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                    Abstract
Resistant hypertension has evolved as an important global health care problem. Primary aldosteronism is one of several potentially reversible causes of resistant hypertension. Primary aldosteronism can be effectively treated, when recognized, with a mineralocorticoid receptor antagonist, such as spironolactone and eplerenone. Each of these compounds can reduce blood pressure as monotherapy or when given with a range of other antihypertensive drug classes. These compounds have distinctive pharmacokinetic and pharmacodynamic patterns that require some forethought in their use before they are prescribed. However, as the use of mineralocorticoid-blocking agents has gradually increased, the hazards inherent to use of such drugs has become more apparent. Whereas the endocrine side effects of spironolactone are in most cases little more than a cosmetic annoyance, the potassium-sparing effects of both spironolactone and eplerenone can prove fatal if sufficient degrees of hyperkalemia develop. However, for most patients the risk of developing hyperkalemia in and of itself should not discourage the prudent clinician from bringing these compounds into play. Hyperkalemia should always be considered as a likelihood in any patient receiving one or the other of these medications. As such, steps should be taken to lessen the likelihood of it occurring if therapy is being contemplated with agents in this class.
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                                    Introduction
Resistant hypertension is an everyday clinical problem dealt with by primary care clinicians and specialists alike. Central obesity and older age are consistent risk factors for resistant hypertension and as the population ages and becomes increasingly more obese it can be expected that its prevalence will rise further. Certain subsets of patients are also more at risk for the development of resistant hypertension, including those with diabetes, sleep apnea, chronic kidney disease, left ventricular hypertrophy, mood disorders, an excessively high sodium (Na+) intake, excessive sympathetic nervous system activation, and/or a relative or absolute excess of aldosterone [1••, 2]. The latter has become an issue of considerable clinical interest with the increasing use of mineralocorticoid receptor antagonist (MRA) therapy in such patients [3–7].


Definition
Resistant hypertension is defined to categorize patients who are at high risk of having reversible causes of hypertension and/or patients who, because of persistently high blood pressure (BP) levels, may benefit from special diagnostic and therapeutic approaches; however, the definition of the term resistant hypertension is not universally agreed upon and its varying definitions can be the source of some confusion. Resistant hypertension is best defined as a BP reading that remains above goal despite the concurrent use of three antihypertensive agents of different classes given at optimal dose amounts with one of these three agents if at all possible being a diuretic. Although arbitrary in regard to the number of medications required, as defined, resistant hypertension includes patients whose BP is at goal with more than three medications; thus, patients whose BP is at goal but only with the use of four or more medications would be classified as having resistant hypertension [1••].


Prevalence of Resistant Hypertension
Although the exact prevalence of resistant hypertension is debated, a number of clinical trials suggest that it occurs in as many as 30% of study participants; however, these prevalence calculations are probably not generalizable to the overall population in that by and large they have come from highly select populations. Persell [8] has provided more insight into this issue using data from the National Health and Nutrition Examination Survey from 2003 through 2008. Among US adults 8.9% met criteria for resistant hypertension, which represented 12.8% of the antihypertensive drug-treated population. Of note, in this data set adults with resistant hypertension were older, more likely to be non-Hispanic blacks, had higher body mass index values, and more commonly had reduced levels of renal function [8]. Based on current estimates of the number of hypertensive adult Americans, approximately 6 million Americans would have resistant hypertension. In this data set 85.6% ± 2.4% individuals with resistant hypertension were receiving diuretic therapy. Of this group, 64.4% ± 3.2% were being treated with hydrochlorothiazide and 3% were receiving an MRA. The scant use of an MRA in this evaluation may have been a function of the years it covered (2003–3008), a time period when MRA therapy was just gaining some traction in the therapeutic arena for patients with resistant hypertension [8].


Clinical Features of Resistant Hypertension
The definition of resistant hypertension is typically based on the office measurement of BP. It has previously been estimated in small studies that up to one third of patients with resistant hypertension may have white-coat or isolated office hypertension. de la Sierra et al. [9•] recently addressed this question in a cohort of 8,295 treated hypertensive patients from the Spanish Ambulatory Blood Pressure Monitoring Registry. This cohort represented 12% of an overall treated population of 68,045. After ambulatory blood pressure monitoring (ABPM), 62.5% of patients were classified as true resistant hypertensives with the remaining 37.5% of patients having white-coat hypertension. A more severe risk profile was associated with true resistant hypertension; however, the weakness of this association makes it important to routinely assess patients with resistant hypertension with ABPM to establish the most accurate diagnosis [9•]. These particular findings suggest that white-coat hypertension is an important factor in resistant hypertension and unless it is ruled out with ABPM, treatment effect with a class of drugs such as MRAs could inadvertently underestimate true net BP reduction in the overall resistant hypertensive population.


Primary Hyperaldosteronism
Important Facts
Primary aldosteronism can occur at all ages, although in most reported series patients fall in the 30- to 60-year age range. Its occurrence is higher than historically thought and it is a common cause of resistant hypertension in both black and white subjects. Aldosterone-producing adenomas are more common in women, whereas idiopathic hyperaldosteronism occurs more frequently in males. Symptoms are usually related to hypokalemia and/or the complications of treatment-resistant hypertension. Primary aldosteronism should be considered in any patient with spontaneous hypokalemia, moderately severe hypokalemia (serum potassium [K+] <3.0 mmol/L) brought about by usual doses of diuretics, treatment-resistant hypertension with or without an incidental adrenal mass, or those having previously experienced a significant reduction in BP with an MRA, amiloride, or triamterene.
Frequency
Considerable debate exists as to the true prevalence of primary aldosteronism with proposed values as high as 15% in widespread screening of unselected hypertensives. Of note, one recently published large prospective study, the PAPY (Primary Aldosteronism Prevalence in Hypertensives) study, showed that primary aldosteronism was present in at least 11.25% of 1,125 consecutive patients who were newly diagnosed with hypertension and were referred to hypertension centers [10]. Much of the prior dispute on the prevalence rate of this disorder has centered on the reliability of the screening methods (aldosterone-renin ratios) being used for diagnosis. When using aldosterone-renin ratios in screening for primary hyperaldosteronism, posture and time of sampling should be standardized as much as possible to minimize variability in cutoff levels [11]. In addition, being that many patients with primary aldosteronism are not hypokalemic, a number of patients with this disease likely went untested for its presence in the past, which offers at least a partial explanation for those studies with low reported prevalence values [12].
Clinical Features
Patients with primary aldosteronism often present with little more than mild hypokalemic alkalosis and hypertension; however, if hypokalemia is severe enough weakness, cramps, polyuria, and polydipsia may be reported. Hypertensive emergencies are not uncommon. Edema is not a common finding with primary aldosteronism owing to mineralocorticoid escape. Because of a reset osmostat, serum Na+ values tend to be high normal. Early belief held that aldosterone-producing adenomas produced token end-organ damage; recent evidence has shown this to be an incorrect presumption. Patients with this disorder have increased rates of left ventricular hypertrophy compared with other forms of hypertension at similar BP levels, which may relate to the observed serum potassium (K+) values [13].
A growing body of evidence now suggests that aldosterone contributes to cardiovascular remodeling and renal injury by way of increasing oxidative stress, endothelial dysfunction, inflammation, and fibrosis. As such, there are now several studies in heart failure and experimental progressive renal disease that show positive effects with MRA therapy [14–18]. Increased plasma aldosterone concentrations may also be associated with BP-independent organ dysfunction, such as cognitive impairment, that is seemingly improved with MRA therapy [19].
Diagnosis
It was only several years ago that teaching was such that the diagnosis of primary aldosteronism was to be entertained mainly when hypertension and hypokalemia coexisted. It is now obvious that this line of attack would and did miss many surgically correctable cases of primary aldosteronism in that hypokalemia may only occur in one third of all cases. Therefore, hypokalemia is not and should not be the most important criterion used to make the diagnosis of primary aldosteronism; however, the probability of primary aldosteronism steadily rises as patients have connected variables such as early age severe hypertension, a spontaneous serum K+ value less than 3.0 mEq/L, accompanying and inappropriate kaliuresis (>30–35 mmol/d of K+ excretion) in the setting of hypokalemia, a reduced plasma renin activity (PRA) (<1.0 ng/mL/h), elevated plasma aldosterone values, and/or an apparently nonfunctioning adrenal mass. Unfortunately, primary aldosteronism does not consistently have all of these features and workups not uncommonly stall out without a decisive diagnostic direction.
Random and isolated plasma aldosterone values are only so helpful in identifying this disease (60% of patients with primary aldosteronism have plasma aldosterone values that fall within the “normal” range for essential hypertension), influenced by a diurnal rhythm (highest in the morning), the presence of hypokalemia (low K+ suppresses production), and concurrent medications (angiotensin-converting enzyme [ACE] inhibitors and β blockers tend to reduce values). PRA values are increasingly used as a way to “normalize” plasma aldosterone value (plasma aldosterone: PRA ratio) so as to separate out cases of secondary hyperaldosteronism. This ratio typically is less than 30, and when greater than 30 assumes some significance as a case-finding test [20•].
This test is widely viewed as the screening test of choice for primary aldosteronism because can be performed without having to completely stop antihypertensive therapy (with certain exceptions listed below) and without the need for upright postural stimulation. However, this test does have several shortcomings and it is not diagnostic in and of itself. Drawbacks include 1) the inherent variability of PRA and plasma aldosterone values even in the presence of a functioning adrenal adenoma; 2) PRA values remain suppressed or stimulated for some time after medication discontinuation, which complicates interpretation of this calculation; 3) extremely low PRA values can push the ratio above 30 with only a small change in the absolute PRA value (eg, with a plasma aldosterone of 15 ng/dL and a PRA value of 0.5 ng/mL/h the ratio is 30; however, a plasma aldosterone value of 15 ng/dL and a small drop in a PRA value to 0.3 ng/mL/h disproportionately increases the ratio to 45) [20•, 21, 22••].
MRAs (eg, spironolactone and eplerenone) and high-dose amiloride are the only medications that unambiguously interfere with interpretation of the ratio and should be routinely discontinued for several weeks prior to testing. Diuretic therapy (secondary to volume contraction), ACE inhibitors, and angiotensin receptor blockers (ARBs) (each breaks the short feedback loop for suppression of renin release) can potentially elevate PRA values. In so doing, in the patient treated with one of these drug classes, regarding the finding of a detectable PRA level and/or a plasma aldosterone, PRA ratio less than 30 does not necessarily rule out the diagnosis of primary aldosteronism. Alternatively, in the patient treated with an ACE inhibitor or an ARB the finding of a very low PRA even with mid-range plasma aldosterone values (10–15 ng/dL) should heighten suspicion for primary aldosteronism being present. A final consideration for drug therapy and this ratio relates to β blocker and central α2-agonist use. Each of these drug classes suppresses renin secretion somewhat more than aldosterone secretion; thus, although use of either of these drug classes may increase this ratio in hypertensive patients without primary aldosteronism, the change in plasma aldosterone values is still such that this case-finding test more often than not remains useful [23].
Regarding the limitations of the plasma aldosterone, in those instances in which the PRA ratio the ratio is greater than 30, confirmatory testing should occur with one of the four accepted aldosterone suppression tests; however, there is no gold standard among the various proposed aldosterone suppression tests. These suppression tests include oral Na+ loading with measurement of urinary aldosterone, saline infusion with measurement of plasma aldosterone, fludrocortisone suppression, and captopril challenge. The choice of a confirmatory test is not uncommonly determined by considerations of cost, patient falling in line with the testing, laboratory practice, and local know-how. The most convenient test is that which relies on oral Na+ loading; therein, enough supplemental Na+ is given orally to bring urine sodium to greater than 200 mmol/L. After 3 days on the high Na+ diet, a 24-hour urine for Na+, creatinine, and aldosterone is obtained with urinary aldosterone values in excess of 12 μg/24 h being consistent with autonomous aldosterone secretion [24]. The sensitivity and specificity of the oral Na+ loading test are 96% and 93%, respectively [25].
Sodium loading tests should occur with caution in patients with uncontrolled hypertension or symptomatic heart failure [21, 22••, 26]. Antihypertensive agents with minimal to no effect on the renin-angiotensin-aldosterone system are preferred for BP control during confirmatory testing. Such agents include verapamil, peripheral α antagonists, and hydralazine [21]. BP control during confirmatory testing can be problematic requiring that the patient be carefully followed when medications are withdrawn that previously had been maintaining control of the hypertension.
Following case-finding and confirmatory testing, the next diagnostic consideration typically involves imaging of the adrenal gland with findings classified according to the presence or absence of nodularity and the size of nodules. In patients with primary hyperaldosteronism the CT scan can be particularly unrevealing showing normal-appearing adrenal glands, minimal glandular thickening, and/or microadenomas (≤1 cm). These findings are sufficiently nondiagnostic that they require adrenal venous sampling to determine if there is lateralization to the overall excess production of aldosterone.
Although not required in all patients with findings compatible with a diagnosis of primary hyperaldosteronism, more times than not adrenal vein sampling is warranted in those with a high probability of having an aldosterone-producing adenoma and who are amenable to a potential surgical cure. The basis for undertaking adrenal vein sampling can be seen from a several observations. In one study, CT imaging contributed to lateralization in only 59 of 111 patients with a surgically proven aldosterone-producing adenoma and CT detected less than 25% of those aldosterone-producing adenomas less than 1 cm in diameter [27]. Also, in a recent report, adrenal vein sampling was performed in 41 of 48 patients with primary aldosteronism and the concordance between positive CT findings and adrenal vein sampling was only 54% [28]. These two observations emphasize the relative insensitivity of CT imaging in directing surgery.
Figure 1 describes a patient with a typical history for primary aldosteronism, as marked by a long history of poorly controlled hypertension having begun early in life with a poor response to multiple antihypertensive agents. He had been started on an MRA by his primary care physician for treatment of refractory hypokalemia. His baseline plasma aldosterone, PRA, and urinary aldosterone excretion all required interpretation in light of concurrent MRA therapy, which will significantly increase release of aldosterone and renin. Despite concurrent MRA therapy, neurohumoral values were sufficiently high to warrant proceeding with imaging and ultimately adrenal vein sampling. Adrenal vein sampling showed a ratio of ≈100 favoring the right adrenal gland with a cutoff of the cortisol-corrected aldosterone ratio of more than 4:1 (high side to low side), indicating unilateral aldosterone excess and a greater likelihood of surgery correcting the hypertension. Following right-sided adrenalectomy his medication burden dropped dramatically, with him then requiring only one drug therapy. The continued need for antihypertensive therapy was likely the result of long-standing hypertension and abnormal vascular structure-function relationships that had developed over time.
Fig. 1
A 52-year old male had a 15-year history of difficult-to-treat hypertension on five-drug therapy (angiotensin receptor blocker, thiazide diuretic, a calcium channel blocker, a central α agonist, and a mineralocorticoid receptor antagonist). He was significantly hypokalemic despite mineralocorticoid receptor antagonist therapy and 60 mEq of potassium chloride daily. Case detection testing found a plasma aldosterone value of 180.4 ng/dL with a plasma renin activity (PRA) of 1.73 ng/mL/hour (plasma aldosterone to PRA ratio ≈100). His confirmatory test was positive with a urinary sodium of 299 mEq/24 h and a 24-hour urinary excretion of aldosterone of 180 μg. a, Adrenal CT scan with a 23 mm × 19 mm nodule of soft tissue density within the right adrenal gland (arrow). b, Adrenal venous sampling showed lateralization to the right gland and a cortical adenoma (2.4 × 2.4 × 1.9 cm) was removed at the time of laparoscopic adrenalectomy. One year thereafter his blood pressure was normal on one drug therapy with a calcium channel blocker and he no longer required potassium supplementation. The ratio of left adrenal vein to right was ≈100. Aldo (A)—aldosterone; A:C—aldosterone to cortisol ratio; Cort (C)—cortisol


Full size image


                        

Treatment
In properly chosen patients with primary aldosteronism adrenalectomy can oftentimes correct the hypertension or substantially decrease the medication burden. When a patient with primary hyperaldosteronism is not a surgical candidate and an MRA is indicated spironolactone and eplerenone are available treatment options. Until recently, comparative data have not been available for these two compounds when given to hypertensive patients with primary hyperaldosteronism. In a randomized, double-blind, active-controlled and parallel group design study eplerenone (100–300 mg once daily) was compared with spironolactone (75–225 mg once daily) using a titration to effect design. Changes from baseline in diastolic BP were less on eplerenone (−5.6 ± 1.3 SE mm Hg) than spironolactone (−12.5 ± 1.3 SE mm Hg) (difference, -6.9 mm Hg [−10.6, −3.3]; P < 0.001). These results are in keeping with the known pharmacologic data for these agents. Spironolactone has a higher affinity for the mineralocorticoid receptor and two long-acting active metabolites, which share its biologic activities, thus making spironolactone a true once-daily compound. Alternatively, eplerenone is a more short-acting compound that needs to be dosed twice daily for optimal BP reduction. This particular study was conceived early enough in the 1990s such that the above-mentioned dosing considerations for eplerenone were not apparent. Although there were no significant differences between eplerenone and spironolactone in the overall incidence of adverse events, not unexpectedly more patients randomized to spironolactone developed gynecomastia (21.2% vs 4.5%; P = 0.033) and female mastodynia (21.1% vs 0.0%; P = 0.026) [29••].


Essential Hypertension/Resistant Hypertension
Clinical experience with spironolactone and eplerenone suggests that these compounds are particularly effective antihypertensive agents in the patient with low-renin hypertension [6, 8, 30].
Neurohumoral screening with high plasma aldosterone values and significantly suppressed PRA values are markers for likelihood of a therapeutic response but not the magnitude of response per se; however, the response to an MRA can still be significant even without fully suppressed PRA values and/or elevated plasma aldosterone values [31, 32]. There do not appear to be any gender-specific differences in response to these compounds.
Spironolactone and eplerenone can be prescribed in combination with a kaliuretic diuretic to lessen the risk of hypokalemia and/or hypomagnesemia while at the same time obtaining an additional BP-lowering effect [33, 34]. Spironolactone can legitimately be viewed as an “older” BP medication [35]; however, it is now used with increasing regularity in patients with resistant hypertension, with or without primary aldosteronism, who are receiving multidrug regimens that include a diuretic and any of several other drug classes (eg, an ACE inhibitor, an ARB, and/or a calcium channel blocker) [31, 36–39]. Spironolactone also has a greater incremental antihypertensive effect when added to single-agent renin-angiotensin axis blockade than is the case if a second renin-angiotensin axis blocker is given [3].
The dose–response relationship and optimal dosing frequency for spironolactone have not been determined in the patient with resistant hypertension in that dose-ranging studies have not been undertaken. However, spironolactone is usually administered once a day. There is no specific pharmacokinetic reason for twice-daily dosing of spironolactone, and one dose/day is as effective as multiple doses/day in the treatment of hypertension [40, 41]. Alternatively, the BP-lowering effect is greater with eplerenone when it is given twice daily [42]. Diuretic therapy typically increases the antihypertensive effect of an MRA and should be an early therapeutic consideration in the patient prone to the development of hyperkalemia in that the MRA dose can potentially be reduced and the developed hyperkalemia become less of an issue [30, 43].


MRA Side Effects
Spironolactone contains elements of the progesterone molecule and progestogenic and anti-androgenic adverse effects (eg, painful gynecomastia and other sexual side effects) can accompany its use [44]. Breast symptoms are dose-dependent and can include an increase in size (occasionally unilateral), the development of nipple and/or breast tenderness, and/or the appearance of discrete breast masses. Gynecomastia generally corrects upon discontinuation of the drug; however, the time required for reversibility can be lengthy, particularly if significant gynecomastia exists. Gynecomastia occurs much less frequently with eplerenone, and eplerenone can be safely substituted for spironolactone in the patient with gynecomastia [45]. Hyperkalemia (>5.5 mEq/L) can also occur with MRA use. It develops most typically in the setting of a reduced glomerular filtration rate and/or concomitant therapy with an ACE inhibitor or ARB [46]. Of note, the duration of the K+-sparing effect of spironolactone may persist for several days after its discontinuation, which differentiates it from the more short-acting MRA eplerenone [47].


Conclusions
Patients with primary aldosteronism/hypertension or those with resistant hypertension are normally responders to therapy with an MRA. In such patients it is imperative that there is working knowledge of MRA pharmacokinetics to allow for their safe and effective use in these patient populations. This is of particular importance for spironolactone in light of its more frequent use in patients with resistant hypertension. Spironolactone has two active metabolites and a considerably longer pharmacodynamic half-life than does eplerenone. The more prolonged duration of effect for spironolactone may be the basis for its ability to reduce BP more so than eplerenone; however, in at-risk patients this extended pharmacodynamic effect for spironolactone may also be associated with a greater risk of hyperkalemia than what is seen with eplerenone.
Whenever an MRA is in clinical use a health care provider should be mindful of the effect of these compounds on serum K+. The pre-therapy serum K+, the level of renal function, and the dietary intake of K+ should be the primary determinants of the dose of an MRA [48]. Once therapy is begun with an MRA, monitoring for changes in serum K+ should occur regularly; however, hyperkalemia can develop rapidly particularly if there is a sudden change in renal function as might occur in the patient who contracts an illness resulting in their becoming volume contracted.
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