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Abstract

Objective: An accurate knowledge of energy consumption in burn patients is a prerequisite for rational nutrition therapy.
This study sought to create a formula that accounts for the metabolic characteristics of adult burn patients to accurately
estimate energy consumption of patients with different areas and extents of burn and at different times after injury.

Methods: Resting energy expenditure (REE) data on 66 burn patients, with total body surface area (TBSA) of burns ranging
from 4% to 96%, were evaluated at different times after injury. REE values were determined in patients using indirect
calorimetry at days 1, 2, 3, 7, 14, 21, and 28 after injury. We then constructed a mathematical model of REE changes post-
burn. Next, established two new formulas (one non-linear and the other linear) for energy consumption estimation using
model-based analytical solution and regression analysis. The new formulas were compared with measured REE and
commonly used formulas including those of Carlson, Xie, Curreri, and Milner to determine accuracy and reliability.

Results: Comparative analysis showed that the new formulas offered significantly higher accuracy and reliability than the
Milner formula, which is considered the most accurate of commonly used burn energy consumption estimate formulas. The
accuracy of the new nonlinear formula (94.29%) and that of the linear formula (91.43%) were significantly higher than that
of Milner formula (72.86%) when compared to measured REE (y2 = 11.706, P = 0.001; x2 = 8.230, P = 0.004, respectively).
The reliabilities of the new estimation formulas were both 100% and that of Milner formula was 74.24% (2 = 19.513, P =
0.000).

Conclusion: The new formulas constructed in this study provide reliable simulation of the impact of the degree of burn and
post-burn days on energy consumption and offer notably higher accuracy and reliability than other formulas. These
formulas will help determine nutritional needs of burn patients.
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calorimetry provides an accurate determination of the energy
consumption of the patients; however, metabolic cars are
expensive and the utilization rate is only about 66% even in
developed countries like the United States[5]. In addition,
frequent metabolic measurements disturb patients, increase
clinical workload, and compliance is poor for patients with head

Introduction

Severely burned patients have active catabolism and high levels
of energy consumption that can result in progressive weight loss,
immune dysfunction, visceral organ dysfunction, delayed wound
healing, or even death[l-3]. Rational nutrition support is

important for ameliorating nutritional status, reducing complica-
tions, and improving the prognosis of patients[4—6]. An accurate

knowledge of energy consumption is necessary for development of

appropriate targeted nutritional intervention[7-9]. Indirect calo-
rimetry and energy consumption estimation formulas are currently
used to estimate energy consumption in burn patients. Indirect
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and facial burns. A variety of formulas for energy consumption
estimation have been developed to address these limitations. In
2002, Dickerson reviewed 46 energy estimation formulas pub-
lished over the past half century and compared the formulas with
actual energy consumptions in burn patients. The researchers
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concluded that the most accurate formulas were Milner, Zawacki,
and Xie formulas[7]. In 2013, Shields carried out an in-depth
analysis of the Dickerson study and compared nine commonly
used energy estimation formulas; these authors argued that the
Milner and Carlson formulas fit best with actual energy
consumptions|8].

In 1993, our research group established a formula for energy
consumption estimation based on the body surface area and the
percent burned area[10,11]. This is referred to as the Xie formula
by Dickerson but in China is known as the Third Military Medical
University Adult Burn Patients Energy Consumption Estimation
Formula or the TMMU Formula. This formula was included in
the 2005 edition of Chinese Burn Treatment Guidelines and has
been adopted by many Chinese burn units for prediction of energy
consumption of burn patients[12,13]. Dickerson gave a high
evaluation of the Xie formula and noted that it was particularly
attractive for clinical practice[7]. After over two decades of use, we
have found that although the Xie formula is simple and practical,
it overestimates energy consumptions in patients with extensive
burns. Our calculations showed that estimated values produced
from the Xie formula are about 15%, 23%, and 40% higher than
measured resting energy expenditure (REE) values in patients with
total body surface areas (IBSA) burned of 31-50%, 51-70%, and
71-100%, respectively[6,11,12]. Another limitation is that the
formula does not consider the burn course, even though energy
consumption is closely correlated with burn course, especially
within the first month post-burn[6,14-17].

The energy consumption of burn patients is regulated by
numerous factors including patient characteristics (age, sex, body
surface area, nutritional status, and disease factors) and by the
burn area, burn depth, and post-burn days[18,19]. Studies have
shown that there i1s no simple linear relationship between energy
consumption and burn area and post-burn days, and the use of a
simple linear equation for energy consumption estimation
produces estimates that deviate greatly from actual val-
ues[14,16,20]. However, all the energy estimation formulas
currently available are based on linear equations, and most of
the formulas (except for Miler) do not account for variation due to
the number of post-burn days[7-9].

In this research, indirect calorimetry was used to determine
energy consumption data from patients with different areas of
burn and at different times after burn, and we sought to build a
mathematical model that reflected changes in the rate of energy
consumption over time. The non-linear formula developed for
energy consumption estimation accurately reflects different burn
areas and number of days since injury. In order to facilitate clinical
use, we performed piecewise linear fitting for the formula and
generated four simplified linear estimation formulas that are
applicable to patients with different burn areas and at different
times post injury. The practical and accurate formulas for energy
consumption estimation reported here fit well with the metabolic
characteristics of the Chinese people and will enable rational
nutritional support of burn patients.

Materials and Methods

Ethics statement

The protocol of the study was approved by the Committee of
Medical Ethics of the Southwest Hospital of The Third Military
Medical University (approval number: KY201312). All patients or
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legal representatives were informed of the aims and methods of
study and signed a written informed consent before the start of the
experiment. The study was registered on Chinese Clinical Trial
Registry (registration number: ChiCTR-TRC -13003806).

Subjects

Sixty-six burn patients (48 men and 18 women) were enrolled in
the study; ages ranged from 18 to 52 years, and TBSA affected
ranged from 4% to 96%. Patient characteristics are summarized in
Table 1. The patients were divided into ten groups depending on
TBSA at 10% intervals with each group containing 4 to 9 patients.
Patients burned with chemicals or with electrical burns, patients
with inhalation injuries, or patients with severe diseases of heart,
liver, kidney, or hematopoietic systems or with metabolic diseases
such as diabetes or hyperthyroidism before injury were excluded.
All patients were admitted within 24 hours of injury and were
immediately given anti-shock fluid resuscitation. For patients with
TBSA> 30%, the wounds were treated with silver sulfadiazine for
eschar preservation, and antibiotics were given systemically.
Eschar excision and skin grafting were begun three days after
burn injury and were performed 3 to 4 times within the next
month to gradually close the wounds. For patients with minor
burns (TBSA <30%), the wounds were treated with Iodophor
after debridement and were semi-exposed for eschar preservation.

Resting energy expenditure (RRE) was determined at 1, 2, 3, 7,
14, 21, and 28 days post-burn using indirect calorimetry. Briefly,
the room temperature was kept at 28-30°C.. Before determination,
patients were allowed to rest at least 20 min in a supine position.
Patients wore the mask for 10 min for adaptation prior to
measurement. REE values were calculated through analysis of
consumed oxygen and exhaled carbon dioxide. Patients did not
receive surgery in the two days before REE determination. REE
was measured at 9-10 a.m. and again at 5-6 p.m. Each evaluation
lasted no less than 30 minutes. The average value of the two tests
was used as the REE value of the day. These data are summarized
in Table 2, and the detailed information is put in File S1.

Establishment of a nonlinear estimation formula

The plot of REE per unit body surface area (BSA, m?) in burn
patients as a function of TBSA and post-burn day (PBD) showed
several S-shaped curves (Figure 1). Accordingly, we assumed that
the rate of change of REE as a function of TBSA and PBD satisfies
the following differential equation:

OREE

m—ﬂl-deTBSA—Fa}XPBD, (1)
OREE

m:bl—bszBD+b3XTBSA7 (2)

The definitions of the parameters and the units are given in
Table 3.

Since equations (1) and (2) are linear differential equations, the
analytical solution is:
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Table 1. Subject characteristics (=66, M=48, F=18).

Energy Consumption Estimation of Burned Patients

Characteristic Mean Standard deviation Range
Age (yr) 31.06 8.79 18~52
Height (m) 1.63 0.05 1.50~1.71
Weight (kg) 55.04 5.15 45~70
BSA (m?) 1.58 0.09 1.37~1.79
TBSA (%) 45.65 28.17 4~96
Third degree (%) 24.00 21.91 1~80

doi:10.1371/journal.pone.0110409.t001

b
REE=co+a, x TBSA+b, x PBD— % x TBSA> — 52

, (3
x PBD? + (a3 +b3) x TBSA x PBD

wherein ¢ indicates daily REE level required by healthy humans
(kcal « m™?). Formula (3) is a non-linear theoretical formula that
uses both TBSA and PBD to predict REE per unit body surface
arca (m?).

Establishment and simplification of linear estimation
formulas

Given the measured REE changes after injury in the subjects
evaluated, we categorized patients as those with TBSA> 70% and
those with TBSA = 70%. We further distinguished between two
time periods: 0-14 days post-burn and 15-28 days post-burn.
Based on these divisions, we built linear estimation formulas
appropriate for these types of patients using multiple regression
analysis. In order to make the formula simple and practical, each
of the estimation parameters in the above formula was rounded
where appropriate.

Comparison of estimation formulas

The newly built formula for energy consumption estimation was
compared with commonly used formulas including those of
Carlson, Xie, Curreri, and Milner (Table 4) for accuracy and
reliability by determining to what extent the estimates derived
from these formulas deviated from actual REE measurements.
Based on clinical practice, 80% to 120% of the actual energy
consumption was adopted as the acceptable accurate range. The
extent to which the estimates from these formulas matched the
actual energy consumptions of burn patients was assessed by
calculating whether values estimated with each of the formulas fell
within the acceptable range.

As Carlson, Xie, and Curreri formulas do not consider the PBD
variable, we averaged the actual REE measurements at seven
different PBD points and compared the average with estimated
values from the formulas derived in this study and from the Milner
formula. The non-linear and linear formulas developed here and
the Milner formula include the time variable, therefore we
considered the impact of both TBSA and PBD simultaneously. A
total of 70 different combinations of TBSA and PBD were
available (ten TBSA intervals multiplied by seven PBD points).
Finally, the overall reliability of the estimation formulas was
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evaluated by determining the extent to which the estimates
matched the actual REE measurements in the 66 patients in our

study group.

Statistical analysis

All data are presented as means * standard deviation, and all
data passed a normal distribution test. Using the data in Table 2
and regression analysis, we obtained the values of the parameters
in the new non-linear and linear formulas for energy consumption
estimation. Using the coefficient of determination and F-statistic,
we determined the goodness of fit of the regression equations with
the measured values. The accuracy of formulas and their overall
reliability were compared using the chi-square test, and Fisher’s
exact test was performed for correction of continuity when the
total sample size was less than 40 or the theoretical frequency was
less than 5. Statistical analysis was performed with SPSS (version
17.0), and a two-tailed probability value of less than 0.05 was
considered statistically significant.

Results

Nonlinear estimation formula

Using data from Table 2 and the formula (3) and using multiple
linear regression, we estimated values of the parameters TBSA,
PBD, and BSA. The values of the coefficient of determination
R?=0.907 and F(5,64)=124.971 (P = 0.000) indicated that the
formula fit well with the measured data. Formula (3) was designed
to estimate the REE per unit BSA, which was multiplied by body
surface area BSA, to generate the nonlinear estimation formula
that predicts REE of burn patients using PBD and TBSA:

REE =(1094.2477+7.3670 x TBSA+22.3935 x PBD
—0.0766 x TBSA* —1.3496 x PBD? (4)
+0.4568 x TBSA x PBD) x BSA,

Linear estimation formulas based on TBSA and PBD
Using multiple linear regression, we also obtained linear
formulas for energy consumption estimation based on TBSA
and on PBD (Table 5). For convenience in clinical applications,
the coeflicients in the linear formulas were rounded to generate the
following simplified linear formula for energy consumption
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estimation:

(1130+7x TBSA+10x PBD) x BSA,  if TBSA<70 and PBD<14,
(1330+10x TBSA—14 x PBD) x BSA, if TBSA<70 and PBD> 14,
(1350—0.4 x TBSA+33 x PBD)x BSA, if TBSA>70 and PBD<14,
(146042 x TBSA+12 x PBD) x BSA, if TBSA>70 and PBD > 14.

REE=

We plotted the solution surfaces of the non-linear estimation
formula (4) and the simplified linear estimation formula (5) using
Matlab 7.0. As shown in Figure 2, we found that the solution
surfaces of our new formulas fit well to the experimental data
(Table 2), indicating that these formulas offer reliable simulation of
REE changes in patients with different burn areas and at different
times after injury.

Application and comparison of formulas

The comparisons of the estimates of energy consumption
obtained from various formulas are shown in Table 6. When only
TBSA was considered, the accuracies of the non-linear formula (4)
and the linear formula (5) were both 100%; those of the commonly
used Milner, Carlson, Xie, and Curreri formulas were 70%, 70%,
50%, and 30%, respectively (Figure 3). The chi-square test showed
that only the Xie formula and the Curreri formula had
significantly different accuracy from the newly built formulas
(x2 = 6.667, P = 0.033; x2 = 10.769, P = 0.003 for nonlinear
and linear formulas, respectively).

When both TBSA and PBD were considered, we found that the
accuracies of the new nonlinear formula (94.29%) and the linear
formula (91.43%) were significantly higher than that of the Milner
formula (72.86%) (2 = 11.706, P = 0.001; x2 = 8.230, P =
0.004, respectively), whereas no significant difference in accuracy
was noted between the non-linear formula and the linear formula
(x2 = 0.431, P = 0.512) (Figure 3). Furthermore, for different
TBSA or different combinations of TBSA and PBD, the
estimation errors and the variation ranges of the new formulas
were closer to zero than those of other formulas commonly used in
the clinic, suggesting the new formulas are more accurate (See
Table S1 and Table S2 for the details).

In addition, the overall reliabilities of the new estimation
formulas were both 100% (Figure 4). Thus, the REE estimates for
each of the 66 patients were located within the range of 20%
above or below REE measurements. In contrast, as shown in
Figure 4, the overall reliabilities of estimates obtained with the
other formulas were significantly worse, with the Milner formula
the most reliable (74.24%) and the Curreri formula the least
(37.88%). The chi-square tests showed that the reliability of the
Milner formula was also significantly lower than that of our new
estimation formulas (2 = 19.513, P = 0.000, Figure 3).

Discussion

Severe burns lead to increased catabolism and higher energy
consumption, and optimal patient care requires knowledge of the
nutritional needs of the burn patients [21-26]. When underfed,
patients may have complications that result in poor prognosis.
However, over feeding increases metabolic burden and aggravates
a patient’s internal environment [27-32]. Although accurate
knowledge of energy consumption in burn patients is necessary for
development of a nutritional regimen, numerous factors result in
observed energy metabolism after burn injury and most of the
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Figure 1. Three-dimensional display of the average REE data of burned patients plotted vs. TBSA and PBD. Circles represent average

REE measurements.
doi:10.1371/journal.pone.0110409.g001

formulas currently available for energy consumption estimation
suffer from limitations.

Our present study demonstrated that the extent of the burn
(TBSA), post-burn days (PBD), and body surface area (BSA) were
the main factors that affected REE in burn patients. TBSA and
PBD are burn-related variables and are the core contributors to
changes in energy metabolism after injury. Measurements of RRE
in a group of 66 patients showed that the change in REE after
burn was not a simple, straight line, but an S-shaped curve closely
related to the TBSA, PBD, and BSA. Patients with different
extents of burn showed significant differences in the REE changes
with time. Starting REE values were higher in patients with
moderate to severe burn (TBSA: 20-70%) than those with
extremely severe burns, but rose more slowly, peaking 7-14 days
after injury before declining slowly. In patients with extremely
severe burn (TBSA> 70%), due to severe shock and metabolic

mhibition, REE values were low at baseline, but surged after the
shock stage (PBD 3-5), and generally peaked at PBD 21 before
leveling off.

Given that most formulas currently available for energy
consumption estimations are linear equations that fail to take into
account the time factor, we built an estimation formula that
contains PBD (post-burn days) as a core factor. By using a
differential equation model and regression analysis, we generated a
nonlinear equation, formula (4), for energy consumption estima-
tion that incorporates TBSA and PBD. This formula offered
significantly higher accuracy than formulas commonly used in
clinical practice. As the nonlinear formula involves very complex
calculations, we sought a simple formula that could be readily
applied in clinical practice. Therefore, considering the impact of
TBSA and PBD on REE, we converted the original non-linear
estimation formula to four linear estimation formulas using
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Table 3. Definitions and units of the parameters in equations (1) and (2).

Parameter Definition Unit

a; intrinsic rate of increase of REE as a function of TBSA kcal-m~2-TBSA ™"

a, metabolic inhibition coefficient of TBSA for the rate of change of REE after exceeding the  kcal-m~2-TBSA™2
metabolism limit

as synergistic coefficient of PBD for REE as a function of TBSA kcal-m~2TBSA~'-PBD '

b; intrinsic rate of increase in REE as a function of PBD kcal'm~2-PBD !

b, metabolic inhibition coefficient of PBD for the rate of change of REE after exceeding the  kcal-m~2-PBD 2
metabolism limit

bs synergistic coefficient of TBSA for REE as a function of PBD kcal'-m™2-TBSA™'-PBD ™'

doi:10.1371/journal.pone.0110409.t003
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Table 4. Formulas commonly used in clinical practice.

Energy Consumption Estimation of Burned Patients

Formula Expression

Carlson([8] REE=BMR x[0.89142+(0.01335 x TBSA)] x BSA x 24 x AF

Xie[7,10] REE =(1000 x BSA)+ (25 x TBSA)

Curreri[5,7] REE=(25x WT)+ (40 x TBSA)

Milner[8,21] REE=BMR % (0.274+0.0079 x TBSA—0.004 x PBD)+ BMR] x BSA x 24 x AF

equation (healthy population, 1951):
Men: 54.337821 —(1.19961 x Age)+(0.02548 x Age?)—(0.00018 x Age?)
Women: 54.74942 — (1.54884 x Age)+(0.03580 x Age?) —(0.00026 x Age?)

doi:10.1371/journal.pone.0110409.t004

piecewise linear fitting. The use of TBSA of 70% as the dividing
point for the formula produced one formula for moderate and
severe burn patients and another for patients with extremely
severe burns. The use of PBD 14 as the dividing point for the
formulas produced two additional equations. Through this linear
fitting, we greatly simplified the estimation formulas while
maintaining their accuracy. The four new formulas described
are accurate and enable straightforward estimation of the energy
needs of Chinese adults with burn injuries.

The energy consumption estimate based on the unit burn area
(also known as the burn area-related coefficient) is the core
determinant of the accuracy of energy estimation formulas. For
example, according to the Xie formula, the energy consumption
for every 1% TBSA is estimated to be 25 kcal. This formula is
relatively accurate when used for energy estimates of patients with
TBSA 30-70%, with an error of about 20%. However, for patients
with TBSA ranging from 71% to 100%, the formula produces
estimates about 40% higher than measured values[6,11,12]. The
reason is that energy consumption does not have a simple linear
relationship with burn area. When the burn area reaches a certain
level, a further increase in burn area does not lead to proportional
REE increases. When TBSA is greater than 70%, the estimated
25 keal for each 1% TBSA is too high, and the error is significant.
In the Curreri formula, the energy estimate for every 1% TBSA is
40 kcal, and estimates made using this formula are much higher
than actual consumptions of severe burn patients. The Curreri
formula was once the most commonly used energy estimation
formula in Europe and the United States, but the utilization rate
has declined from 60% to 4%, and it is no longer a commonly
used formula[5,7].

Notes: BMR, basal metabolic rate in healthy subjects; BSA, body surface area; AF, activity factor (typically 1.2-1.4). BMR (in kcal/m?/hr) was determined using the Fleisch

BSA (in m?) is the square root of (HTxWT)/3600. Here HT is height in cm, and WT is weight in kg.

The extent to which the energy estimates based on unit burn
area fits the change pattern of energy consumption in burn
patients directly affects the accuracy of estimation formulas. We
established two formulas that take into account the size of the burn
area: one for patients with TBSA> 70% and the other for those
with TBSA = 70%. In the former estimation formula, the energy
estimate per 1% TBSA is 7 kcal in the 14 days immediately after
injury and 10 kcal at longer times post-burn. Based on this
estimate REE will increase by 9.8-18 kcal (multiplied by BSA
coeflicient 1.4-1.8) for every 1% TBSA increase; this fits well with
measured energy requirements for patients with moderate to
severe burns. When TBSA is greater than 70%, REE changes as a
result of an increase in burn area were insignificantly. Therefore,
the coefficient of energy consumption per unit burn area was low
at —0.4 and 2 in the formulas we built. Even when BSA is taken
into account, energy consumption changes very little with each 1%
increase in TBSA. A careful analysis of the change in pattern of
REE in patients with extremely severe burn showed that REE
peaked with TBSA at 80%, after which further increases in burn
area resulted in a lower REE rather than a higher REE. For these
patients, number of days post-burn is an important factor affecting
REE. The time coeflicients were 33 and 12 before and after PBD
14, respectively. Within the first 14 days after injury, REE
increased by 46-60 kcal with each passing day, and after PBD14,
REE increased by about 17-22 kcal until PBD 28. For patients
with TBSA <70%, REE peaked at about PBD 14, before which
the time coefficient was 10, indicating a daily increase of 14—
18 kcal. REE showed a downward trend after PBD 14 for these
patients, with a time coefficient of —14, which means that starting
from PBD 15, REE was reduced by approximately 20-25 kcal

Table 5. Results of the multiple linear regression for energy consumption estimation.

TBSA
(%) PBD (days)

PBD=14

PBD>14

=70%  REE=(1122.4345+6.8634 x TBSA
+9.1156 x PBD) x BSA
R2=0.923,F(2,20)=107.449,P=0.000
>70%  REE=(1346.1578—0.4040 x TBSA
+32.1819 x PBD) x BSA
R2=0.842,F(2,8)=15.965,P=0.004

REE =(1326.4286+9.8823 x TBSA
—13.8294 x PBD) x BSA
R?=0.963,F(2,20)=235.421,P=0.000

REE = (1460.5689 + 1.3440 x TBSA
+11.9390 x PBD) x BSA
R2=0.684,F(2,8)=6.491,P=0.032

doi:10.1371/journal.pone.0110409.t005
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Resting energy expenditure (REE, kcal- m2. day'1)

Total body surface area (TBSA, %) Postburn day (PBD, days)
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Figure 2. Comparison of estimates from energy consumption estimation formulas and experimental data. (A) Non-linear estimation
formula (4) and (B) linear estimation formula (5). The circles represent average REE measurements for each patient.
doi:10.1371/journal.pone.0110409.g002
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with each passing day. In summary, this new simplified REE
estimation formula, formula (5), fits well with the actual impact of
the degree of burn and post-burn days on energy consumption in
burn patients, providing accurate yet simple estimates of the actual
energy needs of burn patients.

The Carlson formula provides a reasonable coeflicient of burn
area and its estimated values are also relatively close to the real
values. However, the weakness of the formula is that it does not
take into account post-burn days and, therefore, does not reflect
the dynamic changes in energy consumption in burn patients|8].
The Milner formula is now recognized as the most accurate
estimation formula currently in use clinically, it considers basal
metabolic rate and the three core factors that affect energy
consumption after burn: TBSA, PBD, and BSA[8,21]. The
weakness of the formula is that the coefficient of post-burn days
is negative, suggesting gradually decreased energy estimates over
time after burn, which is inconsistent with the marked rise in
energy metabolism in the early stage after burn injury.

Based on clinical nutrition practice, this study adopted the range
of 20% above or below actual REE measurements in burn patients
as the numerical range for judging the accuracy and overall
reliability of estimation formulas[6,7,17,18]. A comparison of the
nonlinear and linear equations we developed in this study with
several other commonly used formulas showed that our new
formulas had significantly higher overall reliability and accuracy
than other formulas. Using the new formulas estimates for all
patients fell within the range of 20% below or above the measured
values. In contrast, the other formulas all generated estimates
outside this range, and even the Milner formula, which is now
recognized as the most accurate formula currently used, had a
match rate of only 74.24%. The estimates from all the other
formulas were higher than 20% of measured values, suggesting
that these formulas significantly overestimate energy consumption
by burn patients, especially those with severe burns. The formulas
we established in this study provide accurate estimates of the
energy consumptions of burn patients and will be of great value for
the development of rational nutrition therapy programs to prevent
overfeeding but ensure adequate nutritional supplementation.

Through long-term clinical observations, we have found that
the response to burn injury is closely related to the degree of
disease severity. Burn area is the most intuitive indicator of patient
prognosis. Patients with TBSA> 70% show marked differences
from patients with TBSA <70% in terms of pathophysiological
reactions and have remarkably higher mortality rates[33,34].
When it comes to energy consumption in burn patients, patients
with TBSA <70% show higher starting REE, smaller increase,
and a shorter time to peak than those with severe burns. In
contrast, extremely severe burn patients have low starting REE,
steep rises in energy requirements, and a long time to peak. Our
energy estimation formula takes into account these characteristics
of burn patients, and we use a burn area of 70% as the dividing
point. Patients were further divided into two groups based on time
since injury: up to 14 days and beyond 14 days. The four
simplified energy estimation formulas accommodate the two key
factors of the degree of burn and time after injury, making them
relatively simple yet accurate.

The new energy estimation formulas we built for adult burn
patients produce estimates very close to actual consumption with
favorable accuracy and simplicity; however, the new formulas still
suffer from some drawbacks. For example, the degree of burn is
assessed by burn area alone. In fact, the depth of burn also exerts a
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Figure 3. Comparison of accuracy and reliability of different formulas. “*" denotes comparison with the new non-linear estimation formula;
“+" indicates comparison with the new linear estimation formula; “*” or “+" indicates P <0.05; “**” or “+ +" indicates P <0.01.
doi:10.1371/journal.pone.0110409.9003

very significant effect on metabolism. For patients with the same
burn area, those with second-degree burns have different energy
needs than those with third-degree burns. However, the determi-
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nation of burn depth depends mainly on clinical experience. Due
to the absence of objective and accurate tests, we did not
incorporate burn depth as a variable.
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Figure 4. Reliabilities of different formulas. The solid line represents the ideal case of complete match between REE estimates and REE
measurements (x=y), and the dashed lines represent 20% over or below the ideal match. Data points that fall between the two dashed lines are

indicated by blue “*”;

g,

doi:10.1371/journal.pone.0110409.g004
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those outside are indicated by red “0”. Percentage represents the proportion of data points that fell between the two dashed

lines. MEE, measured resting energy expenditure.
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Metabolic changes in burn patients are complicated and are
regulated by numerous factors[1-3,6]. Therefore, no formula can
generate estimates completely consistent with actual energy
consumptions in burn patients, and the formulas can only provide
a rough range. Decision making on energy supply should be based
on the specific conditions of the patients. In addition to
considering predicted energy needs, physicians must also consider
the metabolic ability of the patients. Patients’ abilities to
metabolize the energy supplied can be less than the energy
consumption for quite some time after burn. With accurate
formulas for prediction of energy needs, we can gain accurate
insight into energy debt and cumulative energy imbalance of burn
patients and provide reliable data for timely adjustment of
nutrition regimens and prognosis prediction.
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