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Abstract 

Objective: The aim of this project was to investigate the prevalence of nutrition consultation 

(NC) in American ICUs and to examine its association with patient outcomes.  

Design: Retrospective cohort study 

Setting: The Healthcare Cost and Use Project state inpatient database for Wisconsin, New 

Jersey, and Rhode Island from 2010 - 2014 

Patients: 67,130 patients, 18 years or older who required admission to US ICUs. 

Measurements and Main Results: Institutional ICU NC rates varied significantly (mean:14%, 

range: 0.1%-73%). Significant variation among underlying disease processes was identified, 

with burn patients having the highest consult rate (p<0.001, mean: 6%, range: 2%-25%). 

Multilevel mixed effects logistic regression models were fit to the data to estimate the effect 

of NC on clinical outcomes. ICU patients who received NC had significantly lower in-

hospital mortality (OR 0.59, 95%CI 0.48–0.74, p<0.001), as did the subset with malnutrition 

(OR 0.72, 95%CI 0.53–0.99, p=0.047), and the subset with concomitant physical therapy 

consultation (OR 0.53, 95%CI 0.38–0.74, p<0.001). NC was associated with significantly 

lower rates of intubation, pulmonary failure, pneumonia, and GI bleeding (p<0.05). 

Furthermore, patients who received NC were more likely to receive enteral or parenteral 

(ENPN) nutrition (OR 1.8, 95%CI 1.4-2.3, p < 0.001). Patients who received follow-up NC 

were even more likely to receive ENPN (OR 3.0, 95%CI 2.1–4.2, p<0.001).  
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Conclusions: Rates of NC were low in critically ill patients. This study suggests that 

increased utilization of NC in critically ill patients may be associated with improved clinical 

outcomes. 

 

Clinical Relevancy Statement: This study identified that rates of nutrition consultation is low 

in critically ill patients. Routine nutrition consultation was associated with improved delivery 

of enteral or parenteral nutrition and improved survival.  

 

Introduction 

Meeting appropriate nutritional demands is a fundamental aspect of optimal patient 

care.
1
 This is particularly relevant in the critically ill. Numerous studies over the past 30+ 

years have repeatedly demonstrated that patients who accumulate a negative protein-calorie 

energy balance while in the hospital have significantly increased rates of infectious 

complications and mortality.
2-7

 While it is equally possible that a negative protein-calorie 

balance resulted secondary to increased illness burden, it is still imperative to prevent, or at 

least moderate, the development of malnutrition in the critically ill to avoid the ramifications 

that come with a malnourished state. 

Despite awareness and attempts to identify patients at risk for malnutrition early in 

their hospital course, healthcare-associated malnutrition persists worldwide.
8
 One 

fundamental intervention aimed at reducing iatrogenic malnutrition is the routine utilization 

of nutrition consultation (NC) for patients who require critical care resources during their 

hospitalization.
9
 While many hospitals have registered dietitians (RD) rounding in the 

intensive care unit (ICU), this practice is not ubiquitous across all centers. Multiple studies 

have identified poor compliance with NC for malnourished and patients at risk for 

malnutrition. A 2001 study of Medicare patients at risk for pressure ulcers (of which 76% 
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were malnourished) showed that only 34% received a formal NC. Additionally, a 2011 study 

from Johns Hopkins University identified that only 20% of malnourished patients received 

NC prior to the implementation of a nutrition intervention. Even after the implementation of a 

nutrition intervention, only 44% of malnourished patients received NC.
10

    

Benefits of routine NC in the critically ill include the assessment of nutritional risk for 

malnutrition or risk for nutritional related complications using validated nutrition screening 

tools and the calculation of appropriate nutrition needs using either indirect calorimetry or 

predictive equations by trained professionals familiar with the applicability and limitations of 

these tools.
11-13

 Furthermore, patients who receive RD-driven nutritional care reach goal 

feedings quicker and have improved clinical outcomes.
14,15

  

Despite the widespread recommendation for a multidisciplinary approach to critical 

care, the prevalence of routine NC for patients requiring ICU admission remains unknown. 

Therefore, the aim of this project is to characterize the variation in NC practices in New 

Jersey, Wisconsin, and Rhode Island hospitals for critically ill patients and to examine its 

association with clinical outcomes.  

 

Materials and Methods 

Data collection  

We conducted a retrospective cohort study using hospital discharge records from the 

Healthcare Cost and Use Project (HCUP) state inpatient databases (SID) from the Agency for 

Healthcare Research and Quality. The SIDs include nearly 100% of discharges from over 

1000 nonfederal hospitals in 46 states and includes data on all patients regardless of payer 

status.
16

 The University of Michigan Medical School Institutional Review Board determined 

that this study of de-identified data was not regulated as human subjects research, 
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HUM00127378. This study was approved by the University of Minnesota Institutional 

Review Board, STUDY00001489. 

Participants 

 Patient-level data were obtained from the database from January 1, 2010 to December 

31, 2014 for the states submitting CPT codes capturing nutrition provider billing (Wisconsin, 

Rhode Island, and New Jersey). NC from an RD or certified clinical nutritionist (CCN) was 

identified using the CPT codes 97802, 97804, G0270, G0271, and ICD-9 code V653. Follow-

up NC was identified using the CPT code 97803. 41% of hospitals from these three states 

routinely submitted CPT/ICD-9 codes for RD or CCN billing. We included only the hospitals 

that submit NC CPT/ICD-9 codes and all patients who required an ICU admission during 

their hospitalization. Exclusion criteria included patients less than 18 years of age, patients 

who were discharged to hospice, patients with ICD codes reported in a non-standard format, 

and hospitals that submitted less than 5 patients annually. After these exclusion criteria, there 

was an overall low level of missing data elements (< 6%).
17,18

  

Measures 

Outcomes 

The primary endpoint was all-cause in-hospital mortality. Secondary endpoints 

included receiving enteral or parenteral nutrition (HCUP CPT Clinical Classification 223
19

); 

7-day hospital readmission; and the development of complications (as defined by Iezzoni et 

al.
20

). Physical therapy (PT) consultation was identified using the HCUP CPT Clinical 

Classification for physical therapy. Malnutrition was identified using the HCUP ICD-9 

Clinical Classifications for malnutrition. 

Adjustment variables 

Adjustment variables included demographic data (age and gender); patient 

comorbidities (using the Charlson Comorbidity Index
21

); annual ICU volume; presence of 
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organ failure on hospital admission (using ICD-9-CM codes for renal, cardiovascular, 

hepatic, hematologic, neurologic, and respiratory failure as defined by Angus et al.
22

); year of 

admission, and hospital level random effects. Race and ethnicity were omitted as these data 

were missing for many of the patients in the study. This is a common practice for studies 

using this database.
23

 Age was categorized as 18-25, 26-45, 46-65, 66-75, and greater than 75 

years. All models were adjusted for these variables.  

Statistical Analysis 

For descriptive purposes, data were expressed as the mean and standard deviation 

(SD) for continuous variables, and as percentages for categorical variables. Student’s t-tests 

and Pearson’s 
2
 tests were used in the preliminary analyses. Multilevel mixed effects logistic 

regression models were used to estimate the independent effect of NC on all-cause in-hospital 

mortality, hospital readmission, and the development of complications. Subgroup analysis 

included stratification by malnutrition or PT consultation. We set alpha at 0.05 and used two-

tailed tests.  

The time to ENPN was known for 441 patients. Patients were dichotomized into 2 

groups, early (ENPN < 8 days) and late (ENPN ≥ 8 days). Patients who already had a 

diagnosis of protein-calorie malnutrition were excluded as current guidelines recommend 

early feeding in this group.
24

 A mixed-effects logistic regression analysis was used to 

evaluate the interaction of early (vs. late) ENPN and receiving a NC (or not) on in-hospital 

mortality. 

All statistical analyses were computed using Stata MP, version 15 (StataCorp, College 

Station, TX).  

 

Results 

Patient Characteristics 
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In total, 67,130 adult patients who required ICU admission were identified from 29 

hospitals over a 5-year period (Figure 1). Patient characteristics for those who received (vs. 

did not receive) a NC are shown in Table 1. Significant variation existed across ICUs 

regarding the rate of NC, ranging from 0.1% to 73.3% with a mean of 14%. Significant 

variability was noted for NC based on discharge diagnosis-related group (DRG), ranging 

from 2% - 25%, with burn patients most likely to receive NC (Figure 2).  

Nutrition consultation and mortality 

Critically ill patients who received NC had significantly lower in-hospital mortality 

(OR 0.59, 95% CI 0.48 – 0.74, p < 0.001) on logistic regression analysis (Table 2).  

Nutrition consultation and risk-adjusted secondary outcomes 

Critically ill patients who received NC were less likely to develop pneumonia, 

pulmonary failure, gastrointestinal bleeding, or require mechanical ventilation (Table 2). 

Critically ill patients who received NC were more likely to develop acute renal failure (Table 

2).  

Subgroup analysis 

26,142 patients received PT consultation. Critically ill patients who received 

combined NC and PT consultation had further improved in-hospital mortality (OR 0.53, 95% 

CI 0.38 -0.74, p < 0.001). 21,918 patients had a diagnosis of malnutrition. Patients who 

carried a diagnosis of malnutrition and received NC also had significantly lower in-hospital 

mortality compared with patients with malnutrition that did not receive NC (OR 0.72, 95% CI 

0.53 – 0.99, p = 0.047).  

Enteral / Parenteral Nutrition 

Patients who received initial NC were more likely to receive enteral or parenteral 

nutrition (OR 1.8, 95% CI 1.4 – 2.3, p < 0.001). Patients who received a follow-up NC were 

even more likely to receive enteral or parenteral nutrition (OR 3.0, 95% CI 2.1 – 4.2, p < 



8 

 

 
This article is protected by copyright. All rights reserved. 

0.001). Patients who received late ENPN guided by NC had significantly improved mortality 

(OR 0.18, p = 0.044) compared with patients who received early ENPN without a NC (Table 

3).  

Discussion  

Malnutrition increases the risk of significant morbidity, mortality, surgical outcomes, 

and length of stay for patients and consequentially, substantially increases cost burden.
25

 

Despite the widespread recommendations for a multidisciplinary approach to critical care, the 

prevalence of routine NC for patients requiring ICU admission remains unknown. This study 

set out to characterize the variation in NC practices in New Jersey, Wisconsin, and Rhode 

Island for critically ill patients and examine its association with clinical outcomes. 

While we were unable to evaluate causality, this retrospective cohort study identified 

a potential association between obtaining a nutrition consult and improved patient outcomes. 

NC in critically ill patients was associated with lower in-hospital mortality, pneumonia, 

pulmonary failure, gastrointestinal bleeding, or requirement for mechanical ventilation. 

Decreasing the risk of most complications should also result in decreased associated 

mortality. As enteral nutrition has been found to decrease pulmonary complications and 

infections (possibly partly due to enhancing the immune system through production of GALT 

and MALT, strengthening the health of the intestinal mucosal barrier, as well as decreasing 

GI bleeding episodes), these findings are not surprising.
26,27

  Patients that received ENPN 

may have received more electrolytes including sodium salts which increased the rate of acute 

renal failure. Preclinical research and more recent randomized trials have identified that 

patients treated with sodium chloride or increased amounts of amino acids are at risk to 

develop acute kidney injury.
28-32

 

Another possibility for the improved outcomes associated with NC is related to timing 

of initiation of nutrition. An emerging trend suggests that nutritional support may actually be 
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harmful when delivered to patients who are still in the pro-inflammatory phase of critical 

illness; however, additional studies are need to further investigate this claim.
33,34

 It is possible 

that institutions that routinely involve CCN/RDs in nutritional planning are more cognizant of 

this trend and thus are less likely to provide nutritional support until patients are beyond the 

pro-inflammatory phase of illness. In this study, we identified an association between 

improved outcomes in patients who received late (> 8 days) initiation of ENPN along with 

NC compared with patients who received early ENPN without NC. This benefit was not 

solely due to the late initiation of ENPN, as patients without NC did not benefit from late 

ENPN. It is possible that nutritional supplementation guided by NC is more likely to be in 

concordance with evidence-based nutritional care. Protein delivery, not simply calories, may 

be the most essential nutrient supplement for supporting the immune system, healing, and 

prevention of lean body mass loss.
35

 Research has demonstrated that critically ill patients 

with multi-organ failure can lose up to 25% of their muscle mass by day 10 of their hospital 

admission, but adequate supplementation (>1.2 g/kg/d) may be able to improve outcomes.
36,37

 

The 2016 guidelines for the Provision and Assessment of Nutrition Support Therapy in the 

Adult Critically Ill Patient published as a joint venture of the Society of Critical Care 

Medicine (SCCM) and American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.), 

recommend providing and monitoring for adequate protein delivery as an expert consensus 

recommendation.
24

  

Concomitant nutrition and PT consultation was also associated with improved in-

hospital mortality. This finding is supported by previous research demonstrating that a 

holistic approach to treatment, including early mobility protocols, improves functional 

outcomes.
38,39

 These findings suggest there are benefits to having highly trained specialist 

teams caring for patients with complex problems beyond ordering nutritional 

supplementation. 
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As most of the literature on nutrition supplementation and outcomes in hospitalized 

patients is concentrated on the specifics of the nutrition intervention (administration routes, 

timing, and duration) and not necessarily on the presence or absence of a formal nutrition 

evaluation or treatment regimen, clinicians may think it is adequate to implement these 

recommendations in their practice.
40,41

 However, guidelines designed to help direct nutrition 

supplementation for the care of critically ill patients based on these recommendations usually 

infer there is a benefit to formalized clinical nutrition specialist consultation when caring for 

critically ill and malnourished patients.
42,43

  There are many reviews also suggesting 

perioperative nutrition interventions can improve morbidity and mortality, but it is unclear if 

formal consultation with a nutrition specialist is required to realize a benefit.
44

 The findings 

in our study suggest that critical care physicians are managing the ICU patient’s nutritional 

status. If this practice continues, it carries implications that there continues to be need for 

increased nutrition education during critical care fellowship training. 

Conclusive evidence that formal NC improves patient outcomes in hospitalized 

patients has not yet been demonstrated. One recent literature review by Malafarina et. al 

supports the concept that any nutritional intervention in an at-risk hospitalized patient can 

improve morbidity and mortality in specific populations.
45

 This review evaluated the 

relationship of nutritional status and outcomes in elderly patients with hip fractures. The 

authors defined nutrition intervention as patients who received nutrition supplements (either 

orally, by tube, or intravenously) or advice on the characteristics of the diet (by an RD). Any 

nutrition intervention was found to be associated with decreased morbidity and mortality both 

in the short and long term, an increase in quality of life, and improvement in activities of 

daily living (ADLs). The potential for confounding, however, cannot be downplayed and the 

possibility of selection bias, whereas only the more healthy patients were likely to receive 

nutritional intervention exists. Additionally, confounding exists as related to the time of 
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initiation of nutritional intervention. As previously mentioned, nutritional intervention within 

the first week of illness may be associated with worsened clinical outcomes and the majority 

of studies in this review failed to account for differences in the time of initiation of nutrition. 

Furthermore, it is unknown if a formal NC in this patient population has any incremental 

improvement over nutrition intervention by the treatment care team alone 

Despite the association between NC and improved outcomes, our study has a number 

of limitations. It has traditionally been very difficult to study the impact of NC on outcomes 

due to many factors. Recognizing and diagnosing malnutrition and nutrition risk historically 

has been difficult and accurate documentation of malnutrition is still underutilized. The 

recent development of a consensus criteria is likely to reduce variability for diagnosing 

patients with malnutrition.
46

 However, in the patients who did not receive a NC, we were 

unable to ascertain the accuracy of and the party responsible for the diagnosis of malnutrition. 

Additionally, nutrition interventions for malnourished patients are individualized and 

compliance with recommendations are not always followed or documented, even in the era of 

electronic medical records.  Numerous disciplines and specialties are involved in 

recommending nutrition supplementation.  Thus, practices regarding NC vary nationally 

which further complicates associating nutritional interventions with outcomes. Finally, it is 

possible that there were unmeasured confounders that influenced which patients were more 

likely to receive NC (beyond the variables that were adjusted for). For example, we were 

limited in the data fields available within the database and were unable to evaluate estimated 

patient caloric needs, calories and protein received, timing to NC or type of formula delivered 

to patients.  

Additionally, ICU provider bias may exist, whereas providers that were unlikely to 

obtain NC may also have been more likely to not provide other best practices to their 

patients. The results of this study identify an association between NC and improved clinical 
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outcomes in critically ill patients. Given the potential for confounding and retrospective 

nature of this study we are unable to evaluate the casual relationship between NC and clinical 

outcomes.  

This study attempted to overcome some of these limitations with using the power of 

large databases, but this method comes with its own set of difficulties. The accuracy and 

completeness of the data entered is dependent on numerous human and electronic factors. 

Without robust calibration and scrutiny, errors in data entry and extraction can be 

compounded. As only data from Wisconsin, Rhode Island, and New Jersey were available, 

these findings may not fully generalize to other states with different patient populations or 

healthcare delivery systems.   

 

Conclusions 

Significant institutional variability exists in the utilization of NC for critically ill 

patients. NC was associated with improved survival. This may be due to patients who receive 

NC receiving increased ENPN and developing less complications.  

 

 

Acknowledgments 

Patrick Bradley and the Michigan Center for Health Outcomes and Policy (CHOP) for 

providing the HCUP database.  

 

References 

1. Tignanelli CJ, Cherry–Bukowiec J. Hospital Based Nutrition Support: A Review of the 

Latest Evidence. Journal of Clinical Nutrition & Dietetics. 2017;3:1-13. 



13 

 

 
This article is protected by copyright. All rights reserved. 

2. 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. 

3. Bartlett RH, Dechert RE, Mault JR, Ferguson SK, Kaiser AM, Erlandson EE. 

Measurement of metabolism in multiple organ failure. Surgery. 1982;92:771-9. 

4. Dvir D, Cohen J, Singer P. Computerized energy balance and complications in critically ill 

patients: an observational study. Clin Nutr. 2006;25:37-44. 

5. Ekpe K, Novara A, Mainardi JL, Fagon JY, Faisy C. Methicillin-resistant Staphylococcus 

aureus bloodstream infections are associated with a higher energy deficit than other ICU-

acquired bacteremia. Intensive Care Med. 2014;40:1878-87. 

6. Faisy C, Candela Llerena M, Savalle M, Mainardi JL, Fagon JY. Early ICU energy deficit 

is a risk factor for Staphylococcus aureus ventilator-associated pneumonia. Chest. 

2011;140:1254-60. 

7. Heyland DK, Stephens KE, Day AG, McClave SA. The success of enteral nutrition and 

ICU-acquired infections: a multicenter observational study. Clin Nutr. 2011;30:148-55. 

8. Heyland DK, Dhaliwal R, Wang M, Day AG. The prevalence of iatrogenic underfeeding in 

the nutritionally 'at-risk' critically ill patient: Results of an international, multicenter, 

prospective study. Clin Nutr. 2015;34:659-66. 

9. Tappenden KA, Quatrara B, Parkhurst ML, Malone AM, Fanjiang G, Ziegler TR. Critical 

role of nutrition in improving quality of care: an interdisciplinary call to action to address 

adult hospital malnutrition. JPEN J Parenter Enteral Nutr. 2013;37:482-97. 

10. Somanchi M, Tao X, Mullin GE. The facilitated early enteral and dietary management 

effectiveness trial in hospitalized patients with malnutrition. JPEN J Parenter Enteral Nutr. 

2011;35:209-16. 



14 

 

 
This article is protected by copyright. All rights reserved. 

11. Tignanelli CJ, Andrews AG, Sieloff KM, Pleva MR, Reichert HA, Wooley JA, et al. Are 

Predictive Energy Expenditure Equations in Ventilated Surgery Patients Accurate? J 

Intensive Care Med. 2017885066617702077. 

12. Kondrup J, Rasmussen HH, Hamberg O, Stanga Z, Ad Hoc EWG. Nutritional risk 

screening (NRS 2002): a new method based on an analysis of controlled clinical trials. Clin 

Nutr. 2003;22:321-36. 

13. 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. 

14. Braga JM, Hunt A, Pope J, Molaison E. Implementation of dietitian recommendations for 

enteral nutrition results in improved outcomes. J Am Diet Assoc. 2006;106:281-4. 

15. Boullata JI, Carrera AL, Harvey L, Escuro AA, Hudson L, Mays A, et al. ASPEN Safe 

Practices for Enteral Nutrition Therapy [Formula: see text]. JPEN J Parenter Enteral Nutr. 

2017;41:15-103. 

16. Healthcare Cost and Utilization Project: SID Overview. https://www.hcup-

us.ahrq.gov/sidoverview.jsp. Accessed on March 5, 2018 

17. Schafer JL. Multiple imputation: a primer. Stat Methods Med Res. 1999;8:3-15. 

18. Bennett DA. How can I deal with missing data in my study? Aust N Z J Public Health. 

2001;25:464-9. 

19. Healthcare Cost and Utilization Project: Clinical Classifications Software for ICD-9-CM. 

https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp. Accessed on September 20, 2017 

20. Iezzoni LI, Daley J, Heeren T, Foley SM, Fisher ES, Duncan C, et al. Identifying 

complications of care using administrative data. Med Care. 1994;32:700-15. 

https://www.hcup-us.ahrq.gov/sidoverview.jsp
https://www.hcup-us.ahrq.gov/sidoverview.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp


15 

 

 
This article is protected by copyright. All rights reserved. 

21. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. 

1987;40:373-83. 

22. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR. 

Epidemiology of severe sepsis in the United States: analysis of incidence, outcome, and 

associated costs of care. Crit Care Med. 2001;29:1303-10. 

23. Admon AJ, Seymour CW, Gershengorn HB, Wunsch H, Cooke CR. Hospital-level 

variation in ICU admission and critical care procedures for patients hospitalized for 

pulmonary embolism. Chest. 2014;146:1452-61. 

24. McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braunschweig C, et 

al. 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.). JPEN J Parenter Enteral Nutr. 2016;40:159-

211. 

25. Tappenden KA, Quatrara B, Parkhurst ML, Malone AM, Fanjiang G, Ziegler TR. Critical 

role of nutrition in improving quality of care: an interdisciplinary call to action to address 

adult hospital malnutrition. J Acad Nutr Diet. 2013;113:1219-37. 

26. Gramlich L, Kichian K, Pinilla J, Rodych NJ, Dhaliwal R, Heyland DK. Does enteral 

nutrition compared to parenteral nutrition result in better outcomes in critically ill adult 

patients? A systematic review of the literature. Nutrition. 2004;20:843-8. 

27. Sigalet DL, Mackenzie SL, Hameed SM. Enteral nutrition and mucosal immunity: 

implications for feeding strategies in surgery and trauma. Can J Surg. 2004;47:109-16. 

28. Zhou F, Peng ZY, Bishop JV, Cove ME, Singbartl K, Kellum JA. Effects of fluid 

resuscitation with 0.9% saline versus a balanced electrolyte solution on acute kidney injury in 

a rat model of sepsis*. Crit Care Med. 2014;42:e270-8. 



16 

 

 
This article is protected by copyright. All rights reserved. 

29. Shaw AD, Bagshaw SM, Goldstein SL, Scherer LA, Duan M, Schermer CR, et al. Major 

complications, mortality, and resource utilization after open abdominal surgery: 0.9% saline 

compared to Plasma-Lyte. Ann Surg. 2012;255:821-9. 

30. Yunos NM, Bellomo R, Hegarty C, Story D, Ho L, Bailey M. Association between a 

chloride-liberal vs chloride-restrictive intravenous fluid administration strategy and kidney 

injury in critically ill adults. JAMA. 2012;308:1566-72. 

31. McIlroy D, Murphy D, Kasza J, Bhatia D, Wutzlhofer L, Marasco S. Effects of restricting 

perioperative use of intravenous chloride on kidney injury in patients undergoing cardiac 

surgery: the LICRA pragmatic controlled clinical trial. Intensive Care Med. 2017;43:795-

806. 

32. Martin WF, Armstrong LE, Rodriguez NR. Dietary protein intake and renal function. 

Nutr Metab (Lond). 2005;2:25. 

33. Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G, et al. Early 

versus late parenteral nutrition in critically ill adults. N Engl J Med. 2011;365:506-17. 

34. Fivez T, Kerklaan D, Mesotten D, Verbruggen S, Wouters PJ, Vanhorebeek I, et al. Early 

versus Late Parenteral Nutrition in Critically Ill Children. N Engl J Med. 2016;374:1111-22. 

35. Puthucheary ZA, Rawal J, McPhail M, Connolly B, Ratnayake G, Chan P, et al. Acute 

skeletal muscle wasting in critical illness. JAMA. 2013;310:1591-600. 

36. Weijs PJ, Stapel SN, de Groot SD, Driessen RH, de Jong E, Girbes AR, et al. Optimal 

protein and energy nutrition decreases mortality in mechanically ventilated, critically ill 

patients: a prospective observational cohort study. JPEN J Parenter Enteral Nutr. 2012;36:60-

8. 

37. Nicolo M, Heyland DK, Chittams J, Sammarco T, Compher C. Clinical Outcomes 

Related to Protein Delivery in a Critically Ill Population: A Multicenter, Multinational 

Observation Study. JPEN J Parenter Enteral Nutr. 2016;40:45-51. 



17 

 

 
This article is protected by copyright. All rights reserved. 

38. Hashem MD, Nelliot A, Needham DM. Early Mobilization and Rehabilitation in the ICU: 

Moving Back to the Future. Respir Care. 2016;61:971-9. 

39. Hashem MD, Parker AM, Needham DM. Early Mobilization and Rehabilitation of 

Patients Who Are Critically Ill. Chest. 2016;150:722-31. 

40. Tian F, Heighes PT, Allingstrup MJ, Doig GS. Early Enteral Nutrition Provided Within 

24 Hours of ICU Admission: A Meta-Analysis of Randomized Controlled Trials. Crit Care 

Med. 2018 

41. Choi EY, Park DA, Park J. Calorie intake of enteral nutrition and clinical outcomes in 

acutely critically ill patients: a meta-analysis of randomized controlled trials. JPEN J Parenter 

Enteral Nutr. 2015;39:291-300. 

42. Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P, Canadian Critical Care 

Clinical Practice Guidelines C. Canadian clinical practice guidelines for nutrition support in 

mechanically ventilated, critically ill adult patients. JPEN J Parenter Enteral Nutr. 

2003;27:355-73. 

43. Taylor BE, McClave SA, Martindale RG, Warren MM, Johnson DR, Braunschweig C, et 

al. 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.). Crit Care Med. 2016;44:390-438. 

44. West MA, Wischmeyer PE, Grocott MPW. Prehabilitation and Nutritional Support to 

Improve Perioperative Outcomes. Curr Anesthesiol Rep. 2017;7:340-9. 

45. Malafarina V, Reginster JY, Cabrerizo S, Bruyere O, Kanis JA, Martinez JA, et al. 

Nutritional Status and Nutritional Treatment Are Related to Outcomes and Mortality in Older 

Adults with Hip Fracture. Nutrients. 2018;10: 



18 

 

 
This article is protected by copyright. All rights reserved. 

46. Jensen GL, Cederholm T, Correia M, Gonzalez MC, Fukushima R, Higashiguchi T, et al. 

GLIM Criteria for the Diagnosis of Malnutrition: A Consensus Report From the Global 

Clinical Nutrition Community. JPEN J Parenter Enteral Nutr. 2018 

Figure Legends 

Figure 1. Study diagram detailing selection of patients in Healthcare Cost and Utilization 

Project State Inpatient Database 

Abbreviations: CPT, current procedural terminology; ICD, international classification of 

diseases; ICU, intensive care unit; NC, nutrition consultation; SID, state inpatient database 
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Figure 2. Nutrition consultation rate for critically ill patients per discharge disease process 

Abbreviations: HIV, Human immunodeficiency virus 

 

Table 1. Patient Characteristics 

Characteristic 
No Nutrition 

Consultation 

Nutrition 

Consultation 
p-value 

N 63,264 3,866 
 

Age, n (%) 
  

< 0.001 

     18– 25  1,857 (3) 65 (2) 
 

     26 – 45 7,720 (12) 386 (10) 
 

     46 – 65 22,143 (35) 1,361 (35) 
 

     66 – 75 11,959 (19) 859 (22) 
 

     > 75 19,585 (31) 1,195 (31) 
 

Male, % 49 53 < 0.001 

Medical Admission, % 75 73 0.1 

Charlson Comorbidity 

Index, Mean (SD) 
2.2 (2.0) 2.4 (1.9) < 0.001 

Acute renal failure, % 19 18 0.3 

Cardiovascular failure, 

% 
12 7 < 0.001 

Acute hepatic failure, 

% 
1 1 0.4 

Acute hematologic 

failure, % 
7 5 0.001 

Neurologic failure, % 6 3 < 0.001 

Acute respiratory 

failure, % 
16 12 < 0.001 

ICU volume, Mean 

(SD) 
1726 (1181) 1102 (1101) < 0.001 

Malnutrition, % 33 34 0.2 

 

Abbreviations: ICU, intensive care unit; SD, standard deviation 
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Table 2: Association between nutrition consultation and clinical outcomes 

 

Primary Outcome Nutrition Consultation 

OR 95% CI P value 

In-Hospital Mortality    0.59 0.48 – 0.74 < 0.001 

Secondary Outcome    

Hospital Readmission 1.10 0.86 - 1.50 0.4 

Gastrointestinal Bleeding 0.73 0.57 - 0.94 0.02 

Intubation 0.74 0.64 -0.86 < 0.001 

Pneumonia 0.78 0.64 - 0.93 0.007 

Pulmonary Failure 0.82 0.74 - 0.90 < 0.001 

Septicemia 0.91 0.80 - 1.04 0.2 

Surgical Site Infection 1.04 0.73 -1.50 0.8 

Acute Renal Failure 1.22 1.10 - 1.30 < 0.001 

 

Abbreviations: CI, confidence interval; OR, odds ratio 

 

 

Table 3: Association between nutrition consultation and early (< 8 days) verses late (≥ 8 days) ENPN 

on in-hospital mortality for patients without protein-calorie malnutrition 

Cohort 

 

n 

In-hospital 

mortality OR P value 

Early ENPN + No NC 143 reference N/A 

Early ENPN + NC 31 0.38 0.2 

Late ENPN + No NC 239 0.91 0.8 

Late ENPN + NC 28 0.18 0.044 

 

Abbreviations: ENPN, enteral or parenteral nutrition; NC, nutrition consultation; OR, odds ratio 

 

 

 

 

 


