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IMPORTANCE OF DETERMINING ENERGY
EXPENDITURE IN CRITICALLY ILL PATIENTS

SUMMARY

Patients on intensive care present systemic, metabolic, and hormonal alterations
that may adversely affect their nutritional condition and lead to fast and impor-
tant depletion of lean mass and malnutrition. Several factors and medical con-
ditions can influence the energy expenditure (EE) of critically ill patients, such
as age, gender, surgery, serious infections, medications, ventilation modality, and
organ dysfunction. Clinical conditions that can present with EE change include
acute kidney injury, a complex disorder commonly seen in critically ill patients
with manifestations that can range from minimum elevations in serum creatinine
to renal failure requiring dialysis. The nutritional needs of this population are
therefore complex, and determining the resting energy expenditure is essential
to adjust the nutritional supply and to plan a proper diet, ensuring that energy
requirements are met and avoiding complications associated with overfeeding
and underfeeding. Several evaluation methods of EE in this population have
been described, but all of them have limitations. Such methods include direct
calorimetry, doubly labeled water, indirect calorimetry (IC), various predictive
equations, and, more recently, the rule of thumb (kcal/kg of body weight). Cur-
rently, IC is considered the gold standard.

Keywords: energy expenditure, critically ill patient, energy requirement, indirect
calorimetry.

latory mechanisms responsible for regulating the body
temperature.> It is considered the main component in

Adequate supply of nutrients is an essential part of the
overall treatment of critically ill patients and adjustment
of nutritional requirements to the individual needs of
patients is a matter crucial to their clinical evolution,
because both situations, overfeeding and underfeeding,
may contribute to high morbidity and mortality in this
population.’? In such a context, an adequate assessment
of energy expenditure (EE) is the basis of effective nutri-
tional planning.?

Total energy expenditure (TEE) is defined as the energy
required by the body daily, determined by adding the fol-
lowing components: basal energy expenditure (BEE), diet-
-induced thermogenesis (DIT) and physical activity (PA).*

BEE reflects the energy requirements to maintain the
intracellular environment and mechanical processes such
as respiration and cardiac function, as well as thermoregu-

TEE, contributing 60 to 75% of the daily energy require-
ment for most sedentary individuals and approximately
50% for the physically active. BEE must be measured in
thermoneutral conditions (20°C) in the absence of recent
nutrient administration (12 to 14 hours of fasting), recent
physical activity (at least 8 hours of sleep), and psycho-
logical stress, while the subject is fully awake, lying in silence,
completely relaxed and breathing normally.

The energy corresponding to the thermal effect of
food refers to the expenditure caused by digestion, absorp-
tion, transport, processing, assimilation and/or storage
of nutrients, which varies according to substrate consumed
and represents 5 to 15% of the TEE.* It is considered that
in a usual mixed diet (with lipids, carbohydrates, and pro-
teins), the thermal effect of food is approximately 5 to 7%
of its energy content.
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Finally, the EE for the completion of the external
mechanical work is defined as the effect of physical activ-
ity, representing 15 to 30% of the daily TEE. The variation
takes into account intensity and duration of exertion.®

As described, the measurement of BEE requires the
individual to remain in specific conditions, which often
makes it difficult to obtain a baseline. Thus, usually, the
resting energy expenditure (REE), which is very close to
the BEE, is measured with the subject at rest. REE may
be 3 to 10% greater than BEE due to DIT and the influence
of the latest PA.*7

Factors such as age, gender, body composition, hor-
mones, and genetics can exert influence on the REE in
both healthy individuals and those who are ill. Body com-
position is believed to be one of the major determinants
of metabolic rate, so that individuals with predominant-
ly lean body mass have higher EE, while fat mass is meta-
bolically less active.®

Certain medical conditions can also change the REE.
The use of nutritional support and certain medications
can raise up to 10% this expenditure. Clinical and surgical
diseases usually increase REE as part of the metabolic
response to stress. Postoperatively to elective surgeries,
REE can increase from 5 to 20%. Multiple fractures, ex-
tensive abdominal injury, central nervous system trauma,
and severe infections may raise the REE 50 to 60%.

Faisy et al.'’ found that in patients on mechanical
ventilation, weight, height, body temperature, type of
mechanical ventilation, and type of medication received
influenced the REE. Fever is another important factor that
changes the REE, so that each 1°C increase in temperature
raises the REE by 11%.® Conversely, different equipment
and methods of mechanical ventilation, as well as medica-
tions such as sedatives, painkillers, and muscle relaxants
seem to reduce the metabolic and systemic stress of patients,
with consequent reduction in REE."

Clinical conditions that can present with REE change
include acute kidney injury (AKI), a complex disorder
commonly seen in critically ill patients with manifesta-
tions that can range from minimum elevations in serum
creatinine to renal failure requiring dialysis.!* Its incidence
in the intensive care unit (ICU) is 20 to 40%'* and is as-
sociated with high mortality rates, which may reach 60%
in those requiring dialysis."® This critical population has
complex nutritional needs and as part of the metabolic
response to acute disease, sepsis or trauma, the BEE can
be altered, leading to intense catabolism accompanied by
hyperglycemia combined with insulin resistance, progres-
sive loss of lean body mass, and severe lipolysis."* Such
metabolic changes associated with lack of adequate nu-

tritional support can lead to rapid and significant deple-
tion of lean body mass and malnutrition,'>! as well as
prolonged use of mechanical ventilation, hyperglycemia,
and liver dysfunction in cases of overfeeding.!”!¥

Thus, many of the severe patients have a character-
istic hypermetabolism, which aims to acutely provide
energy and substrate for the immune system and coagu-
lation pathways to fight pathogens, stop bleeding, and
repair damaged tissues. Such a response is beneficial;
however, it coincides with great body exhaustion includ-
ing protein degradation and early onset of malnutrition,
in which case the patient becomes more susceptible to
infections and thus to longer hospital stays, higher hos-
pital costs, and increased mortality.'*?° In this scenario,
underfeeding associated with increased energy demand
could adversely affect the prognosis of patients.

Dvir et al,* in an observational study of 50 ICU patients,
showed an association between greater energy deficit and
adult respiratory distress syndrome (p=0.0003), sepsis
(p=0.0035), renal failure (p=0.0001), pressure ulcers (p=0.013),
need for surgery (p=0.023), and total rate of complications
(p=0.0001), but no association with duration of mechanical
ventilation, ICU stay or hospital stay and mortality.?! Sim-
ilar results were observed by Villet et al.,' who also discovered
a correlation between negative energy balance and clinical
complications, especially infection (p<0.001).

In a study of a small group of 38 critically ill patients
on prolonged mechanical ventilation, the authors found
that a deficit of approximately 1,200 kcal/day was associ-
ated with independent risk of death in ICU (OR 6.12, 95CI
1.33-28.2; p=0.01).*? In another study, Alberda et al.*?
noted that an increase of 1,000 kcal/day was associated
with overall reduction in mortality of patients in intensive
care (OR 0.76,95CI 0.61-0.95; p=0.014).

On the other hand, overfeeding also has negative effects,
such as respiratory and metabolic disorders, including
hypercapnia, need for prolonged mechanical ventilation,
hyperglycemia, hepatic steatosis, azotemia, hypertonic
dehydration, metabolic acidosis, hypertriglyceridemia, and
refeeding syndrome, as well as known deleterious effects
related to infection and patient outcomes.>** In a multi-
center study conducted in 40 Spanish ICUs and that in-
cluded 725 patients, Grau et al. showed that overfeeding
(> 27 kcal/kg) was one of the determinants of abnormal
liver function.”® According to the study of Dissanaike et
al.,?® increased parenteral caloric intake was a risk factor
for infection of the bloodstream; this association was in-
dependent of the occurrence of hyperglycemia.

According to the authors, critical patients have a
number of systemic, metabolic, and hormonal changes
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that can adversely affect their nutritional status. This
makes the determination of REE essential for adjusting
the nutritional supply and thus allows the planning of’
an adequate diet to ensure that energy needs are met and
to avoid the complications associated with overfeeding
or underfeeding.?”

METHODS FOR DETERMINATION OF

ENERGY EXPENDITURE

The calculation of energy needs is an integral part of nu-
tritional care of critically ill patients. Determining the
exact EE is one of the great difficulties in clinical practice,
as acute disease and its treatment affect metabolism, in-
creasing or decreasing the patient’s EE.?

Several evaluation methods of EE in this population
have been described, but all of them have limitations.?
They include direct calorimetry (DC), doubly labeled
water (DLW), indirect calorimetry (IC), several predictive
equations, and, more recently, the rule of thumb (kcal/
kg of body weight).

The use of a rule of thumb based on guidelines issued
by medical societies such as the American Society of En-
teral and Parenteral Nutrition (ASPEN), the European
Society for Clinical Nutrition and Metabolism (ESPEN)
and the Canadian Critical Care Clinical Practice Guidelines
Committee (CCPG) is a common practice to estimate
REE, and although there is a consensus among these
entities, a few discrepancies are found.*® US guidelines
recommend 25 to 30 kcal/kg of current body weight in
adults, and in the case of critically-ill obese patients, they
recommend 11 to 14 kcal/kg of current body weight or
22 to 25 kcal/kg of ideal body weight (IW).>!

DC is a method based on the use of a thermally in-
sulated chamber to directly measure the heat generated
by the body. It is considered highly precise (1 to 2% error),
but with little viable applicability® as it requires a very
sophisticated camera and permanence of the subject in
the chamber for a period equal to or greater than 24
hours.?* Thus, studies point to the efficacy and use of the
indirect method.** A study comparing the EE of three
patients during 40 days, obtained through direct and IC,
showed difference of only 0.22% between the two methods
(2,723 kcal/24h vs. 2,717 kcal/24h). Other studies in ani-
mal and human models have shown good correlation
between DC and IC, with differences below 1%.3

The method of DLW consists in using water doubly
labeled with *H and '*0O, which must be ingested by the
subject whose disappearance rate of body fluid (water) is
then monitored for 7 to 21 days, approximately. The dif-
ference between the rates of disappearance of two isotopes,

corrected for body water pool, enables to estimate the
carbon dioxide (CO,) production rate that, based on IC
equations, reveals the TEE of the individual.*® The accu-
racy of the method is 97 to 99% compared to IC.*” In stud-
ies with adults in energy balance, in which the results from
the DLW were compared with those obtained by IC, Cow-
ard et al.*® obtained error at 1.9+2% in the estimated pro-
duction of CO,, while Schoeller & Webb?*® obtained error
at 1.547.6%. However, DLW is most commonly used to
measure the TEE in individuals not confined to a calorim-
etry room, in special conditions such as lactating, in sports
activities, validation of assessment instruments of physi-
cal activity and/or EE, and validation of methods to assess
dietary intake. It is not commonly used in hospitals.*

IC is considered the gold standard for measuring REE

4142 and measurement is based on

in critically ill patients,
gas exchange, with energy production from the consump-
tion of oxygen (O,) and production of CO,. It is estimat-
ed that approximately 80% of EE is due to O, consumption,
while the remaining 20% are attributed to EE due to CO,
production.”** It is considered a safe, non-invasive, and
precise method, with error less than 1%, with high repro-
ducibility and almost free of complications.*

The calorimeter is a simple device, portable, a type
of “open circuit” that supports the patient while breath-
ing air either connected or not to a respirator. In both
situations, the samples of inspired/expired gas are col-
lected by the device for analysis of the CO, fraction in
expired air, O, fraction in the inhaled and exhaled air,
and inspiratory and expiratory flows. Through analysis
of these parameters, oxygen consumption (VO,) and
carbon dioxide production (VCO,) are measured, and
REE is obtained by transforming these values using the

classical Weir equation:**

Energy expenditure (kcal) = [3.941 (VO,) + 1.106 (VCO,)] x 1440

Respiratory volumes are measured in L/min, and factor
1440 expresses the number of minutes in 24 hours.

A second important result obtained from the IC is the
respiratory quotient (RQ), defined as the ratio between
VCO, emitted by body tissues and the VO, absorbed by
them (RQ = VCO,/VO,). RQ are in a very narrow range in
humans (0.67-1.2)* and, thus, values outside of this range
suggest the presence of technical errors in measurement.

Some mechanical, environmental, and metabolic
aspects must be observed to ensure test accuracy. The
environment should be quiet, with dim lighting and tem-
perature around 20°C, with the patient at rest for at least
30 minutes and fasting for 2 to 3 hours.* In patients who
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are receiving nutritional therapy or intravenous glucose
solution, the rate of infusion of solutions should be kept
constant.’® The O, and CO, analyzers must be calibrated
with a known concentration of gas before each determina-
tion and periodically validated according to the manu-
facturer’s specifications.® For individuals on mechanical
ventilation, modifying the system to a regime of constant
moisture content of the air and oxygen is not recom-
mended for 90 minutes before measuring.® The inspired
gas sample collection tube should be as close as possible
to the patient, making sure that there are no leaks in the
connections of the breathing circuit. The endotracheal
tube should also be perfectly adapted and without leaks.*
Furthermore, the fraction of inspired oxygen (FiO,, must
be stable and below 60%, since greater values increase the
likelihood of errors in the results obtained.>°

The calorimetric test duration is based on reaching
the Steady State, considered a metabolic balance period
where changes in VCO, and VO, are < 10% for 5 consecu-
tive minutes or the average of the coefficient of variation
(CV) for these two values is less than 5%.7°1%¢ Calorimeters
typically require a 30 minute test period to reach Steady
State, the first 5 minutes of the test being discarded.”!
Metabolic balance must be achieved in order to reduce
errors and ensure the validity of the test.**’

In Brazil, it is known that the application of this
method to evaluate patients in hospitals is not a routine,
since the equipment is expensive and requires specialized
labor to be handled properly.*®

The predictive equations comprise a commonly used
alternative method to determine the energy needs according
to estimates of EE due to zero cost and ease of application.
There are about 190 equations published in the literature
using variables such as weight, height, age, gender, and body
surface.?”? The most used are the Harris-Benedict equation
(1919),*® the Mifflin-St Jeor equation (1990),*° the Ire-
ton-Jones equation (1992),°° and the Penn State equation
(2003),5" described in Table 1.

The accuracy of the method in hospitalized patients
has been questioned, particularly in critically ill, malnour-
ished and elderly patients.*% In addition, any occasion-
al error in REE obtained using predictive equations can
be further increased when activity and injury factors are
applied to empirically adjust the needs altered in patients
with acute disease.*

Boullata et al.®® evaluated the efficacy of seven pre-
dictive equations, including the Harris-Benedict, the
Mifflin-St Jeor, the Ireton-Jones, and the Penn State equa-
tions, to predict REE in 365 hospitalized patients, includ-
ing critically ill and obese individuals. None of the equa-

TABLE 1 Description of predictive equations.

Name of Calculation of REE

equation

Harris-Benedict Male: 66.5 + (13.8 x P?) + (5 x A®) - (6.8 x I°)
Female: 655 + (9.6 x P*) + (1.8 x A) - (4.7 x I)
Male: 5+ (10 x P?) + (6.25 x A®) - (5 x I)
Female: - 161 + (10 x P?) + (6.25 x A®) - (5 x I)
1.925 + (5xP?) - (10 x I) + (281 x G) + (292 x Tr*)

+ (851 x Qf)

Mifflin-St Jeor

Ireton-Jones

Penn State -6.433 + (HB2x 0.85) + (V" x 33) + (T,/x 175)
Note: *weight (kg); *height (cm); “age (years); “gender (1 = male, 0 = female); ‘trauma (1 = pres-
ent, 0 = absent); ‘burn (1 = present, 0 = absent); #Harris-Benedict; "minutes of ventilation (L/

min); ‘maximum temperature (°C); REE: resting energy expenditure.

tions precisely predicted the REE, regardless of age,
gender, race, body mass index, and ventilatory status.
Even using the global equation of Harris-Benedict, 39%
of patients had imprecise REE results, with 400 kcal
error above or below the REE measured by IC. In obese
individuals, prediction based on the Harris-Benedict
equation was more precise than any other equation in
62% of the sample. However, there was still a mean error
of 47 kcal, with an agreement range between + 534 kcal
and - 440 kcal.®®

In a prospective observational study involving 40
adult patients admitted to the ICU, the authors observed
that the REE estimated using the Ireton-Jones formula
overestimated REE measured by IC, obtaining a mean
difference between the IC and the equation of - 353.83 kcal,
ranging from - 904.77 kcal to 197.11 keal, with a significant
difference between measured and estimated EE for the
same individual (p<0.004).%®

Although the inaccuracy of predictive equations is
shown in numerous studies, the unavailability of a calo-
rimeter in many services causes such equation to be rou-
tinely used to assist in the estimation of energy needs,
based on publications that demonstrate greater concor-
dance between the estimated EE and that measured by IC.

Faisy et al.'? evaluated the EE measured by IC and
compared it to the value estimated by the Harris-Benedict
equation. They noted that although EE on IC was 25%
greater, the difference was not statistically significant
when the injury factor was applied for adjustment. In
another study conducted in the previous year, Cheng et
al.® analyzed the accuracy of five predictive equations to
estimate the EE of 46 patients on mechanical ventilation,
including the Harris-Benedict and Kleiber and Liu equa-
tions, noting that EE can be estimated in most critically
ill patients by these equations, provided that an injury
factor is used.

Rev Assoc Mep Bras 2016; 62(7):672-679
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The predictive equation of Harris-Benedict is one of
the oldest and most used to date; however, it is not recom-
mended in critically ill patients.®”*® The Penn State Uni-
versity equation is the most exact and precise indicator
of REE in the critically ill patients, and should be used
when IC is not feasible, combined or not with the rule of
thumb in order to improve precision.*>1:670

IC is the best technique to ensure exact determination
of EE and consequently the ideal nutritional intake, and

thus should be use whenever possible in critically ill patients.

ENERGY EXPENDITURE IN ACUTE KIDNEY INJURY
Observational studies show a strong association between
cumulative energy deficits and worse renal outcomes and
survival, as well as correlation between malnutrition and
increased morbidity and mortality in intensive care pa-
tients affected by AKI.*"! Thus, the adequate supply of
nutritional requirements by determining the actual EE
in this population is relevant.

When AKI is monofactorial and uncomplicated, REE
does not seem to be changed, although the kidney is re-
sponsible for about 10% of the REE.”* Studies have shown
that the metabolism in non-complicated AKI, measured
using calorimetry, seldom exceeds 1.3 times the BEE ob-
tained by the Harris-Benedict equation.'®”273

As AKI affects up to a third of patients admitted to the
ICU, it is rarely monofactorial and non-complicated. Most
commonly, it is part of a more complex disease such as
sepsis, multiple organ failure, shock, trauma or high-risk
surgery, with resulting hypermetabolism and hypercatabo-
lism.” There is evidence that severe sepsis and septic shock
are the most important causes of AKI in critically ill patients,
corresponding to 50% or more of these cases in ICU. The
occurrence of AKI in this critical population, in addition
to the significant impact on morbidity and increased length
of stay and hospital costs, is an independent risk factor for
mortality in affected patients.”®

As important as the AKI in the prognosis of these pa-
tients are comorbidities, previous nutritional status, and
complications such as infection, inflammation, and venti-
latory support, which alter the EE of these patients.”>”®

Schneeweiss et al.”” studied energy metabolism by
IC in 86 patients with various forms of renal failure and
in 24 control subjects. The groups were: AKI with sepsis
(n=18), AKI without sepsis (n=11), chronic kidney disease
(CKD) in pre-dialysis phase (n=17), CKD on hemodialy-
sis (n=25), and patients with severe untreated azotemia
(n=15). They noted that the REE was increased only in
patients with AKI associated with sepsis and was not

correlated with body temperature (r=0.359). Patients
with septic AKI showed a 33% increase in REE, while AKI
not associated with sepsis, dialysis, and uremia did not
change the REE. However, the study did not evaluate the
influence of dialysis in REE of patients with AKI, or
sepsis in the absence of AKL

Some studies assessed if the uremia and dialysis affect
EE in CKD patients, with conflicting results. The first
study, conducted over 20 years ago, showed that REE in
CKD patients either undergoing dialysis or not was sim-
ilar to that of healthy individuals.”””® Ikizler et al.,”® in
1996, reported that patients on hemodialysis had sig-
nificantly higher REE than the healthy controls matched
for gender, age, and body mass index (BMI). More recent
studies with larger numbers of clinically stable patients
with CKD, matched by gender and age with healthy con-
trols, showed different results. Patients with CKD on
conservative treatment were hypometabolic, i.e. with REE

lower than the control group,®*8!

while dialysis patients
treated by hemodialysis and peritoneal dialysis showed
REE similar to the controls.®*# When evaluating REE of
patients with CKD under catabolic conditions, such as
in cases of uncontrolled diabetes mellitus, severe hyperpara-
thyroidism, and inflammation, hypermetabolism has been
observed.®*% Avesani et al.,** when comparing the REE of
diabetic and non-diabetic patients with pre-dialysis CKD,
matched for gender, age, and renal function, showed that
REE in the diabetic group was 12.5% (182 kcal/day) high-
er than that seen in non-diabetics. The same group noted
that in patients with pre-dialysis CKD and subclinical
inflammation (C-reactive protein levels - CRP > 0.5 mg/
dL) REE was significantly higher than in patients with CRP
levels < 0.14 mg/dL even after adjusting for gender, age,
and lean body mass.®

There are very few studies evaluating REE in patients
with AKI and, thus, experts tend to follow protocols used
for patients in intensive care to determine the energy de-
mand and other aspects involved in nutritional therapy.*®
There is a consensus on the recommendation of obtaining
the actual EE using IC, if possible, in individuals kept un-
der intensive care, more specifically, people with AKI.3*%”

The negative impact of overfeeding and underfeeding
in the prognosis of these patients and within this context
is well-known. Determining the REE and the adequate
supply of nutrients is paramount as it contributes to
preserve lean body mass and energy reserves, to restore
the immune function, to attenuate the inflammatory
response and oxidative stress, and to reduce mortality
rates in patients with AKL
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ConcLusioN

Determining the energy needs should be an integral part
of primary care given to the patient in critical condition,
considering the benefits of an adequate supply of nutrients
to reduce complications and mortality. Despite its techni-
cal and financial limitations, IC proved to be the best
method for assessing EE in patients under intensive care.
Since there are very few studies on nutritional care of
patients with AKI, recommendations for critically ill pa-
tients are usually adopted. Thus, the need for new studies
that address nutritional aspects and assist in planning
appropriate prescription of nutritional therapy for criti-
cally ill patients with AKI is evident.

Resumo

Gasto energético de repouso em pacientes criticos: méto-
dos de avaliacdo e aplicacdes clinicas

Os pacientes em cuidados intensivos apresentam alteragdes
sistémicas, metabdlicas e hormonais, que podem afetar
adversamente a condic¢do nutricional e levar a rdpida e
importante deplecio da massa magra e desnutri¢io. Varios
fatores e situagdes clinicas podem exercer influéncia sobre
o gasto energético (GE) de pacientes criticos, como idade,
sexo, cirurgias, infec¢cdes graves, medicamentos, modali-
dade ventilatéria e disfun¢do de 6rgaos. Dentre as condi-
¢Oes clinicas que podem cursar com altera¢do do GE,
encontra-se a lesdo renal aguda (LRA), distarbio comple-
x0 comumente observado em pacientes criticos, com ma-
nifesta¢des que podem variar de minimas elevacdes na
creatinina sérica até insuficiéncia renal com necessidade
dialitica. Dessa forma, essa populagio critica apresenta
necessidades nutricionais complexas e a determinac¢do do
gasto energético de repouso (GER) torna-se essencial para
o ajuste da oferta nutricional e para o planejamento de
uma nutri¢cio adequada, assegurando que as necessidades
energéticas sejam atingidas e evitando as complica¢des
associadas a hiper ou hipoalimentagio. Diversos métodos
de avalia¢io do GE nessa popula¢io foram descritos, mas
todos apresentam limitacdes. Dentre eles, destacam-se a
calorimetria direta, a 4gua duplamente marcada, a calori-
metria indireta (CI), diversas equagdes preditivas e, mais
atualmente, a regra de bolso (kcal/kg de peso). Atualmen-
te, a CI é eleita 0 método padrio-ouro.

Palavras-chave: gasto energético, paciente critico, neces-
sidade energética, calorimetria indireta.
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