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WHY DO WE NEED TO PROVIDE NUTRITION?

¡ Many critically ill patients have decreased caloric intake in hospital as well as altered metabolism

¡ Goal of providing nutrition in critical illness is to minimize further loss of lean body mass, restore 
nutrient deficiencies, provides substrate for healing and repair

¡ Loss of lean body mass impairs the animal’s strength, immune function, wound healing, and likely 
negatively impacts overall survival 



DISADVANTAGES OF FASTING

¡ Experimental models show

¡ Intestinal mucosal atrophy 

¡ Increased rate of enterocyte apoptosis 

¡ Decreased glutamine and arginine transport 

¡ Changes in mucin composition of goblet and crypt cells 

¡ Breakdown in intestinal barrier resulting in increased intestinal permeability 

¡ Contribution of the gut to SIRS 



OPTIMAL FEEDING ROUTE

Depends on:

¡ Patient-dependent factors

¡ Function of the GI tract

¡ Ability to tolerate tube placement

¡ Risk of aspiration

¡ Nonpatient factors

¡ Cost

¡ Technical expertise



ENTERAL NUTRITION
ANY METHOD OF FEEDING THAT USES THE GASTROINTESTINAL (GI) TRACT



ENTERAL NUTRITION

Advantages

¡ Physiologic

¡ Preserves the integrity of the gastrointestinal mucosal barrier, villous function, and preserve GI 
immunologic function 

¡ Helps maintain appetite

¡ Less expensive 



ENTERAL NUTRITION

Contraindications 

¡ Intractable vomiting,

¡ GI obstruction

¡ Ileus

¡ Malabsorption or maldigestion

¡ Inability to protect airways 



ROUTE OF ENTERAL NUTRITION

¡ Voluntary oral intake is the best

¡ If voluntary intake is insufficient, then try

¡ Changing diet

¡ Syringe feeding

¡ Appetite stimulants

¡ If that fails, feeding tubes have to be considered



TYPES OF FEEDING TUBES

1) Nasogastric/Nasoesophageal tube 

2) Esophagostomy tube

3) Gastrotomy tube

4) Jejunostomy tube



Indications Contraindications Advantages Disadvantages Complications

NG/NE 
tube

E tube

G tube

J tube



Indications Contraindications Advantages Disadvantages Complications

NG/NE 
tube

-Short-term (7-14 days)
-Gastric decompression
-Measure GRV

-Coagulopathies
-Nasopharyngeal of facial 
disease 

-Easily placed 
-No adverse effect if 
removed by patient

-Irritating
-Dislodges with vomiting
-Liquid diet only
-Patients remain hospitalized

-Iatrogenic placement in lungs 
can be fatal 
-NGT may create 
incompetence of LES

E tube

G tube

J tube
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E tube -Intermediate term (weeks 
to months) 
-Patient with function GIT 
distal to esophagus 
-Patient with facial or oral 
trauma

-Esophageal disease 
-Skin lesion/cellulitis at 
site
-Coagulopathies

-Easily placed, well tolerated
-Blenderized diets 
-Little adverse effect if 
removed by patient
-Owner can use at home
-Patient can eat and drink

-General anesthesia
-Must wait 10-14 days prior to 
removal
-Dislodges with vomiting

-Esophageal stricture (rare)
-pneumomediastinum and 
pneumothorax (rare)
-Cellulitis 
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-Intractable v+ 

-Well-tolerated
-Large diameter tube reduces 
risk of clogging
-Patients can eat and drink
-Owner can use at home

-General anesthesia
-Must wait 24h prior to 
feeding
-Must wait 10-14 days prior to 
removal
-Costly

-Peritonitis 
-Stoma infection
-Visceral entrapment 
-Gastric perforation
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Indications Contraindications Advantages Disadvantages Complications

NG/NE 
tube

-Short-term (7-14 days)
-Gastric decompression
-Measure GRV

-Coagulopathies
-Nasopharyngeal of facial 
disease 

-Easily placed 
-No adverse effect if 
removed by patient

-Irritating
-Dislodges with vomiting
-Liquid diet only
-Patients remain hospitalized
-Remove anytime

-Iatrogenic placement in lungs 
can be fatal 
-NGT may create 
incompetence of LES

E tube -Intermediate term (weeks 
to months) 
-Patient with function GIT 
distal to esophagus 
-Patient with facial or oral 
trauma

-Esophageal disease 
-Skin lesion/cellulitis at 
site
-Coagulopathies

-Easily placed, well tolerated
-Blenderized diets 
-Little adverse effect if 
removed by patient
-Owner can use at home
-Patient can eat and drink

-General anesthesia
-Must wait 10-14 days prior to 
removal
-Dislodges with vomiting

-Esophageal stricture (rare)
-pneumomediastinum and 
pneumothorax (rare)
-Cellulitis 

G tube -Long terms (months to 
year)
-Patient with esophageal 
disease
-Patient undergoing sx for 
oropharynx or esophagus

-High risk for aspiration, 
non-ambulatory
-Coagulopathies
-Gastric disease
-Intractable v+ 

-Well-tolerated
-Large diameter tube reduces 
risk of clogging
-Patients can eat and drink
-Owner can use at home

-General anesthesia
-Must wait 24h prior to 
feeding
-Must wait 10-14 days prior to 
removal
-Costly

-Peritonitis 
-Stoma infection
-Visceral entrapment 
-Gastric perforation

J tube -Short-term option (days to 
weeks)
-Bypasses pancreas
-In patients w/ 
gastroparesis, uncontrolled 
vomiting, proximal GI 
obstruction 2ry to 
neoplasia, massive proximal 
GI resection, inability to 
protect airways

-Peritonitis
-Hypoproteinemia
-Coagulopathies

-Minimal stimulation of the 
pancreas
-Large diameter tube reduces 
risk of clogging
-Patients can eat and drink

-Only liquid, enteral diets fed
-General anesthesia and 
surgical placement
-Must wait 24h prior to 
feeding
-Must wait 5-7 days prior to 
removal
-Requires CRI feeding
-Expensive
-Technically challenging

-Migration of tube can cause 
GI obstruction
-Stoma infection
-Cellulitis
-Peritonitis 



CRI VS TRICKLE FEEDING?



CRI VS TRICKLE FEEDING?

¡ Essentially minimal difference in calories provided

¡ Holahan study:

¡ Calories delivered: 98.4% CRI vs 100% trickle feeding

¡ Higher technical complication in CRI group but overall GI complication was not different 

¡ Proactive implementation of feeding protocol improved average time from hospital admission to feeding (4.5 
to 1.8 days) 

¡ Campbell study:
¡ Calories delivered: 99% CRI vs 92.9% trickle feeding

¡ No difference in GI complication rate in between groups, but dogs had more complications than cats



PARENTERAL NUTRITION
INTRAVENOUS ADMINISTRATION OF NUTRITION



TOTAL PARENTERAL NUTRITION (TPN)

¡ Provision of nutritional support via a _____ 

¡ Supplies total patient energy need 

¡ TPN solutions contain ____, ____, ____ with osmolality > _____ mOsm/L 

¡ May be deficient in total vitamins and mineral needs, depending on the formulation 



TOTAL PARENTERAL NUTRITION (TPN)

¡ Provision of nutritional support via a central vein to reduce risk of thrombosis 

¡ Supplies total patient energy need 

¡ TPN solutions contain glucose, amino acids, and lipids with osmolality > 1200 mOsm/L

¡ Should not exceed 1400 mOsm/L 

¡ May be deficient in total vitamins and mineral needs, depending on the formulation 



TOTAL PARENTERAL NUTRITION (TPN)

Indications

¡ Patients unable to enterally absorb sufficient nutrients for more than 3–5 days with signs of 
malnutrition

¡ Severe prolonged pancreatitis when enteral feeding tubes are not an option

¡ Severe malnutrition with a nonfunctional GI tract

¡ Intolerance to enteral tube placement or force feeding



PERIPHERAL PARENTERAL NUTRITION (PPN)

¡ Provision of nutritional support by use of a ________

¡ Lower in osmolality (____ mOsm/L), energy and protein content 

¡ Does not supply all patient energy needs 

¡ Typically deficient in vitamin and mineral needs 



PERIPHERAL PARENTERAL NUTRITION (PPN)

¡ Provision of nutritional support by use of a peripherally inserted intravenous catheter

¡ Lower in osmolality (500-600 mOsm/L), energy and protein content 

¡ Does not supply all patient energy needs 

¡ Typically deficient in vitamin and mineral needs

¡ Also known as “partial parenteral nutrition” 



PERIPHERAL PARENTERAL NUTRITION (PPN)

Indications

¡ Non-debilitated animals likely needing IV-administered support for >7 days

¡ Jugular catheter not feasible

¡ Need adjunct nutrients as nutritional needs can’t be completely met with enteral feeding 

¡ Sparing protein from catabolism by providing an energy source and amino acids for protein synthesis 



DIFFERENCE BETWEEN TPNVS PPN

¡ Route of administration

¡ Central line vs PICC line

¡ Osmolality

¡ TPN has much higher osmolality (850-1200 vs 500-600)

¡ Components

¡ TPN uses 50% dextrose, PPN 5%

¡ Complication rate

¡ Lower mechanical complication rate in PPN than TPN (20% vs 57%) 



DISADVANTAGES OF PN

¡ Costly

¡ Necessity and difficulty of insertion and maintenance of central venous catheter 

¡ Increased risk of infection

¡ Risk of thrombosis

¡ Metabolic disturbances 





REQUIREMENTS FOR PN

Hospital

¡ Ability to obtain vascular access

¡ Ability to provide 24-hour nursing care

¡ Ability to monitor chemistry and electrolyte 

¡ Ability to formulate or obtain PN prescription 

Patient

¡ Able to tolerate vascular access

¡ No contraindications

¡ Risk of increase ICP

¡ High risk of thromboembolic dz,

¡ Has severe coagulopathies

¡ Able to tolerate fluids 



PN IN VETERINARY MEDICINE

• Most common underlying disease is pancreatitis 
• Most common complication if metabolic > mechanical > septic 
• Most common metabolic complication is hyperglycemia 



PN IN VETERINARY MEDICINE

- Most cats have multiple concurrent disease 
associated with poor prognosis and high 
mortality rate (52%)

- Poor prognostic indicators:
- History of weight loss
- Hyperglycemia at 24h after TPN
- Hypoalbuminemia
- Chronic renal failure



PN IN VETERINARY MEDICINE



COMPONENTS OF PN

¡ Carbohydrates

¡ Lipid

¡ Protein

¡ Others



CARBOHYDRATES

¡ Typically from 50% Dextrose (500 mg/mL), contains 1.7 kcal/mL

¡ PPN uses 5% dextrose

¡ Proportion of dextrose is limited to prevent excessive osmolarity (2523 mOsm/L)

¡ 40-60% energy requirement from dextrose 

¡ Lower if risk of glucose intolerance (e.g. Diabetic)



LIPIDS

¡ Soy bean or sunflower oil based

¡ Usually 20% lipid emulsions (200 mg/mL), contains 2 kcal/mL

¡ Numerous benefits:

¡ Isotonic

¡ Energy dense source

¡ Some controversy

¡ Concurrent administration of dextrose & lipid may result in insufficient lipid use 

¡ n-6 fatty acid may be pro-inflammatory (contributes arachidonic acid precursors, prevents inactivation of PAF)

¡ Patients receive 40-60% energy requirement from lipid 

¡ Lower in pancreatitis 



PROTEIN

¡ Amino acids

¡ Slows muscle breakdown, aids immune and organ function, plays a role in wound healing

¡ Most commonly 8.5% Amino Acid solution (8.5mg/ml)

¡ 4 to 6 g of protein per 100 kcal for dogs and 6 or more g of protein per 100 kcal for cats 

¡ Contains 4 kcal/g in proteins

¡ Patients with protein intolerance (e.g. HE, severe kidney failure) should receive reduced levels (3g/100kcal)



OTHERS

¡ If receiving PN > 10 days or severely malnourished, addition of zinc, copper, manganese and chromium may be 
considered 

¡ Vit B complex, vitamin A and D are commonly added 

¡ Some clinicians add Zinc as there is some evidence of Zn depletion in critically ill patients 



FORMULATING PN PRESCRIPTION

1) Calculate resting energy requirement (RER): (BW kg x 30) + 70 = kcal/day

2) Calculate total energy requirement (TER): RER x illness factor

1) Not commonly used anymore as literature demonstrating critically ill patients are in catabolic state but may not have 
increased energy demands and the risk of over supplementation causing harm 

3) Determine protein requirement: 4-6g/100kcal for dogs and 6g/100kcal for cats

4) Determine volume of nutrient solutions required:  dextrose, lipid, amino acid

5) Determine total volume of PN per day

6) Determine the daily vitamin requirements

7) Determine the hourly rate of PN



COMPOUNDING PN SOLUTION

¡ Practice aseptic technique 

¡ Add amino acids and dextrose solution separately à minimize Maillard reaction 

¡ Protect from light 

¡ Reducing risk of lipid embolization

¡ Embolization occurs when lipid particles > 5 um make up > 0.4% of PN solution, usually occurs when placed 
>24 hours in room temperature 

¡ Compound PN in specialized bags composed of ethylene vinyl acetate (impermeable to air)



ADMINISTRATION OF PN

¡ Start at 50% of targeted goal

¡ Administer through 1.2 micrometer filter 

¡ Administer in 10-12 hours (rather than 24 hours) can reduce complication rate

¡ Maintain sterility of catheter, intravenous tubing, and PN bag

¡ Do not disconnect the patient from the PN bag unless attaching a new bag

¡ Wean PN off over several hours once patients are taking in 50% of nutrients enterally



MONITORING THERAPY

¡ Daily inspection of catheter site 

¡ Daily monitoring of body weight 

¡ Labwork: BG, TP, serum appearance, serum electrolytes

¡ GI signs and appetite

¡ Daily assessment and adjustment of nutritional plan



TIMING OF NUTRITIONAL PROVISION?



TIMING OF NUTRITIONAL PROVISION?

¡ Early provision has been shown to be beneficial in many studies both in people and in veterinary medicine



EPaNIC trial
• Critically ill patients receiving late supplemental 

parenteral nutrition were more likely to be 
discharged alive and earlier from the ICU 
compared to standard care. 

• There was no difference in the mortality rates in 
hospital or at 90 days. 



• Compared early RN (w/in 12 hours) vs NPO group (fed >12 hours)
• Assessed intestinal permeability by differential urinary sugar 

recovery of lactulose and L-rhamnose 
• Early EN of dogs with severe CPV enteritis was associated with 

more rapid clinical improvement
• Increased in body weight in early EN = reduced catabolism quicker
• Decreased in urine lactulose in early EN group = improved gut tight 

junctions



• Dogs receiving early nutrition (within 24 hours 
post-op) had significantly shorter hospital stays (1.6 
days)

• No association found in route of nutrition and 
hospitalization length 

• Mechanisms by which nutrition decreases LOH: 
• Hormonal modulation attenuating the 

hypermetabolic response
• Preservation of hepatic antioxidant defense
• Prevention of protein-caloric malnutrition and 

its complications
• Maintain GI barrier and is associated w/ 

improve blood flow to GIT, liver and kidneys 



• Dogs that received PN were sicker (needed 
vasopressor and blood products, lower albumin, 
longer LOH) and were less likely to survive

• Dogs receiving voluntary feedings significantly more 
likely to survive than dogs receiving assisted 
nutrition 

• For each day w/o caloric intake in hospital, LOH 
increased by 0.6 + 0.3 days



• Early feeding group (within 48 hours) had quicker 
return to voluntary intake and reached maximum 
intake faster than late group
• Presence of intraluminal nutrients may 

stimulate central hunger impulses via 
neurologic signaling pathways 

• No difference in LOH



ENTERAL OR PARENTERAL NUTRITION?



ENVS. PN?

¡ EN is preferred 

¡ Enteral feeding and gut stimulation can: 

¡ Stimulate mucosal regeneration via growth factors and stimulated mucosal blood flow

¡ Decreased splanchnic cytokine production 

¡ Modulate acute phase response 

¡ Decreased catabolism 

¡ Preserve protein 

¡ Decreased bacterial translocation

¡ CALORIES trial: no difference in mortality between EN vs PN 



ASPEN + SCCM GUIDELINES



ASPEN + SCCM GUIDELINES

¡ Initiate EN within 24-48hr if patients who are able to maintain voluntary intake

¡ Withhold EN until patient is hemodynamically stable and be used in caution in patients weaning off vasopressors 
(concern for gut ischemia)

¡ Utilizing EN exclusively until day 7, at which PN should be considered if unable to meet >60% of energy 
requirement by EN 



COMPLICATIONS OF PN



COMPLICATIONS OF PN

¡ Mechanical complications

¡ Peripheral venous thrombophlebitis

¡ Metabolic complications

¡ Refeeding syndrome

¡ Septic complications



MECHANICAL COMPLICATIONS

¡ Occurs ~25-46% of veterinary studies 

¡ Catheter dislodgement, catheter disconnection, catheter occlusion, chewed lines, occluded lines and 
thrombophlebitis



PERIPHERAL VENOUS THROMBOPHLEBITIS (PVT)

¡ Inflammation of limb, venous thrombosis, extravasation of solution, and failure of IV injection tubing 

¡ In human medicine, PVT is the reason why PPN isn’t used more often

¡ Pathogenesis: 

¡ Damage to venous wall and endothelium

¡ Fibrin, WBC, RBC and platelets adhere to the catheter within few hours

¡ Endothelial damage à venoconstriction à decreased venous dilution of infusion solution

¡ Local release of inflammatory vasoactive mediators à escalate inflammatory response, incr platelet 
aggregation à thrombosis 



PERIPHERAL VENOUS THROMBOPHLEBITIS (PVT)

¡ Ways to reduce PVT development

¡ Use small-bore, silicone catheters

¡ Ensure catheter tips residing away from a joint

¡ Shorten duration of catheter being in situ

¡ Administer PN for 12 hours

¡ Use solution with < 600-750 mOsm/L

¡ Use solution with lipids, as they may have protective effect on venous endothelial wall



METABOLIC COMPLICATIONS

¡ Transient hyperglycemia most common

¡ Others include hypertriglyceridemia, increased BUN, 
hypoglycemia, hyperbilirubinemia, increased ALP

¡ Refeeding syndrome 



REFEEDING SYNDROME

¡ Syndrome of severe hypophosphatemia, hypokalemia, hypomagnesemia and other electrolytes 
derangements that can be induced in an anorexic, malnourished patients

¡ Usually occurs 3 days after feeding 

¡ Hypophosphatemia

¡ Pre-existing whole body phosphorus depletion

¡ Presence of CHO induces release of insulin à intracellular shift of phosphorus

¡ Feeding induces conversion from catabolism to anabolism and insulin release à body utilizes phosphorus à
magnifies hypophosphatemia 



REFEEDING SYNDROME

¡ Hypophosphatemia leads to 

¡ Decreased cardiac contractility (unknown mechanism)

¡ Decreased leukocyte function

¡ Hypoxic cellular injury 2ry to decr 2,3 DPG in cells and abnormal erythrocytes à neuromuscular dysfunction 

¡ In severe cases, hemolytic anemia can occur 

¡ Hypokalemia & hypomagnesemia also lead to similar signs seen with hypophosphatemia

¡ Occurs mainly d/t increase in insulin and intracellular shift 



SEPTIC COMPLICATIONS

¡ Occurs rarely (<7%)

¡ Catheter-related infections are the main concern

¡ Occurrence largely prevented by practicing aseptic technique when handling PN solution and catheter 



ANY QUESTIONS?


