Exocrine Pancreatic insufficiency (EPI) in CF starts in utero due to thickened secretions obstructing intrapancreatic ducts. Of infants with a new CF diagnosis, 75% have pancreatic insufficiency, and 85% of infants will develop it within 3-4 months of age.

Pancreatic Enzyme Replacement Therapy (PERT): Oral Pancreatic enzymes are enterically coated, bead-filled capsules containing lipase, protease, and amylase.

Pancreatic Enzyme Calculations Based on Units of Lipase/kg/meal, day or grams of Fat:

Units of lipase per capsule x number of capsules 
Weight (kg) or grams of Fat

· Capsule strength is based on units of lipase in capsule.
· Oral Enzymes are taken prior to all meals, snacks, and beverages containing fat and/or protein and are effective 30-45 min post-ingestion. 
	Oral Intake
	Dosing based on feed or weight
	Dosing based on grams of fat 
	Max Dose 

	Enzymes for infants < 1
	2000-4000 units of lipase per 120 mL of formula or BM
	450-900 units lipase/g fat
	2500 units lipase/kg/feed 10,000 units lipase/kg/day

	Enzymes for children  1 year old 
	500-2500 units lipase/kg/meal
	500-4000 units lipase/g fat 
Mean: 1800 units lipase/g fat
	2500 units lipase/kg/meal 4000 units lipase/g fat 10,000 units lipase/kg/day



* The infant's mouth should be checked after administration to ensure no beads remain in mouth.
* Enzymes are effective for 30-45 minutes after administration. If the child's meals exceed this time frame, consider splitting enzyme dose between the beginning and the middle of meal.

	Tube Feeds
	Dosing based on feed or weight
	Dosing based on grams of fat
	Max Dose

	Enteric-coated enzymes for bolus continuous tube feeds
	
	500-4000 units lipase/g fat 
Goal: 1800 units lipase/g fat, or higher as needed
	4000 units lipase/g fat *counts toward total limit of 10,000 units lipase/kg/day

	Immobilized Lipase Cartridge (continuous tube feeds only)
	1 cartridge per 500 ml- of formula2
	
	2-cartridges
/24hrs. not counted w/daily units of lipase 

	Non-enteric coated enzymes
	
	1800-4000 units lipase/g fat
	4000 units lipase/g fat 100000 units lipase/kg/day



	Age 
	Vit A g/d
	Vit D g/d
	Vit E mg/d
	Vit K 
g/d

	0-6mo
	AI:400
UL:600
	AI:400(10)
UL:1000(25)
	AI:4
	DRI: 2.0

	6-12mo
	AI:500
UL:600
	AI:400(10)
UL:1528(38)
	AI:5
	DRI: 2.5

	1-3 y
	DRI:300
UL:600
	AI: 600(15)
UL:2520 (63)
	DRI: 6 
UL:200
	DRI: 30

	4-8y 
	DRI:400 UL:900
	AI: 600 (15)
UL:3000 (75)
	DRI: 7
UL:300
	DRI: 55



	Age 
	Calcium
Mg/d 
	Iron 
Mg/d
	Zinc
Mg/d

	0-6 mo 
	AI:200
UL:1000
	AI: 0.27
UL: 40
	AI:2
UL: 4

	6-12mo
	AI:260
UL:1500
	DRI: 11
UL: 40
	DRI: 3
UL:5

	1-3 y
	DRI:700
UL:2500
	DRI: 7
UL: 40
	DRI: 3
UL: 7

	4-8y 
	DRI:1000
UL:2500
	DRI: 10
UL: 40
	DRI: 5
UL: 12


*DRI-Dietary Reference Intake 
*UI-Upper Limit 
*AI-adequate intake





INITIATING & ADVANCING ENTERAL NUTRITION
	Type
	Age
	Initial Infusion
	Advancement
	Goal

	Continuous
	0 – 12 mo
	1-2 ml/kg/hr
	1-2 ml/kg q 2-8 hr
	6 ml/kg/hr

	
	1 – 6 yrs
	1 ml/kg/hr
	1 ml/kg q 2-8 hr
	4-5 ml/kg/hr

	
	>6 yrs 
	25ml q 2-8hr
	25 ml q 2-8 hr
	100-150 ml/hr

	Bolus
	0 – 12 mo
	10-60 ml/2-3 hr
	10-60 ml/feeding
	90-180 ml/4-5 hr

	
	1 – 6 yrs
	30-90 ml/2-3 hr
	30-90 ml/feeding
	150-300 ml/4-5 hr

	
	>6 yrs 
	60-120 ml/2-3 hr
	60-90 ml/feeding
	240-480 ml/4-5 hr

	Cyclic
	0 – 12 mo
	1-2 ml/kg/hr
	1-2 ml/kg/2 hr
	60-90 ml/hr 12-18 hr/d

	
	1 – 6 yrs
	1 ml/kg/hr
	1 ml/kg/2 hr
	75-125  ml/hr 8-16 hr/d

	
	>6 yrs 
	25 ml/kg/hr
	25 ml/kg/2 hr
	100-175 ml/hr 8-16 hr/d




This guide was created in May 2023 with the following references. Policies may differ and information and recommendations may have been updated since this guides creation. 

References: 
1. Pediatric Nutrition Reference Guide 13th Edition. 13th ed. Texas Children's Hospital 
2. Neumiller C. Clinical Nutrition Pocket Guide . 7Th ed. Banner Health 
3. Yen EH, Leonard AR. Nutrition in Cystic Fibrosis a Guide for Clinicians. Cham: Springer International Publishing; 2015. 
4. About cystic fibrosis. Cystic Fibrosis Foundation. https://www.cff.org/intro-cf/about-cystic-fibrosis. Accessed April 28, 2023. 
5. Voynow JA, Mascarenhas M, Kelly A, Scanlin TF. Cystic fibrosis. Cancer Therapy Advisor. https://www.cancertherapyadvisor.com/home/decision-support-in-medicine/anesthesiology/cystic-fibrosis/. Published January 17, 2019. Accessed April 28, 2023. 
6. De Boeck K. Cystic fibrosis in the year 2020: A disease with a new face. Acta Paediatrica. 2020;109(5):893-899. doi:10.1111/apa.15155 
7. Shteinberg M, Haq IJ, Polineni D, Davies JC. Cystic fibrosis. The Lancet. 2021;397(10290):2195-2211. doi:10.1016/s0140-6736(20)32542-3 


PPC Dietetic Reference Guide: 

Cystic Fibrosis (CF) is a genetic, autosomal recessive condition that is caused by a mutation in the CFTR gene which is responsible for the permeability of the chloride channel. There are around 2,000 known mutations with varying degrees of severity classified in classes 1 (most severe)- 5 (least severe). 

High Nutritional Risk: Hypermetabolism, malabsorption due to exocrine pancreatic insufficiency (EPI), liposoluble vitamin deficiency, CF-Related diabetes, gastro-esophageal reflux, decreased bone density. 

Energy Needs: Depend on nutritional status, and needs are individualized and determined by other CF-related factors, including a decline in pulmonary function, acute respiratory infractions, malabsorption due to EPI, and hyperglycemia related to CFRD. 
Recommendations include: 
Energy needs: 110–200% of RDI
Protein: 150-200% of RDI or higher
*Advancements in modulators like Trikafta have increased pancreatic absorption ability. More research is needed to determine energy needs with medical advancements. 

Vitamin and Mineral Deficiencies and Supplementation: 
CF patients with EPI are at high risk for fat-soluble Vitamin deficiencies of ADEK, which can be supplemented with a CF-specific multivitamin. In addition, Iron, Calcium, and Zinc should be monitored for deficiencies. (See DRI/UL tables on the back) Labs should be assessed annually. 
· CF Specific Multi-Vitamin can be prescribed based on annual labs 
· Vit K may be supplemented in patients being treated with IV antibiotics secondary to depletion of gut flora. 
· If Vit D continues to be deficient additional supplementation may be appropriate. 
Vitamin D: 1
	Age 
	Initial Daily Dosing of Vit D-3 (UI/day)
	Step 1: Dose increase (IU/Day)
	Step 2: Dose titration (UI/day) 

	Birth-1 yr
	400-500
	800-1,000
	Max 2,000

	>1-10 yrs 
	800-1,000
	1,600-3,000
	Max 4,000

	>10-18yrs
	800-2,000
	1,600-6,000
	Max 10,000

	>18yrs
	800-2,000
	1,600-6000
	Max 10,000


Step 1- deficiency of 20-29ng/mL despite initial dosing 
Step 2- deficiency of <20ng/mL or persistant levels of 20-29ng despite increased dosing 
Step 3- deficiency of <30 ng/mL despite Max dosing- Refer to Endocrine.
concentrations of Na in sweat and increase in warmer climates or with physical activity. 
Recommendations: 2-4mEq Na/Kg/day 

Salt (Na) supplementation by age: 
· Infant 0-6mo: 1/8th tsp. per day (13mEq Na)
· Infants 6-12mo: 1/4th tsp. per day (26mEq Na)
· Children >1yr.: Liberal salt diet 
CF Foundation Guidelines for Growth: 
· 0-12mo: Maintain weight-for-length 50th percentile
· 12-24mo: Maintain weight-for-length 75th percentile
· >2 yrs: Maintain a BMI 50th percentile

Growth Charts:
-Use WHO for 0-24 months; Use CDC Growth Charts for >2 yrs old EXPECTED GROWTH VELOCITY: 2
Use electronic growth Chart Calculator Peditools.org)
	AGE
	WEIGHT (g/day)
	HEIGHT (cm/week)
	Head Circumference (cm/wk)

	0-4 months
	23-34
	0.8-0.93
	0.38-0.48

	4-8 months
	10-16
	0.37-0.47
	0.16-0.2

	8-12 months
	6-11
	0.28-0.37
	0.08-0.11

	12-16 months
	5-9
	0.24-0.33
	0.04-0.08

	16-20 months
	4-9
	0.21-0.29
	0.03-0.06

	20-24 months
	4-9
	0.19-0.26
	0.02-0.04

	2-4 yrs
	2-3 kg/yr
	5.5-9 cm/yr
	

	4-6yrs 
	2-3kg/yr
	5-8.5cm/yr
	

	6-10 yrs
Boys
Girls 
	2-3 kg/yr
	
4-6 cm/yr
4.5-6.5cm/yr
	

	>10 yrs
	2-3kg/yr 
	8-14cm/yr
	


* Catch-up growth rates may be up to 1.5-3 times or more of normal growth velocity.
*Adjust for prematurity: until 18 months for OFC, 24 months for weight, 40 months for length


Estimate Energy Requirements (EER) (wt = kg; ht = m; age=yrs)
	0-3 mos
	[89x weight – 100]+175

	4-6 mos
	[89x weight– 100]+56

	7-12 mos
	[89x weight– 100]+22

	13-35 mos
	[89x weight– 100]+20

	3-8 yrs
	Male: 88.5- (61.9 x age) + PA ([(26.7 x  wt) + (903 x  ht) + 20
Female: 135.3 - (30.8 x age) + PA ([(10 x  wt) + (934 x  ht) + 20

	9-18 yrs
	Male: 88.5- (61.9 x age) + PA ([(26.7 x  wt) + (903 x  ht) + 25
Female: 135.3 - (30.8 x age) + PA ([(10 x  wt) + (934 x  ht) + 25

	Physical Activity (PA)  Factors: Males: sedentary = 1; low active=1.13 (30-60 min+ADL); active=1.26 (>60 min + ADL); very active=1.42 (120 min + ADL)
Feales: sedentary = 1; low active=1.16 (30-60 min+ADL); active=1.31 (>60 min + ADL); very active=1.56 (120 min + ADL)




Diagnosis of Pediatric Malnutrition (WHO &ASPEN) 
	Indicators
	Mild
	Moderate
	Severe

	Weight gain velocity (<2 yr)
	<75% of expected wt gain for age
	<50% of expected wt gain for age
	<25% of expected wt gain for age

	Weight Loss (>2 yr)
	5% below UBW
	7.5% below UBW
	10% below UBW

	Deceleration in Wt/Length or BMI/age
	Decline of 1 Z score
	Decline of 2 Z scores
	Decline of 3+ Z scores

	Inadequate nutrient intake
	51-75% of est. energy/pro needs
	26-50% of est. energy/pro needs
	</= 25% of est. energy/pro needs


-Acute  malnutrition = duration is <3months;Chronic malnutrition =duration is >3months
-Include whether related to illness or environmental/behavioral factors (ex: starvation, anorexia nervosa, feeding aversion, etc)






Common complications with CF newborn: 
Meconium ileus- a bowel obstruction that occurs when the meconium in your child's intestine is even thicker and stickier than normal meconium.
Treatment- Nonsurgical treatment includes enema but may need surgery which entails a bowel resection and ileostomy placement. 
Distal Intestinal Obstruction Syndrome (DIOS)- occurs when the bowel becomes partially or completely blocked. It usually occurs where the small bowel joins the large bowel.
Intestinal obstruction with or without intussusception or volvulus- Recurrent, crampy abdominal pain associated with a right lower quadrant fecal mass is often a feature of CF. Maldigested food, combined with dehydrated, viscid intestinal mucus, may lead to the formation of a fecal mass at the ileocecal junction.
Obstructive jaundice- is a specific type of jaundice caused by a narrowed or blocked bile duct or pancreatic duct, preventing the normal drainage of bile from the bloodstream into the intestines.
Edema with hypoproteinemia, anemia and hypoprothrombinemia- the constellation of these three may be the earliest presentation of malabsorption syndrome secondary to pancreatic insufficiency in CF
Hypoprothrombinemia- may occur as an isolated bleeding diathesis. PERT and vit K supplementation is required for correction.
Failure to thrive- CF should always be considered in the differential diagnosis of failure to thrive in childhood, especially in children who have a history of frequent, loose, bulky stools and whose velocity of weight gain is decreasing. 
Salty taste or salt loss syndromes- In the absence of salt supplementation, the child may present with heat prostration. CF can also lead to chronic hypochloremic metabolic alkalosis.
Rectal prolapse- Secondary to steatorrhea, bulky stools, and poor muscle tone may occur in up to 20% of patients with CF in the first few years of life.
Recurrent pneumonia or bronchiolitis
Pulmonary infections with Staphylococcus and Pseudomonas
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Cystic-Fibrosis-Related Diabetes (CFRD) Management of
CFRD shares features with DM 1 and 2 but differ as CFRD has insulin resistance and insulin deficiency.  
Annual screening by age 10 or earlier
· Fasting glucose  126mg/dL
· 2-hour glucose  200mg/dL
· HbA1C  6.5%
HbA1C could be falsely low in patients with CF, while CF patients w/o CFRD diabetes could have high glucose levels.
*CFRD should be screened for if there is significant weight loss or poor weight gain, elevated serum glucose, and unexplained decline in lung function 

Modulators: enhance or restore functional protein expression of certain CF-causing mutations, significantly expanding life expectancy. 
· Trikafta® (elexacaftor/tezacaftor/ivacaftor)- combines the correctors to help fix flaws in the CFTR protein so that it can form the right shape and the potentiator, which opens the chloride channel traffic to the cell surface. 
* Trikafta has been approved for people with CF ages 2 and older who have at least one copy of the F508del mutation or at least one copy of 177 specified mutations
· Symdeko® (tezacaftor/ivacaftor)- helps the CFTR protein form the right shape, traffic to the cell surface, and stay there longer. Ivacaftor is a potentiator that binds to the defective protein at the cell surface and opens the chloride channel (holds the gate open) so that chloride can flow through.
*Has fewer side effects — such as chest tightness — and drug interactions than Orkambi (lumacaftor/ivacaftor).
· Orkambi® (lumacaftor/ivacaftor)- helps the CFTR protein form the right shape, traffic to the cell surface, and stay there longer. But, even with lumacaftor, only about a third of the CFTR protein reaches the cell surface, and those proteins do not open enough to allow chloride to pass through the cell membrane.
* Orkambi is prescribed for people ages 1 and older who have two copies of the F508del mutation, which is the most common CF mutation.
· Kalydeco® (ivacaftor)- with the gating mutations, the “gate” to the chloride channel at the cell surface is locked. Kalydeco (ivacaftor), a potentiator, binds to the defective protein at the cell surface and opens the chloride channel
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