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Background: Currently, the execution of indirect calorimetry, which is considered the gold standard for
measuring energy expenditure, is not indicate during dialysis, and it may interfere on nutritional therapy
of these patients. This study aimed to evaluate the resting energy expenditure (REE) in patients with
severe acute kidney injury treated by different modalities of dialysis and to identify whether dialysis
influences on REE.
Methods: This was a prospective cohort study that evaluated patients admitted in intensive care units
with diagnosis of acute kidney injury AKIN-3, mechanically ventilated, and submitted to conventional
hemodialysis (CHD), extended hemodialysis (EHD) or high volume peritoneal dialysis (HVPD). Indirect
calorimetry was performed at pre dialysis time and during the dialysis procedure. Parameters that could
change REE were also evaluated.
Results: One-hundred patients undergoing 290 dialysis sessions were evaluated, with mean age
60.3 ± 17 years, 69% were male and 74% have died. There was no significant difference between REE of
predialysis time and during dialysis time (2156 ± 659 kcal vs. 2100 ± 634 kcal, respectively, p ¼ 0.15). No
difference was observed in the REE before and during dialysis of different modalities. There were no
differences between parameters pre and during dialysis of each modality. There was only a difference in
norepinephrine dose, which was higher in pre dialysis time in HVPD and EHD modalities, compared with
CHD modality. Moreover, during dialysis time, EHD modality had significantly higher VAD compared to
other dialysis modalities.
Conclusion: The three evaluated modalities did not change REE. Indirect calorimetry can be performed
during dialysis procedures and there was no difference between ventilation parameters, sedatives use,
body temperature and VAD in both moments.

© 2016 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Acute kidney injury (AKI) is a common complication in hospi-
talized patients and affects approximately 35% of patients in
intensive care unit (ICU) [1]. Severe AKI requiring dialysis is a
condition associated with high morbidity and mortality [2].
Observational studies have reported an association between
malnutrition, caloric deficit, and worse renal outcome and patients
survival in ICU [3,4]. The condition of these patients is complex
because of changes in use of substrates, insulin resistance,
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hyperglycaemia, and hypercatabolism in response to neuroendo-
crine alterations and inflammatory mediators. Such complex
physiological disorders turn the nutritional therapy more difficult
[5,6].

Adjusting nutritional support of these patients is important to
prevent complications associated with over and underfeeding,
which increase morbidity and mortality rates. The accurate deter-
mination of caloric requirement is necessary since it is specific to
each person, varying according to age, weight, height, race and it is
also affected by primary disease, treatments and evolution [7].
Energy supply goal estimated by indirect calorimetry (IC) is rec-
ommended by guidelines and it has associated with better out-
comes in critically ill patients [3,8].

Although considered the gold standard for energy expenditure
(EE) measurement in critically ill patients, IC has limitations in
ism. All rights reserved.
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clinical practice in ICU. High cost and the need for specialized staff
can be limiting factors in several centers. Moreover, many patients
are ineligible for this measurement according to the recommen-
dations. The reasons for ineligibility may be high fractions of
inspired oxygen (FIO2), air leakage on the system or originated from
chest tubes; patient hemodynamic instability; recent changes or
disconnect in ventilator and extracorporeal circulation, such as
oxygenation or hemodialysis [9e11].

When AKI is severe, dialysis is often required as long as treat-
ments for specific conditions are applied. AKI requiring renal
replacement therapy (RRT) prevalence has increased in recent
years [12,13]. Two modalities of dialysis are usually provided:
continuous or intermittent. Both methods achieve a satisfactory
degree of metabolic control, but require hours of therapy. There are
also recommendations to not perform IC during dialysis may pre-
clude EE measurement and hinder nutritional therapy in these
patients.

Patients' ineligibility to IC is supported by older studies which
showed the increase of oxygen uptake (VO2) and removal of CO2
during hemodialysis. Both may alter the EE measurement [14,15],
but this contraindication needs to be further investigated, due to
measuring EE importance in AKI patients.

Thus, the present study aims to evaluate the resting energy
expenditure (REE) measured by IC of severe AKI patients under-
going different dialysis modalities, and identify if dialysis in-
fluences REE.

2. Subjects and methods

Prospective cohort study that evaluated patients older than 18
years admitted, from March 2013 to December 2015, in ICU with
diagnosis of AKI stage 3 according to the criteria of KDIGO 2012
[16], with clinical diagnosis of acute tubular necrosis (ATN), and
necessity for renal replacement therapy were included. Patients
were mechanically ventilated and IC was performed daily, prior to
dialysis (non-dialysis time), and during dialysis procedure.

Patients with AKI caused by other etiologies stages 4 and 5
chronic kidney disease (Glomerular Filtration Rate - TFG - <30 ml/
min estimated by the Modification of Diet in Renal Disease e

MDRD) [17] were excluded. To estimate TFG, patient's baseline
serum creatinine, defined as the most recent serum creatinine
value obtained before admission, not preceding 12 months of the
hospitalization date was considered. If this value was unknown or
from 12 months before admission, the lowest value of baseline
serum creatinine observed during follow-up was considered [18].
Kidney transplant patients were also excluded.

Patients with factors that could lead to inaccuracy in the REE
measurement by IC were also excluded. These factors can be:
fraction of inspired oxygen (FiO2) greater than 60%; positive end-
expiratory pressure (PEEP)> 10 cm H2O; presence of agitation;
use of neuromuscular blockers and any leakage of air (into the
ventilator circuit, around the endotracheal tube cuff, or inpatient
from a drain or bronchopleural fistula).

The protocol was initiated at the time of dialysis indication, and
terminated at the time of the dialysis suspension due to recovery of
renal function or death.

This study was approved by the institution ethics committee.
The consent form was signed by the participant's legal guardian
prior to entry into the study.

2.1. Energy expenditure measure

REE is usually measured due to the impossibility of achieving
the conditions for measuring the basal EE in critical patients. To
ensure REE measurement, the patients were in supine position
resting for at least 30 min prior to the measurement. The envi-
ronment was thermoneutral for the 30 min prior to the measure-
ment and during it. They have not used additional painkillers and
sedatives within 30 min of IC initiation; no procedures within
60 min before the IC beginning (only the dialysis procedure, during
dialysis time); no general anesthesia within 8 h of IC onset; and
continued parenteral and/or enteral nutrition during the data
collection period.

IC was performed using calorimeter Quark RMR unit (Cosmed,
Rome, Italy), which was calibrated before each measurement. The
exam lasted 30min on average. It was desired that patients reached
steady state during the test. The steady state was defined as a
variation <10% in the oxygen consumption measurements (VO2)
and carbon dioxide production (VCO2), and <5% in respiratory
quotient in every minute.

In addition to REE measured in two moments, parameters that
can influence REE were also evaluated, as ventilatory parameters
(minute volume, total current volume, PEEP, FIO2), continue seda-
tion and vasoactive drugs during all measurements.

2.2. Dialysis

The dialysis method was chosen by nephrologists, according to
patient's clinical condition, namely:

� High volume peritoneal dialysis (HVPD): Sessions conducted
through flexible catheter implanted in peritoneal cavity
(“Tenckhoff” catheter), performed at bedside and with no direct
visualization by the nephrology team. The dialysis solution used
was Dianeal Baxter (Na ¼ 135 mEq/L, Ca ¼ 3.5 mEq/G,
K¼ 0 mEq/L, Mg¼ 1.5 mEq/L, lactate¼ 40 mEq/L, Glucose¼ 1.5,
2. 5 or 4.25%), with exchanges done by HomeChoice cycler
(Baxter). Continuous sessions were performed, each session
lasting 1 day (24 h).

� Conventional Hemodialysis (CHD): Sessions were conducted
through double lumen catheter in central venous access (jugu-
lar, subclavian or femoral), using machine Fresenius 4008S or
Gambro K200S and capillary cellulose acetate or polysulfone.
Each session lasted 4 h, using blood flow 200e300 ml/min and
dialysate flow 300e500 ml/min. The dialysis bath concentra-
tions were adjusted according to patient individual necessity.

� Extended Hemodialysis (EHD): Sessions conducted through
double lumen catheter inserted into a central venous access
(jugular, subclavian or femoral), using machine Fresenius 4008S
or Gambro K200S and capillary cellulose acetate or polysulfone.
Each session lasted 6 or 10 h, blood flow 200e300 ml/min and
dialysate flow 300e500 ml/min. Dialysis bath concentrations
were adjusted according to patient individual necessity.
2.3. Statistical analysis

Results are presented as median and first and third quartiles,
mean ± standard deviation or percentage, according to variables
distribution.

For comparisons of clinical characteristics of patients among
different dialysis modalities, ANOVA with post hoc Tukey, or
KruskaleWallis test with post hoc Dunn was used. The analysis of
the moments before and during dialysis in each dialysis modality
was performed using the mixed model for repeated measures fol-
lowed by Tukey for variables with symmetrical distribution or
generalized linear model with gamma distribution for variables
with asymmetric distribution. Categorical variables were analyzed
by trend test to check changes between the moments. It was
adopted as statistically significant p < 0.05.



Table 1
Clinical characteristic of general study population.

Parameters

Age (years) 60.3 ± 17
Male (%) 69 (69)
AKI etiology (%)
Associated with sepsis 80 (80)
Ischemic 12 (12)
Nephrotoxic 6 (6)
Mixed 2 (2)

ATN-ISS 0,65 ± 0,17
REE pre dialysis time (Kcal) 2156 ± 659
REE during dialysis (Kcal) 2100 ± 634
Weight (kg) 77.8 ± 21.7
Primary diagnosis (%):
Cardiovascular disease 33 (33)
Sepsis, severe sepsis, shock 46 (46)
Cancer 8 (8)
Liver diseases 7 (7)
Trauma 6 (6)

Outcome (%)
Recovery of renal function 18 (18)
Chronic dialysis 8 (8)
Death 74 (74)

AKI e Acute kidney Injury, ATN-ISS e Acute Tubular Necrosis individual
Score Severity, REE e Resting Energy Expenditure.
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3. Results

One-hundred twenty-three AKI patients at the time indication
of the dialysis procedure were evaluated. Of these, 23 patients were
excluded because the measurement during dialysis time was pre-
cluded, due to instability and agitation. Figure 1 shows the patients
characterization.

Regarding to clinical characteristics, age average was 60.3 ± 17
years and 69%weremale. Etiology of AKI was associatedwith sepsis
in most patients (80%). Specific prognostic index for ATN (ATN-ISS)
average was 0.65 ± 0.17. Table 1 shows clinical characteristics of
general study population.

Eighty-three patients were treated by HD and 17 patients by PD.
Groups treated with CHD and EHD were similar in age (57 ± 18.2
years and 60 ± 16.8 years, respectively, p > 0.05) and the group
treated by HVPD was older (69 ± 12.5 years, p ¼ 0.03 compared to
patients treated with CHD). Regarding gender, there is male pre-
dominance in all modalities (72.5% for CHD, 72% for EHD and 53%
for HVPD). Patients of the three dialysis modalities were similar
regarding specific prognostic index for ATN (ATN-ISS) (0.64 ± 0.2 to
HVPD, 0.62 ± 0.18 to CHD and 0.67 ± 0.15 in EHD; p > 0.05), etiology
of AKI (predominance of the etiology associated with sepsis in all
modalities), and outcome. However, there was difference in pri-
mary diagnosis among patients treated by PD and HD (prevalence
of cardiovascular disease in patients treated by HVPD, while there
was predominance of infectious diseases in patients undergoing
hemodialysis). Table 2 shows clinical characteristics of patients
undergoing different dialysis modalities.

Analyzing all the patients included in this study, significant
difference between REE of predialysis time and during dialysis time
was not found (2156 ± 659 kcal vs. 2100 ± 634 kcal, respectively,
p ¼ 0.15), as shown in Table 1. When times before and during
dialysis of different modalities were compared, no difference was
observed in the REE, as shown in Table 3.

To assess parameters that may alter REE in patients treated by
different dialysis modalities, some variables, as ventilatory pa-
rameters, sedation, vasoactive drug dose (VAD), and body
100 pa
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Table 2
Clinical characteristic of patients undergoing different dialysis modalities.

Parameter HVPD
N ¼ 17

CHD
N ¼ 40

EHD
N ¼ 43

Age (years) 69 ± 12.5 57 ± 18.2a 60 ± 16.8
Male (%) 9 (53) 29 (72.5) 31 (72)
ATN-ISS 0.64 ± 0.2 0.62 ± 0.18 0.67 ± 0.15
Weight (Kg) 71.5 ± 16.8 82.3 ± 23.8 74.7 ± 18.7
Etiology AKI (%)
Associated with sepsis 13 (76.5) 32 (80) 35 (81.4)
Ischemic 3 (17.5) 3 (12.5) 4 (9.3)
Nephrotoxic 1 (6) 2 (5) 3 (7)
Mixed 0 (0) 1 (2.5) 1 (2.3)

Primary diagnosis (%):
Cardiovascular disease 11 (65) 10 (25)a 12 (28)a

Sepsis, severe sepsis, shock 4 (23) 19 (47.5) 23 (54)
Cancer 1 (6) 6 (15) 1 (2)
Liver diseases 0 3 (7.5) 4 (9)
Trauma 1 (6) 2 (5) 3 (7)

Outcome (%)
Recovery of renal function 3 (17.6) 8 (20) 7 (16.3)
Chronic dialysis 2 (11.8) 4 (10) 2 (4.7)
Death 12 (71) 28 (70) 34 (79)

AKI e Acute Kidney Injury, ATN-ISS e Acute Tubular Necrosis Individual Score
Severity, REE e resting Energy expenditure.

a p < 0.05 when compared with HVPD.
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4. Discussion

The nutritional support goal in critically ill patients with AKI in
ICU is to provide enough calories and nutrients to mitigate muscle
mass loss and prevent deficiencies, avoiding metabolic disorders
exacerbation. Thus, the correct estimative of nutritional re-
quirements is necessary, and the gold standard method for energy
expenditure measurement is the IC.

This study aimed to assess whether REE measurement by IC is
changed by dialysis, which is a common procedure in patients with
severe AKI. Intermittent modalities of hemodialysis (EHD and CHD)
and HVPD were evaluated. No significant differences between REE
measurement done pre and during dialysis were observed.

Studies conducted in the 70s and 80s are the basis for guidelines
that contraindicate IC during dialysis procedure. The rationale is
there may be changes in oxygen consumption (VO2) and carbon
dioxide production (VCO2) due to acidosis correction, removal of
CO2 by dialysate, among other mechanisms, thereby changing the
measure of REE [14,15].

The change in VO2 during dialysis is a matter of controversy.
VO2 was decreased [19,20], unchanged [21e23] or increased
[24e26] during HD and PD [27]. Discrepancies also exist regarding
Table 3
Comparisons of ventilatory parameters and drugs between pre-and during dialysis.

Time HVPD CHD

Pre dialysis During dialysis Pre di

REE (kcal) 2336 ± 712 2203 ± 660 2153
VT (ml) 532 ± 77 515 ± 99 534 ±
Vm (l/ml) 8.2 ± 2.9 8.9 ± 2.7 9.4 ±
Freq (breath/min) 16 ± 4 17 ± 5 18 ± 5
PEEP 6 ± 1 6 ± 1 6 ± 1
FIO2 38 ± 10 37 ± 11 37 ± 1
VAD (mg/Kg/min) 0.23 (0.18e0.82)a 0.13 (0.04e0.75)b 0.03 (
Sedative use (%) 45 (75) 42 (70) 88 (58
Temperature (�C) 37.5 ± 1.3 36.9 ± 0.8 37.6 ±

VT e total current volume, VM e minute volume, Freq-respiratory frequency, PEEP e pos
drugs.

a p < 0.05 when compared with the time pre dialysis in CHD.
b p < 0.05 when compared with the time during dialysis of others modalities.
to VCO2 [21,25,26,28]. Old studies with ambiguous results turn
inaccurate the statement that IC should not be used during dialysis
procedure.

A recent study, which evaluated specifically if dialysis procedure
alters REE in patients with chronic kidney disease, found an in-
crease in REE during dialysis. This increase still persisted for 2 h
following the end of the procedure (increase 7 and 12%, respec-
tively, compared with REE pre dialysis). The authors believe that
the REE increase may be due, at least in part, increased muscle
proteolysis observed during dialysis [29].

Thus, renal replacement therapy (RRT) modality prescribed may
impact the loss of amino acids and peptides, and consequently, REE
[5,30,31]. Unlike the results of Ikizler et al. [29], this study showed
REE was maintained during CHD, EHD and HVPD. This lack of dif-
ference between during and pre dialysis times in our study, even
though they are catabolic processes, may be due to the fact that
during critical illness protein degradation is already markedly
increased [32,33]. Thus, catabolism is increased even in the patients
who are not on dialysis.

Beyond possible alterations in gas exchange, dialysis procedure
may affect heat production and removal, as well as blood perfusion,
because the procedure alters heat dissipation on skin surface.
Furthermore, dialysis could also increase the production of heat. All
these factors would contraindicate IC measurement during the
procedure. However, few and controversial studies have evaluated
the thermal effect of HD on the REE [34,35].

Evaluating REE in hemodialysis with dialysate at different
temperatures, Hor�acek et al. [34] found no change in REE of pa-
tients with CKD. On the other hand, Cadena et al. [35] and Rokyta
et al. [36] observed changes in REE during dialysis treatment in AKI
patients. Cadena et al. [35] observed a REE increase when used
dialysate adjusted to maintain body temperature. Rokyta et al. [36]
observed decrease in REE during dialysis procedure with “cold”
replacement fluid (maintained at 20 �C). In our EHD modality,
dialysate with low temperature (35.5 �C) is also used. However, this
temperature is not as lowas in Rokyta et al. study, whichmay partly
explain the lack of difference in REE.

Variables that could alter EE measure, as ventilatory parameters
[37,38], use of sedative [39] and body temperature [40], and VAD
remained the same during the two measurements in all dialysis
modalities. The stability of the evaluated parameters in our patients
may explain why REE did not change during dialysis. Modern
dialysis procedures aimed minor alterations in respiratory and
cardiovascular function in critical patients, so it might not have
effect on REE.

This study has some limitations. First, patients in contin-
uous RRT, as continuous hemodiafiltration and hemofiltration
EHD

alysis During dialysis Pre dialysis During dialysis

± 604 2144 ± 590 2025 ± 691 1939 ± 672
141 561 ± 140 521 ± 118 523 ± 109
2.8 10 ± 3 8 ± 2.7 8.3 ± 2.8

19 ± 6 15 ± 4 16 ± 5
6 ± 2 6 ± 2 6 ± 2

0 37 ± 10 41 ± 12 42 ± 11
0e0.12) 0.03 (0e0.15) 0.54 (0.4e0.92)a 0.68 (0.4e1)b

) 87 (58) 69 (87) 70 (88)
0.9 37.5 ± 0.8 37.9 ± 0.8 37.9 ± 0.7

itive end expiratory pressure, FIO2 e fraction of inspired oxygen, VAD e vasoactive
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venovenous were not included, and due to its particular characteris-
tics, these data should not be extrapolated to patients undergoing
these modalities. The study was conducted in a single center, which
also features a limitation. Nevertheless, we present a consistent
sample size, with 290 dialysis sessions evaluated, and to the best of our
knowledge this study is the first one evaluating the effect of different
dialysis modalities in REE measurement in critically ill patients.

In conclusion, CHD, EHD and HVPD modalities did not change
REE. Therefore, IC can be performed during these dialysis proced-
ures. There was no difference between ventilation parameters,
sedatives use, body temperature and VAD in both moments. Thus,
IC measure contraindication in this modality is not yet proven
correct. Therefore, further studies are needed to evaluate REE
during continuous RRT, and the real interference in IC measure-
ment, aiming improvement on nutritional advice for critically ill
patients with severe AKI.
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