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Abstract

Objectives: The aims of this study were, first, to compare the predicted (calculated) energy 

requirements based on standard equations with target energy requirement based on indirect 

calorimetry (IC) in critically ill, obese mechanically ventilated patients; and second, to compare 

actual energy intake to target energy requirements.

Methods: We conducted a prospective cohort study of mechanically ventilated critically ill 

patients with body mass index ≥30.0 kg/m2 for whom enteral feeding was planned. Clinical and 

demographic data were prospectively collected. Resting energy expenditure was measured by 

open-circuit IC. American Society of Parenteral and Enteral Nutrition (APSPEN)/Society of 

Critical Care Medicine (SCCM) 2016 equations were used to determine predicted (calculated) 

energy requirements. Target energy requirements were set at 65% to 70% of measured resting 

energy expenditure as recommended by ASPEN/SCCM. Nitrogen balance was determined via 

simultaneous measurement of 24-h urinary nitrogen concentration and protein intake.

Results: Twenty-five patients (mean age: 64.5 ± 11.8 y, mean body mass index: 35.2 ± 3.6 

kg/m2) underwent IC. The mean predicted energy requirement was 1227 kcal/d compared with 

mean measured target energy requirement of 1691 kcal/d. Predicted (calculated) energy 
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requirements derived from ASPEN/SCCM equations were less than the target energy requirements 

in most cases. Actual energy intake from enteral nutrition met 57% of target energy requirements. 

Protein intake met 25% of target protein requirement and the mean nitrogen balance was −2.3 

± 5.1 g/d.

Conclusions: Predictive equations underestimated target energy needs in this population. 

Further, we found that feeding to goal was often delayed resulting in failure to meet both protein 

and energy intake goals.
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Introduction

Overfeeding critically ill patients has been associated with poor outcomes [1–3]. More than 

25% of critical ill patients in the United States are obese [4,5]. Obesity presents a challenge 

beyond normal weight in intensive care unit (ICU) patients because of the comorbidities and 

metabolic anomalies associated with obesity [6–8]. This makes determining an appropriate 

dose of enteral nutrition and concerns about potential harms from overfeeding even greater 

in the obese critically ill population than in the normal weight population.

Improved outcomes such as decreased length of stay have been associated with hypocaloric 

feeding of obese critically ill patients [8] but an association between negative energy balance 

and increased infections has also been reported [9]. It is also widely recognized that obese 

patients can be malnourished [10]. So, although a degree of underfeeding may be beneficial, 

provision of adequate nutrient intake to prevent malnutrition and loss oflean body mass is 

also important [11,12]. Guidelines from the American Society of Enteral and Parenteral 

Nutrition/Society of Critical Care Medicine (ASPEN/SCCM) published in 2016 strike a 

balance on these issues by recommending provision of nutrition to obese ICU patients 

within 24–48 h of admission but also recommending that feeding be hypocaloric [13]. To 

establish energy intake goals, it is recommended that, when possible, these patients undergo 

indirect calorimetry (IC) and that enteral nutrition for obese critically ill patients not exceed 

65% to 70% of energy expenditure measured by IC [13]. In contrast, the recently published 

European Society of Parenteral and Enteral Nutrition guidelines recommend an isocaloric 

rather than hypocaloric diet based on IC [14]. When IC is not available, they recommend use 

of adjusted body weight in formulas to determine caloric needs [14].

For many patients, IC cannot be accurately measured or interpreted, such as for those 

patients on high fractions (>60%) of inspired oxygen. For many other patients, logistical or 

institutional barriers make IC impractical. Indeed, a feasibility study on the use of IC in 

critically ill patients reported that IC was only possible on 39% of those with an indication 

for its use [15]. For these patients, ASPEN/SCCM 2016 guidelines recommend using weight 

based empirical equations to estimate energy requirements. These equations were validated 

in a retrospective pilot study of 31 obese patients who underwent IC as part of usual clinical 

care [16]. The findings from this study were the basis for the ASPEN/SCCM 2016 
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recommendations [13]. Briefly, the equations were found to perform adequately for 

estimating 65% of measured resting energy expenditure (REE). However, given the small 

sample size, clinicians might still be concerned about inadvertently overfeeding patients 

when IC is not available.

Therefore we sought to compare the predicted (calculated) energy requirements based on 

ASPEN/SCCM 2016 equations [13], the target energy requirement based on IC [13], and the 

actual energy intake of patients to determine the prevalence of under or overfeeding. We 

then evaluated nitrogen balance because inadvertently delivering low protein is a risk of 

hypocaloric feeding.

Methods

We conducted a prospective observational cohort study of adult (≥ 18 y of age), obese (body 

mass index [BMI] ≥30 kg/m2), mechanically ventilated men and women admitted to the 

medical, cardiac, or neurologic ICUs between January 1, 2015 and February 28,2016. 

Patients who were pregnant or for whom the medical team was not planning standard enteral 

tube feedings were excluded from the study. Patient characteristics (age, sex, ethnicity, 

height, weight), collected as part of medical care, were extracted from the medical chart. 

Patients were followed until extubation, death, or until the latter of either completion of IC 

or completion of 4 d follow-up. This study was approved by our Institutional Review Board 

by Expedited Review per 45 Combined Federal Regulation 46.110(f) (2) (b) (3) (4) (5) 

(Internal Christiana Care number: 34155).

Energy balance measures

REE was measured by open-circuit IC using a computerized metabolic cart (MedGraphics 

CCM Express, St Paul, MN, USA) for a minimum of 35 min. The first 5 min of every test 

were discarded, and of the remaining minutes, steady state was defined as the period where 

the coefficient of variation for oxygen consumption and carbon dioxide production was 

≤10% for at least 25 min. Total energy intake (calories from enteral feedings including 

protein supplements, if used, and propofol if used for sedation) was determined from daily 

input and output records; energy and protein intake from enteral feedings alone was also 

calculated.

Target and predicted energy requirements

The target energy requirement was determined using ASPEN/SCCM 2016 guidelines [13], 

which state that, for all classes of obesity, energy intake should not exceed 65% to 70% of 

energy requirements as measured by IC. Predicted energy requirements were determined 

using ASPEN/SCCM 2016 equations [13], which call for 11 to 14 kcal/kg actual body 

weight per day for patients with a BMI in the range of 30 to 50 [13]. For patients with a BMI 

>50 kg/m2, 22 to 25 kcal/kg ideal body weight is recommended [13]. Because of a small 

sample size (n = 3 patients with BMI >50 kg/m2), we could not draw conclusions about the 

equation recommended for patients with a BMI >50 and excluded these patients from the 

analysis. The typical practice in the Christiana Care Healthcare System is to initiate enteral 
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feeding within 24 to 48 h of ICU admission at a rate of 20 mL/h and advance to goal by 

adding 20 mL to the rate every 8 h.

Nitrogen balance

Nitrogen balance was determined by collecting a 24-h urine sample with simultaneous 

measurement of protein intake during the same 24-h period. Urinary nitrogen concentration 

was assessed via spectrophotometry at the Christiana Care Healthcare System laboratory. 

Nitrogen balance was calculated using the following equation: Protein intake (g)/6.25 – 

urine nitrogen excreted (g) – 4 [17].

Severity of illness and nutritional risk

Three different methods were used to assess illness severity: the Sequential Organ Failure 

Assessment (SOFA) [18], the Acute Physiology and Chronic Health Evaluation Scores 

(APACHE II) [19], and the Nutrition Risk in the Critically Ill (NUTRIC) score [20].

Statistics

Descriptive statistics were used to summarize patient population characteristics. Per ASPEN 

guidelines [13], target energy intake for critically ill obese patients should not exceed 65% to 

70% of energy expenditure measured by indirect calorimetry. As such, measured REE for 

each patient was multiplied by the low, average, and high (0.65, 0.675, and 0.70) range of 

the guideline for target energy requirements [13]. The predicted (calculated) energy 

requirement recommended for obese, critically ill patients with a BMI between 30 and 50 

kg/m2 is 11 to 14 kcal/kg actual bodyweight [13]. The predicted (calculated) energy 

requirement for each patient was determined based on the low end of the range 

(ASPEN_Low; 11 kcal/kg), the average of the range (ASPEN_Average; 12.5 kcal/kg), and 

the high end of the range (ASPEN_High; 14 kcal/kg). For each patient, we also calculated 

the ratio of actual energy and protein intake over the target energy and protein intake. Next, 

the group mean from each ASPEN equation was compared with the ASPEN target energy 

requirement group mean. Finally, we calculated the correlation coefficient between the 

calculated energy requirement from the ASPEN equations and the ASPEN target energy 

requirement from the measured REE. A P < 0.05 was considered significant. Statistical 

analysis was performed using STATA Version 13.1 (College Station, TX, USA).

Results

A total of 55 patients were enrolled in the study; however, REE could not be measured for 

27 patients (Fig. 1). Three patients had BMI >50 kg/m2 and were excluded. As shown in 

Table 1, a total of 25 patients with a BMI between 30 to 50 kg/m2 had a successful REE 

measurement. These patients were critically ill based on APACHE II and SOFA scores. 

Based on the mean NUTRIC score, our participants were at low nutritional risk. Three 

patients (12.0%) died during their hospital stay, and 6 patients (24.0%) were discharged to 

hospice. The reasons for ICU admission were pneumonia (n = 5), sepsis (n = 3), respiratory 

failure (n = 3), altered mental status (n = 4), stroke (n = 4), cardiac arrest (n = 3), pulmonary 

embolism (n = 1), seizures (n = 1), and overdose (n = 1).
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As recommended by ASPEN/SCCM, the target energy requirement for critically ill obese 

patients is 65% to 70% of the measured REE; taking the average of this range (67.5% 

measured REE), this equated to a mean target energy requirement of 1691 ± 505 kcal/d for 

our participants (Table 2). Overall, only four patients (Fig. 2) had a calculated energy goal 

between 65% and 70% of measured REE. For the ASPEN_Low predictive equation (11 

kcal/kg), one patient’s calculation (4%) was within the target range (65%–70% of the 

measured REE) and no patients’ calculations (0%) exceeded 70% of the measured REE. For 

the ASPEN_Average predictive equation (12.5 kcal/kg), two patients’ calculation (8%) were 

within the target range and two patients’ calculations exceeded 70% of the measured REE. 

For the ASPEN_High predictive equation (14 kcal/kg), three patients’ calculations (12%) 

were within the target range, and three patients (12%) had calculations that exceed 70% of 

the measured REE. All the remaining calculations were less than the target range. Appendix 

1 shows the measured and calculated energy ranges for all 25 patients.

The mean actual total energy intake (enteral feeding + propofol); and energy intake from 

enteral feeding alone was 57% and 52% of the target energy requirement (67.5% measured 

REE), respectively. A total of nine patients received propofol in addition to enteral feedings. 

Only one of 25 patients’ actual total energy intakes exceeded the target energy requirement 

(70% of REE measured by IC), with the remaining 24 failing to achieve the target measured 

energy requirement. Enteral feeding products included a high-protein polymeric formula, 

Replete (Nestle Health Science, Bridgewater Township, NJ, USA; n = 20); a volume-

restricted polymeric formula, Nutren 1.5 (Nestle Health Science; n = 2); and a volume-

restricted renal formula, Nova Source Renal (Nestle Health Science; n = 1). One patient 

received both Isosource and Replete, and one patient received both Nova Source and 

Replete. Only two patients received protein supplements (ProSource, Medtrition, Lancaster, 

PA, USA). We obtained 24-h urine collections on 19 patients. The mean nitrogen balance 

was −2.3 ± 5.1 g/d. The mean change in body weight during the study period was +2.2 ± 5.4 

kg.

The correlation between the calculated energy requirement from the ASPEN equations and 

the ASPEN target energy requirement from the measured REE was low with an r = 0.64 and 

P value < 0.001.

Discussion

We found that the 2016 ASPEN/SCCM equations for predicting (calculating) energy 

requirements of obese mechanically ventilated ICU patients underestimated energy needs 

compared with 65% to 70% of the goal (IC measure) for the majority of patients. Further, 

despite initiation of energy feedings within 24 to 48 h of ICU admission, actual energy and 

protein intake during the study period was lower than calculated energy and protein 

requirements. We focused only on obese patients, which is a population where estimation of 

energy expenditure is known to be particularly problematic.

Hypocaloric feeding has been suggested as a way of improving outcomes in obese patients 

[21–23]. This is reflected in the ASPEN guideline recommendation to provide no more than 

70% of energy needs to obese patients [13]. Moreover, it has recently been suggested that 
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feeding to goal may be dangerous, especially early in the course of critical illness [24]. 

Enteral nutrition’s impact on autophagy has been suggested as a possible mechanism for this 

harm. Autophagy is a cellular repair process that plays a role in both homeostasis and 

disease recovery [24,25]. Autophagy is inhibited by increased insulin, glucose, and nutrients, 

so disruption of autophagy by enteral nutrition could be a mechanism of harm [24,25].

Therefore it is reasonable for clinicians to be concerned about the potential for overfeeding 

obese patients. Because 24 of the 25 patients in our study did not actually achieve the target 

energy intake during the study period, our data indicate that overfeeding may not be a major 

concern at least in the early phase of critical illness. However, the patients in our study 

received only 52% to 57% of goal energy and 25% of goal protein needs.

Our data are consistent with a large observational cohort study of 167 intensive care units 

that reported overall critically ill patients received 59.2% of calories and 56% of protein 

prescribed [12]. Lower mortality was associated with higher protein and caloric feeding at 

extremes of BMI (>35 and <25) [12]. Providing protein in a dose between 2.0 and 2.5 g/kg 

per day is recommended by ASPEN guidelines for patients with BMI >40 based on data 

suggesting negative nitrogen balance with lower protein doses [12,13]. Some authors have 

suggested that for critically ill patients the provision of adequate protein may be more 

important than providing energy through feeding [26,27]. If this proves to be true, then 

perhaps earlier use of protein supplements would be beneficial.

Our study is consistent with prior studies that report poor agreement between measured 

resting energy expenditure and energy expenditure estimated by predictive equations [28–

31]. For example, one study found that the correlation between a predictive equation and 

measured REE was similar (r = 0.59) [32]. However, most prior studies have not used the 

predictive formulas recommended in the ASPEN/SCCM 2016 guidelines or focused on 

critically ill obese patients. Because of our focus on this population with a recommended 

goal of hypocaloric feeding, our methods of comparing predictive equations to a percent of 

REE is different than many prior studies that compared predictive equations to total REE. 

Our study design differs from that of the validation study [16] of ASPEN equations in that 

we conducted a prospective study of mechanical ventilated ICU patients, excluding surgical 

patients, whereas their study was a retrospective study of medical and surgical ICU patients 

and included spontaneously breathing patients. In addition, we were able to capture data on 

severity of illness and nutritional risk, which they were not able to obtain retrospectively. 

Our results differ in that we found predictive equations underestimated the energy needs of 

obese patients, which was not reported in the validation study.

The mortality risk estimated by average SOFA scores [33,34] in our population is around 

20%. In addition, on average, our population was at low nutritional risk based on the 

NUTRIC score [20]. It is possible that the performance of predictive equations might be 

influenced by the severity of illness of the patients. Therefore it is possible that 

recommended equations would perform better or worse in sicker or healthier populations. 

Future studies with a larger sample would allow for analysis that is stratified by severity of 

illness and nutritional risk.
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Although our results are reassuring in terms of avoiding harms from overfeeding, our finding 

that the recommended equations resulted in target energy requirements that were less than 

65% to 70% of the IC measure is concerning, especially because we were only able to obtain 

metabolic cart measurements on 50% of our enrolled patients, which is, however, higher 

than the 39% of patients with an indication for IC reported in a feasibility of IC [15]. 

Although the development of more accurate predictive equations for obese patients would be 

welcomed by clinicians, additional research is needed in larger populations to understand the 

patient factors that contribute to actual energy requirements that are higher than the 

predicted energy requirement. Moreover, practical methods for measuring energy 

expenditure with less disruption in routine nursing care and in patients currently ineligible 

for metabolic cart measurement for technical reasons, such as high fraction of inspired 

oxygen, are also needed.

This study had limitations. Although our success in obtaining REE by IC was similar to the 

reported literature [15], this limited our sample size. Further, because IC requires a low 

inspired oxygen, our population was limited to those with a relatively low severity of illness. 

In addition, our population had low nutritional risk and our results may not be generalizable 

to a sicker population with higher nutritional risk scores. Because of the small sample size 

we cannot draw conclusion about the possibility of the equations performing differently in 

different racial and ethnic groups. Finally, we do not have data related to why enteral 

feedings were held or not advanced in specific patients. In our practice, enteral tube feedings 

are normally advanced by 20 mL every 8 h, and as such most patients would have reached 

goal feeding in 24 to 48 h. However, at our institution, checking residual volumes and 

holding feeds for residuals greater than a specified amount (selected by the physician 

ordering the tube feed) is standard practice and this likely contributed to not reaching goal. 

In addition, some patients received vasopressors, and this may have contributed both to 

feeding intolerance and clinician discomfort with advancing feedings to goal. Holding 

feedings for procedures such as drains in interventional radiology could also have 

contributed. Finally, several recent high-profile trials comparing trophic to full feeding that 

failed to identify mortality benefits to full-dose feeding may have influenced clinician 

willingness to advance feeds to meet energy goals [35,36].

Conclusions

We did not find evidence of overfeeding. In fact, we found that ASPEN guideline 

recommended equations underestimate the actual energy needs of obese patients as 

determined by REE/IC. Further, we found that, in our population, feeding to goal was often 

delayed and as such energy and protein needs were not met. This combination of 

underestimating needs and failing to deliver even what is estimated as needed could 

contribute to the unintentional development of energy deficits in this patient population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Vest et al. Page 7

Nutrition. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

This work was supported by an Institutional Development Award (IDeA) from the National Institute of General 
Medical Sciences of the National Institutes of Health (NIH) U54-GM104941 (PI: Binder-Macleod) and in part by 
the NIH NIGMS IDeA Program Grant P20 GM103446 (PI: Stanhope).

References

[1]. Klein CJ, Stanek GS, Wiles CE 3rd. Overfeeding macronutrients to critically ill adults: metabolic 
complications.J Am Diet Assoc 1998;98:795–806. [PubMed: 9664922] 

[2]. Griffiths RD. Too much of a good thing: the curse of overfeeding. Crit Care 2007;11:176. 
[PubMed: 18036266] 

[3]. Preiser JC, van Zanten AR, Berger MM, Biolo G, Casaer MP, Doig G, et al. Metabolic and 
nutritional support of critically ill patients: consensus and controversies. Crit Care 2015;19:35. 
[PubMed: 25886997] 

[4]. Elamin EM. Nutritional care of the obese intensive care unit patient. Curr Opin Crit Care 
2005;11:300–3. [PubMed: 16015106] 

[5]. Hogue CW Jr., Stearns JD, Colantuoni E, Robinson KA, Stierer T, Mitter N, et al. The impact of 
obesity on outcomes after critical illness: a meta-analysis. Intensive Care Med 2009;35:1152–70. 
[PubMed: 19189078] 

[6]. Stafeev IS, Vorotnikov AV, Ratner EI, Menshikov MY, Parfyonova YV. Latent inflammation and 
insulin resistance in adipose tissue. Int J Endocrinol 2017;2017:5076732. [PubMed: 28912810] 

[7]. Kiraly L, Hurt RT, Van Way CW 3rd. The outcomes of obese patients in critical care. JPEN J 
Parenter Enteral Nutr 2011;35:29S–35S. [PubMed: 21881015] 

[8]. Cave MC, Hurt RT, Frazier TH, Matheson PJ, Garrison RN, McClain CJ, et al. Obesity, 
inflammation, and the potential application of pharmaconutrition. Nutr Clin Pract 2008;23:16–
34. [PubMed: 18203961] 

[9]. Petros S, Horbach M, Seidel F, Weidhase L. Hypocaloric vs normocaloric nutrition in critically ill 
patients: a prospective randomized pilottrial.JPEN J Parenter Enteral Nutr 2016;40:242–9. 
[PubMed: 24699555] 

[10]. Robinson MK, Mogensen KM, Casey JD, McKane CK, Moromizato T, Rawn JD, et al. The 
relationship among obesity, nutritional status, and mortality in the critically ill. Crit Care Med 
2015;43:87–100. [PubMed: 25289931] 

[11]. Dickerson RN, Patel JJ, McClain CJ. Protein and calorie requirements associated with the 
presence of obesity. Nutr Clin Pract 2017;32:86S–93S. [PubMed: 28388369] 

[12]. Alberda C, Gramlich L, Jones N, Jeejeebhoy K, Day AG, Dhaliwal R, et al. The relationship 
between nutritional intake and clinical outcomes in critically ill patients: results of an 
international multicenter observational study. Intensive Care Med 2009;35:1728–37. [PubMed: 
19572118] 

[13]. McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braunschweig C, et al. 
Guidelines for the Provision and Assessment ofNutrition 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.). JPEN J Parenter Enteral Nutr 2016;40:159–211. [PubMed: 
26773077] 

[14]. Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer M, et al. ESPEN guideline on 
clinical nutrition in the intensive care unit. Clin Nutr 2018;38:48–79. [PubMed: 30348463] 

[15]. De Waele E, Spapen H, Honore PM, Mattens S, Van Gorp V, Diltoer M, et al. Introducing a new 
generation indirect calorimeter for estimating energy requirements in adult intensive care unit 
patients: Feasibility, practical considerations, and comparison with a mathematical equation. J 
Crit Care 2013;28:884.e1–6.

[16]. Mogensen KM, Andrew BY, Corona JC, Robinson MK. Validation of the Society of Critical Care 
Medicine and American Society for Parenteral and Enteral Nutrition Recommendations for 
Caloric Provision to Critically Ill Obese Patients: a pilot study. JPEN J Parenter Enteral Nutr 
2016;40:713–21. [PubMed: 25897016] 

Vest et al. Page 8

Nutrition. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[17]. Blackburn GL, Bistrian BR, Maini BS, Schlamm HT, Smith MF. Nutritional and metabolic 
assessment of the hospitalized patient. JPEN J Parenter Enteral Nutr 1977;1:11–22. [PubMed: 
98649] 

[18]. Moreno R, Vincent JL, Matos R, et al. The use of maximum SOFA score to quantify organ 
dysfunction/failure in intensive care. Results of a prospective, multi-centre study. Working Group 
on Sepsis related Problems of the ESICM. Intensive Care Med 1999;25:686–96. [PubMed: 
10470572] 

[19]. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease 
classification system. Crit Care Med 1985;13:818–29. [PubMed: 3928249] 

[20]. Heyland DK, Dhaliwal R, Jiang X, Day AG. Identifying critically ill patients who benefit the 
most from nutrition therapy: The development and initial validation of a novel risk assessment 
tool. Crit Care 2011;15:R268. [PubMed: 22085763] 

[21]. Dickerson RN, Boschert KJ, Kudsk KA, Brown RO. Hypocaloric enteral tube feeding in 
critically ill obese patients. Nutrition 2002;18:241–6. [PubMed: 11882397] 

[22]. Kaafarani HM, Shikora SA. Nutritional support of the obese and critically ill obese patient. Surg 
Clin North Am 2011;91:837–55. viii–ix. [PubMed: 21787971] 

[23]. Arabi YM, Tamim HM, Dhar GS, Al-Dawood A, Al-Sultan M, Sakkijha MH, et al. Permissive 
underfeeding and intensive insulin therapy in critically ill patients: a randomized controlled trial. 
Am J Clin Nutr 2011;93:569–77. [PubMed: 21270385] 

[24]. Van Dyck L, Casaer MP, Gunst J. Autophagy and its implications against early full nutrition 
support in critical illness. Nutr Clin Pract 2018;33:339–47. [PubMed: 29665131] 

[25]. Stuever MF, Kidner RF, Chae FE, Evans DC. Full nutrition or not? Nutr Clin Pract 2018;33:333–
8. [PubMed: 29878556] 

[26]. Patel JJ, Martindale RG, McClave SA. Controversies surrounding critical care nutrition: an 
appraisal of permissive underfeeding, protein, and outcomes. JPEN J Parenter Enteral Nutr 
2017:148607117721908.

[27]. Hoffer LJ. High-protein hypocaloric nutrition for non-obese critically ill patients. Nutr Clin Pract 
2018;33:325–32. [PubMed: 29701916] 

[28]. Picolo MF, Lago AF, Menegueti MG, Nicolini EA, Basile-Filho A, Nunes AA, et al. Harris-
Benedict equation and resting energy expenditure estimates in critically ill ventilator patients. 
Am J Crit Care 2016;25:e21–9. [PubMed: 26724304] 

[29]. Walker RN, Heuberger RA. Predictive equations for energy needs for the critically ill. Respir 
Care 2009;54:509–21. [PubMed: 19327188] 

[30]. Kross EK, Sena M, Schmidt K, Stapleton RD. A comparison of predictive equations of energy 
expenditure and measured energy expenditure in critically ill patients.J Crit Care 
2012;27:321.e5–12.

[31]. Kruizenga HM, Hofsteenge GH, Weijs PJ. Predicting resting energy expenditure in underweight, 
normal weight, overweight, and obese adult hospital patients. Nutr Metab (Lond) 2016;13:85. 
[PubMed: 27904645] 

[32]. Pirat A, Tucker AM, Taylor KA, Jinnah R, Finch CG, Canada T, et al. Comparison of measured 
versus predicted energy requirements in critically ill cancer patients. Respir Care 2009;54:487–
94. [PubMed: 19327184] 

[33]. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, et al. Use of the SOFA 
score to assess the incidence of organ dysfunction/failure in intensive care units: results of a 
multicenter, prospective study. Working group on “sepsis-related problems” of the European 
Society of Intensive Care Medicine. Crit Care Med1998;26:1793–800. [PubMed: 9824069] 

[34]. Ferreira FL, Bota DP, Bross A, Melot C, Vincent JL. Serial evaluation of the SOFA score to 
predict outcome in critically ill patients. JAMA 2001;286: 1754–8. [PubMed: 11594901] 

[35]. National Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome Clinical Trials 
NetworkRice TW, Wheeler AP, Thompson BT, Steingrub J, et al. Initial trophic vs full enteral 
feeding in patients with acute lung injury: the EDEN randomized trial.JAMA 2012;307:795–803. 
[PubMed: 22307571] 

Vest et al. Page 9

Nutrition. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[36]. Arabi YM, Aldawood AS, Haddad SH, Tamim H, Tamimi W, Al-Balwi M, et al. Permissive 
underfeeding or standard enteral feeding in critically ill adults. N Engl J Med 2015;372:2398–
408. [PubMed: 25992505] 

Vest et al. Page 10

Nutrition. Author manuscript; available in PMC 2020 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Flow diagram showing enrolled patients and construction of analytical data set. BMI, body 

mass index; REE, resting energy expenditure.
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Fig. 2. 
Venn diagram showing degree of overlap between target energy requirement range based on 

measured resting energy expenditure (REE) and predicted (calculated) energy requirement.
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Table 1

Characteristics of obese mechanically ventilated patients in the ICU

Characteristic Participants (n = 25)

Sex n (%)

 Male 8 (32.0)

Race

 African American 1 (4.0)

 Caucasian 24 (96.0)

Ethnicity

 Latin/Hispanic 0 (0)

 Non-Latin/Hispanic 25 (100)

Admitting diagnosis

 Neurologic problem 9 (36%)

 Sepsis and pneumonia 8 (32%)

 Respiratory failure and PE 4 (16%)

 Other 4 (16%)

Receiving vasopressor on enrollment 8 (32%)

Mean (SD)

Age, y 64.5 (11.8)

Height, cm 166.5 (10.1)

Weight, kg 98.2 (18.2)

BMI, kg/m2 35.2 (3.6)

Hospital length of stay, d 19.6 (11.7)

Time in study, d 4.2 (1.3)

Enteral feeding, d 3.8 (1.4)

SOFA score 8.0 (2.2)

APACHE II score 21.8 (5.6)

NUTRIC score 4.0 (1.1)

APACHE II, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; ICU, intensive care unit; PE, pulmonary embolism; 
NUTRIC score, Nutrition Risk in Critically Ill; SOFA, Sequential Organ Failure Assessment
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Table 2

Energy and protein requirements and comparison with goals in obese, mechanically ventilated ICU patients

Calculation or measurement Mean (SD) Range (min–max)

Energy and protein requirements

 Measured REE, kcal/d 2506 (749) 1469–4105

 Target energy requirements (65% measured REE*), kcal/d 1629 (487) 954–2668

 Target energy requirements (67.5% measured REE*), kcal/d 1691 (505) 991 –2770

 Target energy requirements (70% measured REE*), kcal/d 1754 (524) 1028–2873

 Goal protein requirements,* g/kg/d 2.0 –

Actual energy and protein intake

 Total energy intake,
†
 kcal/d

998 (465) 0–1916

 Enteral nutrition energy intake,
‡
 kcal/d

882 (429) 0–1916

 Enteral nutrition protein intake,
‡
 g/kg/d

0.57 (0.28) 0.0–1.9

Nitrogen balance

 Nitrogen balance,
§
 g/d

−2.3 (5.1) −11.6–7.9

Predicted energy requirements (ASPEN equations)

 Calculated energy requirement (ASPEN_Low),* kcal/d 1080 (200) 849–1663

 Calculated energy requirement (ASPEN_Average),* kcal/d 1227 (227) 965–1890

 Calculated energy requirement (ASPEN_High),* kcal/d 1375 (254) 1080–2116

ASPEN, American Society for Parenteral and Enteral Nutrition; ASPEN_Low, minimum of recommended range; ASPEN_High, maximum of 
recommended range; BMI, body mass index; ICU, intensive care unit; max, maximum; min, minimum; REE, resting energy expenditure

*
Per ASPEN guidelines [13] for obesity, the goal of the enteral nutrition regimen should not exceed 65% to 70% of energy requirements as 

measured by indirect calorimetry; if REE is not measured by IC, 11 to 14 kcal/kg actual body weight per day for patients with BMI in the range of 
30 to 50 should be provided. The predicted (calculated) energy requirement for each patient was determined based on the low end of the range 
(ASPEN_Low; 11 kcal/kg), the average of the range (ASPEN_Average; 12.5 kcal/kg), and the high end of the range (ASPEN_High; 14 kcal/kg).

†
Enteral nutrition and propofol (n = 25).

‡
Enteral nutrition only (n = 25).

§
Calculated: Protein intake (g) / 6.25 – urine nitrogen excreted (g) – 4 [17] (n = 19).
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