Regulation of the Volume of the Body Fluids

Key Concept


Generalized Edema implies that the patient's salt intake has been greater than the patient's salt excretion for some time in the recent past such that the patient's total extracellular fluid volume is now greater than normal. To develop clinical edema, one needs to retain in excess of three liters of ECF volume. In normal people, a very high salt intake does not result in edema; hence the problem often devolves into one where in thew presence of normal salt intake, renal salt excretion is reduced; i.e. there is salt retention by the kidney.

Case 2
1. Is the patient in Na balance

Na balance means that the intake and output of Na is known. We are given only the Na excretion (2 mEq/L x 0.68 liters/day = 1.3 mEq/day). This is a very low Na excretion. Hence if the patient is ingesting 1.3 mEq per day, she is in Na balance. Since this pretty unlikely, she is likely to be retaining Na.

2. Explain the development of edema in this patient. This patient has congestive heart failure; see page 52 of the syllabus to get the details of the mechanism by which low cardiac output stimulates the secretion of renin and how angiotensin II increases proximal reabsorption while aldosterone increases Na absorption in the collecting duct.

3. Why has the urine Na increased?
The patient was given a diuretic which is a drug that inhibits Na reabsorption, hence the urine Na increases.

4. What happened to the BUN and Cr? (see page 49-50)

A. The high angiotensin II increases the filtration fraction which increases the colloid osmotic (i.e. oncotic) pressure in the peritubular capillary. This increases NaCl reabsorption from the proximal tubule. Increased reabsorption of salt and water will incease the concentration of all substances whose permeability is lower than that of NaCl such as urea and uric acid. Urea and uric acid, although less permeable than NaCl have a finite permeability. The higher concentration in the tubule lumen will allow greater amounts of urea and uric acid to be reabsorbed. This is the reason that there is a high urea concentration in high angiotensin states. Creatinine is not reabsorbed at all, hence its plasma concentration simply reflects that filtration rate.

B. This patient with congestive heart failure starts with a high AII and aldosterone. The treatment with diuretics resulted in loss of salt and consequent volume depletion. This probably happened because the edema fluid did not have a chance to equilibrate with the intraveascular volume. The reason is that equilibration between extravascular and intravascular space depends on the Starling forces across the capillary. In CHF, these forces do not favor rapid equilibration because of the high venous pressure seen in many such patients.

5. Is the patient now in Na balance?

We cannot use the urine salt excretion here since the patient is on diuretics. But her weight has been constant which is a reasonable marker of the constancy of the extracellular space. SO she is probably in salt balance.

6. Explain the increased swelling?

The patient was placed on non-steroidal anti-inflamatory agents. See page 54-55 for the explanation.

7. Suppose the initial urine Na was 45 mEq. 

Then the explanation is that the patient was likely to be in the steady state phase of heart failure. This can occur in CHF as explained in page 52 and see the figure on page 26.

Case 3
1. Development of edema and ascites in cirrhosis is explained on pages 52-54

2. Does hypoalbuminemia affect proximal reabsorption?

In hypoalbuminemic states the presence of a high filtration fraction will certainly increase the proximal reabsorption to levels greater than were obtained in conditions where the filtration fraction was normal. Whether it increases it by a lesser amount than if the albumin was normal is difficult to say since many investigators have found that low albumin states are associated with a decreased permeability of the capillary to fluid movement.

3. IS the proportional increase in BUN to Cr expected?

We would have expected a high ratio since the patient very likely has high AII. But one possibility is that the urea production by the liver may be diminshed due to cirrhosis.

4 Diarrhea means that there is now an extra-renal avenue of salt loss. We can lose Na from the GI tract (by diarrhea) or from excessive sweating) or from leakage of fluid from large burns. In this patient the loss of excess fluid by the GI tract acted as if he had been treated with diuretics.

Case 4 


Aldosterone exerts its effect in the collecting tubule; in the terminal portion of the nephron. In that segment although the capacity is limited (compared to the proximal tubule where 60-70% of the filtered Na is reabsorbed), it still can reabsorb almost 5% of the filtered load of Na . The filtered load of Na is almost 28,000 mEq per day, and 5% is about 1400 mEq per day. Compare that to the average american dietary intake of 140 mEq per day. 

Addison's disease is produced by degeneration of the adrenal gland with consequent severe hypo-aldosteronism. Such patients will not be able to reduce the urine Na to negligible levels when they eat a very low salt diet. This means that on low salt intake they will continue to lose Na and hence become volume depleted. Although their renin and angiotensin II levels will be high and they will be able to maximally increase the reabsorption in the proximal tubule, they will continue to lose Na in the urine since the proximal segments cannot re-absorb 100% of the filtered amount. Hence such patients can never reach a steady state of sodium balance since their salt excretion is often larger than the dietary intake.

In primary hyperaldosteronism, often produced by a tumor of the adrenal gland, the high aldosterone level stimulates Na reabsorption in the collecting tubule. Let us assume that we were measuring the Na excretion on the first day of hyperaldosteronism; we will find that the output (under the influence of the hormone) will be less than the day before; i.e. it will be less than the intake. Hence the patient will be in positive Na balance and the patient's ECF volume will be expanded. This will continue over the next few days. Expansion of the ECF volume will lead to decreasing the AII levels and stimulation of the secretion of atrial natriuretic factors. Low AII means that the proximal tubule will re-absorb less NaCl and water and ANP will increase the GFR and also inhibit Na reabsorption distally. These two factors will lead to flooding the collecting duct with a large amount of Na that was not reabsorbed in the proximal and distal segments. Since the capacity of the collecting tubule is limited (even after stimulation by aldosterone) the proximal segments will deliver more Na than can be handled by the collecting tubule leading to increased Na excretion despite the presence of aldosterone. In this way patients with hyperaldosteronism reach a steady state where Na intake matches Na excretion.

