FLUIDS & ELECTROLYTES

Adult body: 40L water, 60% body weight


2/3 intracellular

1/3 extracellular (80% interstitial, 20% intravascular)
Infant: 70-80% water

Elderly: 40-50% water

Extracellular fluid – divided into interstitial & intravascular 

substances that dissolve in other substances form a solution

solute – the substance dissolved

solvent – substance in which the solute is dissolved

· usually water (universal solvent)

molar solution (M) - # of gram-molecular weights of solute per liter of solution
osmolality – concentration of solute per kg of water
 normal range = 275-295 mOsm/kg of water
osmolarity – concentration of solute per L of solution


* since 1kg=1L, & water is the solvent of the human body, osmolarity & osmolality are used interchangeably
electrolyte - any of various ions, such as sodium, potassium, or chloride, required by cells to regulate the electric charge and flow of water molecules across the cell membrane.
Ions – electrically charged particles
Hydrostatic pressure -pushes fluid out of vessels into tissue space; higher to lower pressure

· due to water volume in vessels; greater in arterial end

· swelling: varicose veins, fluid overload, kidney failure & CHF

Osmotic pressure -pulls fluid into vessels; from weaker concentration to stronger concentration

· from plasma proteins; greater in venous end

· swelling: liver problems, nephrotic syndrome

Active transport – use of energy to move ions across a semipermeable membrane against a concentration, chemical or electrical gradient

Diffusion – particles in a fluid move across a semipermeable membrane from an area of greater to lesser concentration

Acid -  yields hydrogen ions 
· HCl, carbonic acid, acetic acid (vinegar), lactic acid

Base – yields OH; binds with H ions
· magnesium & aluminum hydroxide (antacids), ammonium hydroxide (household cleaner)

Fluid Balance Regulation
Thirst reflex triggered by:

1. decreased salivation & dry mouth

2. increased osmotic pressure stimulates osmoreceptors in the hypothalamus

3. decreased blood volume activates the renin/angiontensin pathway, which simulates the thirst center in hypothalamus

Renin-Angiotensin

1. drop in blood volume in kidneys = renin released

2. renin = acts on plasma protein angiotensin (released by the liver) to form angiotensin I

3. ACE = converts Angiotensin I to Angiotensin II in the lungs

4. Angiotensin II = vasoconstriction & aldosterone release

ADH – produced by hypothalamus, released by posterior pituitary when osmoreceptor or baroreceptor is triggered in hypothalamus
Aldosterone – produced by adrenal cortex; promotes Na & water reabsorption
Sensible & Insensible Fluid Loss

Sensible: urine, vomiting, suctioned secretions
Insensible: 
lungs (400ml/day)

Skin (400ml/day evaporation, 200ml/day sweat)
GI (100ml/day)
IV Fluids

Isotonic

LR



PNSS (0.9%NSS)


NM
Hypotonic
D5W
· isotonic in bag

· dextrose=quickly metabolized=hypotonic



D2.5W

0.45% NSS



0.3% NSS



0.2% NSS

Hypertonic
D50W



D10W



D5NSS



D5LR

3%NSS

Colloids (usually CHONs) & Plasma expanders
Albumin

Plasma – for hypoalbuminemia, volume-depleted patients

· has protein, including CF (I to IX)
Dextran – synthetic polysaccharide, glucose solution
· increase concentration of blood, improving blood volume up to 24 hrs

· contraindicated: heart failure, pulmonary edema, cardiogenic shock, and renal failure

Hetastarch – like Dextran, but longer-acting

· expensive
· derived from corn starch
Composition of Fluids
Saline solutions – water, Na, Cl

Dextrose solutions – water or saline, calories

Lactated Ringer’s – water, Na, Cl, K, Ca, lactate

Plasma expanders – albumin, dextran, plasma protein (plasmanate)

· increases oncotic pressure, pulling fluids into circulation

Parenteral hyperalimentation – fluid, electrolytes, amino acids, calories

Fluid Volume Deficit
Hypertonic: some diuretics, Diabetes insipidus, Diabetes Mellitus, infections, fever, decreased water intake, salt tablet/salt water intake, watery diarrhea
Hypotonic: diuretics, salt-wasting renal diseases, Addison’s disease
Isotonic: diuretics, diarrhea, vomiting, blood loss, third-spacing
S/S:
thirst



Dry skin, mucous membranes



Increased temp, flushed skin



Rapid, thready pulse



Increased Hct, specific gravity, etc.



Late: 
hypotension

decreased UO 

adult – 30ml/hr


children – 1-2ml/kg/hr



kids: depressed fontanels
Fluid Volume Excess
Hypertonic: cause - hypertonic IV fluids, hyperaldosteronism

May lead to: CHF, edema etc

Hypotonic: increased water intake, tap water enemas/irrigations, SIADH
Isotonic: renal failure, corticosteroids
S/S
CHF-like

weight gain, edema, ascites

crackles, dyspnea
distended neck veins

bounding pulse

confusion, weakness
increased CVP

Decreased Hct, BUN etc
Kids: bulging fontanels
Old vs. infants
Body water & regulation:

Old – 40-50%

· kidneys cannon concentrate or dilute urine as efficiently

· diminished thirst mechanism

Infant – up to 80% (90% if premature)

· kidneys immature until age 2

· larger body surface area for size

· higher metabolic rate requires more water

Skin turgor:

Old – use sternum, forehead, inner thigh, top of hip bone

Infant – abdomen, inner thighs

ELECTROLYTE IMBALANCES

SODIUM

Na  - most abundant extracellular cation
· closely associated with chloride

· influenced by diet, aldosterone

135-145 mEq/L

Functions
· neuromuscular, nerve impulse transmission

· osmolarity & oncotic pressure

source: table salt, processed foods, smoked/preserved meats, corned beef, ham, bacon, pickles, ketchup, baking products (baking powder & soda), shellfish, alka-setlzer & cough syrups
Hyponatremia
usually from hypervolemia

pulls water into cells – cerebral edema

Cause
diuretics, salt-wasting renal disease

suctioning, diarrhea, vomiting, tap water enema

SIADH, Addison’s

Lithium

S/S 
bounding pulse, tachycardia


HypoTSN (low ECV), hyperTSN (high ECV)


Pale, dry skin (low ECV)


Weight gain, edema (high ECV)


CHF S/S (high ECV)


Weakness, headache, confusion
increased ICP S/S
Mgt

Diet: high sodium, water restriction


Saline or LR


Weigh daily, I&O
Hypernatremia

pulls water from cells – cells shrink

thirst mechanism triggered

cells become hyperexcitable

Cause


Cushings, Diabetes insipidus


Salt-water drowning


Renal failure

S/S


Tachycardia, hypertension


Dry, sticky mucus membranes


Thirst, dry tongue


Twitching, tremor, hyperreflexia


Irritability, seizures, coma

Chloride – may be elevated
Mgt


Diet: low sodium (500mg – 3g/day)


Weigh daily, I&O


Loop diuretics (thiazides ok)


Desmopressin acetate (DDAVP) nasal spray


If FVD, increase fluid/water intake

POTASSIUM
K– most abundant intracellular cation
- exchanges with H ions to maintain acid-base balance

- alkalosis = hypoK; acidosis = hyperK

- affected by insulin levels

3.5-5 mEq/L

Functions
· muscular (esp heart) contraction

· neuromuscular contraction, including smooth muscles
· part of sodium-potassium pump
source: dried fruits (prunes), fruits (banana, cantaloupe, grapefruit, orange, apricots, avocado), vegetables (spinach, broccoli, green beans) nuts, milk, meat, coffee & cola, salt substitutes

RDA: 40-60 mEq/day

Hypokalemia


Poor muscle contraction

Cause


Alkalosis


Too much insulin


Cushing’s


Water intoxication (diabetes insipidus)


Diuretics (loop & thiazide)


Corticosteroids


Digoxin


Diarrhea, N&V

S/S


arrhythmia

Weak, thready pulse
ECG: ST depression. Flattened T wave, U wave, PVCs
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Hyporeflexia

Muscle weakness, paresthesias

Leg cramps

Fatigue, lethargy, coma

Hypoactive bowel sounds, paralytic ileus

Mgt


IV: no more than 1mEq/10 ml



- never give IVTT



- make sure patient has voided


Oral: kalium durule (give with meals)


Diet: high potassium


Monitor drug levels of cardiac glycosides


Protect from injury

Hyperkalemia

Increases cell excitability, may discharge independently without stimulus

Cause


Rapid K infusion, excessive intake


Renal failure


Addison’s


Overuse of K-sparing diuretics


Metabolic acidosis


Insulin deficiency


Massive cell damage (burns, tumor lysis syndrome, blood cell hemolysis)

Blood transfusions

S/S



Arrhythmia


Slow cardiac rate

ECG: narrow/peaked T wave, widened QRS, prolonged PR interval, flattered P wave, V fib[image: image2.png]Hyperkalemia
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Twitching (early) or paralysis (late)

GI hypermotility, diarrhea

Mgt


Insulin + glucose


Diuretics (loop, thiazides) – no K-sparing


Exchange resins

Sodium polysterene sulfonate

(Kayexalate)- exchanges Na with K in the GI

Sorbitol 70% oral or rectal

Ca gluconate – antagonizes effect of K on myocardium to decrease irritability; does not promote K excretion

dialysis


Diet: low potassium, no salt substitutes
CALCIUM
Ca – cation, most abundant in entire body
· 99% in bone, teeth

· of the 1%, half bound to protein (usually albumin), half ionized (active form)

· 0.8g/dL Ca for every  1 g/dL albumin increase or decrease

· affected by PTH, Calcitonin, albumin, Vitamin D  (calcitriol)

· 1000-1200mg/day for adults; 1500 for elderly, pregnant, lactating

4.5-5.5 mEq/L
8.5-10.5 mg/dL – total

Functions
· skeletal & cardiac contraction

· skeletal & dental growth/density

· clotting (CF IV) – important in converting prothrombin to thrombin
Sources: milk, yogurt, cheese, sardines, broccoli, tofu, green leafy vegetables

Hypocalcemia
Cause

Hypoparathyroidism (idiopathic or postsurgical)


Alkalosis (Ca binds to albumin)


Corticosteroids (antagonize Vit D)


Hyperphosphatemia


Vit D deficiency


Renal failure (vit D deficiency)
S/S


Decreased cardiac contractility


Arrhythmia

ECG: prolonged QT interval, lengthened ST segment

Trousseau’s sign (inflate BP cuff 20mm above systole for 3 min = carpopedal spasm)

Chvostek’s sign (tap facial nerve anterior to the ear = ipsilateral muscle twitching)

Tetany

Hyperreflexia, seizures
Laryngeal spasms/stridor

Diarrhea, hyperactive bowel sounds

Bleeding

Related electrolyte imbalances:


Hypomagnesemia, hypokalemia, hyperphosphatemia

Mgt


Calcium gluconate 10% IV

Calcium chloride 10% IV

- both usually given by Dr, very slowly; venous irritant; cardiac probs
Oral: calcium citrate, lactate, carbonate; Vit D supplements

Diet: high calcium

watch out for tetany, seizures, laryngospasm, resp & cardiac arrest

seizure precautions
Hypercalcemia

· usually from bone resorption

Cause

Hyperparathyroidism (eg adenoma)

Metastatic cancer (bone resorption as tumor’s ectopic PTH effect) – eg. Multiple myeloma

Thiazide diuretics (potentiate PTH effect)
Immobility

Milk-alkali syndrome (too much milk or antacids in aegs with peptic ulcer)

S/S


Arrhythmia

ECG: shortened QT interval, decreased ST segment

Hyporeflexia, lethargy, coma


Constipation, decreased bowel sounds

Kidney stones


Bone fractures from resorption

Mgt


If parathyroid tumor = surgery
Diet: low Ca, stop taking Ca Carbonate antacids, increase fluids

IV flushing (usually NaCl)
Loop diuretics

Corticosteroids

Biphosphonates, like etidronate (Calcitonin) & alendronate (Fosamax)

Plicamycin (Mithracin) – inhibits bone resorption

Calcitonin – IM or intranasal

Dialysis (severe case)

Watch out for digitalis toxicity

Prevent fractures, handle gently

MAGNESIUM
Mg – 2nd most abundant intracellular cation
· 50% found in bone, 45% is intracellular

· competes with Ca & P absorption in the GI?

· inhibits PTH

1.5-2.5 mEq/L

Functions:

· important in maintaining intracellular activity

· affects muscle contraction, & especially relaxation

· maintains normal heart rhythm

· promotes vasodilation of peripheral arterioles

sources: green leafy vegetables, nuts, legumes, seafood, whole grains, bananas, oranges, cocoa, chocolate

Hypomagnesemia

Cause


Chronic alcoholism (most common)

Inflammatory bowel disease, small bowel resection, GI cancer, chronic pancreatitis (poor absorption)

S/S

Twitching, tremors, hyperactive reflexes


PVCs, tachycardia


* Like hypocalcemia, hypokalemia


Potentiates digitalis toxicity

Mgt

Magnesium sulfate IV, IM (make sure renal function is ok) – may cause flushing

Oral: Magnesium oxide 300mg/day,


Mg-containing antacids (SE diarrhea)


Diet: high magnesium

Hypermagnesemia

Cause


Magnesium treatment for pre-eclampsia


Renal failure

Excessive use of Mg antacids/laxatives

S/S


Hyporeflexia


Hypotension, bradycardia, arrhythmia


Flushing


Somnolence, weakness, lethargy, coma

Decreased RR & respiratory paralysis

*like hypercalcemia

Mgt


Diuretics


Stop Mg-containing antacids & enemas


IV fluids rehydration

Calcium gluconate – (antidote, antagonizes cardiac & respiratory effects of Mg)

PHOSPHORUS

P – primary intracellular anion

- part of ATP – energy
- 85% bound with Ca in teeth/bones, skeletal muscle

- reciprocal balance with Ca

- absorption affected by Vit D, regulation affected by PTH (lowers P level)

2.5-4.5 mg/dL 

Functions:
· bone/teeth formation & strength

· phospholipids (make up cell membrane integrity)

· part of ATP

HPO4 – phosphate – anion

· affects metabolism, Ca levels
sources: red & organ meats (brain, liver, kidney), poultry, fish, eggs, milk,  legumes, whole grains, nuts, carbonated drinks
Hypophosphatemia
Cause

Decreased Vit D absorption, sunlight exposure


Hyperparathyroidism (increased PTH)

Aluminum & Mg-containing antacids (bind P)

Severe vomiting & diarrhea

S/S

Anemia, bruising (weak blood cell membrane)

Seizures, coma

Muscle weakness, paresthesias

Constipation, hypoactive bowel sounds

*Like hypercalcemia

Mgt

Sodium phosphate or potassium phosphate IV (give slowly, no faster than 10 mEq/hr)

Sodium & potassium phosphate orally (Neutra-Phos, K-Phos) – give with meals to prevent gastric irritation

Avoid P-binding antacids


Diet: high Mg, milk

Monitor joint stiffness, arthralgia, fractures, bleeding

Hyperphosphatemia

Cause


Acidosis (P moves out of cell)


Cytotoxic agents/chemotherapy in cancer


Renal failure


Hypocalcemia

Massive BT (P leaks out of cells during storage of blood)

Hyperthyroidism

S/S


Calcification of kidney, cornea, heart


Muscle spasms, tetany, hyperreflexia


*like hypocalcemia

Mgt

Aluminum antacids as phosphate binders:  Al carbonate (Basaljel), Al hydroxide (Amphojel)

Ca carbonate for hypocalcemia

Avoid phosphate laxatives/enemas

Increase fluid intake

Diet: low P, no carbonated drinks
CHLORIDE
Cl – extracellular anion, part of salt

· binds with Na, H (also K, Ca, etc)
· exchanges with HCO3 in the kidneys (& in RBCs)
Functions:

· helps regulate BP, serum osmolarity

· part of HCl

· acid/base balance (exchanges with HCO3)

95-108 mEq/L
sources: salt, canned food, cheese, milk, eggs, crab, olives

Hypochloremia
Cause


Diuresis


Metabolic alkalosis


Hyponatremia, prolonged D5W IV


Addison’s

S/S


Slow, shallow respirations (met. Alkalosis)


Hypotension (Na & water loss)

Mgt


KCl, NaCl IV

KCl or NaCl oral


Diet: high Cl (& usually Na)

Hyperchloremia

Cause


Metabolic acidosis


Usually noted in hyperNa, hyperK

S/S


Deep, rapid respirations (met. Acidosis)

hyperK, hyperNa S/S


Increased Cl sweat levels in cystic fibrosis

Mgt


Diuretics

Hypotonic solutions, D5W to restore balance

Diet: low Cl (& usually Na)

Treat acidosis
Acid-Base Balance Mechanisms

· controlled by buffers, lungs, kidneys

Buffer -  prevents major changes in ECF by releasing or accepting H ions

Buffer mechanism: first line (takes seconds)

1. combine with very strong acids or bases to convert them into weaker acids or bases

2. Bicarbonate Buffer System

- most important

- uses HCO3 & carbonic acid/H2CO3 - (20:1)
- closely linked with respiratory & renal mechanisms

3. Phosphate Buffer System

- more important in intracellular fluids, where concentration is higher
- similar to bicarbonate buffer system, only uses phosphate
4. Protein Buffer System

- hemoglobin, a protein buffer, promotes movement of chloride across RBC membrane in exchange for HCO3

Respiratory mechanism: 2nd line (takes minutes)

1. increased respirations liberates more CO2 = increase pH

2. decreased respirations conserve more CO2 = decrease pH

· carbonic acid (H2CO3) = CO2 + water

Renal mechanism: 3rd line (takes hours-days)

1. kidneys secrete H ions & reabsorb bicarbonate ions = increase blood pH

2. kidneys form ammonia that combines with H ions to form ammonium ions, which are excreted in the urine in exchange for sodium ions

Review: Acid-Base Imbalance

pH – 7.35-7.45

pCO2 – measurement of the CO2 pressure that is being exerted on the plasma

· 35-45mmHg

PaO2- amount of pressure exerted by O2 on the plasma

· 80-100mmHg

SaO2- percent of hemoglobin saturated with O2
Base excess – amount of HCO3 available in the ECF

· -3 to +3

Steps in interpreting ABG result:
1. interpret the pH

2. identify if primary cause is respiratory or metabolic

3. determine presence of compensation, & if so, fully or partially
ACID-BASE BALANCE PROBLEMS
Respiratory acidosis

· decreased pH, increased PCO2

Cause


Respiratory depression


Airway obstruction (COPDs, etc)


Inadequate chest expansion


Pneumonia


Neuromuscular diseases

S/S


Hypoventilation


Hypotension


Warm, flushed skin with vasodilation


Drowsiness, coma

Mgt


Low flow O2


Clear respiratory tract of mucus


Liquefy secretions


If severe: mechanical ventilation

Antibiotics for respiratory infections, Bronchodilators, mucomyst

Respiratory alkalosis

· increased pH, decreased PCO2

Cause

Hyperventilation from fear, anxiety, hypoxemia, pain

Excessive mechanical ventilation

Early ARDS


Salicylate intoxication

S/S

Rapid, shallow breathing


Chest tightness, palpitations


Dizziness, lightheadedness


Circumoral numbness, tingling


Anxiety, tetany, panic

Mgt

Rebreathe CO2 using paper bag, cupped hands, rebreather mask

Assist patient to breathe slowly

Protect from injury

Anti-anxiety medications as needed

Metabolic acidosis
· decreased pH, decreased HCO3

Cause


Starvation, malnutrition

diarrhea


Ketoacidosis


Trauma, shock


Severe infection, fever


Salicylate intoxication


Hyperkalemia

S/S


Deep, rapid respirations

Cold, clammy skin


Drowsiness, coma


Hypotension

Mgt

Treat underlying problem (IV & insulin in ketoacidosis, etc)

Monitor electrolytes, esp. K

Sodium bicarbonate IV

Metabolic Alkalosis

· increased pH, increased HCO3

Cause


Excessive vomiting


Too much antacids


hypokalemia

S/S


Hypoventilation


Irritability, nervousness


Tremors, tetany


Seizures

Mgt

Assess for hypoK, hypoCa (due to CA binding to albumin)

Teach proper use of antacids

K supplements if hypokalemic

Acetazolamide (Diamox) to increase renal HCO3 excretion + H20
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