250.1, 255.1, and 258 Einally, ICG

tube, followed by a 20-mL flush of sterile water. concentrations were determined spectrophotometrically at
A=805 nm on a Spectronic 1001 (Bausch & Lomb, Roch-
. ester, NY).
Stable Isotope Infusion Protocol )
Muscle

On postoperative day 5, all patients underwent a 5-hour
protein kinetic study (Fig. 2). Baseline blood samples were Tissue biopsies of the vastus lateralis were immediately
obtained from an indwelling femoral arterial or central blotted and frozen in liquid nitrogen. Samples were then
venous catheter for background amino acid enrichment anstored at -70°C until processed. Each tissue sample was
systemic indocyanine green (ICG) concentrations. Aweighed and protein was precipitated with a 5% perchloric
primed-constant infusion of L-[ringH]-phenylalanine acid solution. In this process, an internal standard contain-
(Cambridge Isotopes, Andover, MA) was given through theing 5.9 umol/L [*3Cg] phenylalanine was added and thor-
central venous catheter for 5 hours, using a priming dose afughly mixed. The tissues were then homogenized and
2 umol/kg followed by 0.08wmol/kg/min. Because phenyl- centrifuged, and the supernatant fluid was processed as
alanine is not synthesized or degraded in the peripheralescribed for the plasma samples above. The pellet of
tissues (it is metabolized only in the liver), measuremenprotein precipitate was washed twice with 10 mL 2% per-
across the leg reflects the net balance of protein syntheschloric acid followed by a series of washes (twice with
and breakdown. Vastus lateralis muscle biopsies were takegibsolute ethanol, once with ether) to eliminate free amino
from the study leg after 2 and 5 hours while the subject wascids and lipids. After these tissue samples were dried in an
under intravenous conscious sedation with midazolanoven at 50°C overnight, the dry weight of tissues was
(Versed; Roche Pharmaceuticals, Nutley, NJ) and propofaineasured and total water content was obtained from the dif-
(AstraZeneca Pharmaceuticals, Wilmington, DE) and locaference between weight of the wet and the dried sample. The
anesthesia with 1% lidocaine without epinephrine (Abbotprotein precipitate was hydrolyzed at 110°C for 36 hours in
Laboratories, Chicago, IL). The muscle biopsies were pereonstant boiling hydrochloric acid\-heptafluorobutyryh-
formed using a Bergstrom needle (Depuy, Chicago, IL)propylester derivatives were formed and dissolved in a final
attached to a suction device. Samples were immediatelyolume of 100uL ethyl acetate. One-microliter aliquots were
washed with normal saline to remove any blood, blottedassayed in triplicate on a VG 12-250 gas chromatography/mass
dry, and then snap-frozen in liquid nitrogen for storage atspectrometry system (Fisons, East Grinstead, England) using
-70°C. Between hours 3 and 4, leg blood flow was deterd15 m X 0.32 mm DB5-MS capillary column. Enrichments
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were determined by comparing the measured-N6/M + 3 Kinetic Model
isotopomer ratio of samples to a set '9C4-phenylalanine

isotope dilution calibration standards, Leg amino acid kinetics were calculated according to a

three-compartment model, as previously descritietihe

Plasma Amino Acid Concentrations three-compartment model parameters were calculated as
. . . . follows:
Arterial and venous amino acid concentrations were de-
termined in heparinized plasma at 4 and 5 hours of the Infusion Rate= (Cr — Cy) - BF,
isotope infusion study. Amino acid concentrations were
determined by high-performance liquid chromatography. Fin = Ca'BF
Fou= Cv'BF

Clinical Chemistry

On the morning of both the baseline and treatment stud- Fua = ([(By = BJ/(Es — BW]- Gy + Ca) - BF
ies, 13 mL whole blood was drawn from the patient and sent Fuwm = ((Ey — EV/I(Ex — Ey)]-Cy + C,) - BF
for a liver function panel, a nutrition panel, and coagulation ’

times. The liver panel and nutrition panels were sent in Fva = FinFua
nonheparinized tubes and centrifuged at 2,500 rpm for 10

minutes. The serum fraction was analyzed on a Kodak Fuo = Fua * (Ea/En — 1)
Ektachem 400 (Eastman Kodak, Billerica, MA) for the liver B

panel and on a Behring Nepholometer 100 (Roche Diag- Fou = (CaBa = CvBy) - BF/E,
nostics, Indianapolis, IN) for the prealbumin, transferrin, FSR=[(Eg, — Egy)/Ey+7)] - 60+ 100

and retinol-binding protein levels. The coagulation panel

was sent in a citrated blood tube and centrifuged at 4,000

rpm for 10 minutes to separate the plasma fraction. This wawghere G, and G, are the blood free amino acid concentra-
analyzed on an ACL #100 automated coagulation systertions of the femoral artery and vein, respectively, E,,
(Beckman Coulter, Fullerton, CA) to determine prothrom-and g, are amino acid enrichments (tracer/tracee ratio) in

bin time. the femoral artery, vein, and the free intracellular muscle
pool, respectively; and BF is leg blood flow in mL/min/
100-mL leg.

Energy Expenditure . . ,
Fractional Synthetic Rate of Muscle Protein

Energy expenditure was measured by indirect calorime-
try. Between 2 and %wm on the day of study in both the ~ The skeletal muscle FSR was calculated from the deter-
baseline and treatment periods, OQ@oduction, Q uptake, minqtion of the rate ofg#labeled.phenylalanine jncorpora—
respiratory quotient, and resting energy expenditure weréon into the protein and the enrlchr_nent of the intracellular
measured with a standard metabolic cart (Sensormedid¥0! as the precursor by the following equatitin
Model 2900, Yorba Linda, CA). Values were accepted. FSR= ([Eg, Minus B,J/Ey, X t) X 60 X 100,
when they were at a steady state for 5 minutes and their

standard deviations were less than 10% of their respectivgnere £, and E, are the fractions of the d5-tagged phe-

measures. nylalanine that have been bound into muscle protein at time
points 1 (2 hours) and 2 (5 hours) respectively, aiglthe

Calculations exact time in minutes between the sampling points.

Leg Blood Flo . . .
9 v Statistical Analysis

Leg blood flow was determined from the following mod-

ification of Fick's equation: Data are presented as meahsstandard error. Paired

tests were used to compare baseline and treatment data

infusion rate= (C- minus CC)x BF, within each group. Comparisons between the oxandrolone
and time control treatment periods were made by unpaired

where G is the femoral venous concentration of ICG andt tests.P < .05 was considered statistically significant.

Cc is the central venous concentration of ICG. The infusion

rate was known (0.5 mg/min), S0 the gquatlon was SOIVe(hESULTS

for leg blood flow (BF). For protein kinetic calculations, BF

was normalized for each patient by dividing by the patient’'s Patient characteristics are listed in Table 1. The seven

leg volume. In the rest of this article, units of BF will be control and seven oxandrolone patients were similar in age,

mL/min/100-mL leg. sex, weight, percentage TBSA burned, and percentage of
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body weight in relation to height, temporalis muscle wast-

Table 1. PATIENT CHARACTERISTICS ing, and exaggerated skeletal prominences. All of them

Control Oxandrolone  arrived with low albumin, prealbumin, and retinol-binding
protein levels. The prealbumin levels in the oxandrolone
Age 7723 8.0=19 group were lower than those in the control group, but both
Sex (M/F) 4/3 3/4

groups were profoundly low. After 1 week of continuous

% TBSA burned 42 = 5% 42 = 9% . . L.

% 3rd-degree burms 30 + 7% 35+ 11% entera] feeding, the caloric and protein mtal_«_as Wgre.the
Days after burn on admission 28 + 10 39 + 13 same in both groups, and the levels of the nutritional indices
Days after burn at baseline 37 =10 47 =13 increased. These values were still far below normal, how-
Days after burn at treatment 46 =9 55 = 14 ever, and the oxandrolone group was still lower than the

control group.

During the second week (the treatment time period),
dietary intake was again isocaloric and isonitrogenous. At
the time of the treatment studies, all nutritional indices had
third-degree burns. Both groups had delayed presentation tgyain improved, but they were still below normal. Prealbu-
our burn unit of approximately 4 to 6 weeks after injury. All min and retinol-binding protein levels were lower in the

subjects arrived with open burn wounds that had not repxandrolone group. The oxandrolone and control patients
ceived definitive surgical treatment (excision of burn andshowed the same degree of improvement over time,

split-thickness skin grafting). The baseline and treatmengowever.
stable isotope studies were performed at the same times
relative to injury in both groups.

TBSA, total body surface area burned.
Data presented as mean = SEM.

Energy Expenditure

Nutritional Evaluation All subjects were hypermetabolic as measured by indirect

Nutritional data and energy expenditure are listed incalorimetry. In each patient, the resting energy expenditure
Table 2. These patients all appeared malnourished, with lowas above the predicted basal metabolic rate from the

Table 2. NUTRITIONAL INDICES AND ENERGY EXPENDITURE

Normal Control Oxandrolone
On Admission
Weight (kg) 28*9 237
Albumin 3-5 g/dL 20*+0.2 21 +0.2
Prealbumin 25-45 mg/dL 10.3£1.9 7.4 +1.3"
Retinol-binding protein 3-6 mg/dL 1704 1.3+04
Transferrin 230-430 mg/dL 91 £ 18 74 £ 19
At Baseline Study
Weight (kg) 27.4 +83 225+ 4.9
Caloric intake (kcal/kg/day) 100 = 10 112 =183
Protein intake (g/kg/day) 41 +05 45+ 05
Albumin 3-5 g/dL 22+ 01 2.1 =01
Prealbumin 25-45 mg/dL 124 =141 8.5 £ 1.4*
Retinol-binding protein 3-6 mg/dL 22*+0.3 1.4 +£03
Transferrin 230-430 mg/dL 109 + 23 83 =17
Resting energy expenditure (% of BMR) 138 = 9% 162 = 30%
At Treatment Study
Weight (kg) 263+ 7.7 223+23
Weight change from baseline (kg) -1.1+07 -0.3 0.7
Caloric intake (kcal/kg/day) 95+ 8 109 = 20
Protein intake (g9/kg/day) 3.8*+05 42 +05
Albumin 3-5 g/dL 25+02 2.3+ 0.1
Prealbumin 25-45 mg/dL 16.4 =111 12.7 = 0.9t*
Retinol-binding protein 3-6 mg/dL 3.2 = 0.4t 2.0 = 0.31*
Transferrin 230-430 mg/dL 147 = 25 131 = 61
Resting energy expenditure (% of BMR) 150 = 15% 141 £ 14%

BMR, basal metabolic rate calculated by Harris-Benedict equation.

Data presented as mean *= SEM.
* P < .05 vs. time control.
T P < .05 vs. baseline.
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Table 3. THREE-POOL MODEL AMINO ACID KINETICS

Baseline Treatment Baseline Treatment

Control Control Oxandrolone Oxandrolone
Fin Amino acid inflow into leg via fem. artery 1.087 £0.256  0.916 = 0.190 1.379 £ 0.306 1.311 £0.314
Fout Amino acid outflow from leg via fem. vein 1126 £0.272  0.961 = 0.183 1.439 £ 0.303 1.306 = 0.316
Fva Inward transport into myocyte 0.301 =0.082  0.281 =£0.137 0.268 = 0.088 0.239 * 0.050
Fy.m Outward transport from myocyte 0.339 = 0.074 0.326 = 0.140 0.327 £ 0.088 0.235 + 0.057
Fyva AV shunt past muscle 0.786 = 0.289  0.635 + 0.197 1111 £0.233 1.071 = 0.267
Fom Muscle protein synthesis 0.097 = 0.042  0.068 = 0.027 0.058 = 0.015 0.139 = 0.0191*
Fmo Muscle protein breakdown 0.136 = 0.085  0.113 £ 0.024 0.118 =0.019 0.135 = 0.016
Fom/(Fua + Fuo Protein synthesis efficiency (%) 17.2 £ 5.6% 23.1 + 8.4% 16.6 = 3.4% 41.7 = 7.4%t
Net Balance Protein synthesis-protein breakdown —0.039 = 0.020 —-0.045 +0.011 —0.060 = 0.014 0.004 + 0.019%*
Net Balance Treatment NB-baseline NB —0.006 = 0.021 0.064 = 0.016*
FSR Fractional synthetic rate (%/hr) 0.21 = 0.04% 0.20 = 0.02% 0.15+0.03% 0.31 £ 0.03%Tt"

Values reported in umol Phe/min/100-mL leg unless otherwise noted. Data presented as mean = SEM.
* P < .05 vs. time control.

T P < .05 vs. baseline.

¥ P < .01 vs. baseline.

Harris-Benedict equation. There were no differences beprotein synthesisR < .05). Protein breakdown was un-
tween groups or at different time periods. changed from baseline levels. The inward transport of
amino acids from blood into muscle cells was unchanged by
oxandrolone administration. However, the protein synthesis
efficiency (the fraction of the available intracellular pool of
Model-derived values are listed in Table 3. Oxandroloneamino acids directed toward synthesis) was increased com-
administration significantly increased muscle protein nejpared with baseline and with time contrd K .05). The
balance from baseline and from time-matched control paFSR, as calculated by direct incorporation of labeled phe-
tients @ < .01 vs. baseline anB < .05 vs. time control, nylalanine into skeletal muscle protein, independently con-
Fig. 3). This improvement was due to an increased rate dfirmed the increase in protein synthesis after oxandrolone
administration compared with baseline and time control

Protein Kinetics

o (P < .05).

£ 0201  Baseline Treatment

5 0.151 T 7 Time Control

2 0.10; I 7 1 77 Subjects Clinical Factors

£ 0.051 I o , _

T 0.00 No hlrs_utlsm, acne, or behavior changes were noted in

T boys or girls receiving oxandrolone. Results of liver func-

E "0.051 tion tests are listed in Table 4. There were no differences

5 -0.10° between the groups. No patient developed clinically signif-

. icant hepatic dysfunction.

2 000, Daseline Treatment There were no deaths. One patient in each group appeared

E 0.15 1 *TT . 7 Oxandrolone septic for a portion of the hospital course. The septic oxan-

8 o10. T 1 % Subjects drolone patient arrived with frank burn qund sepsis (di-

T 0.05 | % *1 agnosed by hemodynamic and other clinical parameters

5 o.oo I_}‘ T consistent with sepsis syndromstaphylococcudactere-

- 1 mia, and wound tissue counts 0f10° Staphylococcus

5 0051 aureuy. She was treated with immediate, total excision of

£ -0.10! her 95% TBSA burn wound and systemic antibiotics. Her
—— Protein Synthesis clinical sepsis resolved 3 weeks later while receiving oxan-
@zzzzz Protein Breakdown drolone. The septic patient in the control group arrived
wmm=_Net Balance critically ill, with hyperthermia, hypoxemia, a hyperdy-

namic circulation, bilateral tube thoracostomies, and clinical
and x-ray indications of a left-sided pneumonia. A panre-
sistantPseudomonaspecies was cultured from his blood

and sputum. After immediate total excision of his burn

Figure 3. Model calculations of protein synthesis, protein breakdown,
and net balance for seven oxandrolone and seven control patients. P
< .05 vs. baseline; £P < .01 vs. baseline; *P < .05 vs. time control
(treatment period).
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early 1980s, the results of several well-controlled small

Table 4. LIVER FUNCTION TEST animal studies suggested that promgtl(hour after burn)

RESULTS S . .
institution of enteral feeding attenuated the hypermetabolic
Normal Control Oxandrolone  response and its attendant clinical complications (protein
catabolism, erosion of body mass, disturbed gut mucosal
Atgasﬁ“ﬂe . o 50407 1824 08 integrity) *°~*?The conclusion that early, aggressive enteral
rothrombin time -12 sec .0 =0. 2 =*0. i : :
nutritional r r hyperm lism and im-
Total bilirubin 0.1-1.3mg/dL 0.8 = 0.3 0.6+ 0.1 ut tg al' §U|c|)pot decreased é’.ﬁ’e etabol S d 3 db
Alkaline phosphatase ~ 35-125 Wl 111+22 128+ 1 Proved clinical outcome was readily extrapolated by burn
Aspartate 5-40 u/L 26+ 3 46 + 14 and trauma surgeons to their injured patients. Today, the
aminotransferase impression of these studies persists in the therapeutic phi-
Alanine aminotransferase  5-30 u/L 32x4 3414 losophies of many surgeons. Unfortunately, no human trial
At Treatment has ever documented such an alteration in the metabolic
Prothrombin time 9-12 sec 13.0+x0.7 134 =0.8 b ith | . | feedi h
Total bilirubin 01-13mg/d. 06+01 05+ 01 response to burn with early, aggressive enterg eeding. T e
Alkaline phosphatase 35-125 /L 170 =27 183 + 31 nutritionally depleted, burned children described here did
Aspartate 5-40 u/L 28+5 307 not experience a decrease in their postburn resting energy
aminotransferase expenditure despite aggressive enteral nutritional support.
Alanine aminotransferase ~ 5-30 u/L 32*6 27 £5

Our feeding regimen was successful in delivering a high-
calorie and high-protein intake and in improving overall
nutritional status, as shown by the increased nutritional
indices.

All of these patients arrived with intact burn eschar. In a
wound and 2 weeks of systemic antibiotic therapy, hisrecent examination of our patient population and clinical

Data presented as mean = SEM.

clinical sepsis resolved. burn practice, we found that a delay in definitive surgical
therapy (complete burn wound excision and split-thickness
DISCUSSION skin grafting) correlated with a greater degree of catabolism

by linear regression analysis (unpublished data). Relative to

In burn-induced catabolism, protein breakdown is accelall of our previously reported series of burn patients, the
erated and protein synthesis is decreased—thus, breakdowatients in this study were more catabolic at baseline.
outweighs synthesis and the net balance is negative. For the To improve the protein kinetic state in the emaciated
first time in burn patients, we applied stable isotope methburned children described here, we chose to test the effects
odology to show that oxandrolone alters this balance byof the anabolic steroid oxandrolone. In a recent prospective
increasing the synthetic component of this two-sided equarandomized trial that involved recuperating, severely
tion. Of 14 severely burned, nutritionally depleted childrenburned adults, Demling and DeS&fitieported that this oral
who underwent delayed definitive surgical treatment, 7 reanabolic agent improved weight gain and also a nonquan-
ceived oxandrolone (0.1 mg/kg by mouth twice daily) andtified measure of muscle function in seven rehabilitating
exhibited increased efficiency of protein synthesis withinseverely burned adults compared with six similar rehabili-
muscle cells. tating control patients. Although that study was prospective

We enrolled 7 burned boys and 7 burned girls into thisand randomized, the outcome measures were not definitive.
study. On admission, these children all appeared emaciatédet weight change is affected by many clinical factors
and had laboratory values consistent with nutritional deple{importantly, hydration and fluid shifts) and thus is gener-
tion. All had below-normal levels of albumin, prealbumin, ally regarded as a poor indicator of true anabolism or
retinol-binding protein, and transferrin. Despite our bestcatabolism. The reported improvement in muscle function
care with aggressive nutritional support and early definitivein that study was based on the subjective, nonquantified
surgical treatment, after 1 week all patients still had below-evaluation by a nonmasked physical therapist. Another trial
normal values of all measured nutritional indices. Even afteby the same author was published last year and showed a
a second week of hospital care with continuous enteratlecrease in weight loss and urinary nitrogen loss and also a
feedings, all subjects were still well below normal in their shortened wound healing time in 16 severely burned adults
nutritional indices. We view this as a testament to thetreated with oxandrolone during their acute hospital stay,
difficulty of nutritional and general clinical support of these compared retrospectively with a historical cohort of 24 less
children. It is certain that the referring hospitals and physi-severely burned subject8.To discern both efficacy and
cians did not intentionally underfeed or starve any of theseellular-level mechanism of improvement in a controlled
patients. Rather, we believe that nutritional support of se<linical trial, we used an isotopic technique that enables
verely burned children is a difficult task, with no dramatic quantification of the effect of oxandrolone on muscle pro-
effects on hypermetabolism. tein and amino acid kinetics. Our results showed that oxan-

The effects of enteral nutrition on the hypermetabolicdrolone stimulated muscle protein synthesis.
state associated with severe burn are controversial. In the The amino acid precursors needed for enhanced muscle
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protein synthesis can come from either the blood or theefficiency) in normal, nonburned, young adults. With effi-
process of muscle protein breakdown. Muscle protein syneacy and mechanism of action consistent in these two dis-
thesis efficiency can be considered the effectiveness gfarate groups, we propose that many other patients could
incorporation of the amino acid precursors from eitherbenefit from this anabolic agent if they are suffering the
source into protein. In the current study, oxandrolone diccomplications of catabolism. Patients with pancreatitis,
not alter inward transport, but it did cause an increase irshort-gut syndrome, or other types of severe trauma should
protein synthesis efficiency. Oxandrolone treatment enbe able to benefit from oxandrolone therapy.

hanced the reuse of free intracellular amino acids supplied In conclusion, we have shown that oxandrolone improves
from protein breakdown. Thus, protein synthesis was in-muscle protein kinetics in severely burned children. The
creased while protein breakdown was unaltered, therebgnechanism by which this occurs is enhancement of muscle
improving the net balance of muscle protein metabolism tqrotein synthesis efficiency. This is a safe, inexpensive, and

a value that was statistically not different than zero.

easily administered anabolic agent, and it is likely that it

The FSR of protein in muscle is determined by the netcould benefit a wide range of surgical and medical patients.

accumulation of labeled phenylalanine over time. This pa-

rameter is independent from the values derived from thgeferences

three-compartment model calculations in that the three-
compartment model does not rely on tissue incorporation?.
data. In this study, there was a twofold increase in the FSR
in patients receiving oxandrolone. This supports the notion
that the mechanism for the improved net balance was due to
a stimulation of muscle protein synthesis. 3.
The stable isotope methodology and the three-compart-
ment model used in this study allow delineation of physio- %
logic fluxes of amino acids at the tissue and intracellular o
levels. The measured increases in our main outcome mea-
sures, net protein balance and FSR of muscle protein, cors.
roborate with the positive clinical outcomes already re-
ported by Demling®?® By documenting oxandrolone’s
efficacy and by delineating its physiologic mechanism of
action in burn-induced catabolism, this study validates those
clinical findings. 8.
We found no serious adverse effects associated with
oxandrolone treatment. Prothrombin times were normal
during drug treatment. There were no differences in the rest
of the liver function panels between oxandrolone and con-

trol patients. No patient progressed to clinically significantio.

liver dysfunction. No induced hirsutism or other androgenic
effects were noted. Finally, there were no differences in thei1
incidence of sepsis or death between groups.

These protein kinetic results, coupled with the report of.

general clinical improvement by Demlirt§;**strongly sug-
gest that oxandrolone is an excellent choice for metabolic

support of burn victims. In these three series, oxandroloné®

has improved outcome measures beyond what was possib)
in control patients already receiving optimal clinical burn
treatment. Further, in addition to being safe, oxandrolone

therapy is also inexpensive: its cost is only 10% of al5.

comparable anabolic dose of recombinant human growth
hormone?®

Although we did select a specific subset of burn victims
for this trial—nutritionally depleted, critically ill burned

children in whom definitive surgical treatment had beenl?.

delayed—these results should be applicable to a much wider
spectrum of ill, catabolic patients. The results of a recent g
study by Sheffield-Moore et & showed the same mecha-
nism of action (improvement in muscle protein synthesis
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