PATHOLOGY 425

C.P. SEMINAR ‑ FLUIDS AND ELECTROLYTES

ANSWER SHEET


TOTAL BODY FLUIDS



         (40 litres)

Plasma volume

(3 litres)


(15 litres)


Red cell volume

(2 litres)


(25 litres)



Blood volume



     (5 litres)


Plasma


Intracellular



Cations
Na+142

K+         5

Ca++    5 (2.5)

Mg++   2 (1)

Anions
HCO-  27

Cl-    102

HPO4   2 (1)

SO4       1

Prot.   16 (1)

Org. acids 4

Cations
K+     160

Mg++ 30 (15)

Na+    10

Ca++ 3-5 (1.5-2.5)

Anions

HCO3     10

Cl-       5-10

HPO4     75 (50)

SO4         10 (5)

Prot.      70 (5)

Org.        20

acid   (approx)

Charges (mEq/L) balance within each compartment.

Osmotic activity (mmol/L) balances between compartments.

2)
0.14 M NaCl = 140 mEq NaCl/L = 140 x 2 mOsm/kg = 280

280 mOsm Glucose = 180 x 280 = 50 g/L = 5% aqueous solution

1000

A 5% aqueous solution of glucose is used as an IV fluid because it is isotonic.  If the fluid were hypotonic, it would cause lysis of red cells.

3)
Intake






Output
Dietary liquids      
1100‑1250 mL

Urine           


1000 mL

Solid foods           

   300‑ 450 mL

Perspiration                

Variable

Oxidation of foods                         450 mL

Insensible loss (lungs, skin)          850 mL
                                       TOTAL      2000 mL

                                    TOTAL             2000 mL
Intake: 
Oxidation of foods:  10‑15 mL of water are formed per 100 calories of energy formed from food.  The average diet = 3000 calories, therefore forming 450 mL.

Solid foods:  70%‑90% of solid foods of adults is water.

Output:
Fecal loss:  80‑150 mL of total GI volume of 3000‑8000 mL per day.  Therefore, it is obvious that the greatest majority is reabsorbed.

Insensible loss:  500 mL/sq. m. of body surface.  Therefore, for a 70 kg man having a height of 170 cm (1.85 sq. m), insensible loss = 925 mL.

Perspiration:  depends on exogenous and endogenous heat.

Urine:  Variable, but there is a daily obligatory loss in order to get rid of urinary solid wastes, mostly urea.  This minimum is 500 mL.

4)

Excessive Urinary Loss of K+
a) 
Diuretics ‑ most prominent with thiazides

b)
Renal tubular disease ‑ occasional "K+ losing nephropathy".

c)
Diabetes ‑ K+ moves out of cells due to acidosis and insulin lack ‑ glucose diuresis causes increased K+ loss in urine.

d)
Hyperaldosteronism ‑ either primary due to tumour or secondary due to renal or hepatic disease.

e)
Cushing's syndrome and steroid therapy.  All cortico‑steroids have some mineralocorticoid activity.

f)
Vomiting and gastric suction will lead to excessive urinary losses of potassium due to alkalosis.

Excessive G.I. loss of K+
a)
Vomiting and gastric suction (see 5f)

b)
Intestinal fistulae, or recent ileostomy

c)
Diarrhoea

d)
Excessive and habitual taking of purgatives

Inadequate K+ intake (which doesn't parallel the output).  Practically only seen in patients on I.V. fluids with inadequate K;   continued loss of K+ from urine, G.I. tract and sweat will lead to hypokalemia.

"Redistribution" ‑ K+ influx into the cell in alkalosis, after glucose (+ insulin) infusions.

CASE ONE:
1)
Serum sodium concentration is increased due to water loss in excess of sodium.  Serum potassium is decreased due to extensive gastrointestinal losses.

The composition of diarrhea is approximately:

Sodium 

40‑60 mmol/L

Potassium 

40 mmol/L

Chloride 

40 mmol/L

Bicarbonate 
40 mmol/L

2)
a)
There is a metabolic acidosis due to 

I)
loss of alkali

ii)
ketones (resulting from increased lipolysis due to starvation)

iii)
lactate (from decreased vascular volume and poor tissue perfusion)

b)
Urea and the urea:creatinine ratio are increased due to volume depletion.

c)
Total blood protein is within the normal range, but it is artificially elevated by a contraction in vascular volume.  It will be lower after rehydration.

d)
The urine is concentrated.  Increased blood osmolality maximally stimulates the release of antidiuretic hormone which increases the permeability of the distal tubule and collecting duct to water, thereby effecting maximal water conservation.

3)

White blood cell count and differential, stools for culture, virology, ova and parasites.

4)
a)
Treat shock:  Rapidly restore intravascular volume with 0.9% NaCl, albumin or plasma to improve tissue perfusion and prevent organ damage (especially renal failure).

b)
Keep up with ongoing losses (diarrhoea, urine, sweat, insensible)

c)
SLOWLY replace water deficit.  Deficit may be calculated as previous weight minus present weight = 0.8 kg, or 800 mL, which should be replaced with hypotonic NaCl over a few days.  

d)
Potassium will be required to replace losses, but it should be given only when urine output is good.

e)
Treat underlying cause if possible.

f)
Children have small energy reserves, therefore restart oral intake as soon as condition stabilizes.

CASE TWO:

1)
Low blood pressure is due to volume depletion resulting from osmotic diuresis.

2)
Liver enlargement is due to the acute deposition of fat (triglyceride synthesized from some of the excess circulating free fatty acids).

3)
a)
Low pH and HCO3 indicate metabolic acidosis, and low pCO2 reflects respiratory compensation for the acidosis.  The pO2 is slightly higher than usual because she is hyperventilating.

b)
Large amounts of glucose and ketones in the urine are consistent with the diagnosis of diabetic ketoacidosis.  Because of the osmotic diuresis, the specific gravity is inappropriately low for the extent of volume depletion.  Hyaline casts are seen in many acute illnesses with volume depletion or fever.

4)
a)
Restore fluid and electrolyte losses. The patient is severely volume depleted as a result of the osmotic diuresis and it is critical to restore intravascular volume as rapidly as possible to prevent organ damage.  Large amounts of electrolytes have also been lost.  One of the most critical to replace will be potassium as it will shift intracellularly when treatment is begun.  Bicarbonate is discussed later.

b)
Provide adequate insulin.  The basic cause of the problem is a lack of insulin, and relative excess of glucagon and "stress hormones".  Lack of insulin results in decreased glucose uptake by tissues, glycogenolysis and gluconeogenesis, and lipolysis.  The first three lead to hyperglycemia with the resultant osmotic diuresis.  The last causes a marked increase in circulating free fatty acids which are taken up by the liver, and (1) readily transported into the mitochondria (glucagon mediates increased carnitine acyltransferase activity) for oxidation to ketone bodies, or (2) are esterified to form triglycerides.  Lipolysis is inhibited by very low levels of insulin; inhibition of glycogenolysis and gluconeogenesis requires more; and stimulation of glucose uptake requires about 10x as much as inhibition of lipolysis.  In the fed non‑diabetic, insulin levels are about 700 pmol/mL.  At this level, insulin inhibits ketogenesis and gluconeogenesis while promoting glucose utilization.  This level is easily achieved in most diabetics with a low dose insulin regimen.

c)
Identify and treat precipitating factors.

5)
Intracellular sodium and potassium will be low.  Potassium ions move out of cell in acidosis, and are lost in the urine.  Intracellular levels are very low, whereas serum levels are normal or high.  Sodium is also lost in the urine, resulting in extracellular and intracellular depletion.  The serum level is artefactually low because the osmotic effect of glucose in the extracellular fluid causes water to shift out of cells into the extracellular space, thereby "diluting" sodium (and other electrolytes).  It may appear even lower if blood lipids are elevated.  There may also be true hyponatremia if the patient has been drinking large amounts of hypotonic fluids.

6)
Inadequate therapy of diabetes may lead to the acute problems of diabetic ketoacidosis or hyperosmolar nonketotic coma.  Either of these could be complicated by shock, renal failure, aspiration, thrombosis, or cerebral edema (during therapy).  An acute complication of treatment of diabetes is hypoglycemia.  Problems resulting from longstanding diabetes are:

‑
Accelerated atherosclerosis with: 
coronary artery disease

     



cerebrovascular disease

     



peripheral vascular disease, gangrene

‑
Retinopathy

‑
Nephropathy (glomerular disease, arteriolosclerosis or pyelonephritis/necrotizing papillitis)

‑
Neuropathy (peripheral, autonomic or mononeuropathy)

‑
Ulcers and rarer skin problems

‑
Complications of pregnancy

6

