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The rates of whole body protein synthesis and breakdown were
determined, with the aid of a constant administration of
["5N]glycine, during recovery in 11 acutely burned children,
involving a total of 24 studies. Eleven studies were also con-
ducted in seven healthy children before and after recon-
structive surgery. Rates of whole body protein synthesis and
breakdown, expressed as g protein/kg body weight/day, were
significantly (p < 0.05) and positively correlated with per cent
body surface area total burn, per cent third-degree burn, and
per cent open wound. These rates (synthesis, 7.1 ± 2.1 g
protein/kg/day; breakdown, 6.3 ± 1.8 g protein/kg/day) were
80 to 100% greater (p < 0.05) in patients with total burns
260%, as compared to patients with <25% total burns or to
the surgical patients. Because of the high energy cost of pro-
tein synthesis, it is proposed that an increased whole body
protein turnover is partly responsible for the reported eleva-
tions in rates of heat production occurring in patients recov-
ering from thermal injury.

M ARKED CHANGES IN ORGAN and whole body
protein metabolism accompany severe thermal

injury. Persistent body nitrogen (N) losses may exceed
30 g N per day in an initially well-nourished adult and
thus result in debilitating protein wasting 18-20, unless
adequate nutritional therapy is provided. Although
significant amounts of protein, amino acids, and urea
N may be lost via the exudate and transudate from
large open wounds, the major route of the total N loss
occurs via an increased urinary urea output.20 Cor-
related with the urinary N loss is an elevated resting
energy expenditure, which may reach a level twice
normal intensity.21 Because the energy required for
total body protein synthesis accounts for a major pro-
portion of the total basal energy expenditure,1 12"17'24
alterations in the rates of whole body and organ pro-
tein turnover, as a consequence of thermal injury and
treatment, may account, in part, for the changes in
the resting energy expenditure.
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Much of our present knowledge of the nature of
whole body protein metabolism after trauma has been
obtained from N balance studies. N balance determina-
tions only indicate, however, whether there are changes
in body N content, without revealing the ways in which
these changes are brought about. An understanding of
the nature of such changes is necessary for develop-
ing rational strategies for controlling the mobilization
of body protein under conditions of burn trauma.

In this study we have examined dynamic aspects
of N metabolism in burned children by utilizing a
model for measuring rates of whole body protein syn-
thesis and catabolism. We have previously used this
model in studies with healthy subjects of various
ages. 14"17'23'25 Our observations reveal that rates of pro-
tein synthesis and breakdown are increased during re-
covery in severely burned children and that these
increases may account for the increased energy ex-
penditure and heat production under these conditions.

Methods

Patients and Ethical Considerations

Children, aged four to 12 years, admitted to the
Shriners Burns Institute, Boston, were the subjects
for this study. Some of the patients were receiving
treatment for acute burns and others were admitted
for reconstructive surgery. A total of 24 studies were
conducted in 11 burned children, at various times after
their injuries occurred and at varying protein and
calorie intakes. In addition, 11 studies were conducted
in children undergoing reconstructive surgery (all
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burned more than one year prior to study). Nine of
these latter studies were conducted between four and
11 days after elective surgery, and two were performed
immediately before the operations. The experimental
protocol received the administrative approval of the
Human Studies Subcommittee of the Massachusetts
General Hospital and the M.I.T. Committee on the Use
ofHumans as Experimental Subjects. Informed written
consent was obtained for each study with the help of
a pediatrician who served as the patient's advocate.
None of the experimental procedures interfered with
the normal medical care of the patient.

Experimental Design

Burned patients. The experimental protocol was de-
signed to include every patient admitted with an acute
thermal injury during the period of study. We had to ex-

clude some patients, however, for reasons such as

urinary incontinence or inability to obtain parental
consent. Each patient was studied within two weeks
after the initial burn and, whenever possible, the study
was repeated at about two- or three-week intervals until
discharge from the hospital. Intravenous and oral calorie
and protein intakes were provided according to the pa-
tient's estimated needs.
The individual studies usually lasted six days. Com-

plete daily urine collections were made on days 1-5,
in order to assess the stability of urea N output. The
coefficient of variation in urinary urea N excretion
during the first five days of each study was compared
to data previously obtained in healthy young adults
on a diet which had been constant for eight days.8
Although the variation in urea N excretion was greater
than in healthy persons on a constant diet, the mean

urea N excretion in our patients during the first three
days was not significantly different from that of the
last two days (paired t-test). Stool collections were made
on days 3-6. On days 4 and 5, [15N]glycine was admin-
istered either orally or intravenously every three hours,
and urine was collected every four hours throughout
the 48 hours. Dressings from the burn wounds were

collected on days 3-5 for estimation of wound N loss.
Total N intake was determined for the two days of
[15N]glycine administration. A team of research nurses

was assigned to each patient during his/her stay in the
intensive care unit where each study was performed.
This individual care assured accurate sample collec-
tions and monitoring of the nutrient and isotope intakes.
The acutely burned patients were usually studied

after the burn wounds had been excised and closed
by grafting. Excision and closure were carried out dur-
ing the first week after the injuy, when burns covered
up to 60% of the body surface area (BSA); for burns

greater than 60% BSA, excision and closure were per-

formed within the first two weeks. The surgical effi-
ciency ofexcising a deep second-degree or third-degree
burn up to 60% BSA, with immediate closure of the
wound, approaches 100%. For patients with burns of
greater than 60% BSA, wound closure is not as effi-
cient, and significant open wounds will persist beyond
the second week. Therefore, for the patients with burns
up to 60% BSA, the initial studies were carried out
after the burn wound had been closed. In studies with
patients whose burn size exceeded 60% BSA, the initial
study was carried out while there was a significant
open burn wound.

For evalution ofthe metabolic data, we used informa-
tion from the attending surgeons regarding the initial
burn size (per cent total and per cent third-degree
BSA). In addition, the per cent open wound at the
time of study was estimated from descriptions provided
by the attending surgeons and from photographs. "Per
cent open wound" is defined as the per cent full thick-
ness open wound (excised burn) plus one-half the sum
of the per cent BSA due to the following: burn wounds
that are eschar covered, second-degree burns, recently
grafted wounds (less than one week), and new donor
sites (less than one week).
Reconstructive surgery patients. Each study was car-

ried out over a six-day period in a manner similar to
that with the burned patients, except that wound dress-
ings were not collected. For some patients, we were

able to perform studies on one or more occasions after
the surgery.

Experimental Model

To determine the rates of whole body protein syn-

thesis and breakdown, we applied the Picou and Taylor-
Roberts model,15"7 which involves a constant infusion
of ['5N]glycine given intragastrically or intravenously
for about 30 hours (Fig. 1). Several minor modifications
of the original model were necessary for application
to our study with burned patients. The isotope was

administered every three hours orally or intravenously.
The [15N]glycine (Stohler Isotope Chemical Corp.,
Waltham, MA) was administered at an average rate of
0.5 mg 15N per kg per day. The 15N enrichment of the
['5N]glycine was approximately 83 atoms per cent ex-

cess when measured on our mass spectrometer. Sterile
pyrogen-free [15N]glycine (Leberco Laboratories,
Roselle Park, New Jersey) was prepared for intrave-
nous use as an aqueous solution by the pharmacy of
the Massachusetts General Hospital. Previous studies
have indicated that the route of administration does
not alter the estimates of protein synthesis and break-
down rates.15'17 Furthermore, we did not find any sig-
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nificant difference in the 15N enrichment of fecal N
following oral and intravenous isotope administration.
A relatively constant level of '5N enrichment of
urinary urea was achieved in all of the studies.

Total N intake (including blood products) was used
to calculate N balance and to assess the relationships
between protein intake and protein turnover. However,
only orally administered N or intravenously admin-
istered nonprotein N was used to calculate the amount
of N entering the metabolic pool from sources other
than breakdown of tissue and organ protein. Urinary
N losses were considered in the calculation of the
whole body synthesis rate.
The intake of N by the acutely burned patient was

generally through intravenous protein hydrolysates or
a defined formula diet. We determined the amount of
ingested solid food by analyzing a duplicate prepara-
tion of all food offered to the patient. The N content
of food refused was also determined.

During the '5N-tracer studies, urines were usually
collected by the use of existing catheters in the acutely
burned children. Small urine losses occasionally oc-
curred, but in none of the cases reported here did such
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FIG. 2. 15N enrichment of urinary urea with continuous administra-
tion of [15N]glycine in two representative patients.

loss exceed an estimated 5% of the total. Measure-
ments of urinary creatinine were used to help judge
the completeness of collections.26

Samples and Analyses

The N concentrations of urine, stools, diet, and burn
exudate, and the urea N concentration of urine, were
determined by methods previously described.26 Ali-
quots from washings of burn dressings were pooled and
concentrated by freeze drying. Recovery experiments,
in which we applied known amounts of N as whole
blood to clean dressings, indicated that wound N losses
may be somewhat underestimated.

Urinary urea N was isolated as ammonia by use
of the Conway diffusion method9 after pretreatment
of urine with permutit.6 The ammonia was then reacted
with hypobromite to produce N2 gas22 and 15N enrich-
ment was determined'6 using a double-collector, iso-
tope ratio mass spectrometer (Model 3-60 RMS, Nu-
clide Corp., State College, Pennsylvania). Over a one-
year period, frequent determinations of a ['5N]glycine
standard gave a value of 0.0512 + 0.0006 (S.D.) atoms
per cent excess (n = 44). Replicate urine samples were
also prepared for mass spectrometry and analyzed with
a coefficient of variation of one per cent.

FIG. 1. The Picou and Taylor-Roberts model for studying dynamic
aspects of whole body N metabolism by continuous infusion of
['5N]glycine. I, C, and S are intake, protein breakdown, and pro-
tein synthesis, respectively (mg N/kg/day); E., E., and E, are urinary
urea, urinary nonurea, and urinary total N excretions, respectively
(mg N/kg/day); and Q is the flux (mg N/kg/day) of N for the meta-
bolic pool, P. The rate of administration of "5N is d (mg '5N/kg/day).
F is the fraction of the administered dose (d) that is excreted as
"5N urea or the fraction of total N entering the pool that is excreted
as urea N. Q is equal to d divided by the average plateau enrich-
ment (Sd), which is obtained from the isotope enrichment curve
(see Fig. 2) (Q = d/Sd).

Interpretation of Urinary Urea '5N

Figure 2 shows an example of the change in '5N
enrichment of urinary urea N with time following ad-
ministration of [15N]glycine. Plateau values of urinary
urea "5N enrichment, to be used for calculation of body
N flux, were obtained by inspection of the curves.
For each study the coefficient of variation in "plateau
values" was calculated and the mean coefficient for
the 35 studies was 7.2%.
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Statistical Evaluation

Before evaluating the results, we grouped the various
studies according to per cent initial burn and also, in
some cases, according to per cent open wound. An
a priori decision was made to group the studies accord-
ing to the two periods after injury, as discussed in the
results. We analyzed variance and covariance by the
use of BMD computer program packages.4 Covariate
analysis was used to explore interrelationships among

burn size, energy intake, and protein intake on rates
of whole body protein synthesis and breakdown. Paired
t-tests, two sample tests, Mann-Whitney test, and
Scheffe's method for multiple comparisons were also
applied.3

Results

Table 1 provides a summary of protein turnover data
for each burned patient (all of whom survived), as well
as additional information used in evaluation of the
results. Table 2 summarizes similar data for the patients
undergoing elective surgery. A diagnosis of septicemia
was made if the patient showed clinical evidence of
sepsis and positive blood cultures (bacterial or fungal).
Wound infection was defined by the isolation of a mod-

erate to heavy growth of bacteria or fungi from more

than one culture. Table 1 shows that all cases of septi-
cemia and seven of nine cases of wound infection were
present in patients with burns of .60% BSA. For this
reason, we did not analyze the data for the effects
of infection per se.

In the burned patients whole body protein synthesis
(S) was significantly (p < 0.05) correlated with per cent
total burn (r = +0.49) and per cent third-degree burn
(r = +0.42). Similarly, whole body protein catabolism
(C) was correlated (p < 0.05) with per cent total burn
(r = + 0.55) and per cent third-degree burn (r = +0.46).
Because of differences in surgical treatment, results

with burned patients were grouped according to initial
per cent total burn. Reconstructive surgery patients
were considered in this analysis as an unburned group.

Rates of S and C were 80-100% greater in the group

with burns .60%, as compared with the group with
burns <25% or with the unburned group (Fig. 3,
Table 3). There were no statistically significant dif-
ferences between the groups with respect to age, time
after burn, protein intake (g protein per kg per day),
or calorie intake (kcal per kg per day). The unburned
children had a mean age of 14 years, whereas those
with burns .60% or with burns <25% had mean ages

TABLE 1. Characteristics of Burn Patients

Patient Whole body
and Age Third- Day Total N metabolism*
study and Total degree Open post Calorie Carbo- protein
number sex Weight Height burn burn wound burn intake hydrate Fat intake S C Q

(yr) (kg) (cm) (% BSA) (% BSA) (% BSA) (kcal/ (% total (% total (g protein/ (g protein/
kg/day) calories) calories) kg/day) kg/day)

la 5F 18.8 106 36 30 5 33 106 2.7 4.3 2.9 5.6
2a 12M 34.6 155 15 7 5 15 76 55 34 2.6 3.5 3.3 6.0
4a I IM 44.0 148 55 39 27 7 47 62 14 1.7 3.8 3.9 5.5
4b IIM 39.3 148 55 39 5 30 73 48 35 1.9 3.6 2.8 4.7
5at 9M 36.4 134 36 30 30 9 92 73 19 5.3 7.9 7.2 10.9
Sbt 9M 31.2 134 36 30 8 24 85 42 40 2.9 5.4 4.2 7.2
6at 12M 37.7 153 65 45 39 12 111 57 30 5.4 6.9 6.0 10.0
6b 12M 38.2 153 65 45 40 31 142 59 31 4.2 7.1 5.0 9.2
6ct 12M 44.2 153 65 45 2 88 68 55 37 1.7 7.8 7.4 9.1
7at 12M 33.9 152 83 74 40 15 210 66 22 7.7 12.2 10.7 17.0
7bt 12M 35.2 152 83 74 40 32 120. 79 14 3.7 7.0 6.2 8.9
7ct 12M 34.1 152 83 74 18 63 72 85 4 4.5 5.4 5.2 7.0
7d 12M 32.9 152 83 74 9 86 46 44 29 1.8 4.2 4.0 5.7
8a 9F 31.6 130 75 50 55 14 62 93 0 7.8 6.3 6.9 8.8
8bt 9F 33.7 130 75 50 52 26 119 66 7 5.0 6.5 5.2 8.2
8ct 9F 31.0 130 75 50 28 52 84 54 32 2.7 7.6 6.5 9.2
9a 4M 14.8 106 25 0 12 13 155 44 38 5.2 6.3 4.9 10.1
9b 4M 15.3 106 25 0 5 23 108 38 39 5.3 4.9 2.9 8.2
10a SM 20.0 114 50 50 30 14 100 70 26 5.6 4.2 1.5 6.3
10b SM 17.8 114 50 SQ 18 28 101 43 38 4.0 6.0 3.4 7.4
lOc SM 20.4 114 50 50 2 57 116 45 38 3.6 6.1 5.0 8.6
Ila IIF 47.4 153 8 8 5 24 32 48 35 0.9 2.4 2.7 3.6
1lb 1IF 48.6 153 8 8 1 32 33 41 39 1.4 3.2 2.6 3.9
21a 5M 17.2 112 10 8 11 11 116 45 33 6.1 6.9 4.7 10.8

* S = protein synthesis, C = protein breakdown, Q = N flux. t Wound infection only. t Septicemia.
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TABLE 2. Characteristics of Reconstructive Surgery Patients

Patient Whole body
and Age Days Total N metabolism*
study and post Calorie Carbo- protein
number sex Weight Height surgery intake hydrate Fat intake S C Q

(yr) (kg) (cm) (kcal/ (% total (% total (g protein/ (g protein/
kg/day) calories) calories) kg/day) kg/day)

12a 18M 61.0 174 5 60 39 33 2.2 2.6 2.1 4.3
14a 15M 48.0 162 80 41 44 2.8 3.8 2.9 5.7
14b 15M 45.4 162 5 56 41 42 2.1 2.9 3.0 5.2
14c 15M 45.6 162 7 68 55 33 2.1 4.1 3.6 5.6
l5a 18M 63.8 175 4 75 34 46 3.2 4.0 3.6 6.8
1.5b 18M 61.8 175 7 73 63 29 1.9 3.6 3.3 5.2
16a 13F 45.6 146 68 46 42 1.7 4.1 3.4 5.1
17a 4M 18.4 103 11 99 44 42 3.3 4.6 3.1 6.4
17b 4M 18.8 103 4 92 56 31 1.5 2.4 3.7 5.2
18a 15M 57.2 160 6 82 59 30 2.0 3.4 2.9 4.9
19a 16M 61.3 163 6 72 51 36 2.4 3.2 2.1 4.6

* S = protein synthesis, C = protein breakdown, Q = N flux.

of 11 and ten years, respectively. The significance of
these age differences is considered in the discussion.
Analysis of covariance was used fo assess further the
effects of these factors on the relationship between
protein turnover and burn size. Adjustment of the
means of S or C for each covariate effect did not alter
the above conclusions.
Although the burn groups did not show statistically

significant differences in the per cent of calories pro-

vided by carbohydrate, a 38% increase (p <0.01) in
the percentage of carbohydrate calories was evident
when the .60% group was compared to the unburned
patients. When S was corrected for fecal and wound
N loss ("corrected S"; Table 3), it remained 91%
greater in the .60% group, as compared with the un-

FIG. 3. Relationship be-
tween burn size and whole
body protein turnover. The
number of observations
were 11, 4, 10, and 10
for the 0%, 0.5 to 25%,
25 to 60%, and .60%
total burn groups, respec-
tively.
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burned patients. All groups were in positive N balance,
and, with respect to this parameter, no differences
existed among the burn patient groups (Table 3). When
compared to the nonburned patients, however, the
.60% group had a significantly higher N balance.
The per cent open wound at the time of study was

positively correlated (p < 0.05) with S (r = +0.5 1) and
C (r = +0.51). In Table 4 the studies have been grouped
and analyzed according to per cent open wound; this
grouping shows a 56% increase in "corrected S," a

71% increase in S, and a 76% increase in C in the
.31% open wound group compared to the s 10%
group. However, caloric intake was 72% higher in the
.31% group than in the s 10% group (p < 0.05, Scheffe's
test), and each group differed significantly from the
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TABLE 3. Relationship between Extent of Thermal Injury and
Aspects of Whole Protein Turnover

Patients Grouped by Per Cent Total Burn

I II III IV
(0%) (0.5-24%) (25-59%) (.60%)

Variable* (n = 11) (n = 4) (n = 10) (n = 10)

Synthesis
(g protein/
kg(day) 3.5 ± 0.7 4.0 ± 2.0 5.2 ± 1.4 7.1 + 2.1

Breakdown
(g protein/
kg/day) 3.1 ± 0.6 3.3 ± 1.0 3.9 ± 1.6 6.3 ± 1.8

Corrected St
(g protein/
kg/day) 3.4 ± 0.4 3.8 ± 1.6 4.8 ± 1.3 6.5 + 1.8

N balancet
(g N/kg/
day) 0.05 ± 0.06 0.08 ± 0.16 0.21 ± 0.13 0.26 ± 0.19

* Results represent the means ± S.D. F-Test findings were as
follows: Synthesis, p < 0.01; Breakdown, p < 0.01; Corrected S,
p < 0.05; N balance, p < 0.01. Scheffe's test showed the following
significant differences between groups: Synthesis-I vs. IV (p
< 0.05), II vs. IV (p < 0.05); Breakdown-I vs. IV (p < 0.05), II
vs. IV (p < 0.05), III vs. IV (p < 0.05); Corrected S-I vs. III
(p < 0.05), I vs. IV (p < 0.01), II vs. IV (p < 0.05); N balance
I vs. IV (p < 0.01).

t Corrected S refers to the whole body protein synthetic rates
corrected for fecal and wound N loss.

t For this calculation, intake represents the actual measured N
intake including whole protein. Output represents the estimated N
loss via urine, wound and stool.

others with respect to total protein intake. Therefore,
the specific effect of size of the open wound, if any,
cannot be determined because of concurrent changes
in protein and energy intake. However, a reduction
in open wound size, together with the lowered intakes
of protein and energy that accompany clinical improve-
ment, is apparently associated with a diminished pro-
tein turnover. Table 4 also indicates that N balance
was significantly higher in the .30% group compared
with the c 10% group.
An initial evaluation by analysis of variance of the

entire results, grouped according to three time periods
after burn, did not reveal a significant effect of the
postburn period on protein synthesis and breakdown.
Therefore, two time periods were chosen for evaluation
of the time factor for those seven patients who were
studied at least twice (Table 5). This analysis removes
the potentially confounding effect of initial burn injury
that may be introduced by analyzing all of the burn
patients together.

Table 5 indicates that a statistically significant de-
crease in C occurred with time in these seven patients,
but that S was not significantly reduced during the
period lasting three to six weeks after the injury. Co-
inciding with the decline in C was a mean 27% decrease
(p < 0.025) in the size of the open wound during the

second 20-day period of study. For patients 6, 8, and
10, the third study at 88, 52, and 57 days postburn,
respectively, indicated rates of C that were higher than
the value obtained for the second study. With the lim-
ited number of cases available for analysis, the sig-
nificance ofthese observations cannot be fully assessed.
The late recovery period may, however, be associated
with an enhanced protein turnover, but this possibility
requires further study.
The rate of S was significantly (p < 0.05) and posi-

tively correlated with caloric intake (r = +0.74) and
protein intake (r = +0.62). The rate of C was also posi-
tively correlated with calorie intake (r = +0.50) and
protein intake (r = +0.49). Age was not significantly
correlated with either S or C, and there were no signif-
icant relationships between the parameters of protein
turnover and the number of days since the previous
surgical procedure.

Wound N Loss
A significant (p < 0.05) correlation (r = +0.55) oc-

curred between wound N loss (g per kg per day) and
per cent total burn, as well as between wound N loss
and protein intake (p < 0.01; r = +0.68). Wound N
loss in the .60% group was significantly (p < 0.05)
greater than in the other groups. Wound N loss in
the largest open wound group also differed from the
other two groups (Table 6); a significant (p < 0.05)
correlation (r = +0.73) existed between wound N loss
and per cent open wound.

TABLE 4. Effect of the Extent of Open Wound on Protein Turnover

Patients Grouped by Per Cent Open Wound

I (--l-I) II (11-30%) III (.31%)
Variable* (n = 10) (n = 8) (n = 6)

Synthesis
(g protein/
kg/day) 4.5 ± 1.6 6.0 ± 1.5 7.7 ± 2.2

Breakdown
(g protein/
kg/day) 3.8 ± 1.5 4.7 ± 1.8 6.7 ± 2.1

Corrected St
(g protein/
kg/day) 4.3 + 1.6 5.6 + 1.6 6.7 ± 2.0

N balancet
(g N/kg/day) 0.08 ± 0.10 0.27 ± 0.13 0.32 ± 0.19

* Results represent the means ± S.D. F-Test findings were as fol-
lows: Synthesis, p < 0.01; Breakdown, p < 0.05; Corrected S, p
< 0.05; N balance, p < 0.01. Scheffe's test showed the following
significant differences between groups: Synthesis-I vs. III (p
< 0.01); Breakdown-I vs. III (p < 0.01); Corrected S-I vs. III
(p < 0.05); N balance-I vs. III (p < 0.01).

t Corrected S refers to the whole body protein synthetic rates
corrected for fecal and wound N loss.

t For this calculation, intake represents the actual measured N
intake including whole protein. Output represents the estimated N
loss via urine, wound and stool.
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Discussion

Metabolic studies in the burned child are difficult
to conduct. However, by careful handling of each pa-
tient and with meticulous attention to methodology,
we have succeeded in exploring dynamic aspects of
N metabolism under these conditions. We had origi-
nally hoped that we would be able to regulate the child' s
energy and protein intakes for two or three days, in
order to achieve a relatively ""steady state" ofN metab-
olism in each patient before conducting the [15N]glycine
infusion studies. This procedure, however, was neither
practical nor medically appropriate. However, because
the mean coefficient of variation in '5N-isotopic en-
richment of urinary urea N during plateau was only
7%, it appears that a "steady state" in the metabolic
N pool, satisfactory for our purposes, had been achieved.
The relatively small variation in urea N enrichment
at plateau, as compared to that previously found in
healthy adults,'7 indicates that with short study periods
of two days, there is an achievement of an isotopic
steady state within the metabolic N pool.
The greater variation in urea N excretion in the pres-

ent studies (compared with that observed in healthy
men given a constant protein intake8) suggests some
uncertainty regarding the precision of the estimated
balance between S and C. However, we should empha-
size that the focus of our studies was not the level
of N balance per se, but rather how S and C change
as a function of the severity and duration of the thermal
injury.

In burned patients a portion of tissue protein break-
down occurs at sites not in equilibrium with the admin-
istered tracer, such as the necrotic wound. Thus the
whole body N flux and S and C would be underesti-
mated. Within this context, differences between actual
and estimated rates of S and C are not likely to be
great; hence, these results provide a satisfactory ap-
proximation ofthe relative magnitude ofthe differences
in S and C among the large and small burn size groups.
The markedly higher rates of S that we observed

TABLE 5. Effect of Time after Injury on Mean Values of
Whole Body Protein Synthesis and Breakdown*

0-20 Days 20-40 days Difference
Variable postburn (A) postburn (B) (A-B)

Synthesis
(g protein/
kg/day) 6.8 5.8 1.01t

Breakdown
(g protein/
kg/day) 5.9 4.2 1.63t

* Seven patients studied twice during the course of their recovery.
t p > 0.05.
t p < 0.05 by paired t test.

TABLE 6. Estimates of Wound N Loss in Patients
with Varying Burn Size

Patients grouped by
burn size Wound N loss*

(g N/kg/day)
Per cent total burn:

1(0-24%) (n =4) 0.01 ±0.01
II (25-59%) (n = 9) 0.04 0.02
III(.60%) (n = 10) 0.09 ± 0.07

Per cent open wound:
I (-lO%) (n = 8) 0.02 ± 0.02
11(I1-30%)(n = 6) 0.05 ± 0.02

III (.31%) (n = 6) 0.12 ± 0.06

* Results represent means ± S.D. (F-test, p < 0.01). Scheffes
test showed the following significant differences between groups:
Per cent total burn-I vs. III (p < 0.05), II vs. III (p < 0.05); Per
cent open wound-I vs. III (p < 0.01), 11 vs. III (p < 0.01).

in children recovering from severe burns (-60% BSA)
may provide a partial explanation for the raised basal
metabolic rate noted in burned patients.21 It is also
worth noting that seven of our patients, including all
in the .60% group, had their calorie intakes assessed
on a daily basis during the second to fifth weeks after
injury. The average caloric intake of these patients
was 153% of the mean energy requirements proposed
by FAO/WHO5 for healthy, normal children. Despite
the relatively high mean intake of calories in our pa-
tients, body weight did not change during the period
of study.
There are a number of possible factors, which are

associated with the response to and recovery from
severe thermal injury, that could account for the changes
in whole body protein turnover in the burned children.
In this series of experiments, we have attempted to
evaluate the effects of some of these factors through
a critical statistical analysis of the data, because direct
experimental manipulation of these factors was not
feasible under our conditions. Each study within an
individual occurred at a different stage of recovery
and, frequently, at different levels of nutrient intake.
Thus, we treated each study as an independent obser-
vation. We feel that this approach offers a more relia-
ble method than that of evaluating each patient on an
individual basis, because only a limited number of ob-
servations were possible in any one patient.
Because of the relationships between age and rates

of whole body protein synthesis and breakdown,25
we needed to evaluate the age factor before comparing
the rates in the severely burned group and the recon-
structive surgery patients. In a recent series of studies
with five healthy children, age four to 13 years, rates
of S and C were 4.1 + 1.0 and 3.5 + 0.6 g protein/
kg/day, respectively.-1 These rates are considerably
less than those found in the .60% burn group. It seems
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unlikely that the 100% difference in whole body pro-
tein synthesis between these two groups is due to age-
related differences. This conclusion is further supported
when one considers that the changes occurring in whole
body protein synthesis during growth and developmenl
parallel those in basal energy expenditure over the
same period.25 Because the energy needs of children
between ages 11 and 14 decrease about 21%, one would
expect the rates of whole body protein synthesis tc
show only a small decline during this phase of growth.
We observed a markedly elevated rate ofwhole body

turnover in children recovering from extensive body
surface burns. These patients were receiving generous
protein and energy intakes, and they were in positive
nitrogen balance at the time of each study. Several
plausible hypotheses could be used to explain these
results. It might be speculated that high protein-energy
intakes stimulate increased rates of protein synthesis
and breakdown. This concept has been explored by
Garrow7 in relation to possible mechanisms for pre-
serving energy balance in health. However, covariate
analysis of our data suggested that increases in syn-
thesis and breakdown were related to the size of the
burn injury and that this relationship was independent
of the level of protein and energy intakes. A second
explanation is that burn injury per se and/or the pres-
ence of an open wound that may be infected stimu-
lates an increase in whole body protein turnover. There
are no published data to support or refute this hypothe-
sis. Because our patients were in positive nitrogen
balance and they were receiving high energy and pro-
tein intakes, it is reasonable to speculate that the in-
creased rates of whole body protein turnover are caus-
ally related to the physiologic processes of wound re-
pair and tissue repletion following a period of net body
N depletion. Indeed, the refeeding of malnourished
infants is associated with increased rates of resting
energy expenditure13 as well as with increased rates
of protein synthesis and breakdown.215 However,
nutritional status is difficult to evaluate objectively in
these patients by the use of available methods, and
we do not have unequivocal evidence that the patients
with >60% burns had suffered severe body N depletion.
Although measurements of heat production were not

undertaken in the present studies, it is probable that
the increased protein turnover resulted in an increased
rate of heat production, particularly in the severely
burned children. If this were the case, a portion of
the high energy intake would have been utilized for
meeting the increased energy costs associated with en-
hanced body protein turnover.
We should emphasize that the responses observed

in the present studies apply specifically to burned chil-

dren receiving nutritional support. Thus, the applica-
bility of our results to the thermally injured, non-
growing adult and to patients who may not be receiving
adequate energy and protein intakes during treatment
is unclear. Nevertheless, it seems quite possible that
nutritional therapy will profoundly affect the protein
metabolic response to burn injury.

Finally, an alteration in catecholamine balance has
been suggested to be a mediator of the elevated rates
of energy expenditure in burn injury.21 Ion pump activ-
ity, stimulated by catecholamines,10 may contribute
to the alterations in energy balance and energy utili-
zation that occur during recovery from thermal trauma.
From our results, it is apparent that an increased body
protein turnover would also contribute to an increased
heat production in children who are recovering from
thermal injury.
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