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VAD Nutrition 
Energy Intake, Fluids, and Micronutrients






BACKGROUND
For children with end-stage heart failure, VAD support aims to improve cardiac output, allowing for stabilization of end organ function and optimization of nutritional and functional status. Children with a VAD may experience early satiety, anorexia and nausea which potentially compromise their nutrition and recovery. Therefore, appropriate nutritional assessment and therapy may decrease risk for morbidity and mortality.










ACTION REVISED DATE: 05/29/24

OBJECTIVES
1. Establish a standardized nutritional approach to minimize nutritional deficits in patients with VAD.
2. Identify micronutrients requiring evaluation, supplementation, and management in patients with VAD.

PROTOCOL
I. Process:
a. New Implants 
i. Nutritional assessment as part of the inpatient or outpatient VAD evaluation in advance of surgery by RD
ii. RD to reassess each VAD patient following VAD placement and during the remainder of hospital stay
iii. RD may follow VAD patients after discharge on a consult basis and/or request from VAD team
iv. If emergent implantation RD to conduct nutritional assessment post-operatively
b. VAD Readmissions
i. Nutrition screening and care evaluation per each institution’s nutrition policy 
ii. Assessment per institutional policy or at the request of the VAD team for patients determined to be at high nutrition risk, with reassessment and follow-up

II. [bookmark: III._Nutrition_Assessment:]Nutrition Assessment:
a. [bookmark: A._Diet_history,_weight_and_weight_histo]Growth history including current height and weight as well as nutrition-focused physical exam
b. Diet history including appetite, food habits, special diet adherence, food allergies, cultural, religious, and ethnic food preferences, intake history, eating problems, and social issues affecting food intake
c. [bookmark: B._Use_of_herbs_and_supplements,_medicat]Use of herbs and supplements, medication use, and identification of potential nutrient-drug interactions
d. [bookmark: C._Physical_activity,_physical_limitatio]Physical activity, physical limitations 
e. [bookmark: D._Biochemical_data_(blood_glucose,_B6,_]Obtain baseline labs, if possible.  NOTE: levels are impacted by critical illness
i. Complete metabolic panel including serum albumin, magnesium, BUN and creatinine
ii. Pre-albumin
iii. Complete blood count with differential
iv. C-reactive protein
v. Reticulocyte count
vi. Zinc
vii. Vitamin A
viii. Vitamin C
ix. Vitamin D 25-OH, if levels very low consider checking parathyroid hormone
x. Selenium
xi. [bookmark: E._History_of_nutrition-related_medical_]Iron studies (iron level, total iron binding capacity, ferritin, transferrin, transferrin saturation (if not included in other studies) )
xii. Vitamin B levels if malnutrition is suspected and/or malabsorption under investigation 
f. History of nutrition-related medical conditions (e.g., diabetes, hypertension, disorders of lipid metabolism)
g. Education needs for the acute care and outpatient (pre-admit and post- discharge) settings are identified. Educational needs address existing medical conditions, cultural and religious beliefs, physical and/or cognitive limitations, and barriers to communication.
h. Nutrition problems are identified (nutrition diagnoses) based on presenting signs and symptoms, according to the International Dietetics and Nutrition Terminology (IDNT) and causes or potential causes of these problems are determined.
i. The nutrition assessment is used to formulate a nutrition care plan, which is documented in the patient's medical record. The nutrition care plan includes:
i. Prioritized short- and long-term goals
ii. Nutrition prescription to include recommended diet order, enteral or parenteral nutrition order, and vitamin and mineral supplementation. It may be adjusted for concurrent medical issues. It will also include any needs for nutrition education or counseling, as well as incorporation of additional interdisciplinary team members such as OT, ST, and PT.
j. The RD contacts physicians and other healthcare team members to discuss the nutritional prescription. The RD attends rounds per institutional policy.

III. Nutritional reassessment
a. Indicators defined in the nutrition prescription to determine response to nutrition 
i. Intervention (i.e., weight gain, linear growth, etc.) 
ii. High risk inpatients are reassessed frequently at the discretion of the RD or RD or per the nutrition policy of each institution. 
iii. Reassessment includes:
1. Updating of the subjective and objective data gathered during the prior nutrition assessment and identification of any changes  
2. Assessment of implemented interventions and recommendations
3. Assessment of progress towards goals
4. Revision of nutrition diagnoses, as needed
5. Revision of goals and nutrition prescription as needed
6. Timeframe for nutritional reassessment
b. The RD contacts physicians and other healthcare team members to discuss the nutritional prescription. The RD attends rounds per institutional policy.

IV. [bookmark: IV._VAD_Patient_Population_Nutrition_Rec]VAD Patient Population Nutrition Recommendations:
a. [bookmark: A._Protein]Protein
i. Infants < 1 year old:
1. Pre-term: 3.5-4 g/kg/day
2. Term: 3 g/kg/day
ii. Children ≥ 1 year old and Adolescents:  2 g/kg/day
iii. Compromised renal function may affect protein prescription per RD
b. [bookmark: 1._Normal_Weight:_1.0-1.5_g/kg_of_curren][bookmark: B._Energy]Energy
i. Indirect calorimetry is the gold standard for determining energy requirements. It is a clinical tool that measures resting energy expenditure by analyzing the concentration of O2 and CO2 in respiratory gases. Resting energy expenditure can be used to determine total energy expenditure if physical activity levels are known. When this is unavailable or contraindicated, predictive equations can be used. If using predictive equations, note that VAD patients may have Total Energy Expenditure (TEE) that is 10-30% higher than healthy controls.
ii. The RD should adjust nutrition prescription for individuals needs based on growth velocity and physical assessment throughout their entire VAD course.
iii. In normal weight children and adolescents this is generally calculated via the patient's basal metabolic rate and multiplying this number by an activity and/or stress factor. 
1. In critically ill VAD patients, those in catabolic state, may need an activity or stress factor as high as 2.
2. The clinical expertise of the RD can assist with determining individual energy requirements in pediatric patients.
iv. If the patient is overweight or underweight, or malnutrition is suspected an alternative predictive equation may be used.
1. The Pediatric Nutrition Care Manual provides calculators for appropriate equations, including the WHO Equations for REE’s
v. Early nutrition intervention is critical to support a positive nitrogen balance. Measuring Nitrogen balance while possible is labor intensive requiring 24-hour urine urea nitrogen (UUN) collection and not possible at times.  
1. Protein intake/6.25 - (UUN + 4*) = Nitrogen balance
*To account for average loss via sweat and feces.
vi. All goals may of course be impacted by patient status, infection, intubation, etc.

c. [bookmark: Needs_are_assessed_and_reassessed_as_the][bookmark: 1._Ambulatory_Setting]Fluid
i. Fluid Intake: Patient specific fluid requirements determined upon review of serum sodium levels, underlying medical condition (i.e., heart failure, obesity) and a physical examination of fluid status by the provider
1. In some cases, fluid restriction is needed, close collaboration with RD is recommended in these cases to ensure both nutrition and hydration needs are met. 
ii. Body weight < 10 kg: 100 ml/kg/day for maintenance
1. Infants will often receive 140-150 ml/kg/day to support sufficient calories.
iii. Body weight 11-20 kg: 1000 mL + 50 mL/kg >10 kg
iv. Body weight >20 kg: 1500 mL + 20 mL/kg >20 kg
d. Enteral Nutrition (EN)
i. Early EN delivery is recommended if oral diet cannot be initiated within 24-48 hours of admission to the ICU in the critically ill pre-or post-operative VAD patient.
ii. Current intake is compared to calculated requirements and limits. Nutrition-related deficits and excesses (protein, calories/energy, vitamins, minerals, fluid, etc.) are identified.
1. For patients who are attempting to consume all their calories orally, a 3-day calorie count should be initiated with input from RD regarding best strategy to meet daily intake goals (can include oral supplements if needed).

V. Micronutrient Requirements:
a. Micronutrients such as trace elements, vitamins, and electrolytes are essential, and deficiencies may result in poor wound healing and/or clinical deterioration. 
b. All VAD patients would benefit from baseline levels as defined in Section II.
c. See table below for goal levels, dosing recommendations and laboratory evaluation follow-up for patients receiving supplementation or replacement.
i. For patients in the lower end of the reference range consideration should be given to empiric supplementation at ½ the deficiency dose if enteral nutrition will be delayed and parental nutrition is not undertaken in the interim. The ½ deficiency dose is a strategy utilized at some institutions and reflected the table below to ensure adequate micronutrients for wound healing.  
d. VAD patients without any micronutrient deficiencies should receive the following:
i. Daily multivitamin with iron.
1. Small, young and pre-term infants may need adjustments in consultation with RD and pharmacy based on their ability to metabolize specific nutrients.
2. Fish oil (omega-3 fatty acid) supplementation to reduce inflammatory response and platelet aggregation. Suggested dosing is to meet adequate intake (AI) for age. Dosing beyond this amount should be managed with physician guidance.  
a. Allergy to fish is an absolute contraindication.
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N on Management of VAD Patients

RD to Complete Nutrition Assessment*
Nutrition Status
e  Estimate nutritional needs
e  Assess growth history and presence of malnutrition
e Determine nutrition diagnosis and set nutrition goals

Physical
e  Obtain nutrition focused physical exam
e  Obtain description of wound type, size and location (if applicable)

Diet History
e Assess adequacy of intake
e Assess best method of obtaining nutrition (PO, EN, TPN)

e  Assess for Gl symptoms
*Refer to Nutrition Care Guidelines for Pediatric VAD patients for additional information

Ensure Adequate Intake of Nutrients

Obtain Lab Values and Provide Supplementation

Draw Vitamins A, C and D (25 OH Total), Zinc, Selenium and iron studies (iron level, TIBC, ferritin, transferrin).

If concern for wound healing, start Vitamin C and Zinc empirically while awaiting labs, continue if a deficiency is confirmed.
Check levels monthly.

Check B Vitamins only if concern for deficiency / malnutrition (per RD recommendations).

Maximize Nutrition

Oral nutrition supplements for those taking PO
Work with RD/DTR to determine & obtain nutrient dense food & beverage items that patient will tolerate.
Start MVI if not on PN/EN (<1 year: 1 ml Poly-vi-sol; >1year: 1 Children’s Chewable Vitamin daily)

If unable to take or meet estimated needs with PO, provide EN/PN. If taking partial PO, typically provide EN as overnight con-
tinuous feeds to promote daytime oral intake.

Ongoing Assessment of Nutrient Intake Adequacy
Growttrl: v;lotuty and Monitor adequacy and tolerance of protein per BUN,
(RO GTNG LA . creatinine levels/ratio, and length growth (in infants)
PN/EN Nutrient Intake Analysis Check nutrition labs monthly
Complete intake/output and/or calorie counts Wound healing and physical assessment

Vitamin Dt¥

Omega-3 FA

tIf lab value is in lower 20% of normal range, provide 1/2 deficiency dose

¥ Adapted from: Nutrition Interventions to Optimize Pediatric Wound Healing: An Evidence-Based Clinical Pathway. Nutrition in Clinical Practice.
August 2014; 29 (4): 473-482.
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Dietary Reference Intakes (DRIs): Recommended Dietary Allowances (RDA), Adequate Intakes (Al) and
Tolerable Upper Intake Levels (UL) of Vitamins and Minerals

Thiamin  Pyridoxine Folate Cobalamin

Vitamin A Vitamin C Vitamin D Zinc Iron (B1) (86) (B9) (812) Selenium
d d 1u/d d d d
(we/d)  (mg/d)  (W/d)  (me/d)  (me/d) (v (me/d)  (ug/d) (g/d) (ng/d)
Infants
400* 40* 400* 2% 0.27* 0.2* 0.1* 65* 0.4* 15%
0-6 months
600 ND 10007 4 40 ND ND ND ND 45
500* 50* 400* 3 11 0.3* 0.3* 80* 0.5* 20*
7-12 months
600 ND 15007 5 40 ND ND ND ND 60
Children
300 15 600* 3 7 0.5 0.5 150 0.9 20
1-3 years
600 400 2500 7 40 ND 30 300 ND 90
400 25 600* 5 10 0.6 0.6 200 1.2 30
4-8 years
900 650 3000 12 40 ND 40 400 ND 150
600 45 600* 8 8 0.9 1 300 1.8 40
9-13 years
1700 1200 4000 23 40 ND 60 600 ND 280

Adolescent and Young Adult Males

900 75 600* 11 11 1.2 1.3 400 24 55
14-18 years

2800 1800 4000 34 45 ND 80 800 ND 400

900 20 600* 11 8 1.2 1.3 400 24 55
19-30 years

3000 2000 4000 40 45 ND 100 1000 ND 400

Adolescent and Young Adult Females

700 65 600* 9 15 1 1.2 400 24 55
14-18 years

1800 1800 4000 34 45 ND 80 800 ND 400

700 75 600* 8 18 1.1 1.3 400 24 55
19-30 years

3000 2000 4000 40 45 ND 100 1000 ND 400

This table (taken from the DRI reports, see www.nap.edu) presents Recommended Dietary Allowances (RDA) in bold
type or Adequate Intakes (Al) in ordinary type followed by an asterisk (*). The numbers in red are tolerable upper in-
take limits (UL).

An RDA is the average daily dietary intake level sufficient to meet the nutrient requirements of nearly all (97-98 per-
cent) healthy individuals in a group. It is calculated from an Estimated Average Requirement (EAR). If scientific evi-
dence is insufficient to establish an EAR, and thus calculate an RDA, an Al is usually developed. For healthy breastfed
infants, an Al is the mean intake. The Al for other life-stage and gender groups is believed to cover the needs of all
healthy individuals in the groups, but lack of data or uncertainty in the data prevent being able to specify with confi-
dence the percentage of individuals covered by this intake. The upper limit is derived from ***,
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