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ABSTRACT

Adequate nutritional support is an essential element for achieving favorable outcomes in critically ill patients,
which requires an accurate evaluation of energy needs to avoid under or overfeeding. Energy requirements of
critically ill patients can be assessed either by Predictive equations (PEs) or by indirect calorimetry(IC)
measurements. However, assessment of energy expenditure (EE) is a challenging task in intensive care unit
patients because EE during critical illness is widely variable and the current PEs are inaccurate to determine the
caloric requirement in these patients. Currently, IC is considered a gold standard for measuring EE as
recommended by guidelines. Despite being the most accurate method of measuring EE, adequate data are lacking
to validate the beneficial effects of IC-guided nutrition therapy on clinical outcomes in critically ill patients.
Because of this, the actual clinical benefits of IC are poorly appreciated, and it is still an underutilized tool among
dietitians in clinical practice. Therefore, in many centers, PEs are commonly used instead. The purpose of this
review is to summarize the findings of recent studies regarding 1C-guided nutrition therapy and its impact on

clinical outcomes in critically ill patients.
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INTRODUCTION

Critical patients in the Intensive Care Unit (ICU) are at higher risk of malnutrition (Yeh et al. 2015). Which is
significantly associated with poorer clinical outcomes such as higher infection rate, increased morbidity, and
mortality, longer hospital stay, increased health care costs, and reduced quality of life (Heyland et al., 2011; Sioson
etal., 2017; Yeh et al., 2015). Combined with the higher prevalence of malnutrition in ICU (approximately 40 to
80%) (Lew et al. 2017; Wang et al. 2017). Hyper catabolism associated with critical illness may have further
deleterious effects on outcomes when patients receive inadequate or inappropriate nutrition support (Delsoglio et
al. 2019; Krishnan et al., 2003; Oshima et al., 2017).

The role of nutritional therapy during critical illness has been a focus of great interest in recent years, which is
recognized as an essential component in the management of critically ill patients (Lambell et al., 2020; De Waele
etal., 2019). Several published studies and two updated international clinical guidelines have shown that nutrition
therapy has a positive impact on critically ill patients who meet their defined goals of caloric feeding (McClave
et al. 2016; Singer et al. 2019). However, an inappropriate energy assessment can contribute to under- or
overfeeding, resulting in deleterious effects (Heyland et al., 2011; Wichansawakun et al., 2014). Therefore, an
accurate determination of EE is crucial in critically ill patients to optimize nutritional support and prevent negative
effects from inappropriate feeding (Espinoza et al., 2016; Rattanachaiwong and Singer 2018; Wichansawakun et
al., 2014). The provision of energy and protein is considered an integral part of optimal nutritional therapy
(Ridley, Gantner, and Pellegrino 2015). However, the optimal amount of energy and protein required by critically
ill patients to reduce morbidity and mortality is controversial (Wang et al., 2017). Some observational studies
have shown that underfeeding or caloric debt is associated with adverse clinical outcomes in critically ill
patients (Alberda et al., 2009; Elke et al., 2014; Heyland et al., 2011; Nicolo et al., 2015; Wei et al., 2015). In
contrast, other studies have suggested better short-term outcomes in patients receiving low caloric intake (Arabi
et al., 2010; Krishnan et al., 2003). “Besides this, the findings of the study by Zusman et al. (2016) suggested that
both underfeeding and overfeeding appear to be harmful to critically ill patients (Zusman et al., 2016). Therefore,
determination of energy requirements has vital importance as prescribed targets are used to guide nutrition
delivery (Stapel et al., 2018; Tatucu-Babet, Ridley, and Tierney, 2016). However, accurately determining energy
needs in critically ill patients is difficult because the effects that disease, injury, and stress have on REE are often
varied and unpredictable”(Espinoza et al., 2016; Singer and Singer 2016; De Waele et al., 2019). “In clinical
practice, PEs that estimate EE are the most commonly used method due to their ease of application; however,
these equations have repeatedly proven inaccurate (Tatucu-Babet, Ridley, and Tierney 2016; Waele et al., 2016;
Zusman et al., 2018). Importantly, these equations are not generally validated in those with higher nutritional risk,
and its inaccuracies increase in obese, elderly, most severely unwell, and more malnourished populations (Reeves
and Capra, 2003; Tatucu-Babet et al., 2016) and can lead to underfeeding or overfeeding (Ladd et al., 2018).
Therefore, to feed critically ill patients adequately, an exact estimate of caloric goals is required, which is ideally

performed using IC (Zusman et al., 2016; Gonzalez-granda et al., 2018; Oshima et al., 2019).

IC is currently the gold standard for measuring REE in critically ill patients (Gonzalez-granda et al., 2018;
McClave et al., 2003; Oshima et al., 2017; Sioson et al., 2017). IC is a non-invasive method that precisely
measures REE by measuring the volume of O2 (V0O2) consumed, and the volume of CO2 (VCO2) produced and
then, by using the Weir equation, REE calculates as follows (Espinoza et al., 2016; Das Gupta et al., 2017; Haugen

79



Nangarhar University International Journal of Biosciences (NUIJB)

e-ISSN: 2957-9988

and Li, 2007; Oshima et al., 2017; Stapel et al., 2018):
REE (kcal/day) = [(3.9 x VO2) + (1.1 x VCO2) — 61] x 1440.

Both the European (ESPEN) and American (ASPEN/SCCM) clinical practice guidelines recommend the use of
IC to measure EE (McClave, et al. 2016; Singer et al. 2019). However, despite recent technological advancement
in metabolic carts, these recommendations have poorly implemented in practice to date (Lev, and Singer 2010;
Oshima et al. 2017) and many ICU clinicians still apply weight-based formulas to calculate EE (Singer and Singer
2016; De Waele et al. 2019). whereas the use of IC to guide nutrition therapy is limited yet, and its impact on
clinical outcomes is not entirely proven. This narrative review aims summarize the recent findings on I1C guided
nutrition therapy and its impact on clinical outcomes in critically ill patients and provide recommendations for

clinical practice.

MATERIALS AND METHODS

The literature search was conducted in electronic databases, i.e., PubMed and Google Scholars.” All randomized
Studies included in this narrative review were conducted on critically ill patients who were adults (>18 years old),

mechanically ventilated, admitted to ICU, with more than 48 hr stay in the ICU.

In all included studies, IC was used to guide nutrition therapy in the intervention group and compared to a standard
care group where a predictive equation was used to estimate energy requirement in adult critically ill patients. For
understanding the impact of IC on clinical outcomes, “studies must report the percentages of energy received and
at least one of the relevant clinical outcomes such as mortality, infectious complications, length of ICU, and
hospital stay or duration of mechanical ventilation as primary or secondary outcomes. Non-randomized studies

and Studies in non-critically ill patients who were not incubated were excluded.”

Effects of indirect calorimetry-guided nutrition therapy on clinical outcomes

Despite the guidelines recommendations, for indirect calorimeter has been given little attention in the clinical
practice. To date, only five randomized controlled trials have investigated the impact of IC-guided nutrition
therapy on clinical outcomes and compared to energy delivery using weight base equations. Generally, all studies
have shown conflicting results regarding the impact of I1C on clinical outcomes in critically ill patients. However,
some benefits of IC were shown in 2 trials.

Firstly, Saffle study in 1990 compared the effectiveness of IC guided enteral nutrition to enteral nutrition guided
by Curreri formula in burn patients. This study found no differences in-hospital mortality, hospital LOS between
the group that received 1C-guided enteral nutrition and the group that received enteral nutrition guided by Curreri
formula (RR 1.33, 95% CI 0.24, 7.26, p=0.74*; Saffle, Larson, and Sullivan 1990). On the other hand, Singer et
al. (2011), in the pilot TICACOS study, randomized 112 patients to IC guided enteral nutrition (study group) and
enteral nutrition determined by a weight-based formula (control group). Supplemental PN was used to achieve
the energy targets in the study group when necessary.” The mean target EE between IC and SC groups was (1976
versus 1838kcal), mean energy delivered was higher in the 1C-guided group compare to SC group (2086 vs
1480kcal, respectively). “The study found a trend toward reduced hospital mortality in-hospital mortality in
patients that received IC guided enteral nutrition compared to patients that received enteral nutrition determined

by a weight-based formula (32.3% in study group vs 47.7% in the control group, p = 0.058).” However, the
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number of mechanical ventilation days (16.1 + 14.7 vs 10.5 £ 8.3 days, p = 0.03) and length of ICU Stay (17.2 +
14.6 vs 11.7 + 8.4 days, p = 0.04) were significantly increased in the intervention group compared to the control
group. No differences were observed in ICU mortality between both groups (Lev et al. 2011). Furthermore,
recently, Landes et al. (2016), randomized 27 patients to the physician-directed control group and to the IC-
directed study group the results of this study showed that delivery of nutrition in both groups was suboptimal,
with all patients receiving only 82.0 £15.4 % of caloric requirements and there were no differences between
groups regarding outcome (duration mechanical ventilation, healing of pressure sores) (Landes et al. 2016).. In
another more recent published and slightly larger trail (EAT-ICU) assigned 203 patients to receive either IC-
guided nutritional support or a simple weight-based equation. They found no difference in mortality, duration of
ICU., infectious complications, and quality of life at six months (Lange et al. 2017). Similarly, in another pilot
study (ONCA Study) by Gonzalez-granda et al. (2018), 40 mechanically ventilated patients were randomized into
a group in which their energy requirements were determined by IC (IC group) and a group in which energy needs
were calculated with a weight-based formula as standard care (SC group). The finding of this study showed that
the IC group achieved 98% of their energy goal, whereas the SC group reached only 79% of the energy target.”
No statistically significant differences were observed between groups in the primary outcome of change in
bioelectrical impedance phase angle (related to nutritional status and prognosis). Besides, a shorter length of ICU
stay was observed in the IC group than in the SC group (1318 vs 24+20 days, P < 0.05). In contrast, a non-
significant increase in-hospital mortality was reported in the 1C group while no differences in ICU mortality,
hospital LOS, and duration of MV were observed between the two groups (Gonzalez-granda et al. 2018).
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Table 1: Randomized control trials on I1C guided nutritional therapy

First Author, Saffle, Singer et al., Landes et al., Allingstrup Gonzalez-
Year 1990 (Anon) 2011 2016 etal., 2017, Granda
Country (Israel) (United State) ( Denmark) etal., 2018,
(Germany)
Study Design Prospective Prospective Prospective Prospective Prospective

No of hospital

ICU., population

Age, years
(mean£SD)

BMI (kg/m?)
(mean=SD)

APACHE I
Score

SOFA

Mean energy
requirement
(kcal/day)

Mean energy
delivered
(kcal/day)

Hospital
Mortality N(%0)

Mortality (ICU)
(%)

LOS (ICU), Days
(mean=SD)

Duration of MV,
Days
(mean=SD)

LOS (Hospital)
(days),(mean+SD

single-center
RCT

49 burned
patients

IC: 29.2+1.9
SC:36.8£1.9

NR

NR

NR

IC: 2764+97.7
SC: 3913+96.7

1C:3530£134.1
SC:3490+132.1

IC: 3(11.6)

SC: 2(8.7)

NR

NR

NR

IC: 48.8+4.5
SC: 48.545.2

single-center
RCT

130 MV patients
General-ICU

IC: 59+18
SC:62+17

IC: 27.846.3
SC: 27.447.3

1C:22.1+7.4
SC:22.4+6.8

IC: 6.4+2.9
SC: 6.6£3.5

IC: 1976+468
SC: 1838+468
IC: 20862460
SC: 14804356
IC: 21(32)
SC: 31(48)

IC: 16(25)
SC: 17(26)

IC:17%15
SC: 1248

IC: 16+15
SC: 1148

IC: 34+23
SC: 3227

single-center RCT

27 long term
MV patients

IC:72+7
SC: 7410

IC: 25.346.4
SC: 25.74£7.5

IC: 34.7£12.0
SC: 38.7£13.4
NR

IC: 1976.2+481.1
SC:2067.33+£340.8

IC: 86.5%+12%
SC: 77%+18%

NR

NR

NR

IC: 49422

SC: 46431

NR

single-center
RCT

203 MV patients
Medical ICU

1C:62+16
SC:65+17

IC: 22.7+4.5
SC: 22+3.8

NR

IC: 8(6-11)"
SC: 8(5-10)

IC: 2069(1816-
2380)
SC: 1887(1674-
2244)

IC: 1877(1567-
2254)

SC:  1061(745-
1470)

NR

NR

IC:7(5-22)

SC:7(4-11)

NR

1C:30(12-53)
SC:34(14-53)

single-center
RCT

40 MV patients
Medical ICU

IC: 57+16
SC: 56+14

1C:27.8+6.2
SC:25.0+4.3

IC: 27.1£7.0
SC: 28.948.3

IC: 12.1+3.3
SC: 11.443.0

NR

1C:98%+8%
1C:98%+8%

IC: 5(25)
SC: 3(15)

IC: 3(15)
SC: 3(15)

1C:13+8
SC:24+20

1C:9+8
SC:10+5

1C:31+24
SC:40+23

Abbreviations: IC, indirect calorimetry; SC, standard care; NR, not reported; MV, mechanical ventilation; LOS,

length of stay; ICU, intensive care unit.

The recent data from RCTs have shown conflicting results regarding the benefit of using IC to guide nutrition

therapy over PEs on clinical outcomes in critically ill patients. Singer at al. (2011) reported a non-significant

reduction in-hospital mortality in the IC group while in the study by Gonzalez-granda et al. (2018) showed a non-

significant increase in in-hospital mortality compared to a standard care group. Meanwhile, no differences in ICU

mortality and hospital LOS were found between IC and SC groups in any study. Furthermore, TICACOS is the
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only study that revealed an increased in the mean duration of MV in IC versus PEs groups. Besides, similarly to
other outcomes, mixed findings were reported for LOS-ICU. A significant reduction in LOS-ICU was shown by
Gonzalez-Granda et al. (2018) while Singer at al. (2011) and Allingstrup et al. (2017) conversely found a
significant increase in LOS-ICU. As well as compare to other studies, only Singer at al. (2011) investigated
outcome related to infectious complications the study demonstrated a significant increase in infection rate with a
trend for an increased incidence of VAP (ventilator-associated pneumonia) in the study group (27.7 vs 13.8%; p

= 0.08). No studies investigated muscle wasting during ICU stay in critically ill patients.

In summary, due to the contradictory findings in these recent RCTs, the impact of IC guided nutrition therapy on
clinical outcomes has not been fully observed. Although across all studies, the IC guided group achieved higher
calorie intake compared to the SC group. Which indicates that energy delivery close to measured EE only can be
achieved when IC is used, thereby minimizing negative energy balance and the risk of inadequate or excessive
energy delivery. It could be a good reason for its routine use for measuring EE in nutrition therapy. On the other
hand, with recent advances in technology, indirect calorimeters are now easier to operate, more portable, and
affordable. Unfortunately, still, it is an underutilized tool among dietitians in critical care settings and
conventionally is used in patients in whom altered EE is suspected, or the nutritional support based on PEs fails
to respond. The routine implementation of this device in clinical practice will not be justified until further data

is available to support the current guidelines recommendations.

Conclusion and Recommendation

The use of IC to direct nutritional care is limited, and its benefits are poorly appreciated in clinical practice because
there is still a lack of conclusive data to show the clinical benefits of nutritional therapy guided by 1C compare to
PEs. In this regard, the results of existing RCTs had not resulted in greater clarity, as both benefits and harm have
been demonstrated when IC guided nutrition therapy, which is not justifiable for its routine use in clinical care
settings. Moreover, it also declared from the recent findings that IC could only effectively guide nutrition when
the measured calorie administered, which needs an effective strategy to deliver the prescribed calories and
optimize the advantages of nutritional support.

In most countries data regarding the impact of IC guided nutrition therapy on clinical outcomes is still lacking and
is less commonly used in practice. It is suggested that respective institutions adopt IC and pay attention to the
usage and implementation of this device in their routine feeding protocol to optimize nutrition therapy. This review
will assist in developing a better understanding of the influences of IC on clinical outcomes in critically ill patients.
Further research, specifically adequately powered multicenter RCTs, is also needed to investigate the impact of
the IC guided nutrition therapy on important clinical outcomes such as LOS. LMV, infection complications, and

mortality.

REFERENCES

Alberda, Cathy, Leah Gramlich, Naomi Jones, Khursheed Jeejeebhoy, Andrew G. Day, Rupinder Dhaliwal, and
Daren K. Heyland. (2009). “The Relationship between Nutritional Intake and Clinical Outcomes in
Critically Ill Patients: Results of an International Multicenter Observational Study.” Intensive Care
Medicine 35(10):1728-37. doi: 10.1007/s00134-009-1567-4.

Arabi, Yaseen M., Samir H. Haddad, Hani M. Tamim, Asgar H. Rishu, Maram H. Sakkijha, Salim H. Kahoul,
and J. Riette. (2010). Journal of Parenteral and Enteral Nutrition. doi: 10.1177/0148607109353439.

83



Nangarhar University International Journal of Biosciences (NUIJB)

e-ISSN: 2957-9988

Zusman, O., Theilla, M., Cohen, J., Kagan, I., Bendavid, I., & Singer, P. (2016). Resting energy expenditure,
calorie and protein consumption in critically ill patients: a retrospective cohort study. Critical care, 20(1),
1-8.

Delsoglio, Marta, Najate Achamrah, Mette M. Berger, and Claude Pichard. (2019). Indirect Calorimetry in
Clinical Practice. Journal of Clinical Medicine 8(9):1387. doi: 10.3390/jcm8091387.

Elke, Gunnar, Miao Wang, Norbert Weiler, Andrew G. Day, and Daren K. Heyland. (2014). Close to
Recommended Caloric and Protein Intake by Enteral Nutrition Is Associated with Better Clinical Outcome
of Critically Il Septic Patients : Secondary Analysis of a Large International Nutrition Database. 1-8.

Espinoza, Rodolfo E. A., Nara L. A. L. Segadilha, Wilza A. F. Peres, Karla L. P. Gomes, Lilian M. S. Tanaka,
and Eduardo E. M. Rocha. (2016). Energy Expenditure in Critically Il Elderly Patients: Indirect Calorimetry
vs Predictive Equations. Journal of Parenteral and Enteral Nutrition 41(5):776-84. doi:
10.1177/0148607115625609.

Gonzalez-granda, Anita, Asja Schollenberger, Michael Haap, Reimer Riessen, and Stephan C. Bischoff. (2018).
Optimization of Nutrition Therapy with the Use of Calorimetry to Determine and Control Energy Needs in
Mechanically Ventilated Critically Il Patients : The ONCA Study , a Randomized , Prospective Pilot Study.
0(0). doi: 10.1002/jpen.1450.

Das Gupta, Riddhi, Roshna Ramachandran, Padmanaban Venkatesanl, Shajith Anoop, Mini Joseph, and Nihal
Thomas. (2017). Indirect Calorimetry: From Bench to Bedside. Indian Journal of Endocrinology and
Metabolism 21(2):308-15. doi: 10.4103/ijem.IJEM.

Haugen, Heather A., Lingtak-Neander Chan, and Fanny Li. (2007). Invited Review Indirect Calorimetry: A
Practical Guide for Clinicians Determining Energy Expenditure. Nutrition in Clinical Practice (22):377—
88. doi: 10.1177/0115426507022004377.

Heyland, Daren K., Kimberly E. Stephens, Andrew G. Day, and Stephen A. Mcclave. (2011). The Success of
Enteral Nutrition and ICU-Acquired Infections : A Multicenter Observational Study Q. Clinical Nutrition
30(2):148-55. doi: 10.1016/j.cInu.2010.09.011.

Heyland, D. K., Cahill, N., & Day, A. G. (2011). Optimal amount of calories for critically ill patients: depends on
how you slice the cake!. Critical care medicine, 39(12), 2619-2626.

Krishnan, Jerry A., Pat B. Parce, Anthony Martinez, Gregory B. Diette, and Roy G. Brower. (2003). Caloric Intake
in Medical ICU Patients * Consistency of Care With Guidelines and Relationship to Clinical Outcomes.
CHEST 124(1):297-305. doi: 10.1378/chest.124.1.297.

Ladd, Amy K., Heather E. Skillman, Matthew A. Haemer, and Peter M. Mourani. (2018). Preventing
Underfeeding and Overfeeding: A Clinician’s Guide to the Acquisition and Implementation of Indirect
Calorimetry. Nutrition in Clinical Practice 33(2):198-205. doi: 10.1177/0884533617710214.

Lambell, K. J., Tatucu-Babet, O. A., Chapple, L. A., Gantner, D., & Ridley, E. J. (2020). Nutrition therapy in
critical illness: a review of the literature for clinicians. Critical Care, 24, 1-11.

Landes, Sarah, Stephen A. McClave, Thomas H. Frazier, Cynthia C. Lowen, and Ryan T. Hurt. (2016). Indirect
Calorimetry: Is It Required to Maximize Patient Outcome from Nutrition Therapy?. Current Nutrition
Reports 5(3):233-39. doi: 10.1007/s13668-016-0171-9.

Lange, Theis, Casper Claudius, Matilde Jo Allingstrup, Anders Perner, Rikke Hein-Rasmussen, Jargen Wiis,

Morten Hylander Mgller, Mads Rye Bjerregaard, UIf Ggttrup Pedersen, Tom Hartvig Jensen, Morten

84



Nangarhar University International Journal of Biosciences (NUIJB)

e-ISSN: 2957-9988

Steensen, Martin Bruun Madsen, and Jens Kondrup. (2017). Early Goal-Directed Nutrition versus Standard
of Care in Adult Intensive Care Patients: The Single-Centre, Randomised, Outcome Assessor-Blinded EAT-
ICU Trial. Intensive Care Medicine 43(11):1637—47. doi: 10.1007/s00134-017-4880-3.

Lev, Shaul, Jonathan Cohen, and Pierre Singer. (2010). Indirect Calorimetry Measurements in the Ventilated
Critically 1l Patient: Facts and Controversies-the Heat Is On. Critical Care Clinics 26(4):e1-9. doi:
10.1016/j.ccc.2010.08.001.

Lev, Shaul, Elad Grozovski, Haim Shapiro, Zecharia Madar, Jonathan Cohen, Ronit Anbar, Michal Shalita-
Chesner, Sigal Frishman, Pierre Singer, and Miryam Theilla. (2011). The Tight Calorie Control Study
(TICACOS): A Prospective, Randomized, Controlled Pilot Study of Nutritional Support in Critically 11l
Patients. Intensive Care Medicine 37(4):601-9. doi: 10.1007/s00134-011-2146-z.

Lew, Charles Chin Han, Rosalie Yandell, Robert J. L. Fraser, Ai Ping Chua, Mary Foong Fong Chong, and
Michelle Miller. (2017). Association between Malnutrition and Clinical Outcomes in the Intensive Care
Unit: A Systematic Review. Journal of Parenteral and Enteral Nutrition 41(5):744-58. doi:
10.1177/0148607115625638.

McClave, Stephen A., David A. Spain, Judah L. Skolnick, Cynthia C. Lowen, Melissa J. Kleber, Patrice S.
Wickerham, Janet R. Vogt, and Stephen W. Looney. (2003). Achievement of Steady State Optimizes
Results When Performing Indirect Calorimetry. Journal of Parenteral and Enteral Nutrition 27(1):16-20.

McClave, Stephen A., Beth E. Taylor, Robert G. Martindale, Malissa M. Warren, Debbie R. Johnson, Carol
Braunschweig, Mary S. McCarthy, Evangelia Davanos, Todd W. Rice, Gail A. Cresci, Jane M. Gervasio,
Gordon S. Sacks, Pamela R. Roberts, and Charlene Compher. (2016). Guidelines for the Provision and
Assessment of Nutrition Support Therapy in the Adult Critically Ill Patient: Society of Critical Care
Medicine (SCCM) and American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.). Journal of
Parenteral and Enteral Nutrition 40(2):159-211. doi: 10.1177/0148607115621863.

Nicolo, M., Heyland, D. K., Chittams, J., Sammarco, T., & Compher, C. (2016). Clinical outcomes related to
protein delivery in a critically ill population: a multicenter, multinational observation study. Journal of
Parenteral and Enteral Nutrition, 40(1), 45-51.

Oshima, Taku, Mette M. Berger, Elisabeth De Waele, Anne Berit Guttormsen, Claudia Paula Heidegger, Michael
Hiesmayr, Pierre Singer, Jan Wernerman, and Claude Pichard. (2017). Indirect Calorimetry in Nutritional
Therapy. A Position Paper by the ICALIC Study Group. Clinical Nutrition 36(3):651-62. doi:
10.1016/j.cInu.2016.06.010.

Oshima, Taku, Yves Marc, Marta Delsoglio, Severine Graf, Claudia-paula Heidegger, and Claude Pichard.
(2019). Clinical Nutrition ESPEN In Vitro Validation of Indirect Calorimetry Device Developed for the
ICALIC Project against Mass Spectrometry. Clinical Nutrition ESPEN. doi: 10.1016/j.clnesp.2019.05.004.

Rattanachaiwong, Sornwichate, and Pierre Singer. (2018). Should We Calculate or Measure Energy Expenditure?
Practical Aspects in the ICU. Nutrition 55-56:71-75. doi: 10.1016/j.nut.2018.05.001.

Reeves, Marina M., and Sandra Capra. (2003). Predicting Energy Requirements in the Clinical Setting: Are
Current Methods Evidence Based? Nutrition Reviews 61(4):143-51. doi: 10.1301/nr.2003.apr.143-151.

Ridley, Emma, Dashiell Gantner, and Vincent Pellegrino. (2015). Nutrition Therapy in Critically Il Patients- a
Review of Current Evidence for Clinicians. Clinical  Nutrition 34(4):565-71. doi:
10.1016/j.cInu.2014.12.008.

85



Nangarhar University International Journal of Biosciences (NUIJB)

e-ISSN: 2957-9988

Saffle, JEFFREY R., CATHERINE M. Larson, and JOHN Sullivan. (1990). A Randomized Trial of Indirect
Calorimetry-Based Feedings in Thermal Injury. The Journal of Trauma, 30(7), 776—782.Feedings in
Thermal Injury. The Journal of Trauma 30(7):776-82.

Singer, Pierre, Annika Reintam Blaser, Mette M. Berger, Waleed Alhazzani, Philip C. Calder, Michael P. Casaer,
Michael Hiesmayr, Konstantin Mayer, Juan Carlos Montejo, and Claude Pichard. (2019). ESPEN Guideline
on Clinical Nutrition in the Intensive Care Unit. Clinical Nutrition 38(1):48-79.

Singer, Pierre, and Joelle Singer. (2016). Clinical Guide for the Use of Metabolic Carts: Indirect Calorimetry - No
Longer the Orphan of Energy Estimation. Nutrition in Clinical Practice 31(1):30-38. doi:
10.1177/0884533615622536.

Sioson, Marianna S., Robert Martindale, Anuja Abayadeera, Nabil Abouchaleh, Dita Aditianingsih, Rungsun
Bhurayanontachai, Wei-chin Chiou, Naoki Higashibeppu, Mohd Basri, Mat Nor, Emma Osland, Jose
Emmanuel, Nagarajan Ramakrishnan, Medhat Shalabi, Luu Ngan, Jonathan Jit, and Ern Tan. (2017).
Clinical Nutrition ESPEN Nutrition Therapy for Critically Il Patients across the Asia e Paci Fi ¢ and Middle
East Regions : A Consensus Statement. Clinical Nutrition ESPEN 1-9. doi: 10.1016/j.clnesp.2017.11.008.

Stapel, Sandra N., Peter J. M. Weijs, Armand R. J. Girbes, and Heleen M. Oudemans-van Straaten. (2018). Indirect
Calorimetry in Critically Il Mechanically Ventilated Patients: Comparison of E-SCOV X with the Deltatrac.
Clinical Nutrition 6-11. doi: 10.1016/j.cInu.2018.08.038.

Tatucu-Babet, Oana A., Emma J. Ridley, and Audrey C. Tierney. (2016). Prevalence of Underprescription or
Overprescription of Energy Needs in Critically Il Mechanically Ventilated Adults as Determined by
Indirect Calorimetry. Journal of Parenteral and Enteral Nutrition 40(2):212-25.

Tatucu-Babet, Oana A., Emma J. Ridley, and Audrey C. Tierney. (2016). Prevalence of UndeTatucu-Babet, O.
A., Ridley, E. J., & Tierney, A. C. (2016). Prevalence of Underprescription or Overprescription of Energy
Needs in Critically 1l Mechanically Ventilated Adults as Determined by Indirect Calorimetry: A Systematic
Literat. Journal of Parenteral and Enteral Nutrition 40(2):212-25.

Waele, Elisabeth De, Patrick M. Honore, Herbert D. Spapen, and Martin Sundstrém. (2016). New Generation
Indirect Calorimeters for Measuring Energy Expenditure in the Critically Ill: A Rampant or Reticent
Revolution ? Critical Care 4-5. doi: 10.1186/s13054-016-1315-4.

De Waele, Elisabeth, Joop Jonckheer, Joeri J. Pen, Joy Demol, Kurt Staessens, Luc Puis, Mark La Meir, Patrick
M. Honoré, Manu L. N. G. Malbrain, and Herbert D. Spapen. (2019). Energy Expenditure of Patients on
ECMO: A Prospective Pilot Study. Acta Anaesthesiologica Scandinavica 63(3):360-64.

Wang, Chen Yu, Chun Te Huang, Chao Hsiu Chen, Mei Fen Chen, Shiu Lan Ching, and Yi Chia Huang. (2017).
Optimal Energy Delivery, Rather than the Implementation of a Feeding Protocol, May Benefit Clinical
Outcomes in Critically 11l Patients. Nutrients 9(5):1-13. doi: 10.3390/nu9050527.

Wei, Xuejiao, Andrew G. Day, Héléne Ouellette-Kuntz, and Daren K. Heyland. (2015). The Association between
Nutritional Adequacy and Long-Term Outcomes in Critically 11l Patients Requiring Prolonged Mechanical
Ventilation: A Multicenter Cohort Study. Critical Care Medicine 43(8):1569-79.

Wichansawakun, Sanit, Liisa Meddings, Cathy Alberda, Sarah Robbins, and Leah Gramlich. (2014). Energy
Requirements and the Use of Predictive Equations versus Indirect Calorimetry in Critically 11l Patients.
Applied Physiology, Nutrition and Metabolism 40(2):207-10. doi: 10.1139/apnm-2014-0276.

86



Nangarhar University International Journal of Biosciences (NUIJB)

e-ISSN: 2957-9988

Yeh, D. D., Fuentes, E., Quraishi, S. A., Cropano, C., Kaafarani, H., Lee, J., ... & Velmahos, G. (2016). Adequate
nutrition may get you home: effect of caloric/protein deficits on the discharge destination of critically ill
surgical patients. Journal of Parenteral and Enteral Nutrition, 40(1), 37-44.

Zusman, O., Kagan, |., Bendavid, 1., Theilla, M., Cohen, J., & Singer, P. (2018). Predictive equations predictive

equations versus measured energy expenditure by indirect calorimetry: a retrospective validation. Clinical
Nutrition. doi: 10.1016/j.cInu.2018.04.020.

87



