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Purpose: This study aimed to compare the resting energy expenditure (REE) measured using indi-
rect calorimetry with that estimated using predictive equations in severe trauma patients to deter-
mine the appropriate caloric requirements. 
Methods: Patients admitted to the surgical intensive care unit between January 2020 and March 
2023 were included in this study. Indirect calorimetry was used to measure the patients’ REE values. 
These values were subsequently compared with those estimated using predictive equations: the 
weight-based equation (rule of thumb, 25 kcal/kg/day), Harris-Benedict, Ireton-Jones, and the Penn 
State 2003 equations. 
Results: A total of 27 severe trauma patients were included in this study, and 47 indirect calorimetric 
measurements were conducted. The weight-based equation (mean difference [MD], –28.96±303.58 
kcal) and the Penn State 2003 equation (MD, – 3.56±270.39 kcal) showed the closest results to REE 
measured by indirect calorimetry. However, the REE values estimated using the Harris-Benedict 
equation (MD, 156.64±276.54 kcal) and Ireton-Jones equation (MD, 250.87±332.54 kcal) displayed 
significant differences from those measured using indirect calorimetry. The concordance rate, 
which the predictive REE differs from the measured REE value within 10%, was up to 36.2%. 
Conclusions: The REE values estimated using predictive equations exhibited substantial differences 
from those measured via indirect calorimetry. Therefore, it is necessary to measure the REE value 
through indirect calorimetry in severe trauma patients. 
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INTRODUCTION  

Background 
Proper nutritional support plays a crucial role in the recovery of 

critically ill patients. Overfeeding and underfeeding are poten-
tially associated with mortality [1,2]. Overfeeding can lead to 
complications such as infection, hyperglycemia, and ventilation 
weaning failure. Underfeeding can have some complications 
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such as infection, skeletal muscle loss, impaired immune func-
tion, and delayed wound healing. Several studies have reported 
the importance of determining and supplying the appropriate 
amount of calories [2–6]. The American Society for Parenteral 
and Enteral Nutrition (ASPEN) and European Society for Clini-
cal Nutrition and Metabolism (ESPEN) guidelines recommend 
indirect calorimetry use to measure patients’ appropriate caloric 
intakes [7,8]. However, using indirect calorimetry in the clinical 
setting is challenging due to the associated costs and required re-
sources. Therefore, the ASPEN guidelines recommend that a 
published predictive equation or simplistic weight-based equa-
tion (25 to 30 kcal/kg/day) be used to determine energy require-
ments [7]. 

Notwithstanding, several studies have reported that these 
predictive equations are not sufficiently accurate [2,4,9,10]. 
Since calculations involving predictive equations are based on 
parameters such as patient height, weight, sex, and age, they do 
not accurately reflect a patient’s actual condition. In particular, 
severe trauma potentially leads to a cascade of metabolic re-
sponses. In addition to primary traumatic injury, various meta-
bolic responses occur due to secondary injury, such as massive 
transfusion, resuscitation, generalized inflammation, and infec-
tion [11,12]. Although most trauma patients have normal nu-
tritional statuses before hospital admission, these metabolic re-
sponses increase the risk of malnutrition. Therefore, determin-
ing the appropriate caloric requirements for trauma patients is 
imperative. 

Objectives 
This study aims to compare the resting energy expenditure 
(REE) measured by indirect calorimetry in severe trauma pa-
tients with the value obtained through the predictive equa-
tions. 

METHODS 

Ethics statement 
This study was approved by the Institutional Review Board of Asan 
Medical Center (No. 2023-0355). The requirement for informed 
consent was waived due to the retrospective nature of the study.

Study setting and patients 
This study retrospectively investigated trauma patients admit-
ted to the surgical intensive care unit (ICU) between January 
2020 and March 2023. Severe trauma patients with an Injury 
Severity Score (ISS) ≥15 who had undergone mechanical ven-
tilation for more than 3 days were included in this study. Pa-
tients aged <18 years who were unable to undergo indirect cal-
orimetric measurement (fraction of inspired oxygen >0.6, 
bronchopleural fistula, and/or persistent air leakage) were ex-
cluded. Patient-related data were retrospectively collected from 
electrical medical records and analyzed. Nutritional status at 
the ICU admission was classified according to the ASPEN mal-
nutrition criteria [13]. 

Indirect calorimetric measurement 
Indirect calorimetry was performed using a CARESCAPE Moni-
tor B650 (GE Healthcare). REE was measured by three well-ex-
perienced critical care nurses. Measurements were conducted 
under the following strict conditions to obtain accurate results: (1) 
prohibition of interventions, such as positioning, suctioning, or he-
modialysis that may stimulate the patients; (2) indirect calorimetric 
calibration for ≥10 minutes before each measurement; and (3) rest 
for ≥30 minutes before each measurement. Oxygen consumption 
and CO2 production were measured, and the respiratory quotient 
and REE were calculated using the Weir equation. 

Predictive equations 
REE was estimated using four predictive methods: the weight-

Table 1. Predictive equations for REE 

Name Equation
Weight-based equation [14] REE=25×W
Harris-Benedict equation [15] Male: REE=1.3 (stress factor)×(66.47+13.75×W+5×H–6.755×A)

Female: REE=1.3 (stress factor)×(665.1+9.563×W+1.85×H–4.676×A)
Ireton-Jones equation [16] (for ventilated patients) Male: REE=2028–11(A)+5(W)+239(T)+804(B)

Female: REE=1,784–11(A)+5(W)+239(T)+804(B)
Penn State 2003 equation [17] REE=0.85×HBE+175×Tmax+33×VE–6433
REE, resting energy expenditure; W, actual body weight (kg); H, height (cm); A, age (yr); T, trauma; B, burn; HBE, Harris-Benedict equation; 
Tmax, maximum body temperature (°C); VE, expired minute volume.
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based equation (rule of thumb, 25 kcal/kg/day) [14], Harris-Ben-
edict equation [15], Ireton-Jones equation (for ventilated pa-
tients) [16], and the Penn State 2003 equation [17] (Table 1). 

Outcomes 
The primary outcome was the comparison between indirect cal-
orimetry–measured and predictive equation–derived REE val-
ues. The secondary outcome was the concordance rate between 
the measured and predicted REE values. The concordance rate 
was defined as the value of the predictive equation–estimated 
REE that was within the 90% to 110% range of the indirect calo-
rimetry–measured REE value. 

Statistical analysis 
Continuous, normally distributed variables are presented as 
mean± standard deviation. Measurements were compared using 
the paired t-test. Bland-Altman method was used to calculate the 
mean difference (MD) between predicted and measured REE 
values. Statistical significance was set at P< 0.05. Statistical analy-
ses were conducted using R ver. 4.2.3 (R Foundation for Statisti-
cal Computing). 

RESULTS 

A total of 47 indirect calorimetric measurements were performed 
on 27 trauma patients whose mean age was 55.6± 18.3 years (Fig. 
1). Traffic accidents, the most common cause, accounted for 15 
patients (55.6%). The average ISS was 28.6± 11.1, and 25 patients 
(92.6%) had normal nutritional statuses before ICU admission. 

103 Trauma patients admitted to the 
surgical ICU

from January 2020 to March 2023

76 Excluded
67 �Patients who did not receive mechanical 

ventilation
8 �Patients discharged from the ICU within �

2 days 
1 �Patient whose indirect calorimetry was 

not measured during the ICU period

27 Patients included

47 Indirect calorimetry measurements
1 Measurement (12 patients)
2 Measurements (12 patients)
3 Measurements (1 patient)
4 Measurements (2 patients)

Fig. 1. Patient selection flowchart. ICU, intensive care unit.

Table 2. Characteristics of enrolled patients (n=27) 

Characteristic Value
Sex
  Male 20 (74.1)
  Female 7 (25.9)
Age (yr) 55.6±18.3
Underlying disease
  Diabetes mellitus 3 (11.1)
  Hypertension 6 (22.2)
  Liver cirrhosis 2 (7.4)
  Chronic kidney disease 0
  Other 8 (29.6)
Cause of trauma
  Traffic accident 15 (55.6)
  Fall 11 (40.7)
  Other 1 (3.7)
Injury Severity Score 28.6±11.1
Body mass index (kg/m2) 23.8±3.4
Nutritional status at ICU admission
  Normal 25 (92.6)
  Moderate 1 (3.7)
  Severe 1 (3.7)
Continuous renal replacement therapy 1 (3.7)
Median number of measurements in indirect  

calorimetry
2 (1–2)

Enteral nutrition at the indirect calorimetric  
measurement

18 (38.3)

Time from ICU admission to indirect calorimetric 
measurement (day) (n=47)

18.8±14.6

Mean fraction of inspired oxygen (n=47) 35.1±6.2
Length of ICU stay (day) 30.4±15.7
Length of hospital stay (day) 53.4±27.9
Mortality (%) 0
Values are presented as number (%), mean ± standard deviation, or 
median (interquartile range).
ICU, intensive care unit.

The average length of stay in the ICU was 30.4 ± 15.7 days, and 
the average length of hospital stay was 53.4± 27.9 days (Table 2). 

The mean indirect calorimetry–measured REE value was 
1,613.0± 382.2 kcal, and the respiratory quotient was 0.73± 0.06. 
Among the four predictive equations, the weight-based equation 
(MD, –28.96 ± 303.58 kcal) and the Penn State 2003 equation 
(MD, –3.56±270.39 kcal) yielded the closest results, while Har-
ris-Benedict and Ireton-Jones equations exhibited differences of 
156.64 ±276.53 kcal (P =0.024) and 250.87 ±332.54 kcal 
(P=0.001), respectively. However, the concordance rate deviated 
from 27.6% to 36.2% (Table 3). Bland-Altman analysis revealed 
that each predictive equation–derived REE value differed signifi-
cantly from the indirect calorimetry–measured REE value (Fig. 2). 
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DISCUSSION 

When treating severe trauma patients, proper nutritional therapy 
is important for their recovery. It is important to supply appropri-
ate caloric requirements according to the patient’s recovery prog-
ress. Nevertheless, determining these values in actual clinical set-
tings proves challenging. Therefore, although several guidelines 
recommend indirect calorimetry use for critically ill patients, us-
ing this technique is difficult due to various limitations. In partic-
ular, few hospitals use indirect calorimetry in Korea due to chal-
lenges such as insurance fees. 

Therefore, this study analyzed the concordance of predictive 
equations in comparison to that of indirect calorimetry. Four 
predictive equations typically used for critically ill and trauma 
patients were compared with the measured REE of indirect calo-
rimetry. Among the four predictive equations, the simple weight-
based equation and the Penn State 2003 equation yielded results 
that were most consistent with the indirect calorimetry–mea-
sured REE value. Several studies have reported that the Penn 
State 2003 equation showed the best results among several pre-
dictive equations. In a study by Kwon et al. [18], the Penn State 
equation produced the highest r-value (0.742; 95% confidence 
interval, 0.636 to 0.821) and least MD (54.8 kcal; range: –595.9 to 
705.5). A study by Lee et al. [19], which targeted liver transplant 
patients, also found the Penn State equation showed the closest 
result to the measure REE. Kamel et al. [20] and Zusman et al. 
[21] reported that the Harris-Benedict equation yielded the clos-
est REE value to that measured using indirect calorimetry; never-
theless, our study revealed a vast difference between the Har-
ris-Benedict equation–derived REE value and that measured via 
indirect calorimetry. In contrast, our study found the REE value 
estimated using the weight-based equation to be most consistent 
with that measured using indirect calorimetry. 

However, when the concordance rate was analyzed to ascertain 

Table 3. Comparison of measured REE with prediction equation–estimated REE values (n=47) 

Variable Mean±SD (kcal) MD between measured and predicted
REE values (kcal) P-value Concordance rate (%)

Indirect calorimetry
  Measured REE 1,613.0±382.2 - - -
  Respiratory quotient 0.73±0.06 - - -
Weight-based equation (25 kcal/kg) 1,584.0±226.7 –28.96±303.58 0.656 27.6
Harris-Benedict equation 1,770.0±270.5 156.64±276.53 0.024 36.2
Ireton-Jones equation 1,864.0±265.6 250.87±332.54 0.001 27.6
Penn State 2003 equation 1,609.9±293.4 –3.56±270.39 0.959 36.2
REE, resting energy expenditure; SD, standard deviation; MD, mean difference.

whether the error between the measured and predictive equa-
tion–derived REE values was within 10%, considerable dispari-
ties were obtained. Several studies have reported differences be-
tween predictive equation–derived and indirect calorimetry–
measured REE values [4,20,21]. In a study by Zusman et al. [21], 
which retrospectively analyzed a large cohort of 1,440 critically ill 
patients, the concordance rate was analyzed based on an error of 
15%. Moreover, the Harris-Benedict equation generated the best 
result, with a concordance rate of 15%, and other predictive 
equations yielded low concordance rates. In a study by Kamel et 
al. [20] on critically ill surgical patients, including trauma pa-
tients, the Harris-Benedict equation exhibited the highest concor-
dance rate (65.2%). However, most of the other predictive equa-
tions yielded low concordance rates of 40% to 50%. In our study, 
which exclusively included severe trauma patients, all four predic-
tive equations produced concordance rates within the 27.6% to 
36.2% range, and they were lower than those in other studies. This 
means that it is more difficult to evaluate the appropriate caloric 
requirement through a predictive equation in severe trauma pa-
tients. Bland-Altman analysis revealed that each predictive equa-
tion’s REE value drastically deviated from the mean indirect calo-
rimetry–measured REE value. Therefore, it is necessary to eval-
uate an appropriate caloric requirement through IC for severe 
trauma patients with complicated metabolic responses. 

Limitations 
This study has several limitations. First, the number of samples 
was small. The number of enrolled patients was small because it 
was limited to patients with severe trauma. Second, since the 
time points at which indirect calorimetric measurements were 
performed varied, the effect of measurement time points could 
not be compensated for. Finally, this was a single-center retro-
spective study; thus, selection bias might have arisen. A prospec-
tive large cohort study is required in the future. 
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Fig. 2. Bland-Altman analyses of measured and predicted resting energy expenditure (REE) values. The blue solid line represents the mean differ-
ence, and the dashed lines indicate the limits of agreement (mean±1.96 standard deviation of the differences). (A) Weight-based equation (rule of 
thumb). (B) Harris-Benedict equation. (C) Ireton-Jones equation. (D) Penn State 2003 quation.
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Conclusions 
The simplistic weight-based equation and the Penn State 2003 
equation showed the similar results to the REE values measured 
through indirect calorimetry. However, this study’s findings sug-
gest that the predictive equation–estimated energy expenditure 
of critically ill trauma patients deviates significantly from that 
measured using indirect calorimetry. Therefore, indirect calorim-
etry should be used to measure the REE values of severe trauma 
patients. 
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