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Definition and epidemiology

Definition 
Resistant Hypertension (RH) is defined as blood pressure 

(BP) that remains above the recommended target in spite of 
the use of three antihypertensive drugs with synergistic actions 
at maximum recommended and tolerated doses, one of which 
should preferably be a diuretic, or when four or more different 
antihypertensive drugs are used, even when BP is controlled1.  

True RH must be differentiated from pseudo-resistance, 
which occurs due to non-adherence to treatment, inadequate 
blood pressure measurements, use of inadequate doses or 
therapeutic regimens, or the occurrence of white-coat effect2.

Control of hypertension in Brazil and worldwide 
An average of 30% of the adult population has high blood 

pressure (HBP), about 1.2 billion people in the world3. In 
Brazil, 14 population-based studies (1994-2009) revealed 
low levels of BP control (19.6%)4.

The fact that hypertension control doubled in the U.S. from 
1988 to 2008 (27.3% vs. 53.5%)5, and increased fivefold in 
Canada from 1992 to 2009 (13.2% vs. 64.6%)6, reflects important 
advances in HBP detection and treatment in these countries.

Incidence and prevalence of resistant hypertension
Daugherty et al. found an RH incidence of 1.9% in an 

18-month follow-up of hypertensive patients who started 
treatment. This study involved a large cohort of ethnically 
diverse patients and took treatment adherence into account, 
therefore excluding pseudo-resistance7.

Although the exact RH prevalence has not been established 
yet, it is estimated that the condition affects 12-15% of 
individuals with high blood pressure8. Data from the National 
Health and Nutrition Examination Survey (NHANES) in the 
period of 2003 to 2008 showed that 12.8% of hypertensive 

patients taking antihypertensive drugs in the United States had 
RH9. Egan et al.10 noted that these percentages have increased 
in the United States. 

Factors contributing to resistant hypertension
Both systolic and diastolic hypertension may be resistant, 

the former being more prevalent1. Causal factors include 
increased sensitivity to salt, fluid overload (due to increased 
sodium intake, chronic nephropathy, or inadequate diuretic 
therapy), exogenous substances (non-hormonal anti-
inflammatory drugs, corticosteroids, oral contraceptives, 
sympathomimetics, chemotherapy drugs, antidepressants, 
immunosuppressants, decongestants, anorectics, alcohol, and 
cocaine), and secondary causes of hypertension (emphasizing 
primary aldosteronism, obstructive sleep apnea, chronic 
nephropathy, and renal artery stenosis)11,12.

The following characteristics are predominant in patients 
with resistant hypertension: older age, African descent, obesity, 
left ventricular hypertrophy, diabetes mellitus, chronic kidney 
disease, metabolic syndrome, increased salt intake, and 
reduced physical activity. It should be noted that the white-
coat effect is present in about 30% of RH patients1,13.

Prognostic aspects
RH is a condition with difficult clinical management and high 

cardiovascular risk. Most epidemiological studies evaluating 
the prognosis of resistant hypertension have limitations such 
as lack of uniformity in definitions and information on drugs 
used, inclusion of cases of pseudo-hypertension, as well as 
insufficient follow-up time and exclusion of young patients1,14. 

The prognosis is especially associated with the following 
factors: prolonged exposure to high blood pressure, increased 
blood pressure, target organ damage and mineralocorticoid 
(aldosterone) excess, and high rates of sodium intake15-17. 
Several studies show that aldosterone is an important marker 
of  cardiovascular disease severity18.

Ambulatory Blood Pressure Monitoring (ABPM) is an 
important prognostic marker, especially nocturnal blood 
pressure and 24-hour pulse pressure14,19,20.

Assessment flowchart 
The first step in the investigation of resistant hypertension 

is the exclusion of causes of pseudo-resistance, such as 
inadequate blood pressure measurement technique, poor 
adherence to treatment, pseudo-hypertension, and white-
coat effect1 (Figure 1). ABPM is the method of choice for 
confirmation of inadequate blood pressure control, but if this 
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is not available, Home Blood Pressure Monitoring (HMBP) or 
Self-Monitoring Blood Pressure (SMBP) are useful13, 21. 

Target organ damage and associated comorbidities should 
be investigated with specialized tests, because they influence 
the stratification of cardiovascular risk, and are prognostic 
markers22,23. 

Among the causes of pseudo-resistance, poor adherence 
is the major challenge. Therapeutic inertia, prescription of 
insufficient doses or non-synergistic medications, and poor 
doctor-patient relationship should be observed, as well as 
the search for agents that can interfere with blood pressure 
control. If the goal to be achieved is not reached within six 
months, a short period hospitalization should be considered24.

Approximately 30% to 50% of patients underestimate their 
sodium intake. The impact of sodium restriction on resistant 
hypertension is well established, and the determination of 
24-hour urinary sodium excretion should be performed as 
control16. The diagnosis of secondary hypertension should be 
thoroughly searched for in resistant hypertension. 

Blood pressure measurement
The use of an accurate technique for BP measurement is 

essential for the accurate diagnosis of resistant hypertension. 
The patient should be quietly seated for five minutes before the 

measurement, with the back supported and the arm at heart 
level. A cuff suitable for the arm circumference should be used 
(width/length proportion 1:2, and width and length of rubber 
cuff corresponding to 40% and 80% of arm circumference, 
respectively)25. A minimum of three readings should be taken 
at intervals of at least one minute, and the average of the last 
two measurements should be used if the difference between 
them is less than or equal to 4 mm Hg. BP should be measured 
in both arms, and the arm with the higher pressures should 
be used in future measurements. If the difference between 
the arms is greater than 15 mmHg for systolic blood pressure 
and/or 10 mmHg for diastolic blood pressure, atherosclerotic26 
vascular disease should be investigated. BP measurements in 
supine and upright positions should be taken in the follow-up 
evaluations to assess orthostatic hypotension.

ABPM
ABPM is an important tool in the diagnosis of a major 

cause of pseudo-resistance, in which individuals with a BP 
supposedly higher than the goal in the clinician’s office have 
a normal ABPM. This difference between office and awake 
ABPM blood pressure measurements is called white-coat 
effect. Very high pressure levels may be a limitation to the test, 
because of patient discomfort. In these situations, HMBP and 
SMBP are alternative options.

Figure 1  – Resistant Hypertension Assessment Flowchart
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HMBP 
HMBP is an indirect method of recording the blood 

pressure, with three measurements in the morning and three 
at night for five days4. HMBP indications are basically the same 
as for ABPM, but HMBP may be better tolerated in patients 
with very high blood pressure. HMBP can also identify the 
white-coat effect, therefore excluding or confirming RH.

SMBP 
SMBP is a measurement method usually performed at home 

by patients or family members. The main advantage of SMBP 
is the possibility of obtaining a more accurate estimate of the 
actual blood pressure values, because they are obtained in the 
environment where the patients live, provided that validated and 
calibrated equipment is used. Table 1 shows a list of pressure 
values considered normal for hypertension and for white-coat 
effect in Office, ABPM, HMBP, and SMBP measurements.

Target organ lesions

Vascular and brain disorders
Vascular abnormalities may be present in the early 

stages of hypertensive disease. RH is associated with more 
severe vascular dysfunction, as assessed by endothelium-
dependent vasodilation and serum biomarkers, which may 
explain an absence of nocturnal blood pressure decline and 
a higher pulse pressure during ABPM27,28. There is a close 
relationship between high levels of BP, endothelial dysfunction 
and increased vascular stiffness in patients with resistant 
hypertension, demonstrated by a reduction in flow-mediated 
vasodilatation and in a high pulse wave velocity. In this 
population, higher levels of aldosterone are also observed29,30.

The nervous system may be affected early in RH and it is 
mostly benefited from adequate BP control. Vascular changes 
are universal, and cerebral vessels are affected relatively 
early in the hypertensive process. Retinal microvascular 
abnormalities reflect what happens in the brain. A retinal 
exam may show microaneurysms, hemorrhages, hard and soft 
exudates, pathological arteriovenous crossings, and arterial 
wall thickening. 

Carotid stenosis, intracranial and aortic arch atherosclerosis, 
and cardiac lesions may be responsible for ischemic or 
thromboembolic phenomena. The uncontrolled hypertension 
can lead, over time, to small brain aneurysms that may rupture, 
causing large subarachnoid or intracerebral hemorrhage.31 
Lacunar infarcts are small, generally less than 2.0 cm in 
diameter, and they result from obstruction of small perforating 
vessels, and may be responsible for progressive dementia.

Cardiac disorders	
The main cardiac damage in patients with resistant 

hypertension is left ventricular hypertrophy (LVH). In Brazil, the 
prevalence of LVH, diagnosed by echocardiography, in patients 
with resistant hypertension is 83.3%32. In these patients, ECG 
changes with T wave inversion and ST segment depression 
in leads V5 and V6 indicate a worse prognostic33,34. LVH is an 
important independent risk factor for cardiovascular morbidity 
and mortality, increasing the risk by 1.5 times in individuals 
with this lesion35. This condition predisposes the development 
of heart failure, ventricular tachyarrhythmias, ischemic or 
embolic stroke, and atrial fibrillation. In LVH, decreased 
coronary flow reserve, arterial wall stiffening, and endothelial 
dysfunction lead to a significant myocardial ischemia. In 
these individuals, since they present macrovascular and 
microvascular endothelial dysfunction, chest pain symptoms 
should be taken seriously, even when angiography shows no 
evidence of relevant coronary disease36. 

Kidney disorders
Renal lesions are common and occur early, with 

hemodynamic changes secondary to glomerular mass loss, but 
which determine hypertrophy and hyperfiltration of residual 
normal nephrons. 

The so-called “benign” hypertensive nephrosclerosis 
is characterized by arteriosclerosis and arteriolosclerosis, 
hyalinosis, tubular-interstitial lesions, and focal segmental or 
global glomerulosclerosis37. On the other hand, myointimal 
hyperplasia and fibrinoid necrosis are described as 
abnormalities that may eventually lead to the lesions caused 
by malignant hypertension37. 

There are several risk factors that may contribute to the 
development and progression of hypertensive nephrosclerosis: 
age (over 50), male gender, genetic predisposition and ethnicity 
(African descent), duration and severity of hypertension, low 
socioeconomic status, severity of proteinuria, severity of renal 
dysfunction, dyslipidemia; and other aggressors: smoking 
habit, excessive salt and protein intake in the diet, use of anti-
inflammatory drugs, antibiotics and other nephrotoxic agents38.

Phenotype of resistant hypertensive patients
Advanced age is a major factor related to the difficulty in 

achieving systolic BP goals. Alongside, the Framingham study 
found a correlation between difficulty of BP control and the 
presence of a higher baseline systolic blood pressure39. LVH 
and obesity are also strong predictors of failure to control 
hypertension, the latter being more related to difficulties 

Table 1 - Office, ABPM, HMBP, and SMBP blood pressure values in mmHg, characterizing normal and white-coat effect values 

Office ABPM (awake average) HMBP SMBP

Normal < 140/90 ≤ 130/85 ≤ 130/85 ≤ 130/85

Hypertension ≥ 140/90 > 130/85 > 130/85 > 130/85

White-coat effect Difference between office and awake ABPM (or HMBP) measurements 
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in controlling the diastolic blood pressure. High rates of 
sodium intake18, chronic kidney disease (glomerular filtration 
rate ≤60 mL/min), diabetes, and African descent complete 
the list of clinical characteristics associated with difficulty of 
BP control1. Other conditions have been associated, such 
as: a) presence of silent and early damage in target organs 
such as microalbuminuria23,40,41, LVH42,43, obstructive sleep 
apnea syndrome46-44, and  metabolic syndrome47.  Although 
a cause and effect relationship with resistant hypertension has 
not been fully defined yet for the last two conditions, some 
studies have indicated the existence of common mechanisms 
for obesity, metabolic syndrome, diabetes, sleep disorders and 
inflammatory activity in hypertensive patients, in general48,49. 
There is a common association among positive screening 
test for hypercortisolism and diabetes, advanced age and a 
non-dipper pattern in a resistant hypertensive population50. 
Furthermore, RH patients with type 2 diabetes have a more 
severe autonomic dysfunction associated with higher levels of 
body mass index and reduced plasma levels of adiponectin51. 
The presence of elevated plasma levels of aldosterone has 
been identified as relevant to the failure of BP control52.

Secondary hypertension
There is no evidence to suggest the true prevalence 

of secondary causes among subjects with resistant 
hypertension. However, the likelihood of secondary 
causes among patients with severe and/or difficult-to-
control hypertension is notably greater. Obstructive Sleep 
Apnea (OSA), Primary Aldosteronism (PA), Chronic Renal 
Parenchymal Disease (CRPD), Renovascular Hypertension 
(RVH), Pheochromocytoma (PHEO), Cushing’s syndrome 
(CS), Coarctation of the Aorta (CoA), thyroid disorders and 
the use of some drugs that affect the blood pressure, illicit 
drugs and alcohol abuse are the most common secondary 
forms of resistant hypertension. OSA is highly prevalent; in 
our country, it was found in 64% of patients with resistant 
hypertension53. There was a prevalence of 20% of PA in 
the resistant hypertensive population54. Atherosclerotic 
RVH is present in 12.5% of resistant hypertensive patients 
aged over 50 years55. PHEO is associated with paroxysmal 
(30% of cases) or resistant hypertension with or without 
paroxysms in 50% to 60% of the cases56. The possibility of 
a secondary cause is one of the key points of the evaluation 
of hypertensive patients. In RH, however, greater emphasis 
should be put on the investigation of secondary causes, 
and specific exams and tests should be conducted in 
suspected cases. Table 2 shows the main causes of secondary 
hypertension, suggestive symptoms and the main diagnostic 
methods for the investigation of these conditions.

Nonpharmacological measures
The use of nonpharmacological measures is of great 

importance in the treatment of RH1. Despite the small number 
of studies evaluating the effectiveness of these measures, they 
have proven to be effective in the treatment of hypertensive 
patients in general, and this benefit seems to be higher in 
severe hypertensive patients than in those with mild/moderate 

hypertension. Therefore, patients with resistant hypertension 
should be counseled about the importance of reducing salt 
in the diet, losing weight, exercising regularly and practicing 
moderation in consumption of alcohol1,4.

Salt restriction: a high intake of dietary sodium demonstrably 
contributes to resistance to antihypertensive therapy. Elderly 
patients of African descent or with impaired renal function 
are especially sensitive to salt. Despite a low sodium diet 
moderately lower (3.7 to 7.0/0.9 to 2.5 mmHg) blood pressure 
in hypertensive patients in general57-60, those with resistant 
hypertension are particularly salt-sensitive. A study comparing 
the effects of a low sodium diet in patients with resistant 
hypertension showed that a diet containing approximately 
2.5 g salt/day can reduce BP by 23.0/9.0 mmHg. This study 
demonstrates that the reduction in salt intake (3.0-4.0 g 
salt/day) is essential in managing patients with resistant 
hypertension. It is important to emphasize how difficult it is 
to reduce dietary salt intake to the recommended values61.

Alcohol consumption: There is a direct relationship 
between the amount of alcohol consumed and blood pressure 
levels, so that excessive consumption of alcohol contributes 
significantly to the difficulty in controlling BP. Men who 
consume excessive amounts of alcohol (≥ 4 doses/day) are 
50% more likely to have BP above goal63. Aguilera et al.64 
evaluated the effect of abstinence from alcohol on blood 
pressure in deep-rooted drinkers, and found an average 
reduction of 7.2 and 6.6 mmHg, respectively, in systolic and 
diastolic BP over 24 hours64. In the same study, the prevalence 
of hypertension among participants decreased from 42% to 
12%. Moderate consumption of alcohol (≤ 20 g of ethanol 
or two doses per day) or total abstinence is recommended 
for deep-rooted drinkers.

Weight loss: obesity is associated with stimulation of 
the sympathetic nervous system, retention of salt and sleep 
apnea1,4. Therefore, obesity is associated with elevated blood 
pressure and resistance to antihypertensive treatment, and 
weight loss significantly reduces blood pressure. Patients with 
Body Mass Index (BMI) ≥30 kg/m2 have 50% higher chance 
of presenting uncontrolled BP than those with normal BMI 
(<25  kg/m2)65. A cross-sectional study with 45,125 patients 
revealed that, compared to those with normal BMI, patients 
with BMI >40 kg/m2 were three times more likely to require 
the use of three anti-hypertensive and five times more likely 
to need four drugs to achieve adequate control of BP66. 
Therefore, weight loss must always be sought in RH patients 
who present overweight or obesity. 

Physical activity: the available data point to a clear 
beneficial effect of regular physical activity in reducing 
BP1,67. The practice of aerobic exercises has a direct effect on 
lowering blood pressure and improves the metabolic profile. 
Resistance exercises also seem to have a beneficial effect on 
blood pressure, and should complement aerobic activity4,67. 
Therefore, patients with resistant hypertension should be 
encouraged to perform light to moderate physical activity after 
medical evaluation. The training program should not be started 
if the systolic and diastolic pressures are above 160 and/ or 
105 mmHg, respectively.
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Pharmacological treatment
The purpose of the pharmacological treatment of resistant 

hypertension is the reduction of cardiovascular risk. For this it 
is recommended to achieve the following BP goal: Office BP 
of 130/80 mmHg; 24-hour ABPM of 125/75 (ideal), 130/80 
mmHg may be tolerable; and HMBP of 130/80 mmHg13,19.

Verification of the antihypertensive regimen, assessing the 
combination, dosage and proper optimization of medications, 
correcting sub-doses or lack of adherence, and investigating 
the use of other classes of drugs that may interfere with the 
antihypertensive efficacy, should always be conducted to 
confirm the diagnosis of RH1. 

The rationale in choosing a regimen of antihypertensive 
drugs is to block all the possible mechanisms involved in 
blood pressure elevation. The combination of a drug that 
blocks the Renin-Angiotensin-Aldosterone System (RAAS), 
which may be an Angiotensin Converting Enzyme Inhibitor 

(ACEI) or an Angiotensin II AT1 Receptor Blocker (ARB), 
associated with a prolonged action dihydropiridine Calcium 
Channel Antagonist (CCA) and a thiazide diuretic, is often 
very effective and well tolerated clinically. This is considered 
the best triple combination, the more effective and synergistic 
one in achieving the recommended BP goal68,69. The use of a 
renin inhibitor as a drug that blocks the RAAS is less evident 
in terms of cardiovascular protection.

Fluid overload seems to be the most frequent pathophysiological 
mechanism in this population. Thiazide diuretics with prolonged 
action are recommended. Chlorthalidone, having greater 
antihypertensive efficacy than hydrochlorothiazide, and a plasma 
half-life estimated between 45 and 60 hours, is preferably 
recommended for RH patients with preserved renal function.1 
Loop diuretics are indicated if creatinine clearance is below 30 
mL/min. Due to its short duration of action (3 to 6 hours), it is 
recommended that they are used twice a day. 

Table 2 - Main causes of secondary hypertension, symptoms and signs, initial screening tests and diagnostic confirmation exams

Cause Suggestive clinica findings Screening tests Advanced diagnostic exams

OSA Snoring, episodes of apnea during sleep, 
daytime sleepiness, obesity, short neck

Berlin Questionnaire, Epworth 
sleepiness scale

Polysomnography (apnea-hypopnea 
index > 5 events/hour)

Primary aldosteronism Hypokalemia (spontaneous or induced by 
diuretics), paresthesias

Aldosterone/renin > 30 (Renin < 
1 and Aldo > 12) 

Computed tomography (nodule or hyperplasia), 
fludrocortisone test, saline infusion 
test, measurement of aldosterone

by adrenal vein catheterization

Chronic Kidney Disease facial edema, uremic breath, anemia, 
diabetes or family history of nephropathy

serum creatinine, glomerular 
filtration rate estimated by 
formulas (< 60 mL/min), 

microalbuminuria, proteinuria

Renal ultrasound (signs of 
renal parenchymal disease)

Renovascular hypertension
Abdominal bruit, >30% increase in serum 

creatinine with the use of ACEI, ARB or DRI; 
hypertension in young or elderly patients 

Renal artery Doppler (peak 
velocity ≥ 150 cm/s; renal-
aortic velocity ratio ≥ 3); 
tomoangiography/MRI of 

renal arteries  

Renal arteriography (lesion over 60% / 
translesional gradient > 20 mmHg)

Cushing's syndrome moon facies, hump, purple striae, central 
obesity, hirsutism 

24-hour urinary cortisol, plasma 
cortisol suppression test after 
low dose of dexamethasone 

(overnight), nocturnal 
salivary cortisol

Computed tomography of the adrenals 
and/or MRI of the hypophysis

Pheochromocytoma
headache, palpitations, sweating, 

tachycardia, orthostatic hypotension, 
syncope 

Serum metanephrines, urinary 
metanephrines, plasma 

catecholamines

MRI of the adrenals, MIBG 
scintigraphy, PET scan

Coarctation of the aorta
Reduction of pulses in the legs, the pressure 
difference greater than 20 mmHg between 

arms and legs, blow on the back.

Magnetic resonance angiography 
of the aorta, echocardiography Aortography

Hyperthyroidism and 
hypothyroidism 

Tachy/bradycardia, increased sensitivity 
to heat/cold, myxedema, diarrhea or 
constipation, menstrual abnormalities 

TSH, free T4 Thyroid ultrasound

Substances that can raise blood pressure elevation 

Investigate the use of: non-narcotic analgesics, anti-inflammatory non-steroid, 
corticosteroids, sympathomimetic agents (decongestants, appetite suppressants, 
cocaine), stimulants (methylphenidate, dexmethylphenidate, dextroamphetamine, 

amphetamine, methamphetamine, modafinil), alcohol, oral contraceptives, cyclosporine, 
erythropoietin, licorice, herbs (ephedra, Mahuang)

OSA: obstructive sleep apnea syndrome; ACE: converting enzyme inhibitor; ARB: angiotensin receptor blocker; DRI: direct renin inhibitor; TSH: thyroid-stimulating hormone.
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Several classes of antihypertensive drugs compete to the 
position of a fourth drug, but so far no comparative study 
has been conducted with them to demonstrate superiority 
in terms of anti-hypertensive efficacy or cardiovascular 
protection. The addition of mineralocorticoid receptor 
blockers to the treatment with conventional drugs is 
the four-drug regimen with greater visibility and it 
significantly reduces blood pressure in patients with 
resistant hypertension. In an ASCOT sub-study, the 
participants who completed the study and did not have a 
controlled BP with three antihypertensive agents received 
spironolactone (mean 25 mg) as a fourth drug. After a mean 
follow up of 1.3 years, the systolic and the diastolic BP 
decreased 21.9 and 9.5 mmHg, respectively. The reduction 
in blood pressure with spironolactone occurs regardless of 
the aldosterone/plasma renin activity ratio70. 

The choice of additional drugs to the four-drug combination 
is empirical and should be individualized4,71 (Figure 2). 
Hospitalization is not recommended for the investigation of 
secondary hypertension or therapy optimization, but this is a 
strategy that can be used when available, if after six months 
of therapy optimization the recommended BP goal is not 
achieved, being an alternative verification of adherence and 
sodium restriction. 

Although there is no evidence of reduction of 
cardiovascular risk, chronotherapy is an adjuvant strategy 
in patients on three drugs and with the goal BP not reached 
prior to the combination of a fourth agent; in these cases 
an ACC may be used in the night period72. This strategy 
has proven effective in the implementation of sleep blood 
pressure reduction and decrease.

Adherence can be implemented by simplifying the 
treatment regimen with the use of fixed drug combinations. 
Even if the BP goal is not achieved, pressure values should be 
as close as possible to the recommended goal.

New treatments
The lack of evidence about the best therapy in RH led 

to the development of new treatments which are being 
prioritarily tested in patients with poor response to the initial 
pharmacological treatment. 

Direct stimulation of the carotid sinus
The increased sympathetic tone and decreased 

parasympathetic tone increase peripheral vascular resistance 
to sodium retention, reduce renal blood flow and glucose 
metabolism, and contribute negatively to myocardial 
remodeling73. The chronic stimulation of baroreceptors may 
exert beneficial effects on blood pressure.

The Rheos Baroreflex Activation Therapy System is a 
programmable device that resembles a surgically implanted 
pacemaker and consists of a pulse generator. The Rheos Pivotal 
Trial found no significant benefits with this system, and further 
studies are expected to show the benefits of this device74.

Renal sympathetic denervation 
Renal sympathetic nerves contribute to the development and 

maintenance of hypertension, and renal sympathetic activity 
is exacerbated in hypertensive patients. Endovascular renal 
sympathetic ablation was evaluated in a case series of patients 

Figure 2  – Flowchart of the treatment of resistant hypertension.

Treatment Flowchart

Non-pharmalogical treatment

↓ Salt ↓ Alcohol ↓ Obesity ↓ Sleep apnea

Pharmacological treatment

ACEI/ARB + CCA + Thiazide-type diuretic
(pref. chlorthalidone)

Fourth drug: Spironolactone 25/50 mg per day

Betablocker Vasodilator 
Central  Alpha-2 Agonist

Alpha1 - adrenoceptor blocker
Hydralazine or Manoxil
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with resistant hypertension. Over two years, there was a decrease 
of 32 mmHg and 14 mmHg in the SBP and DBP, respectively, with 
a very low rate of complications.75 In the study Symplicity-2, in 
six months, the difference in pressure drop between the groups 
was 33 mmHg and 11 mmHg in SBP and DBP, respectively. In 
the intervention group, 84% of patients had a reduction of at 
least 10 mmHg, whereas in the control group, this proportion 
was 35%. There were no major complications related to the 
described procedure. These findings show that endovascular 
ablation of the renal artery is a promising procedure in the context 
of RH, but further studies are necessary to show the possibility of 
reproducible results and better dissemination of the technique. 

Use of Continuous Positive Airway Pressure (CPAP) 
The effects of CPAP on RH were tested in a clinical trial 

with 75 patients who had their RH condition confirmed by 
ABPM and who had an apnea-hypopnea index (AHI) ≥ 15/
h76. After a three-month follow-up, only 24h-DBP reduced 
significantly in the group treated with CPAP (4.9 ± 6.4 mmHg 
vs. 0.1 ± 7.3 mmHg in control). The antihypertensive effect 
was more pronounced in those who tolerated the use of CPAP 
for more than 5.8 h/day. All the evidence concerning the 
antihypertensive effect of CPAP and the results of this trial in 
resistant hypertension indicate that this option can be tried as 
an adjunctive treatment in patients with AHI greater than 15/h, 
especially those who tolerate their use for more than 5 h/day. 

Complete list of authors:
Alexandre Alessi (Universidade Federal do Paraná), Andrea 

Araújo Brandão (Universidade do Estado do Rio de Janeiro), 
Antonio Coca (School of Medicine, University of Barcelona, 
Spain), Antonio Cordeiro (Instituto Dante Pazzanese de 
Cardiologia), Armando da Rocha Nogueira (Universidade 
Federal do Rio de Janeiro), Audes Feitosa (Hospital Dom 
Helder Câmara), Celso Amodeo (Instituto Dante Pazzanese de 
Cardiologia), Cibele Rodrigues (Faculdade de Ciências Médicas 
e da Saúde – PUC/SP), David Calhoun (University of Alabama, 
Birmingham, USA), Eduardo Barbosa (Liga de Combate à 

Hipertensão de Porto Alegre), Eduardo Pimenta (Endocrine 
Hypertension Research Centre, University of Queensland, 
Australia), Elizabeth Muxfeldt (Hospital Universitário Clementino 
Fraga Filho, Universidade Federal do Rio de Janeiro), Fernanda 
Consolin-Colombo (INCOR), Gil Salles (Hospital Universitário 
Clementino Fraga Filho, Universidade Federal do Rio de Janeiro), 
Guido Rosito (Universidade Federal de Ciências da Saúde de 
Porto Alegre), Heitor Moreno Jr. (Faculdade de Ciências Médicas 
da Universidade Estadual de Campinas), Jose Fernando Vilela 
Martin (Faculdade Estadual de Medicina de São José do Rio 
Preto), Juan Carlos Yugar (Faculdade Estadual de Medicina de 
São José do Rio Preto), Luiz Bortolotto (INCOR), Luís Cesar 
Nazário Scala (Faculdade de Medicina da Universidade Federal 
de Mato Grosso), Márcio de Souza (Instituto Dante Pazzanese 
de Cardiologia), Marco Antonio Mota Gomes (Faculdade de 
Medicina de Alagoas-UNCISAL), Marcus Bolivar Malachias 
(Faculdade de Ciências Médicas de Minas Gerais), Miguel Gus 
(Hospital de Clínicas de Porto Alegre), Oswaldo Passarelli Jr. 
(Instituto Dante Pazzanese de Cardiologia), Paulo César Veiga 
Jardim (Universidade Federal de Goiás), Paulo Roberto Toscano 
(Universidade do Estado do Pará), Ramiro Sanchez (Fundación 
Favaloro, Universidad “Dr René G Favaloro”, Buenos Aires, 
Argentina), Roberto D. Miranda (Universidade Federal de São 
Paulo), Rui Póvoa (Universidade Federal de São Paulo), Weimar 
Kunz Sebba Barroso (Faculdade de Medicina - Universidade 
Federal de Goiás).

Potential Conflict of Interest
No potential conflict of interest relevant to this article was 

reported.

Sources of Funding
There were no external funding sources for this study.

Study Association
This study is not associated with any post-graduation 

program.

1.	 Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, et al. 
Resistant hypertension: diagnosis, evaluation, and treatment. A scientific 
statement from the American Heart Association Professional Education 
Committee of the Council for High Blood Pressure Research. Hypertension. 
2008;51(6):1403-19.

2.	 Sander GE, Giles TD. Resistant hypertension: concepts and approach to 
management. Curr Hypertens Rep. 2011;13(5):347-55.

3.	 Kearney PM, Whelton M, Reynolds K, Whelton PK, He J. Worldwide prevalence 
of hypertension: a systematic review. J Hypertens. 2004;22(1):11-9 

4.	 Sociedade Brasileira de Cardiologia / Sociedade Brasileira de Hipertensão / 
Sociedade Brasileira de Nefrologia. VI Diretrizes brasileiras de hipertensão 
arterial. Arq Bras Cardiol. 2010;95(1 supl.1):1-51.

5.	 Egan BM, Zhao Y, Axon RN. US trends in prevalence, awareness, treatment, 
and control of hypertension, 1988-2008. JAMA. 2010;303(20):2043-50. 

6.	 McAlister FA, Wilkins K, Joffres M, Leenen FH, Fodor G, Gee M, 
et al. Changes in the rates of awareness, treatment and control 
of hypertension in Canada over the past two decades. CMAJ. 
2011;183(9):1007-13.

7.	 Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA, Margolis KL, 
et al. Incidence and prognosis of resistant hypertension in hypertensive 
patients. Circulation. 2012;125(13):1635-42.

8.	 Pimenta E, Calhoun DA. Resistant hypertension: incidence, prevalence and 
prognosis. Circulation. 2012;125(13):1594-6.

9.	 Persell SD. Prevalence of resistant hypertension in the United States, 2003-
2008. Hypertension. 2011;57(6):1076-80.

10. Egan BM, Zhao Y, Axon RN, Brzezinski WA, Ferdinand KC. Uncontrolled 
and apparent treatment resistant hypertension in the United States, 1988 
to 2008. Circulation. 2011;124(9):1046-58.

References

582



Special Article
First Brazilian position on resistant hypertension

Arq Bras Cardiol 2012;99(1):576-585

11.	 Pimenta E, Calhoun DA. Treatment of resistant hypertension. J Hypertens. 
2010;28(11):2194-5.

12.	 Pimenta E. Update on diagnosis and treatment of resistant hypertension. 
Iran J Kidney Dis. 2011;5(4):215-27.

13.	 de La Sierra A, Segura J, Banegas JR, Gorostidi M, de la Cruz JJ, Armario P, et 
al. Clinical features of 8295 patients with resistant hypertension classified 
on the basis of ambulatory blood pressure monitoring. Hypertension. 
2011;57(5):898-902.

14.	 Muxfeldt ES, Salles GF. Pulse pressure or dipping pattern: which one is a 
better cardiovascular risk marker in resistant hypertension? J Hypertens. 
2008;26(5):878-84.

15.	 Eide IK, Torjesen PA, Drolsum A, Babovic A, Lilledahl NP. Low-renin status 
in therapy-resistant hypertension: a clue to efficient treatment. J Hypertens. 
2004;22(11):2217-26.

16.	 Pimenta E, Gaddam KK, Pratt-Ubunama MN, Nishizaka MK, Aban I, Oparil 
S, et al. Relation of dietary salt and aldosterone to urinary protein excretion 
in subjects with resistant hypertension. Hypertension. 2008;51(2):339-44.

17.	 Pimenta E, Gordon RD, Ahmed AH, Cowley D, Leano R, Marwick TH, et al. 
Cardiac dimensions are largely determined by dietary salt in patients with 
primary aldosteronism: results of a case-control study. J Clin Endocrinol 
Metab. 2011;96(9):2813-20.

18.	 Pimenta E, Gaddam KK, Oparil S, Aban I, Husain S, Dell’Italia LJ, et al. 
Effects of dietary sodium reduction on blood pressure in subjects with 
resistant hypertension: results from a randomized trial. Hypertension. 
2009;54(3):475-81.

19.	 Salles GF, Cardoso CR, Muxfeldt ES. Prognostic influence of office and 
ambulatory blood pressures in resistant hypertension. Arch Intern Med. 
2008;168(21):2340-6.

20.	 Bakris GL, Lindholm LH, Black HR, Krum H, Linas S, Linseman JV, et al. 
Divergent results using clinic and ambulatory blood pressures: report of a 
darusentan-resistant hypertension trial. Hypertension. 2010;56(5):824-30.

21.	 White WB. Ambulatory blood pressure monitoring as an investigative tool 
for characterizing resistant hypertension and its rational treatment. J Clin 
Hypertens (Greenwich). 2007;9(1 Suppl1):25-30. 

22.	 Cittadino M, Goncalves de Sousa M, Ugar-Toledo JC, Rocha JC, Tanus-
Santos JE, Moreno H Jr. Biochemical endothelial markers and cardiovascular 
remodeling in refractory arterial hypertension. Clin Exp Hypertens. 
2003;25(1):25-33.

23.	 Salles GF, Cardoso CR, Pereira VS, Fiszman R, Muxfeldt ES. Prognostic 
significance of a reduced glomerular filtration rate and interaction with 
microalbuminuria in resistant hypertension: a cohort study. J Hypertens. 
2011;29(10):2014-23.

24.	 Oliveria SA, Lapuerta P, McCarthy BD, L’Italien GJ, Berlowitz DR, Asch SM. 
Physician-related barriers to the effective management of uncontrolled 
hypertension. Arch Intern Med. 2002;162(4):413-20.

25.	 Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al. 
Recommendations of blood pressure measurement in humans and 
experimental animals. Part 1: blood pressure measurement in humans: 
a statement for professionals from the Subcommittee of Professional and 
Public Education of the American Heart Association Council on High Blood 
Pressure Research. Circulation. 2005;111(5):697-716.

26.	 Clark CE, Taylor RS, Shore AC, Ukoumunne OC, Campbell JL. Association 
of a difference in systolic blood pressure between arms with vascular 
disease and mortality: a systematic review and meta-analysis. Lancet. 
2012;379(9819):905-14.

27.	 de la Sierra A, Larrousse M, Oliveras A, Armario P, Hernández-Del Rey R, 
Poch E, et al. Abnormalities of vascular function in resistant hypertension. 
Blood Press. 2012;21(2):104-9.

28.	 Muxfeldt ES, Fiszman R, Castelpoggi CH, SallesGF. Ambulatory arterial 
stiffness index or pulse pressure: which correlates better with arterial stiffness 
in resistant hypertension? Hypertens Res. 2008;31(4):607-13.

29.	 Martins LC, Figueiredo VN, Quinaglia T, Boer-Martins L, Yugar-Toledo JC, 
Martin JF, et al. Characteristics of resistant hypertension: ageing, body mass 
index, hyperaldosteronism, cardiac hypertrophy and vascular stiffness. J 
Hum Hypertens. 2011;25(9):532-8.

30.	 Figueiredo VN, Yugar-Toledo JC, Martins LC, Martins LB, de Faria AP, de Haro 
Moraes C, et al. Vascular stiffness and endothelial dysfunction: correlations 
at different levels of blood pressure. Blood Press. 2012;21(1):31-8.

31.	 Sierra C, López-Soto A, Coca A. Connecting cerebral white matter lesions 
and hypertensive target organ damage. J Aging Res. 2011;2011:438978.

32.	 Muxfeldt ES, Bloch KV, Nogueira AR, Salles GF. Twenty-four hour ambulatory 
blood pressure monitoring pattern of resistant hypertension. Blood Press 
Monit. 2003;8(5):181-5.

33.	 Salles G, Cardoso C, Nogueira AR, Bloch K, Muxfeldt E. Importance of the 
eletrocardiographic strain pattern in patients with resistant hypertension. 
Hypertension. 2006;48(3):437-42.

34.	 Salles GF, Cardoso CRL, Fiszman R, Muxfeldt ES. Prognostic significance of 
baseline and serial changes in eletrocardiographic strain pattern in resistant 
hypertension. J Hypertens. 2010;28(8):1715-23.

35.	 Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic 
implications of echocardiographically determined left ventricular mass in 
the Framinghan Heart Study. N Engl J Med. 1990;322(22):1561-6.

36.	 Lonnebaken MT, Rieck AE, Gerdts E. Contrast stress echocardiography in 
hypertensive heart disease. Cardiovasc Ultrasound. 2011;9:33.

37.	 Kashgarian M. Hypertensive disease and kidney structure. In: Laragh 
JH, Brenner BM. (eds). Hypertension: pathophysiology, diagnosis and 
management. 2nd ed. New York: Raven Press; 1995. p. 433-43.

38.	 Toto RB. Hypertensive nephrosclerosis in African Americans. Kidney Int. 
2003;64(6):2331-41.

39.	 Cushman WC, Ford CE, Cutler JA, Margolis KL, Davis BR, Grimm RH, et al.; 
ALLHAT Collaborative Research Group. Success and predictors of blood 
pressure control in diverse North American settings: the antihypertensive 
and lipid-lowering treatment to prevent heart attack trial (ALLHAT). J Clin 
Hypertens (Greenwich). 2002;4(6):393-404.

40.	 Cuspidi C, Macca G, Sampieri L, Michev I, Salerno M, Fusi V, et al. High 
prevalence of cardiac and extracardiac target organ damage in refractory 
hypertension. J Hypertens. 2001,19(11):2063-70. 

41.	 Salles GF, Cardoso CR, Fiszman R, Muxfeldt ES. Prognostic importance of 
baseline and serial changes in microalbuminuria in patients with resistant 
hypertension.Atherosclerosis. 2011;216(1):199-204. 

42.	 Salles GF, Fiszman R, Cardoso CR, Muxfeldt ES. Relation of left ventricular 
hypertrophy with systemic inflammation and endothelial damage in resistant 
hypertension. Hypertension. 2007;50(4):723-8. 

43.	 Salles GF, Cardoso CR, Fiszman R, Muxfeldt ES. Prognostic impact of baseline 
and serial changes in electrocardiographic left ventricular hypertrophy in 
resistant hypertension. Am Heart J. 2010;159(5):833-40.

44.	 Gonçalves SC, Martinez D, Gus M, de Abreu-Silva EO, Bertoluci C, Dutra 
I, et al. Obstructive sleep apnea and resistant hypertension: a case-control 
study. Chest. 2007;132(6):1858-62. 

45.	 Drager LF, Genta PR, Pedrosa RP, Nerbass FB, Gonzaga CC, Krieger EM, et 
al. Characteristics and predictors of obstructive sleep apnea in patients with 
systemic hypertension. Am J Cardiol. 2010;105(8):1135-9.

46.	 Pedrosa RP, Drager LF, Gonzaga CC, Sousa MG, de Paula LK, Amaro 
AC, et al. Obstructive sleep apnea: the most common secondary cause 
of hypertension associated with resistant hypertension. Hypertension. 
2011;58(5):811-7.

47.	 Whaley-Connell A, Johnson MS, Sowers JR. Aldosterone: role in the 
cardiometabolic syndrome and resistant hypertension. Prog Cardiovasc Dis. 
2010;52(5):401-9.

48.	 Sowers JR, Whaley-Connell A, Epstein M. Narrative review: the emerging 
clinical implications of the role of aldosterone in the metabolic syndrome 
and resistant hypertension. Ann Intern Med. 2009;150(11):776-83.

583



Special Article

First Brazilian position on resistant hypertension

Arq Bras Cardiol 2012;99(1):576-585

49.	 Drager LF, Queiroz EL, Lopes HF, Genta PR, Krieger EM, Lorenzi-Filho G. 
Obstructive sleep apnea is highly prevalent and correlates with impaired 
glycemic control in consecutive patients with the metabolic syndrome. J 
Cardiometab Syndr. 2009;4(2):89-95.

50.	 Martins LC, Conceição FL, Muxfeldt ES, Salles GF. Prevalence and associated 
factors of subclinical hypercortisolism in patients with resistant hypertension. 
J Hypertens. 2012;30(5):967-73.

51.	 Boer-Martins L, Figueiredo VN, Demacq C, Martins LC, Consolin-Colombo 
F, Figueiredo MJ, et al. Relationship of autonomic imbalance and circadian 
disruption with obesity and type 2 diabetes in resistant hypertensive patients. 
Cardiovasc Diabetol. 2011;10:24.

52.	 Ubaid-Girioli S, Adriana de Souza L, Yugar-Toledo JC, Martins LC, Ferreira-
Melo S, Coelho OR, et al. Aldosterone excessor escape: treating resistant 
hypertension. J Clin Hypertens (Greenwich). 2009;11(5):245-52. 

53.	 Pedrosa RP, Drager LF, Gonzaga CC, Sousa MG, de Paula LK, Amaro 
AC, et al. Obstructive sleep apnea: the most common secondary cause 
of hypertension associated with resistant hypertension. Hypertension. 
2011;58(5):811-7. 

54.	 Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB, Weissmann P. 
Hyperaldosteronism among black and white subjects with resistant 
hypertension. Hypertension. 2002;40(6):892-6.

55.	 van Jaarsveld BC, Krijnen P, Pieterman H, Derkx FH, Deinum J, Postma CT, 
et al. The effect of balloon angioplasty on hypertension in atherosclerotic 
renal-artery stenosis. Dutch Renal Artery Stenosis Intervention Cooperative 
Study Group. N Engl J Med. 2000;342(14):1007-14.

56.	 Pacak K, Eisenhofer G, Ahlman H, Bornstein SR, Gimenez-Roqueplo AP, 
Grossman AB, et al. Pheochromocytoma: recommendations for clinical 
practice from the First International Symposium. October 2005. Nat Clin 
Pract Endocrinol Metab. 2007;3(2):92-102.

57.	 Law MR, Frost CD, Wald NJ. By how much does dietary salt reduction 
lower blood pressure? III--Analysis of data from trials of salt reduction. BMJ. 
1991;302(6780):819-24.

58.	 Midgley JP, Matthew AG, Greenwood CM, Logan AG. Effect of reduced 
dietary sodium on blood pressure: a meta-analysis of randomized controlled 
trials. JAMA. 1996;275(20):1590-7.

59.	 He FJ, MacGregor GA. Effect of modest salt reduction on blood pressure: 
a meta-analysis of randomized trials. Implications for public health. J Hum 
Hypertens. 2002;16(11):761-70.

60.	 Cutler JA, Follmann D, Allender PS. Randomized trials of sodium reduction: 
an overview. Am J Clin Nutr. 1997;65(2 Suppl):643S-651S.

61.	 Pimenta E, Gaddam KK, Oparil S, Aban I, Husain S, Dell’Italia LJ, et al. 
Effects of dietary sodium reduction on blood pressure in subjects with 
resistant hypertension: results from a randomized trial. Hypertension. 
2009;54(3):475-81.

62.	 Wildman RP, Gu D, Muntner P, Huang G, Chen J, Duan X, et al. Alcohol intake 
and hypertension subtypes in Chinese men. J Hypertens. 2005;23(4):737-43.

63.	 de Gaudemaris R, Lang T, Chatellier G, Larabi L, Lauwers-Cancès V, Maître 
A, et al. Socioeconomic inequalities in hypertension prevalence and care: 
the IHPAF Study. Hypertension. 2002;39(6):1119-25.

64.	 Aguilera MT, de la Sierra A, Coca A, Estruch R, Fernández-Solá J, Urbano-
Márquez A. Effect of alcohol abstinence on blood pressure: assessment 
by 24-hour ambulatory blood pressure monitoring. Hypertension. 
1999;33(2):653-7.

65.	 Lloyd-Jones DM, Evans JC, Larson MG, O’Donnell CJ, Roccella EJ, Levy D. 
Differential control of systolic and diastolic blood pressure: factors associated 
with lack of blood pressure control in the community. Hypertension. 
2000;36(4):594-9.

66.	 Bramlage P, Pittrow D, Wittchen HU, Kirch W, Boehler S, Lehnert H, et 
al. Hypertension in overweight and obese primary care patients is highly 
prevalent and poorly controlled. Am J Hypertens. 2004;17(10):904-10.

67.	 Cornelissen VA, Fagard RH, Coeckelberghs E, Vanhees L. Impact of resistance 
training on blood pressure and other cardiovascular risk factors: a meta-
analysis of randomized, controlled trials. Hypertension. 2011;58(5):950-8.

68.	 Bortolotto LA, Malachias MVB, Passarelli Jr O, Póvoa R. Combinações de 
fármacos anti-hipertensivos na prática clínica. São Paulo: Segmento Farma; 
2010. p. 89-100. 

69.	 Mancia G, Laurent S, Rosei-Agabiti E, Ambrosioni E, Burnier M, Caulfield MJ, 
et al.; European Society of Hypertension. Reappraisal of European guidelines 
on hypertension management : a European Society of Hypertension Task 
Force document. J Hypertens. 2009;27(11):2121-58.

70.	 Chapman N, Dobson J, Wilson S, Dahlöf B, Sever PS, Wedel H, et al.; Anglo-
Scandinavian Cardiac Outcomes Trial Investigators. Effect of spironolactone 
on blood pressure in subjects with resistant hypertension. Hypertension. 
2007;49(4):839-45.

71.	 Sarafidis PA, Bakris GL. Resistant hypertension: an overview of evaluation 
and treatment. J Am Coll Cardiol. 2008;52(22):1749-57. 

72.	 Hermida RC, Ayala DE, Mojón A, Fernández JR. Effects of time of 
antihypertensive treatment on ambulatory blood pressure and clinical 
characteristics of subjects with resistant hypertension. Am J Hypertens. 
2010,23(4):432-9.

73.	 Grassi G. Sympathetic neural activity in hypertension and related diseases. 
Am J Hypertens. 2010;23(10):1052-60.

74.	 Bisognano JD, Bakris G, Nadim MK, Sanchez L, Kroon AA, Schafer J, et 
al. Baroreflex activation therapy lowers blood pressure in patients with 
resistant hypertension: results from the double-blind, randomized, placebo-
controlled rheos pivotal trial. J Am Coll Cardiol. 2011;58(7):765-73.

75.	 Symplicity HTN-1 Investigators. Catheter-based renal sympathetic 
denervation for resistant hypertension: durability of blood pressure 
reduction out to 24 months. Hypertension. 2011;57(5):911-7.

76.	 Lozano L, Tovar JL, Sampol G, Romero O, Jurado MJ, Segarra A, et al. 
Continuous positive airway pressure treatment in sleep apnea patients 
with resistant hypertension: a randomized, controlled trial. J Hypertens. 
2010;28(10):2161-8.

584



Special Article
First Brazilian position on resistant hypertension

Arq Bras Cardiol 2012;99(1):576-585 585


