Pharmacology—IV Solutions, Parenteral, and Enteral Nutrition
IV Solutions

Assessment of Body Fluid Volume

Volume Overload

1) PE – increased weight, peripheral edema, ascites

2) Diet history – Na intake

3) Medication History – ACE-I and NSAIDs

Volume Depletion

1) PE – weight loss, dry mucus membranes, excessive thirst, orthostatic hypotension

2) Causes – vomiting or diarrhea, diuretic use, renal disease, DM or diabetes insipidus, inadequate oral intake associated with AMS, and excessive insensible losses from sweating or fever

3) Dehydration – pure water deficit is different from volume depletion, in which both water and salt are lost.  Pure water deficit is more common in patients who are unable to regulate their intake, i.e. comatose and tube feeding
Fluid Requirements

General Daily Fluid Requirement

1) 30-35mL/kg 

2) 1mL/kcal

3) 1500ml/m2 for 24 hours


Fluid requirements are usually higher for children and preterm infants. All sources of fluid intake must be considered when determining daily fluid intake.  Assessment of fluid status includes urine output – 50mL/hr is considered adequate to ensure adequate perfusion.  Should be higher if a patient is receiving large fluid volumes or with tube feedings, such as in parenteral or enteral nutrition; specific gravity – depends on kidneys concentrating and diluting capabilities; serum electrolytes, weight changes, and factors that alter fluid requirements

Increased Requirements

1) Fever

2) Radiant Warmers

3) Diuretics

4) v/d

5) NG suction

6) Ostomy/fistula drainage

7) Glycosuria

8) Phototherapy

9) Increased ambient temperature

10) Hyperventilation

11) Prematurity

12) Excessive sweating

13) Increased metabolism – hyperthyroidism

14) Diabetes insipidus
Decreased Requirements

1) Fluid overload

2) Cardiac failure

3) Decreased urinary output

4) Heat shields

5) Relatively high humidity

6) Humidified air via ET tube

7) Renal failure

8) Hypoalbuminemia with starvation
9) SIADH
Serum Electrolytes – Normal Volumes

1) Na+ – 135-145meq/L

2) K+ – 3.5-5meq/L

3) Cl+ – 98-107meq/L

4) HCO3 – 22-28meq/L

5) Ca2+ – 8.5-10.5mg/dL
6) Phosphorus
7) Mg2+
8) Osmolality

Electrolytes are micronutrients.  Others include trace elements, vitamins, and minerals
Osmolarity of IV Solutions


Osmolarity is the number of milliosmoles per liter of solution (mOsm/L).  Normal.  Osmolarity and Tonicity will control the net movement of water and electrolytes throughout the body.  IV solutions are classified according to their osmolarity (isotonic, hypotonic, or hypertonic)

Isotonic


Isotonic solutions have the same osmolarity or tonicity as blood and other body fluids.  Have no net movement of water or electrolytes.  These solutions will stay in the vessels and the compartment will expand without drawing fluids from other compartments.


Examples include 0.9% NaCl (NS) which is indicated for hypotension due to hypovolemia or for standard hydration.  5% dextrose (D5W) can cross BBB and can cause swelling so avoid in patients with elevated ICP or diabetics.  Lactated ringers (LR) contains Na, K, Ca, Mg, Cl, and lactate.  Liver converts lactate to bicarbonate.  Indicated for burns, surgery, electrolyte imbalances, and some pediatrics

Hypotonic Solutions


Hypotonic solutions have osmolarity <240mOsm/L.  The solution will expel fluid from the vessels into the cell because the osmolarity is less than plasma.  Indicated for hypertonic dehydration, gastric fluid loss, and cellular dehydration from excessive diuresis or DKA.  Do NOT use in patients with burns, CVA, trauma, head trauma, or neurosurgery.


Examples include 0.45$ NaCl (1/2 NS) and 0.33% NaCl (1/3 NS).

Hypertonic Solutions


Hypertonic solutions have osmolarity >340mOsm/L.  Solution draws fluid from the cells into the vessels because the osmolarity is greater than the plasma.  Indicated for post-op patients to reduce risk of edema and to stabilize blood pressure.  Do NOT use in cellular dehydration, DKA, or cardiac impairment


Examples include D5NS, D51/2NS, and 3% NaCl
Writing an IV Order

Parenteral Nutrition


Parenteral nutrition is nutrition administered via the IV route.  Reserve using parenteral nutrition for when the gut cannot be used.  Different types:

1) Partial parenteral nutrition supplies part of the patient’s daily nutritional requirements, supplementing oral intake.  

2) Peripheral parenteral nutrition (PPN) supplies all of the patient’s daily nutritional requirements via a peripheral IV line.  Recommended for short term use <10-14 days.  Safer and easier to use than TPN.  Must avoid highly concentrated solutions.  Can use D5W.  

3) Total parenteral nutrition (TPN) supplies all of the patient’s daily nutritional requirements via a central access catheter.  Recommended for longer-term use >10-14 days.  More expensive and more technical metabolic and septic complications and requires more expertise than PPN or enteral nutrition.  
Indications


PPN/TPN is used to provide sufficient nutrients to meet energy requirements and to promote tissue anabolism.  Fundamental nutrients of nutrition include water, carbs, protein, fat, minerals, and vitamins.

1) Patients who cannot eat – comatose, ventilator, etc.

2) Patients who should not eat – need bowel rest (acute pancreatitis, some surgeries)

3) Patients who will not eat – bulimic, depression, elderly

4) Patients who cannot eat or will not eat enough – cancer patients hyperthyroid, burn patient, bowel obstruction, fistula, IBD, etc

5) Other – intractable vomiting, massive bowel resection
Writing the TPN Order – Determining Nutritional Needs (See Tables!)
1) Calculate weight – if actual body weight is >120% IBW, use adjusted body weight

a) IBWmen – 50kg + (2.3 x inches >5ft)
b) IBWwomen – 45.5kg + (2.3 x inches >5ft)
c) Adjusted body weight – [(actual weight – IBW) x 0.25] x IBW
2) Calculate the calories – multiply weight in kg by 20-35kcal.  Depending on nutritional assessment, generally start with 20-25kcal/kg

3) Calculate required carbs – use total caloric estimate from 2

a) Carbs (kcal) = total calories x 60%

b) Carbs (gm) = Carbs (kcal) ÷ 3.4kcal/gm

c) Most commonly use D50W to prepare TPN – Dextrose 50gm/100ml; use 500ml to get 250gm which is a standard daily requirement

4) Calculated required fats – use total caloric estimate from 2

a) Fat (kcal) = total calories x 40%

b) Fat (gm) = Fat (kcal) ÷ 9kcal/gm

c) This is usually accomplished by giving 500mL of 20% fat emulsion (2kcal/L) IV over 6-8 hours TIW.  Sometimes fat is given in an admixture with the dextrose and amino acid solution, where fat will provide 20-30% of the daily caloric requirement

5) Calculate required protein

a) Protein (gm) = weight (kg) x 1gm/kg (in medical patient

b) Protein requirements may vary depending on patient (i.e. post-op patient may require 2gm/kg)
c) Conversion 1gm of protein = 4kcal

d) Standard amino acid solutions are available – i.e. 8.5% amino acid solution provided 8.5gm of protein per 100ml

6) Calculate fluid volume requirement

a) Total ml = weight in kg x 30-40ml/kg

b) Must consider all sources when calculating total volume – i.e. dextrose, amino acid solutions, all electrolyte additives, etc

7) Determine electrolyte requirements

a) Charts are available to determine basic electrolyte requirements – see table 
b) Total Na should be no more than 154meq/L (NS)

c) Total K should be no greater than 40meq/L and infused at no more than 10meq/hr

d) Monitor Ca and PO4 levels because excess may cause precipitate.  RPh usually monitors and has formulas.  

8) Determine vitamin and supplement requirements

a) MVI, thiamine 50mg and folate 0.4mg usually added QD

b) A standard trace elements preparation may also be added daily that contains zinc, copper manganese, chromium, iodine, and selenium
9) Other medications

a) Insulin

b) Heparin
c) H2 blockers (Zantac or Pepcid)
d) Pyridoxine
e) Ascorbic acid

f) Vitamin B12
g) Vitamin K

h) Antibiotics
10) Important – many standard amino acid solutions may contain electrolytes, so when determining electrolyte requirements, this must be considered

Total Parenteral Nutrition Daily Requirement

1) Amino acid – 60-80g (240-320kcal)

2) Dextrose – 250g (850kcal)

3) Na+ – 60-80meq

4) K+ – 30-60meq

5) Cl+ – 80-100meq

6) Acetate – variable

7) Ca2+ – 4.6-9.2meq

8) Mg2+ – 8.1-20meq

9) PO4 – 12-24

Characteristics of TPN Solutions

	Dextrose
	Kcal/L
	Osmolality (mOsm/L)

	5
	170
	250

	10
	340
	500

	20
	680
	1000

	50
	1700
	2500

	70
	2380
	3500


Procedures for Administration of TPN

1) Solutions must be prepared aseptically under a laminar-flow filtered-air hood

2) Insertion of a central venous catheter – subclavian placement is standard with Broviac or Hickman catheter.  CXR after placement of catheter to confirm adequate placement
3) The TPN line should not be used for any other purpose

4) TPN should be administered via a 1.2 micron filter

5) TPN is generally infused over a 24-hour period.  Divide total volume by 24 to determine the hourly infusion rate

6) Usually start at “half-strength”

7) Monitor baseline labs, including TG
Monitoring Parameters

1) Daily – weight, plasma urea and glucose (several times daily until stable), CBC, ABG, accurate fluid balance, 24-h urine, and electrolytes
2) LFTs, plasma proteins, PT, plasma and urine osmolality, and calcium, magnesium, and phosphate should be measured twice weekly.  

3) Nutritional assessment should be repeated at 2-wk intervals.
Complications

Technical

1) Incompatibilities

2) Phlebitis

3) Thromboembolism and hematoma – monitor for placement of catheter

Infectious

1) Infections

2) Catheter related sepsis

Metabolic

1) Hyperglycemia

2) Hyperosmolarity

3) Electrolyte imbalances

4) Fat accumulation – hyperlipidemia and painful hepatomegaly

5) ADRs to lipid emulsions – dyspnea, nausea, headache
Enteral Nutrition


Enteral nutrition should be considered in malnourished patients with an intact I tract.  Patient unable or unwilling to eat in order to meet 2/3 to ¾ of their daily needs.  The specific route and duration of enteral nutrition will vary based on diagnosis, nutritional status, fluid requirements, and GI tract function
Advantages

1) Maintain thick gut barrier – the processing of nutrients by the gut stimulates the synthesis of a thicker gut barrier.  Protects the gut against the effects of stress and steroids as well as reduce the risk of inflammation, ulceration, and bleeding

2) Support epithelial cell repair and replication
3) Maintain normal gut pH and flora
4) Stimulate synthesis of immunoglobulins in the gut
Contraindications (Relative)

1) Certain GI diseases – short bowel, GI obstruction, GI bleeding, protracted vomiting and diarrhea, fistulas, ileus, and GI ischemia

Routes

1) Nasogastric – Contraindications include GI reflux, gastric outlet obstruction, history of aspiration, nasal obstruction, or severe facial fracture.  Advantages include cheapness and easy placement.  
2) Nasoenteric – Contraindications include small or large bowel obstruction, peritonitis, and hemodynamic instability.  Advantages are good if gastric feedings are not tolerable or it patient is at increased risk of reflux or aspiration.  A jejunal tube is preferred because a duodenal tube is shorter and has an increased risk of aspiration of the feeding or the tube itself  

3) Permanent gastrostomy or jejunostomomy – reserved for long-term gastric and enteral feedings
Enteral Feeding Formulas

Polymeric Commercial Formulas

1) Standard enteral diets

2) Vary in protein, carbs, and fat

3) Convenient and inexpensive

4) Used for patients with minimal metabolic stress and normal gut function

5) Examples include Ensure, Boost, and Glucerna (less carbs)

Chemical Defined Formulas

1) Nutrients in predigested and readily absorbed form

2) Proteins in form of low molecular weight amino acids or polypeptides

3) Expensive and Hyperosmolar

4) Used for patients with compromised gut function

5) Examples include Vivonex TEN
Modular Formulas

1) Special formulas used for special clinical conditions – pulmonary, renal, and hepatic failure, immunocompromised

2) Examples include Promod and Polycose
Complications

Technical

1) Tube clogging

2) Esophageal, tracheal, bronchial or duodenal perforation

3) Tracheobronchial intubation (with aspiration)

Functional – occur in 25% of the tube fed patients and the main reason for intolerance to the products

1) N/V/D

2) Abdominal distension, constipation

3) Electrolyte abnormalities
