FRACP 2002 Renal

Question 1

What is the least likely renal toxicity of cyclosporine?

(a) increased uric acid

(b) endothelial damage

(c) hyperkalaemia

(d) interstitial fibrosis

(e) glomerulopathy

Answer not clear. Cyclosporine can cause all of the above and I cannot find anywhere a list of what the most common or least common side effect would be.

MIMS

Cyclosporine may cause increases in serum creatinine and urea levels, even at recommended doses, as a result of a reduced glomerular filtration rate. The mechanism leading to these changes is not fully understood. These changes are usually dose dependent and reversible with reduction of cyclosporine dosage. Structural changes to the kidney (e.g. interstitial fibrosis) may also occur, usually at higher cyclosporine dose levels. Although these renal changes are less common than functional changes, they may be irreversible. In nontransplant indications, the risk of renal structural changes is greater if the serum creatinine level increases by more than 30% from the patient's own baseline value. Thus regular measurements of serum creatinine must be made. In renal transplant patients who have received long-term treatment with cyclosporine, structural changes in the kidney must be differentiated from organ rejection.  Close monitoring of all parameters is required, with dose adjustments when indicated.

Hyperkalaemia, which may become life-threatening, can occur with cyclosporine treatment. It can be treated successfully and has also been found to disappear spontaneously. Patients receiving cyclosporine should avoid high dietary potassium intake and not be given potassium containing medication or potassium sparing diuretics. Monitoring of serum potassium is recommended, especially in patients with marked renal dysfunction.

Increased incidences of hyperuricaemia and acute gout have been reported after cyclosporine treatment. Special monitoring of serum uric acid in high risk patients is recommended.

Adverse Reactions are usually dose dependent and responsive to dose reduction.

Evidence of renal or hepatic dysfunction warrant close monitoring of blood levels and possibly reduction in dose.

Biochemical. 

Common -  Hyperkalaemia, hyperuricaemia, hypomagnesaemia.

Body as a whole
Common - Weight increase.  

Cardiovascular
Very common - Hypertension (particularly in heart transplant patients).

Common - Fluid retention/oedema

Central and peripheral nervous system
Very common - Tremor, fatigue, burning sensation in hands and feet

Common - Headache, paraesthesiae, convulsions.

Dermatological
Very common - Hirsutism (hypertrichosis).

Common - Skin rash of possible allergic origin.

Endocrine
Common - Reversible dysmenorrhoea or amenorrhoea.

Gastrointestinal
Very common - Gingival hypertrophy, gastrointestinal disturbances (anorexia, nausea, vomiting, diarrhoea, abdominal pain).

Common - Acute pancreatitis.

Haematological

Common - Increased susceptibility to infections, anaemia.

Hepatic
Very Common - Hepatic dysfunction.

Renal
Very common - Impaired renal function

Harrisons

The immunosuppressant cyclosporine causes both acute and chronic renal injury. The chronic injury results in an irreversible reduction in GFR, with mild proteinuria and arterial hypertension. Hyperkalemia is a relatively common complication and results in part from tubule resistance to aldosterone. Hypomagnesemia due to urinary magnesium wasting is less common but can cause hypocalcemia. 

The histologic changes in renal tissue include patchy interstitial fibrosis and tubular atrophy. In addition, the intrarenal vasculature often demonstrates hyalinosis, and focal segmental glomerular sclerosis can be present as well. Fibrosis may be the result of a cyclosporine-induced increase in renal collagen production. Vasoconstrictive mediators, such as angiotensin II, or vasoconstriction itself may also play a role in chronic cyclosporine toxicity. In patients receiving this drug for renal transplantation, chronic rejection and recurrence of the primary disease may coincide with chronic cyclosporine injury, and on clinical grounds, distinction among these may be difficult. Although most patients experience stable, albeit reduced, renal function, progressive renal injury can occur without a progressive reduction in GFR. Dose reduction appears to mitigate cyclosporine-associated renal fibrosis but may increase the risk of rejection and graft loss. The optimal dosage of cyclosporine in renal transplantation remains controversial. Treatment of any associated arterial hypertension may lessen renal injury.

UpToDate

Acute Nephrotoxicity

Studies in experimental animals have demonstrated that cyclosporine causes vasoconstriction of the afferent and efferent glomerular arterioles and reductions in renal blood flow and GFR.

Chronic nephrotoxicity

Renal biopsy reveals an obliterative arteriolopathy (suggesting primary endothelial damage), ischaemic collapse or scarring of the glomeruli, vacuolization of the tubules, and focal areas of tubular atrophy and interstitial fibrosis (producing a picture of "striped" fibrosis). These changes are seen with both low-dose (4.6 mg/kg per day) and higher dose (6.3 mg/kg per day) cyclosporine therapy, although they seem to occur earlier with higher doses.

Hyperkalemia – An elevation in the plasma potassium concentration due to reduced efficiency of urinary potassium excretion is common in cyclosporine-treated patients; it may be severe and potentially life-threatening with concurrent administration of an angiotensin converting enzyme inhibitor which diminishes aldosterone release. Cyclosporine may reduce potassium excretion both by decreasing the activity of the renin-angiotensin-aldosterone system and by impairing tubular responsiveness to aldosterone.

Urinary potassium excretion is primarily derived from potassium secretion in the collecting tubules via potassium channels in the luminal membrane. This process is stimulated by sodium reabsorption (which, unless chloride follows the sodium, creates a lumen-negative electrical gradient that promotes potassium secretion), aldosterone (which increases the number of open sodium channels in the luminal membrane), and by the basolateral Na-K-ATPase pump (which removes reabsorbed sodium from the cell in exchange for potassium, thereby increasing the size of the potassium secretory pool).

In vitro studies suggest that cyclosporine may directly impair the function of the potassium secreting cells in the cortical collecting tubule by affecting each of these steps: reduced activity of the Na-K-ATPase pump, inhibition of the luminal potassium channel, and increased chloride reabsorption, which prevents generation of lumen-negative potential that drives potassium secretion.

Cyclosporine may also have a second effect on potassium homeostasis in patients concurrently treated with a ß-blocker. In this setting, there is often a modest (less than 1 meq/L) and transient elevation in the plasma potassium concentration due to the movement of potassium out of the cells into the extracellular fluid. Why this occurs is not known.

Treatment of the rise in the plasma potassium concentration is similar to that with other causes of hyperkalaemia. One exception occurs in the early posttransplant period in which renal insufficiency also contributes to the impairment in potassium excretion. Hydration and a low-potassium diet are preferred. Administration of a cation exchange resin is avoided, if possible, due to the increased risk of intestinal necrosis at this time.

Hyperuricemia and gout – Cyclosporine via its glomerular and tubular effects can decrease urinary uric acid excretion, leading to hyperuricemia in most patients and occasionally symptomatic gout. 
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Question 2

40yo male, BH 180/110

K+ 3.2, Na+ 144, creat normal

Aldosterone 600 (elevated)

Serum renin 200 (reduced)

Urinary K+ 20 (increased)

What is the next line of investigation?

(a) serum cortisol

(b) repeat aldosterone after 5 days of dexamethasone

(c) venous adrenal sampling

(d) repeat aldosterone after 4 hour saline infusion

(e) 24 hour urinary aldosterone

Need to demonstrate inappropriate aldosterone release,

Causes of Hypertension and hypokalaemia

· primary aldosteronism

· renovascular disease

· diuretic therapy

Diagnostic approach

1. plasma renin and aldosterone – renin usually very low <1ng/mL

2. aldo to renin ratio (screening test for primary aldosteronism)

normal ratio – 4-10

primary aldosteronism – 30-50

if plasm aldo conc >20 ng/dL and ratio above 30,  90% sensitivity and specificity of aldo producing adenoma

3. 24 hour urine collection – K+ excretion, aldo excretion

not ordered unless plasma renin activity is suppressed

considered inappropriate K+ wasting if >30meq/day in pt with low serum K+

high urinary aldo together with low plasma renin activity is consistent with primary aldosteronism

Primary aldosteronism – An elevated PAC/PRA ratio alone does not establish the diagnosis of primary aldosteronism, which must be confirmed by demonstrating inappropriate aldosterone secretion. Aldosterone suppression testing can be performed with orally administered sodium chloride and measurement of urine aldosterone excretion or with intravenous sodium chloride loading and measurement of PAC.

Many centers use oral sodium loading over three days. After hypertension and hypokalemia are controlled (hypokalemia suppresses aldosterone secretion), avoiding spironolactone and ACE inhibitors as described above, they should receive a high sodium diet (supplemented with sodium chloride tablets if needed) for three days. The risk of increasing dietary sodium in patients with severe hypertension must be assessed in each case. In addition, since sodium loading typically increases increase kaliuresis and hypokalemia, vigorous replacement of potassium chloride should be prescribed.

On the third day of the high sodium diet, serum electrolytes are measured and a 24-hour urine specimen is collected for measurement of aldosterone, sodium, and potassium. The 24-hour urine sodium excretion should exceed 200 meq to document adequate sodium loading. Urine aldosterone excretion >14 µg/24 hours (39 nmol/day) in this setting is consistent with hyperaldosteronism.

An alternate method to suppress endogenous aldosterone production is by the intravenous administration of two liters of isotonic saline over four hours (while the patient is recumbent) [20]. The PAC will fall below 6 ng/dL (166 pmol/L) in normal subjects, whereas values above 10 ng/dL (277 pmol/L) are consistent with primary hyperaldosteronism [20].

· need to determine if truly primary aldosteronism before proceeding to venous adrenal sampling, thus not (c)

· would usually suspect cushings from appearance, thus not (a)

· dexamethasone suppression is used to diagnose cushings, and will not have any effect on aldosterone, thus not (b)

· 24 hour urine collection not usually done unless rennin level not suppressed

· Answer: (d)

The initial evaluation should consist of documenting that inappropriate urinary potassium wasting is present, that plasma renin activity is reduced, and that plasma aldosterone concentrations are high, resulting in a ratio of greater than 20 to 50 (depending on the laboratory normals).

An elevated PAC/PRA ratio is not diagnostic by itself, and primary aldosteronism must be confirmed by demonstrating inappropriate aldosterone secretion. Aldosterone suppression testing can be performed with orally administered sodium chloride and measurement of urinary aldosterone or with intravenous sodium chloride loading and measurement of plasma aldosterone.
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