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Systemic hypertension in bilateral renal artery stenosis

A thirty four year old man was referred to hospital for breathing difficulties that have been becoming progressively worse during the last 3 months, developing from dyspnea on exertion to orthopnea. Both his parents and his older brother are alive, doing well and do not have any problems with blood pressure. His medical history is unusual in that he had a stroke at the age of 31. He has been aware of his elevated blood pressure (BP) for about 10 years. 

On examination was found: an uncontrolled arterial hypertension (200/125 mmHg), distended jugular veins, and questionable pretibial oedema. On the chest X-ray the heart was not enlarged and the cardiothoracic ratio was still normal but there were definite signs of pulmonary congestion. There were no abnormalities on ECG apart from signs of left ventricular hypertrophy. Echocardiography (ECHO) showed hypertrophy of the interventricular septum (15mm) and posterior wall of the left ventricle, a normal left ventricular ejection fraction (LVEF; 62%) and a normal size for the left atrium (32mm).  Biochemistry revealed a borderline concentration of serum creatinine (113 μmol/L). Serum Na+ was 143 mmol/L, K 3.5 mmol/L and calcium 2.61 mmol/L. Urine analysis showed no significant abnormalities. The blood gasses were normal. 

Treatment with an ACE inhibitor (angiotensin converting enzyme inhibitor) trandolapril, 2mg/day and a diuretic was started. Signs of congestion disappeared but BP remained elevated (170/120 mmHg). Serum creatinine levels rose to 142 (mol/L. 

===================================================

Question 1.

Which type of hypertension should be considered in a young patient (less than 35 years) with a severe hypertension unresponsive to pharmacotherapy with antihypertensives? 

a. Primary hypertension

b. Secondary hypertension

Answer 1.

a. The better answer is b. The patient is young, there is no family history of hypertension and the blood pressure remained high despite treatment with an ACE inhibitor and diuretic.

b. True. 

====================================================

Question 2.

What is the most probable reason for developing secondary hypertension in this patient?

a. Pheochromocytoma.

b. Primary aldosteronism.

c. Renal artery stenosis. 

d. Hyperparathyroidism.

e. Pharmacotherapy.

Answer 2.

a. Pheochromocytoma, an endocrine tumour of the adrenal medulla or sympathetic chain, produces potentially enormous quantities of catecholamines (norepinephrine and epinephrine) in an unregulated fashion. There is no history of paroxysms of hypertension (which is sometimes the case with pheochromocytoma). Most importantly, pheochromocytoma is a well-known but not so frequent cause of hypertension. Hence, another cause of the hypertension had to be considered first of all. 

b. Primary aldosteronism is a disease produced by the oversecretion of aldosterone. It can cause secondary hypertension. Its prevalence is still a matter of contention. In this particular case the rise in creatinine level after ACE inhibitor is suggestive of a different disease. 

c. True. As many as 25% of hypertensive patients unresponsive to medical therapy may have renal artery stenosis (renal vascular hypertension- RVH), moreover the rise of creatinine after ACE inhibitor gives us the clue to correct diagnosis.

d. Generally speaking, hyperparathyroidism can induce hypertension. Since hypertension is in this case related to plasma calcium level, the normal serum calcium level of our patient rules out this possibility. 

e. In principle you are right in answering that pharmacotherapy may cause hypertension (e.g. immunosuppresive drug such as cyclosporine, systemic high-dose glucocorticoids, anorectics, drugs of abuse - CNS stimulants including cocaine and amphetamines). Recombinant erythropoetin also often increases BP in patients treated for anemia associated with severe renal failure. Such hypertension is dose-related and potentially reversible. Nevertheless, no such drug has been used is this case. Another answer is more likely to be true.

====================================================

Question 3.

Does this patient suffer from congestive heart failure?
a. No.

b. Yes. 

Answer 3.

a. True. For a diagnosis of congestive heart failure, one would expect the ejection fraction of the left ventricle to be abnormal. Although it is not possible to rule out completely diastolic dysfunction of the left ventricle (quite frequent in patients with left ventricular hypertrophy) we must consider other causes of sodium retention which might be responsible for the overhydration.

b. False. There are clinical signs of overhydration for which – in this particular patient – cardiac dysfunction is not responsible. In fact, this became obvious only after the results of renal ultrasonography. 

===================================================

Because of the severe hypertension unresponsive to therapy, investigation for identifiable causes of hypertension was started. Duplex ultrasonography revealed significant bilateral renal artery stenosis that was confirmed by subsequent angiography.

===================================================

Question 4.

Which mechanism(s) is (are) responsible for the fluid retention in our patient? 

a. Sympathetic activation. 

b. Activation of the renin-angiotensin-aldosterone system (RAAS) due to renal artery stenosis.

c. Stenosis of both renal arteries as such.

Answer 4.
a. False. Renal artery stenosis (proven on renal ultrasound) does not induce sympathetic activation

b. False. Activation of the RAAS system is undoubtedly present. But it cannot explain the extensive sodium retention with clinical signs of lung congestion and the small pretibial oedema.

c. True
===================================================

The patient has been treated with an ACE-inhibitor. Let us focus on pharmacotherapy. 

=====================================================

Question 5.

In general, in which patients with hypertension are the ACE inhibitors recommended?

a. Hypertensive patients except in the presence of contraindications.

b. Only in patients with significant left ventricular systolic dysfunction (e.g. LVEF < 35%). 
Answer 5.

a. True. The main mechanism of action of ACE inhibitors is to hamper formation of angiotensin II, which results in reduced vasoconstriction, decreased aldosterone production and consequently lower salt and water retention. Nowadays ACE inhibitors are considered to be a first-line therapy of hypertension together with diuretics, beta-blockers and calcium channel blockers

b. False. It is true that ACEIs are recommended in all heart failure patients with significant systolic dysfunction  (usually defined as LVEF < 35-40%). These patients should receive ACEI as the primary therapy of heart failure to improve survival and to reduce heart failure symptoms. On the other hand, the ACEIs are also indicated as antihypertensives – i.e. not only as drugs indicated for heart failure.

=======================================================

Question 6.

Is there a contraindication for therapy with ACEI in our patient? 

a. Yes, cardiac hypertrophy.

b. Yes, unilateral renal artery stenosis.

c. Yes, bilateral renal artery stenosis.

Answer 6. 

a. False. Just the opposite. Angiotensin II produces biological responses by stimulation of two receptor subtypes (AT1 and AT2). In patients with hypertension these receptors, and local renin-angiotensin systems expressed in cardiovascular tissues, are believed to be important for myocardial and connective tissue growth, vascular remodelling and – apart from the increase in the pressure itself – for ventricular hypertrophy. ACEIs are therefore the most appropriate drugs for reversal of ventricular hypertrophy. 

b. False. In these patients, one has to be cautious: if a full dose of a rapidly acting ACEI (e.g. captopril 25 mg) is used, the blood pressure drop induced by the drug may be rather dramatic and should be avoided. This is why lower initial doses of rapidly acting drugs or use of drugs with slower onset of action (e.g. trandolapril) are generally recommended. On the other hand, it is in these patients, where the blood pressure control with ACEIs could be very effective.    

c. True. If treated by the ACEIs, the patients with bilateral renal artery stenosis are in danger of renal failure. 

=============================================

Question 7.

Is there as of yet any evidence of irreversible kidney damage in this patient?

a. No.

b. Yes.  

Answer 7.

a. True. Although the plasma creatinine level rose, it is likely to be just a functional consequence of the greater effect of angiotensin II on the renal efferent than afferent arteriole. As a consequence, the postglomerular arteriolar resistance is decreased, the glomerular pressure falls and the glomerular filtration rate is decreased.   

b. False. In patients treated with ACEIs, an increase in the plasma creatinine level is not necessarily evidence for organic (irreversible) kidney damage.
================================================

Question 8.

Is it possible that the increase in serum creatinine concentration is reversible?

a. Yes.

b. No. 

Answer 8.

a. True. In this case, the increase in serum creatinine concentration is likely to be fully reversible after discontinuation of the ACEI therapy and adequate treatment of the bilateral renal artery stenosis 

b. False.

=========================================================

Question 9.
What about angiotensin receptor blockers (ARBs)? Are they superior e.g. more effective than ACEIs?  

a. Yes.

b. No. 

Answer 9.

a.  False. So far, convincing evidence for a superiority – e.g. more potent physiological effect – of the ARBs as compared with ACEIs is not available. The reason for which they may be preferred in some patients is that they do not produce cough and perhaps they do not produce angioneurotic oedema – the two most important adverse effects of ACEIs. The costs are also different. 

b. True

============================================

 Bilateral percutaneous renal artery angioplasty and stent implantation into the left artery was performed in two separate sessions with a good clinical effect.  

================================================

Question 10.

After renal revascularisation, should the patient be treated with antihypertensive drugs?

a.  No. 

b. Yes.

Answer 10. 

a. True – if the blood pressure remains within normal limits. 

b. False – the only indication is if the patient is still hypertensive.

=================================================

Conclusion

Prevalence of renovascular hypertension (RVH) is estimated to be less than 1 % in the normal population but goes up to 25 % among hypertensives resistant to pharmacotherapy and aged over 40, and to 32 % among those with malignant hypertension. Vascular lesions in RVH are mainly atherosclerotic, the remainder being due to the fibromuscular dysplasia of the renal artery. Stenosis clinically manifests when the reduction of renal blood activates the renin-angiotensin-aldosterone axis. 

The renin-angiotensin-aldosterone (RAA) axis involves: renin secretion in the kidney mainly in response to a decrease in renal blood flow.  This enzyme converts angiotensinogen, produced by the liver, into angiotensin I. Angiotensin-converting enzyme, produced mainly in the lungs, splits angiotensin I (a decapeptid) into angiotensin II (an octapeptid), a very powerful vasoconstrictor. Angiotensin II acts on the zona glomerulosa of the adrenal cortex, causing secretion of aldosterone. Aldosterone enhances reabsorption of Na+ from the distal tubule in exchange for H+ and K+, which are excreted in the urine. Activation of the RAA system results in increased BP due to enhanced vasoconstriction (angiotensin II) and due to increase in cardiac output secondary to sodium retention (aldosterone). 

In unilateral renal artery stenosis the decrease in renal blood flow leads to sodium and water reabsorption in the affected kidney. The sodium retention and volume expansion are compensated by the contralateral normal kidney, which tends to restore blood volume to normal values by suppressing its renin secretion and increasing natriuresis (pressure natriuresis). Therefore, in patients with unilateral renal artery stenosis blood pressure is mainly dependent on angiotensin II mediated peripheral vasoconstriction and perhaps partly on sympathetic activation. That is why BP usually falls after ACEI administration.

However, in bilateral renal artery stenosis or in renal artery stenosis of a solitary kidney, there are no effective compensatory mechanisms preventing sodium and water retention. Volume expansion, uncontrolled arterial hypertension and renal insufficiency may result. Volume expansion can lead to both pulmonary and systemic congestion.

Pharmacotherapy of pulmonary oedema and arterial hypertension in bilateral renovascular stenosis is usually ineffective. Diuretics, ACE inhibitors and AT 2 blockers can lower blood pressure and alleviate pulmonary congestion but their use might be complicated by a severe worsening of the renal perfusion with resulting acute renal failure. The only effective therapeutic approach in patients with bilateral renal artery stenosis and pulmonary oedema is renal revascularisation.
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