Regulation of the Tonicity of the Body Fluids

Basic Concept

Regulation of the tonicity of the body fluids is achieved by regulating the water content. Hence, when a patient presents with hyponatremia, the first conclusion that should come to you is that the water content of the body fluids is higher than normal; hence, the water intake must have been greater than the water excretion. Similarly, a patient with hypernatremia must have lost more water than he was able to drink.

Question 2

1. This patient serum Na concentration is 127 which is low. Therefore, he has hyponatremia which is a water problem and the patient's water intake must have been greater than his water excretion at some time in the recent past. The serum Na concentration bears no direct relation to salt balance.

2. There are two general classes of causes of hyponatremia; in one the water intake exceeds the capacity of the kidney to excrete large amounts of dilute urine. A normal kidney is able to excrete 20 liters of dilute urine every day. SO if a patient drinks 21 liters, he will become hyponatremic.  The second class of causes is that while water intake is reasonable, water excretion by the kidney is reduced. The way to distinguish between these possibilities is to measure the urine osmolality. A patient who is drinking massive amounts of water will be excreting a dilute urine; at least more dilute than plasma, i.e. a urine with an osmolality less than about 250 mOsm. This patient's urine is more concentrated than plasma (400) therefore the mechanism must be due to decreased water excretion.

3. This patient has congestive heart failure who is in a salt-retaining phase (see pages 26 and 52). During this phase of CHF, the cardiac output is reduced which activates volume receptors. One of these receptors is in the hypothalamus which causes secretion of vasopressin independent of the tonicity. This patient's ability to dilute the urine is severely compromised. To produce large amounts of dilute urine requires the following: a, good GFR,  b, enough fluid delivered from the proximal tubule to the diluting segment (i.e. thick ascending limb) to generate large amounts of dilute urine,  c, normally functioning thick ascending limb and finally d, all the dilute urine generated must be allowed to escape to the bladder without being reabsorbed back in the collecting tubule, i.e. there should be no vasopressin. In this patient all these factors are abnormal, there is reduced filtration rate (Cr = 1.5), because of CHF and high AII there is likely to be increased filtration fraction and increased reabsorption of fluid in the proximal tubule, hence delivery of fluid to the diluting segment is reduced; diuretics (if they are furosemide) inhibit Na absorption (i.e. dilution) in the thick ascending limb and finally and most importantly, all the dilute urine generated will be reabsorbed in the collecting duct under the influence of vasopressin.

4. CHF can develop in two phases. In the first the cardiac output is sufficiently reduced to stimulate volume receptors and activate vasopressin and renin, as was the case above. After enough salt and water have been retained, the extracellular fluid volume expands and the patient's cardiac function might move to a better position on the Starling curve allowing a greater cardiac output. This larger output could turn off the volume receptors thereby reducing the renin and vasopressin levels which allows patients to reach a new steady state with respect to their salt and water balance. In the first phase patients continue to retain salt; in the steady state phase their intake and output are equal. Note in this case, the patien has gained weight but has now maintained a constant weight for 3 weeks and his salt excretion is about 120 meq/day; i.e. his salt excretion is likely to be equal to his intake. Also his water excretion must be equal to his water intake since his plasma Na concentration is now normal, 138 mEq/L.

Case 3

1,2
Hypernatremia (Na 158) means that this patient's water intake was less than his water losses over the past week; i.e.he is water depleted. The serum Na concentration does not tell us anything about salt balance. 


In a complex patient such as this we have to think systematically about water intake and output. Water intake does not only mean drinking, but also intravenous fluids. This patient is receiving 2 liters of 1/2N saline per day. That is, he is getting one liter of saline and 1 liter of water. This osunds like it should be adequate intake. Yet clearly he it isn't since he is water depleted. Loss of water includes urine, insensible water losses, gi losses, "leakage" from wounds and even the water vapor one breathes out (about 200 ml/day). Fever increases water loss from the skin. So we suspect that this patient because of fever he has lost significant amounts of water.


What about his volume status, i.e.e his salt balance. He is receiving about 150 mEq of Na every day equal to the average diet. Yet he is obviously volume depleted; He has a high BUN/Cr ratio and his salt excretion is very low. He must have been losing salt in excess of 150 mEq/day. The most likely situation is his multiple fractures where he either is losing fluids to the outside in the form of leakage from wounds or else it is leaking (or bleeding) into the soft tissues; the so called third space.

3,4
The urine osmolality is 450 mOSM. One cause of hypernatremia is excessive loss of dilute urine from the kidney in sufficiently large quantities to produce hypernatremia. This syndrome is called diabetes insipidus where vasopressin (anti-diuretic hormone) is either absent or there is a genetic disease of the kidney where the response of the kidney to normal vasopressin is abolished. One possible  ause of diabetes insipidus in this patient is head trauma with damage to the hypothalamus. However, diabetes insipidus is associated with urine more dilute than plasma (below 316 in his case). The fact that urine is osmolality is 450 which is higher than plasma means that he does not have it.


How come the urine is not maximally concentrated; only 450 and not 1200. The likely explanation is that the medullary concentration gradient has been reduced by long term exposure to vasopressin which will continue to absorb dilute urine from the collecting duct directly into the medullary space.
 

Case 4

1 The patient presents with what appears to be chronic hyponatremia. Therefore at some time in the past her water intake has been greater than her water excretion. The problem devolves into, was she drinking more than 20 liters of water every day? Or was she ingesting a normal amount of water but has a high level of vasopressin. To distinguish beween these two classes of causes we measure the urine osmolality. It is 420. Hence she has excess vasopressin.

2 A urine Na of 60 meq/day in the presence of a constant weight tells me that the patient's Na intake is 60 meq/day, and nothing else.

3 (see pages60-62). Vasopressin secretion is stimulated by two condition, an osmotic stimulus (when the plasma osmolality is greater than a normal of about 280) and volume stimuli induced by stretch receptors such as volume depletion, congestive heart failure and cirrhosis. Other conditions that stimulate vasopressin secretion in the absence of osmotic stimuli such as some endocrine stimuli including hypothyroidism and addison's disease are probably due to some subtle form of heart failure. Severe renal failure can result in hyponatremia if the patient's filtration rate is so low that even normal water intake cannot be excreted since in severe renal failure the ability of the kidney to dilute and concentrate the urine will be impaired.After we exclude all these causes, there is a syndrome termed SIADH which occurs as a consequence of tumors or conditions that cause secretion of ADH without any of the normal regualtory events discussed above.

4 To distinguish among the causes of hyponatremia in this patient, the clinical state implies that she does not have CHF or cirrhosis and her creatinine is normal. The only remaining "appropriate" cause of ADH secretion is volume depletion. Often volume depletion is subtle since one does need severe volume depletion to stimulate ADH secretion. It is not likely that this lady has volume depletion since her intake and excretion of Na is about 60 mEq/day. If she was volume depleted she would be reabsorbing Na maximally. To test this hypothesis, we can infuse saline, a usually harmless experiment. If it corrected her hyponatremia, then we would say that she had volume depletion; if it didn't then she has SIADH. When a patient's ECF volume is normal, infusion of saline will lead to turning off AII and aldosterone and results in decreased filtration fraction leading to salt delivery to the diluting segment. Hence in this patient the amount of dilute urine made in the thick ascending limb is greater than normal. But, because she has SIADH, all the dilute urine that was formed will be reabsorbed in the collecting tubule under the influence of vasopressin. Hence all that will come in the urine is Na

5 The urine osmolality should be maximally concentrated. But because she has chronic elevation of ADH, it follows that all of the water that is reabsorbed in the collecting tubule will be delivered first into the medulla before being absorbed into the blood stream. Hence, the medullary osmotic gradient will be reduced.

