Acute Renal Failure

Case 1

1.
To calculate the glomerular filtration rate from the numbers there you have to rely on the formula for creatinine clearance  which is:

Cr Clearance = UV/P; where U is the creatinine concentration in mg/100ml, V is the urine volume in ml/day and P is the plasma concentration in mg/100ml. 

I assume you all have calculators.

2. That will leave the patient with one fourth of his original number of remaining nephrons. The plasma creatinine in the steady state will be 4.0

3. The plasma creatinine bears a uniform and relatively constant relation to the GFR, for every 50% reduction in GFR the plasma level will double. For every reduction to one fifth it will go up by fivefold; if the GFR goes down to one tenth of its normal level the plasma creatinine will go up to ten times its normal level and so on and so on. 

4. Obstruction of both ureters means that all the creatinine that is produced every day instead of escaping to the outside will accumulate in the body fluids. The volume of distribution of creatinine is the total body water, i.e. it is present in the intracellular and extracellular fluids. The concentration inside the cells is similar to that outside the cell, only slightly higher. Let us say that the average amount of creatinine produced every day is 1000 mg. Let us also say that we have an average size patient who weighs 70 kg and whose total body water is about 2/3rd of his weight, i.e. it is about 40 liters of total body water. Then every day 1000 mg dumped into 40 liters will increase the plasma creatinine by 1000/40 = 25 mg/liter or 2.5 mg/100ml.

5. To calculate the fractional excretion of Na (FENa) you need to know the amount of Na filtered and the amount excreted.

Amount filtered    = GFR x plasma Na = [UcrV/Pcr ] x PNa

Amount Excreted  =  Una x V

Glossary of units


PNa or UNa = Na concentration in mEq/L


Ucr or Pcr   =  Cr concentration in mg/100 ml


V                =   urine volume in ml/24 hrs

Re-arranging   FENa = [Una/ PNa] / [Ucr/Pcr] 

To convert it to percentage, multiply by 100.

Now you can take out your calculators again and plug in the numbers.

Case 2

The important concept here is that the creatinine clearance is a measure of the GFR ONLY in the steady state. The steady state is defined as the state where the plasma creatinine level is constant over a period of time. All three patients have a creatinine concentration of 10 mg/100ml.  If this high creatinine was a steady state level then we can conclude that their filtration rate is only 10% of normal assuming their normal plasma creatinine was 1. How do we know if these patients are in steady state. One way is to look at their urine Creatinine excretion if it is normal, i.e. around 1000mg /day, then it is likely that they are in the steady state. The second patient has that and hence we can conclude that he has severe renal failure probably of the chronic variety since he has reached a steady state creatinine clearance. We expect his creatinine tomorrow to be also 10. What about the patient whose creatinine is only 200 mg/day. Like the patient in case 1, patients with acute renal failure excrete much less creatinine initially since the number of functioning nephrons is suddenly reduced, once the level increases sufficiently to allow excretion of the normal amount, they will reach a steady state and we could then say what their GFR is; in this case much less than 10% of normal. We expect his creatinine tomorrow to be greater than 10. The patient with excretion of 3000 mg/day is likely somevbdoy with renal failure who is starting to get better, there are more functioning nephrons and hence they are excreting large amounts of creatinine. We expect his creatinine to be less than 10 tomorrow.

Case 3

1. Postural hypotension is produced by intravascular volume depletion either because of low extracellular fluid volume, hemorrhage or sudden peripheral  vasodilatation.

2. Diarrhea fluid contains large amounts of salt, hence it might cause salt depletion, i.e. ECF volume depletion. Excessive sweating also leads to loss of salt from the skin. Both conditions lead to excessive salt loss. The fact that he also had a loss of appetite means that his salt intake is now low. Both conditions now lead to depletion of extracellular fluid volume.

3. The kind of drugs we would be interested in are those that increase salt losses by the kidney (diuretics) or in the GI tract (laxatives).

4. This patient has a high BUN (48) and a high creatinine (1.8) and a high BUN/Cr ratio. All these reflect pre-renal azotemia. The cause is extracellular fluid volume depletion. This will cause an increase in the rennin and angiotensin levels which will constrict the renal circulation and increase reabsorption of sodium in the proximal tubule.

5. Calculate the FENa based on your knowledge of the previous question.

Case 4

A
This patient enters the hospital with normal renal function and develops renal failure within 3 weeks of admission. Hence it must be acute renal failure. There are three general causes of ARF; pre-renal, ATN and obstructive.  A FENa (take out your calculator) should distinguish between pre-renal (FENa low) and ATN (FENa high, above 1%).  For obstruction, one needs to do the definitive test of examining the urinary collecting system by ultrasound. So calculate the FENA

B
ATN due to ischemic injury is often oliguric, while ATN produced by renal toxins such as antibiotics is often non-oliguric

