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Introduction

Background
Hypertension is one of the major cardiovascular risk factors, 

closely related to the major cardiovascular, neurological, and 
renal adverse events (1, 2). Resistant hypertension (RHT), char-
acterized by uncontrolled blood pressure (BP) despite intensive 
treatment, was shown to have 3 times more cardiovascular risk 
compared with controlled BP (3, 4). Moreover, this higher risk is 
not limited only to cardiovascular events, but also to end-organ 
damage. It is well documented that effective control of high BP 
in patients with RHT provides a significant decrease in major ad-
verse events including cardiovascular and renal problems (5, 6). 

Why a consensus document is required?
Considering the magnitude of the problem and its conse-

quences, effective treatment of RHT is very important to reduce 
this higher risk and requires better diagnosis and sophisticated 
treatment. However, there is no consensus on how to achieve 
this goal. Current guidelines are inconsistent in the definition of 
RHT and far away from suggesting effective management strate-

gies since they do not focus specifically on RHT (7-11). There is 
therefore a need for a brief up-to-date consensus, that explains 
the potential mechanisms leading to resistance in the control of 
high BP, and suggests effective structured treatment approaches 
for patients with RHT.

Aim of the proposed consensus document
This consensus paper reviews the major suggested mecha-

nisms underlying RHT and determines specific diagnostic path-
ways for these patients. It also proposes structured, evidence-
based treatment strategies to achieve adequate BP control. The 
main purpose of this document is to provide an algorithmic ap-
proach for the diagnosis of RHT, and recommend clear evidence-
based recommendations for the management of high BP and re-
lated end-organ damage.

Definition
Current guidelines generally define RHT as an office mea-

surement of BP >140/90 mm Hg despite three antihypertensive 
medications from different groups at ≥50% of the maximum dose, 
of which one of them is a diuretic (7-11). However, this definition 
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Consensus Statements for Resistant Hypertension Recommendation References

Definition

Failure to achieve adequate BP control determined by properly made office BP 
measurements and an ABPM, despite regularly taken three antihypertensive medication 
from different groups at ≥50% of the maximum dose, with one of them being a diuretic 
should be defined as RHT.

11, 14, 15

Diagnosis

The differential diagnosis of RHT should include pseudo-resistance, WCH, 
pseudohypertension, and secondary hypertension; and these conditions should be 
excluded before starting treatment.

14, 15, 32, 36, 39

Ambulatory BP monitoring should be included in the diagnostic workup of RHT to avoid 
misdiagnosis due to WCH. 36, 50

All patients with RHT should undergo basic laboratory tests including fasting blood 
glucose, serum sodium, potassium, calcium, chloride, bicarbonate, blood urea nitrogen, 
creatinine with eGFR, complete blood count, lipid profile, thyroid-stimulating hormone, 
urinalysis, urinary albumin-to-creatinine ratio, and 12-lead electrocardiogram.

7-10

Measurement of serum 25(OH)D concentration may be considered in patients with RHT. 80, 81

Transthoracic echocardiography and a urinary USG should be performed in all patients 
with RHT. 7-10

All patients with RHT should be screened for potential causes of secondary hypertension. 43, 44, 46, 47, 57, 63, 65, 
67, 68, 70, 71, 77-82

Patients with sudden onset or worsening hypertension under the age of 30 or over the age 
of 55, murmur over renal artery locations, unexplained asymmetry between two kidney 
sizes, increased serum creatinine level by more than 30% with the use of RAAS blockers 
or recurrent pulmonary edema associated with hypertensive fluctuations should undergo 
renal Doppler ultrasonography for screening renovascular disease.

52, 53

All patients with truly confirmed RHT should be screened for PA. 57-59

Hypertensive patients with hypokalemia, adrenal incidentaloma, sleep apnea, a family 
history of early-onset hypertension, or cerebrovascular accident at a young age should 
be screened for PA.

57-59

Hypertensive first-degree relatives of patients with PA should be screened for PA. 59

Hypertensive patients with lone AF may benefit from screening for PA. 61, 62

A paired morning plasma aldosterone and plasma renin activity should be measured to 
calculate aldosterone-to-renin ratio in patients with RHT to screen for PA. 58, 59

Hypertensive patients with features of Cushing syndrome such as proximal muscle 
weakness, easy bruisability, abnormal body fat distribution should be evaluated for 
Cushing syndrome.

64

All patients with RHT should be questioned about symptoms related to OSA and examined 
for increased neck circumference. The patients with a clinical suspicion of OSA should 
be referred to a specialist for a definitive evaluation.

70-73

Treatment

Intense treatment of BP should be forced to reach adequate BP control to improve poor 
prognosis seen in patients with RHT compared to other hypertensive patients. 5, 18

Lifestyle modification including reaching and keeping optimum body mass index, 
intensifying physical activity, moderation of alcohol ingestion, cessation of smoking, 
sleeping adequately, restriction of salt intake, and being nourished by the DASH diet 
should be advised to all patients with RHT.

50, 92-95
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does not discriminate between pseudo-resistance and true re-
sistance since it also includes patients with white coat hyperten-
sion (WCH) and patients who are non-adherent to medication. It 
also does not consider inaccurate BP measurements. Recent 
studies suggested the term ‘apparent RHT’ for office measure-
ment of BP >140/90 mm Hg despite three different antihyper-
tensive medications (12, 13). Thus, to better discriminate true 
RHT, the present consensus paper suggests that the following 
definition: failure of achieving adequate BP control, determined 
by properly made office BP measurements and an ambulatory 
BP monitorization (ABPM), despite of regularly taken three an-
tihypertensive medications from different groups at ≥50% of the 
maximum dose, with one of them being a diuretic.

Epidemiology
The prevalence of RHT shows a significant diversity among 

different studies. This diversity in prevalence seems to result 
from the different definitions. If the definition does not exclude 
pseudo-resistance, pseudo-hypertension, and WCH, the result 
may overestimate the true prevalence of RHT. Although, early 
studies using a broader definition for RHT report the prevalence 
as high as 21% (14), in a recent meta-analysis of 91 studies re-

porting the results of 3,207.911 patients on antihypertensive 
treatment, the prevalence of true RHT was 10.3% (15).

Prognosis
It is a well-known fact that increased BP is related to de-

creased survival (16, 17). Moreover, patients with RHT have a 
worse prognosis compared to other hypertensive patients. In 
a retrospective cohort study on 205,750 hypertensive patients, 
cardiovascular event rates were higher in patients with RHT 
(5). A prospective study including 470,386 hypertensive patients 
showed that RHT was strongly associated with end-stage renal 
disease (ESRD), ischemic heart event, congestive heart failure, 
cerebrovascular accident, and all-cause mortality (18). In this 
study, investigators further divided the RHT group into 2 sub-
groups: RHT controlled with ≥4 medications and RHT uncon-
trolled despite ≥3 medications. They found that the uncontrolled 
RHT group had more ESRD and cerebrovascular accidents com-
pared to the controlled RHT group (18).

Pathophysiology
Although, RHT and controlled HT have the same risk factors 

such as older age, high body mass index, chronic kidney disease 

Consensus Statements for Resistant Hypertension Recommendation References

The patients with RHT should be informed about the potential consequences of their 
disease, and the importance of pharmacological treatment, potential side effects of the 
drugs, and drug interactions to increase adherence to therapy. All patients should be 
encouraged to take their medications regularly.

5, 16, 18, 38, 39, 105

The first-line pharmacological treatment should include a combination of a RAAS blocker, 
a long-acting CCB, a potent diuretic. 30, 99, 106

Mineralocorticoid receptor antagonist should be preferred as the fourth drug in patients 
with uncontrolled BP despite first-line treatment to provide better BP control if eGFR ≥ 
45ml/min and serum potassium levels <4,5 mmol/l. The fifth drug should be chosen among 
beta-blockers or alpha-blockers according to heart rate.

30, 115, 116, 118

Rilmenidine may be preferred for add-on treatment in patients whose BP is not controlled 
despite the above medication because of its positive metabolic effects especially in 
patients with diabetes and dyslipidemia.

122-124

Beta-blockers should be added at any treatment step, when there is a specific indication, 
such as heart failure, angina pectoris, post-myocardial infarction, atrial fibrillation, or 
younger women with or planning a pregnancy.

7, 8

Loop diuretics should be preferred in patients with an eGFR <30 ml/min to provide more 
effective diuresis. 104

Eplerenone or amiloride may be used as an alternative to spironolactone in patients with 
side effects such as breast tenderness or gynecomastia. 112-114

The effective treatment combination determined for each patient should be given by using 
a minimum number of pills containing these antihypertensive agents in adjustable doses 
to increase treatment adherence.

105

Routine application of renal denervation therapy, baroreceptor activation therapy, or 
arteriovenous anastomosis is contraindicated until convincing data accumulates. 135-146

BP - blood pressure, ABPM - ambulatory blood pressure monitoring, RHT - resistant hypertension, WCH - white coat hypertension, eGFR - estimated glomerular filtration rate,
USG - ultrasonography, RAAS- renin-angiotensin-aldosterone system, PA - primary hyperaldosteronism, AF - atrial fibrillation, OSA - obstructive sleep apnea, DASH diet - Dietary 
Approaches to Stop Hypertension Diet, CCB - calcium channel blocker
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(CKD), and diabetes, which lead to endothelial dysfunction, arte-
rial stiffness, and vascular damage; the exact pathophysiology re-
sponsible for resistance is unclear. In a normal healthy system, BP 
is maintained by the sympathetic nervous system (SNS) and renin-
angiotensin-aldosterone system (RAAS), both of which function 
in coordination. Thus, overactive SNS and hyperaldosteronism, 
which result in volume overload and increased arterial stiffness, 
are the leading hypotheses in the pathophysiology of RHT (19).

Overactivation of SNS is an important contributor to RHT (20, 
21). A selective increase in cardiac and renal sympathetic stimu-
lation has been demonstrated in hypertensive patients (22). In 
the case of RHT, this stimulation is more powerful. Dudenbostel 
et al. (20) showed that 24-hour urinary normetanephrine levels 
are greater in RHT patients than in control subjects. Moreover, 
these patients had greater arterial stiffness, higher heart rate, 
and higher systemic vascular resistance (20). SNS also affects 
the kidney directly (23). It can directly increase renin secretion 
from juxtaglomerular granular cells in the kidney, inducing so-
dium reabsorption by renal tubular epithelial cells, and reducing 
renal blood flow through its impact on renal vasculature. In a 
healthy system, these effects are counter-regulated by nega-
tive feedback. However, in RHT, these feedback systems do not 
operate properly since afferent renal signals from the kidneys 
directed to the rostral ventrolateral medulla in the brain stem 
further potentiates the sympathetic outflow (24).

The other important mechanism in RHT pathophysiology is 
volume overload by RAAS overactivity (25, 26). Factors associ-
ated with volume overload are excess aldosterone, obesity, 
high dietary salt intake, and CKD (19, 27, 28). Recently the role 
of aldosterone in RHT pathogenesis became more apparent. Al-
dosterone plays a key role in sodium reabsorption and causes 
vasoconstriction in renal afferent and efferent arterioles (29). It 
also induces myocardial fibrosis and cardiac hypertrophy. The 
PATHWAY-2 (Prevention and Treatment of Hypertension With 
Algorithm-Based Therapy) trial demonstrated the superiority 
of spironolactone in RHT treatment compared to bisoprolol and 
doxazosin (30). A substudy of the PATHWAY-2 trial concluded 
that the antihypertensive effect of spironolactone was related 
to a significant reduction in thoracic fluid content. Based on this 
relationship, the authors suggested that RHT was attributable 
mainly to excess fluid retention, mediated by excess aldosterone 
(31). High dietary salt intake may also lead to volume overload. 
There is robust evidence of the association between dietary salt 
intake and RHT (29, 32, 33). Increased salt intake also promotes 
the adverse effects of vasoconstrictors on the vascular wall and 
contributes to arterial stiffness (34).

Different diseases and factors may lead to RHT via these 
pathophysiological mechanisms. Common reasons that should 
be considered in the etiology of RHT are given in Table 1.

Differential diagnosis
Determining the exact reason for resistance in RHT may pro-

vide more effective control of BP and prevent the consequences 

of hypertension. Thus, establishing a differential diagnosis is an 
important step to understand the problem and choose the best 
treatment. Figure 1 shows an algorithm for the differential diag-
nosis of RHT.

Figure 1. Algorithm for differential diagnosis of resistant hypertension

BP >140/90 mm Hg despite of 3 antihypertensive 
from different classes

Rule out BP measurement errors and white coat hypertension by 24-hour 
ambulatory BP measurement

Perform initial diagnostic tests including basic biochemical tests, 
electrocardiogram, urine analysis

Check adherence to medication and sodium restriction
Adjust the antihypertensive treatment considering optimal combination 

treatment in adequate dosages

True resistant hypertension

Perform screening tests in order to investigate the resistance to treatment 
(Table 3)
 Transthorasic echocardiography
 24-hour urine sodium excretion
 Urine albumin-to-creatinine ratio
 Renal ultrasound including renal Doppler evaluation
 Vitamin-D level
 Plasma aldosterone and plasma renin activity ratio
 24-hour urine metanephrine or plasma fractionated metanephrines in 
 patients with symptoms/signs suggesting pheochromocytoma
 24-hour urinary free cortisol, low-dose dexamethasone suppression 
 or late-night salivary cortisol tests in patients with symptoms/signs 
 suggesting Cushing syndrome
 Polysomnography or overnight oximetry in patients with symptoms/
 signs suggesting obstructive sleep apnea

Perform diagnostic tests according to results of the 
screening tests in order to reach definitive diagnosis

Table 1. Causes of resistance to hypertension treatment

Inaccurate measurement

White coat hypertension

Pseudohypertension

Pseudoresistant hypertension

Hypervolemia

Sympathetic nervous system overactivation

Renal problems

Endocrine disorders

Obstructive sleep apnea

Drugs

Vitamin D deficiency
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a. Inaccurate measurement
Inaccurate measurement of BP may lead to an incorrect di-

agnosis of RHT (35). Blood pressure should be measured in a 
quiet environment, after the patient has been seated for at least 
5 minutes, using a sphygmomanometer of an appropriate size for 
the patient’s arm, and calibrated according to standard proto-
cols (7). A minimum of 2 readings, one minute apart should be 
obtained for an accurate BP measurement (7, 8).

b. White coat hypertension
White coat hypertension is defined as high office BP mea-

surements despite controlled BP levels on home BP measure-
ments or ABPM. Several studies report that more than one-third 
of patients diagnosed with RHT using office BP measurements 
have normal ABPM values (36).

c. Pseudohypertension
Pseudohypertension is defined as a false measurement of 

elevated BP using a sphygmomanometer in elderly people, be-
cause of artery incompressibility from intense calcification (37). 
This false measurement may cause misdiagnosis of RHT, and 
lead to unnecessary additional drug prescription resulting in 
orthostatic hypotension and syncope. This is diagnosed by inva-
sive arterial BP measurement.

d. Pseudo-resistance
Pseudo-resistance resulting from non-adherence to life-

style measures and drug treatment is an important problem in 
the misdiagnosis of true RHT. The studies using 24-hour urinary 
sodium excretion to measure sodium intake suggest that most 
patients diagnosed with RHT do not follow sodium restriction 
recommendations (38). The particularly high amount of sodium 
consumption in the Turkish population (14.8 g/day on average) 
may be a very important factor in the failure of hypertensive 
treatment in our country (28). Non-adherence to drug treat-
ment is also a very common problem. Strauch et al. (39) found 
that 47% of patients were non-adherent to their medications 
by measuring serum levels of antihypertensive drugs, using 
liquid chromatography-mass spectrometry. Strikingly, in this 
study, the investigators could not detect any antihypertensive 
drug in the serum of 24% of patients (39). The frequent mis-
information on drugs in media and the common misbeliefs on 
the side effects of drugs may be some of the reasons for the 
high incidence of non-adherence. Also, complex drug regimens 
with multiple drugs and multiple daily doses for the treatment 
of hypertension, as well as polypharmacy due to other chronic 
diseases may be other important barriers to adherence. Solu-
tions to improve adherence must be multifactorial. Thus, us-
ing agents administered once daily and fixed-dose combina-
tion agents when available is recommended. Educating the 
patients, their families, and caregivers on hypertension, its 
consequences, and the possible adverse effects of drugs may 
improve adherence (8).

On the other hand, physicians’ therapeutic inertia may also 
lead to treatment failure in patients with hypertension resulting 
in pseudo-resistance. Extensive data suggests that many doc-
tors are reluctant to start and intensify drug treatment in patients 
with hypertension (40, 41). The delay in the proper management 
of high BP using correct combinations of antihypertensive drugs 
in adequate doses may be responsible for resistance to treat-
ment. Thus, physicians should not neglect to start effective an-
tihypertensive treatment and provide sufficient effort and time 
for therapeutic and lifestyle recommendations in each patient, 
to control BP.

Secondary hypertension
Secondary hypertension (SHT) is very common among pa-

tients with RHT. Potential causes of SHT should be screened in 
these patients. The frequency of diseases that cause hyperten-
sion differs with age. While the main reasons for SHT are en-
docrine disorders and obstructive sleep apnea in middle-aged 
patients, renal causes are more frequent in young adults and 
older patients (7).

a. Renal problems
Renal diseases are among the most common causes of RHT. 

Therefore, all hypertensive patients who remain resistant to 
medical treatment should be examined for potential renal dis-
eases. Generally, a careful history and physical examination may 
help to detect kidney problems in a patient. The frequent diag-
nostic tools used in these patients are serum biochemistry, urine 
analysis, imaging techniques, and more rarely, renal biopsy and 
histopathological examinations.

1) Renal parenchymal diseases
Markers of kidney damage include a history of renal trans-

plantation, presence of albuminuria or urinary sediment abnor-
malities, structural abnormalities revealed by imaging techniques 
(such as cortical scarring, contracted or polycystic kidneys), 
presence of renal tubular disorders (such as renal tubular aci-
dosis, nephrogenic diabetes insipidus), and the presence of 
glomerular, tubular or vascular abnormalities on kidney biopsy 
(such as systemic lupus erythematosus). The presence of either 
of these markers (with or without a decrease in glomerular filtra-
tion rate (GFR)) or having a GFR <60 ml/min/1.73 m2 (with or with-
out markers of renal damage) for ≥3 months is defined as CKD.

Pathogenesis is multifactorial and varies according to the 
cause, type, and degree of kidney damage. Impaired sodium 
excretion, increased intravascular volume, and RAAS overac-
tivity are the predominant pathophysiological mechanisms in 
many forms of CKD such as diabetic nephropathy, obstructive 
nephropathy, glomerulonephritis, pyelonephritis, and polycystic 
kidney disease (42). All these mechanisms are also responsible 
for hypertension seen in most patients with CKD.

The prevalence of RHT in patients with renal parenchymal 
diseases is more than 20% (43, 44), which is significantly higher 
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than in the general hypertensive population (15). The prevalence 
increases with more advanced CKD and albumin/creatinine ra-
tio >300 mg/g (45-47). Given that CKD affects more than 15 % of 
adults in the Turkish population (48), the magnitude of the epi-
demiological impact of RHT detected in this group can be esti-
mated. Moreover, CKD may obstruct the response to antihyper-
tensive treatment and promote resistance, which causes further 
damage to the kidneys, resulting in a vicious cycle (49). Thus, the 
diagnosis of RHT in patients with CKD requires special attention. 
An important dilemma is to determine whether RHT is a cause 
or a consequence of CKD. Other secondary causes should be 
evaluated and excluded before identifying CKD as the cause of 
RHT (50). Another important point concerns the individualization 
of treatment in these patients. The efficacy and safety of some 
antihypertensives, such as thiazide diuretics, spironolactone, 
hydralazine, and minoxidil should be evaluated by considering 
the etiology of CKD and the GFR of the patients (7).

2) Renovascular hypertension
Renal vascular hypertension (RVH) is defined as high sys-

temic BP that occurs when blood flow to the kidneys decreases 
due to partial or complete obstruction of at least one renal artery 
or its branches. Persistent occlusion of the renal artery lumen of 
80% or more disrupts baroreceptor signals in afferent arterioles, 
leading to the activation of the RAAS and the sympathoadrener-
gic system (51, 52).

Atherosclerotic renal artery stenosis is one of the most com-
mon causes of RVH and should be considered among the po-
tential causes of RHT, especially in elderly patients who smoke, 
have dyslipidemia, or already have atherosclerotic vascular le-
sions in other anatomical sites. In relatively young, non-obese 
women without atherosclerosis, RVH is often associated with 
fibromuscular dysplasia (8, 11).

Sudden onset or worsening hypertension under the age of 30 
or over the age of 55, presence of murmur over renal artery loca-
tions, unexplained asymmetry in kidney sizes, increased serum 
creatinine levels by more than 30% with the use of RAAS block-
ers, or recurrent pulmonary edema associated with hyperten-
sive fluctuations could be used for RVH screening (7, 11). Renal 
Doppler ultrasonography should be the first-line technique used 
for diagnosis. Although the results of randomized studies are 
discouraging, renal artery stenting may be useful in RHT patients 
who are refractory to maximum medical therapy and have pro-
gressive renal function deterioration or multiple flash pulmonary 
edema attacks (53-55).

b. Endocrine disorders
1) Primary hyperaldosteronism
Primary hyperaldosteronism (PA), one of the most common 

causes of RHT, is due to inappropriately secreted aldosterone 
from the adrenal cortex (56). Although the prevalence of PA 
varies among studies, it is generally reported to be about 20% 
in patients with RHT (57). Since delayed diagnosis may have 

a significant impact on patient outcome, all patients with 
confirmed RHT should be screened for PA (58, 59). Also, hy-
pertensive patients with spontaneous or diuretic-induced hy-
pokalemia, adrenal incidentaloma, or sleep apnea should be 
screened for PA. A family history of early-onset hypertension 
or cerebrovascular accident at a young age should alert the 
physicians on PA. Moreover, the familial clustering of PA ex-
ists, suggesting a genetic susceptibility of PA. Thus, in some 
cases, PA is hereditary and first-degree hypertensive relatives 
of patients with PA should also be screened (59). PA patients 
with positive family history also have an increased risk of ma-
jor cardiovascular events compared to those without a family 
history (60). Questioning for family history of PA is important in 
this context. Recent evidence suggests a connection between 
PA and atrial fibrillation (61, 62). Thus, patients presenting with 
lone atrial fibrillation may also benefit from screening tests for 
PA. Although hypokalemia is an important sign of PA, many of 
the patients with PA have normokalemia (63). The ratio of plas-
ma aldosterone concentration to plasma renin activity (ARR) is 
therefore recommended as an initial screening test (58). Patient 
preparation before measuring ARR is very important to avoid 
inaccurate results (58). The patient’s position (patient should 
be in a supine or sitting position for at least 60 minutes before 
sampling), diet (patient should be on an unrestricted salt diet), 
and potassium level (potassium deficiency should be correct-
ed) before testing are important factors to take into account 
for accurate measurements. Commonly used antihypertensive 
medications can also affect ARR testing (58, 59). Mineralocor-
ticoid receptor antagonists should be withdrawn for at least 4 
weeks before testing (59). Calcium channel blockers and doxa-
zosin may be used to control BP during this period. An ARR of 
>30 is the most adopted cut-off value, and >20 may be used if 
plasma aldosterone concentration is >16 ng/dL (59). If clinical 
suspicion is high, the patient should be referred to an endocri-
nologist for further evaluation no matter the results of the initial 
screening test. Patients with positive screening tests should 
undergo confirmatory tests, such as saline infusion, captopril 
challenge, oral sodium loading, or fludrocortisone suppres-
sion tests to definitively confirm the diagnosis of PA. However, 
patients with spontaneous hypokalemia, plasma renin below 
detection levels, and plasma aldosterone concentration above 
20 ng/dl may be exempted from confirmatory testing (59). After 
the diagnosis of PA is established, it is crucial to investigate the 
specific etiology of PA, to decide on the appropriate treatment, 
which can either be surgical or medical. Imaging modalities 
and adrenal venous sampling are used if necessary, to distin-
guish between unilateral and bilateral diseases (58, 59).

2) Cushing syndrome
Hypertensive patients with features of Cushing syndrome 

such as proximal muscle weakness, easy bruisability, and ab-
normal body fat distribution should be evaluated for Cushing 
syndrome (64). Low-dose dexamethasone suppression, 24-hour 
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urinary free cortisol, or late-night salivary cortisol tests are 
screening tests for autonomous cortisol production. If two of 
these screening tests are positive, then the etiology of hypercor-
tisolism should be investigated with further tests. If test results 
are abnormal or if there is a high suspicion of Cushing syndrome 
despite normal test results, the patient should be referred to an 
endocrinologist for further evaluation (65, 66).

3) Pheochromocytoma
Although the prevalence of pheochromocytoma is relative-

ly low, it is higher in patients referred for RHT (67). Patients 
should be questioned on paroxysmal hypertension, palpitation, 
perspiration, pallor, and pounding headache. If there is clini-
cal suspicion of pheochromocytoma, screening tests like the 
measurement of catecholamine metabolites in an appropri-
ately collected 24-hour urine (fractionated urinary metaneph-
rines) or plasma free metanephrines should be done (68). If the 
screening test is positive, patients should be referred for fur-
ther evaluation and treatment. Imaging studies should be initi-
ated to locate the lesion only after clear biochemical evidence 
of pheochromocytoma. A multidisciplinary approach with ex-
perts in endocrinology, cardiology, radiology, nuclear medicine, 
anesthesiology, and surgery is needed to evaluate, diagnose, 
treat and follow-up patients with pheochromocytoma, to en-
sure favorable outcomes (68, 69).

4) Other endocrine disorders
Hypo/hyperthyroidism, hyperparathyroidism/hypercalcemia, 

apparent mineralocorticoid excess disorders other than PA and 
acromegaly should also be suspected and evaluated accord-
ingly in patients with RHT, according to the patient’s clinical and 
laboratory findings (50).

c. Obstructive sleep apnea
Obstructive sleep apnea (OSA) is more prevalent among 

hypertensive patients, and its prevalence reaches 71-83% in 
patients with RHT (70-72). OSA is shown to be one of the major 
risk factors for RHT (73). Therefore, all patients with RHT should 
be questioned on snoring, daytime sleepiness, morning head-
ache, choking, and gasping in sleep (72). Screening question-
naires can be helpful to identify adult patients with increased 
risk of OSA. Increased neck circumference is also an important 
finding in OSA. If there is clinical suspicion of OSA, referral to a 
specialist should be considered for further evaluation. Patients 
suspected of having OSA should be evaluated with overnight 
polysomnography to diagnose OSA, and this should be treated 
accordingly (72).

d. Aortic coarctation
Aortic coarctation is one of the most common congenital 

heart diseases presenting with upper extremity hypertension 
resistant to treatment. It is an important cause of childhood hy-
pertension and is characterized by a narrowing in the descend-

ing thoracic aorta, usually occurring distal to the left subclavian 
artery origin (74). The definitive diagnosis relies on imaging by 
echocardiography, computed tomography (CT), or magnetic 
resonance imaging (MRI). Surgical or transcatheter correction 
of aortic coarctation which results in significant obstruction to 
blood flow is recommended in patients with hypertension (74). 
Despite the correction of coarctation using the methods afore-
mentioned, hypertension persists in up to one-third of patients 
(75). All patients with aortic coarctation and hypertension should 
therefore get an effective medical treatment to prevent long 
term complications such as left ventricular hypertrophy, renal 
dysfunction, and intracranial aneurysms.

e. Drugs
Several classes of pharmacological agents may contribute 

to RHT (76). Nonsteroidal anti-inflammatory drugs, oral contra-
ceptive agents, erythropoietin, estrogen/progesterone hormone 
replacement therapies, immunosuppressive agents such as cy-
closporine and tacrolimus, and sympathomimetic amines may 
increase BP via a variety of mechanisms (50). Also, antineoplas-
tic agents such as tyrosine kinase inhibitors and antidepressants 
can exacerbate hypertension. Therefore, a comprehensive his-
tory of medications and over the counter agents should be ob-
tained in all patients with RHT (77). Common drugs that may lead 
to RHT are given in Table 2.

f. Vitamin D deficiency
Vitamin D deficiency is known to be related to hypertension 

(78, 79). Recently, it was also found to be related to RHT (80). 
Moreover, in a study evaluating 101 patients with RHT treated 
with renal denervation, those with significant vitamin D defi-
ciency showed a blunted decrease in SBP in response to treat-
ment (81). Although the evidence is still building, this relation-
ship seems to result from increased activation of RAAS (82, 83). 
Vitamin D deficiency is very common in Turkey with a reported 
prevalence of almost 75% (84, 85). Thus, patients with RHT may 
benefit from serum 25(OH)D concentration measurement.

Table 2. Common drugs causing resistant hypertension

Non-steroidal anti-inflammatory drugs

Sympathomimetics (nasal decongestants)

Glucocorticoids, mineralocorticoids

Alcohol

Vascular endothelial growth factor inhibitors

Cyclosporine, tacrolimus

Oral contraceptives

Erythropoietin

Cocaine

Amphetamines

Antidepressants (monoamine oxidase-1 inhibitors)
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Basic diagnostic workup for the etiology of resistance to 
antihypertensive therapy
a. Basic laboratory tests:
Basic laboratory tests should include fasting blood glucose, 

serum sodium, potassium, calcium, chloride, bicarbonate, blood 
urea nitrogen, serum creatinine with estimated GFR (eGFR), 
complete blood count, lipid profile, thyroid-stimulating hormone, 
urine analysis, urinary albumin-to-creatinine ratio, and 12-lead 
electrocardiogram. These tests aim to establish a cardiovascu-
lar risk profile, screen for SHT, and guide in the selection of anti-
hypertensive medications (7). Serum uric acid levels may also be 
measured optionally. An eGFR value of <60 ml/min/1.73 m2 and/
or urine albumin-to-creatinine ratio of ≥300 mg/g should raise 
suspicion of CKD (8). If non-adherence to salt restriction is sus-
pected, a 24-hour urine sodium excretion measurement may give 
an idea on the patient’s sodium intake, sodium-sparing drugs, 
and several subtypes of CKD (86). In patients with RHT, a paired 
morning plasma aldosterone and plasma renin activity should 
be obtained to calculate the ARR, recommended as the first-line 
screening tool for PA. An ARR of >30 is the most commonly ad-
opted cut-off value and >20 may be accepted if plasma aldoste-
rone concentration is >16 ng/dL (50). Although sensitive, a posi-
tive ARR is not always diagnostic and further evaluation by a salt 
suppression test and non-suppression of aldosterone secretion 
in response to salt loading is required. Failure to suppress plas-

ma aldosterone concentration to < 10 ng/dL with adequate salt 
loading is consistent with PA (87). If the initial evaluation and 
physical examination raise the suspicion of pheochromocyto-
ma/paraganglioma, 24-hour urinary fractionated metanephrines 
or plasma free metanephrines should be evaluated (68). When 
Cushing syndrome is suspected, 24-hour urinary free cortisol 
(repeated at least twice), late-night salivary cortisol (repeated 
at least twice), or 1-mg overnight dexamethasone suppression 
tests may be used (87, 88). Basic tests used for screening and 
diagnosis of RHT are summarized in Table 3.

b. Imaging:
Transthoracic echocardiography should be performed in all 

patients with RHT (7). Disparities between in-office and out-of-
office BP can be adjudicated by an ABPM (4). Urinary ultraso-
nography (USG) should be the first examination to determine the 
structural anatomy of the urinary system, including the kidneys 
(86). Imaging for renal artery stenosis in patients with RHT should 
be reserved for those with a high likelihood of RVH. Calculation 
of aortic and renal artery velocities by duplex USG of the renal 
arteries is preferred over CT and magnetic resonance angiogra-
phy as a screening tool. Selective renal angiography in the ab-
sence of suspicious noninvasive imaging is not recommended 
(50). Once blood tests establish the presence of PA, an adrenal 
CT scan is the first-line imaging tool to distinguish adrenal ade-

Table 3. Diagnostic workup for the etiology of resistance to antihypertensive therapy

Etiology Laboratory test Imaging

High salt intake 24-hour urine sodium excretion -

Renal parenchymal disease Serum creatinine, electrolytes, eGFR, urinalysis for Renal ultrasound

 blood and protein, urine albumin-to-creatinine ratio

Renovascular disease Rise in serum creatinine during ACE/ARB treatment Renal duplex ultrasonography

  Abdominal CTA/MRA

  Selective renal angiography

Primary hyperaldosteronism Serum potassium (may be normal) Adrenal CT scan

 Plasma aldosterone and plasma renin activity Selective adrenal venous sampling

 Salt loading test

Pheochromocytoma/paraganglioma Plasma free metanephrines CT/MRI scan of the abdomen/pelvis

 Urinary fractionated metanephrines I123-MIBG scan (functional imaging for metastasis)

 Clonidine suppression test 18F-FDG PET/CT scan for metastasis

Cushing syndrome 24-hour urinary free cortisol levels (2 sets) Pituitary MRI

 Late-night salivary cortisol (2 sets) CT/MRI scan of the thorax/abdomen

 1-mg overnight dexamethasone suppression test Nuclear imaging

 Longer low dose dexamethasone (2 mg/d for 48 h) test Adrenal CT/MRI

Obstructive sleep apnea - Polysomnography

  Overnight oximetry

Aortic coarctation - TTE

  Thoracic/abdominal CTA/MRA
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noma from bilateral adrenal hyperplasia. This distinction will in-
fluence the decision for medical or surgical treatment. Selective 
adrenal venous sampling can be used to make the distinction 
between unilateral and bilateral adrenal disease (58, 87). CT or 
MRI of the abdomen/pelvis can be performed for the diagnosis of 
pheochromocytoma/paraganglioma (68). Once the diagnosis of 
ACTH-dependent Cushing syndrome is confirmed by laboratory 
tests, a high-resolution pituitary MRI with a gadolinium-based 
contrast agent should be performed. The ectopic source of the 
ACTH can be sought by thoracic or abdominal CT, MRI, or nu-
clear imaging. In ACTH-independent Cushing syndrome, adrenal 
imaging with CT or MRI is recommended (89). Polysomnography 
or overnight oximetry is diagnostic for OSA. Aortic coarctation 
can be evaluated by echocardiography, thoracic and abdominal 
CT, or magnetic resonance angiogram (90, 91).

Treatment
a. Nonpharmacological approach
Lifestyle modification is a component of nonpharmacological 

treatment and is an important aspect of RHT management. Ad-
hering to healthy lifestyle behaviors was found to be related to 
a significant reduction in cardiovascular events in patients with 
RHT. The cardiovascular event rate was significantly lower in RHT 
patients practicing ≥2 healthy lifestyle behaviors compared to 
patients practicing 0 or 1 healthy lifestyle behavior (92). Patients 
should always be recommended to modify their lifestyle by los-
ing weight, intensifying physical activity, smoking cessation, al-
cohol intake moderation, and starting a low sodium diet [Dietary 
Approaches to Stop Hypertension (DASH)] (93). The DASH diet 
pattern was developed to lower BP without medication by the 
National Institute of Health (94). It encourages people to reduce 
the amount of sodium in their diet and eat a variety of foods rich 
in nutrients that help lower BP such as potassium, calcium, and 
magnesium. DASH diets include lots of whole grains, fruits, vegeta-
bles, and low-fat dairy products. There is great evidence suggest-
ing a strong association between dietary salt intake and RHT (95, 
96). Salt restriction [low sodium diet (1.75 g of sodium/day)] may 
decrease BP by 5.4/2.8 mm Hg in hypertensive patients (95). This 
benefit may be greater in the case of aldosterone-induced sodium 
and fluid retention. The World Health Organization recommends 
the restriction of salt intake to <5 g/day in adults (97).

Patients with HT should also have ≥6 h uninterrupted sleep 
for better BP control (50). Vitamin D deficiency is significantly 
common in our country and patients with RHT should be encour-
aged to sunbath properly in natural sunshine (98).

Maximizing lifestyle interventions may help to decrease the 
number and dosage of pharmacological treatments in patients 
with RHT.

b. Pharmacological treatment
The combination of a RAAS blocker, a long-acting calcium 

channel blocker (CCB), and a diuretic at maximally tolerated 
doses is the optimal option in the treatment of RHT since these 

three classes provide complementary mechanisms of action, 
safety, tolerability, and efficacy. Long-acting compounds from 
these three classes are available. Among CCB, dihydropyridines 
may be preferred because of greater evidence from randomized 
clinical trials (RCT) and better side effect profile compared to 
non-dihydropyridines (99). Randomized controlled trials showed 
that volume overload (especially in CKD patients) or sympathetic 
tonus increase are the most common underlying mechanisms 
of RHT. Although there is limited evidence for RHT treatment, 
the addition of a potent diuretic to sodium restriction with the 
aim of removing volume overload is accepted as the most ef-
fective strategy, especially in patients with CKD. Increasing the 
diuretic dose or changing it with a potent thiazide-like diuretic 
(indapamide or chlorthalidone) may help in BP control. There is 
significant evidence that shows that chlorthalidone and indap-
amide decrease cardiovascular outcomes. Furthermore, switch-
ing from hydrochlorothiazide to the same dose of chlorthalidone 
provides 7-8 mm Hg additional reduction in systolic BP (100-102). 
Thiazide diuretics cannot provide natriuresis when eGFR <45 ml/
min but chlorthalidone is effective up to an eGFR <30 ml/min for 
natriuresis (103). Below an eGFR of 30 ml/min or in cases with 
hypo-albuminemia, long-acting loop diuretic torsemide should 
be used for effective diuresis (104). All these different classes 
of diuretics should be used in maximally tolerated doses (hydro-
chlorothiazide 50 mg, chlorthalidone 25 mg, indapamide 2.5 mg, 
and torsemide 2.5-5 mg). CCB and RAAS blockers should also be 
used at their maximally tolerated doses (50).

Another important issue is the maintenance of adherence to 
antihypertensive drugs. Once an effective treatment combina-
tion has been found, switching to a single pill containing these 
antihypertensive agents in adjustable doses is an important step 
to ensure treatment adherence (105).

If BP targets cannot be reached despite all these treatment 
strategies, recent evidence suggests the addition of a mineralo-
corticoid receptor antagonist (spironolactone or eplerenone) to 
the treatment as the fourth antihypertensive drug. The placebo-
controlled, double-blinded randomized PATHWAY-2 trial demon-
strated that spironolactone is more effective than alpha-blocker 
doxazosin and beta-blocker bisoprolol for decreasing BP in RHT 
(30). In the Resistant Hypertension Optimal Treatment (ReHOT) 
trial, investigators compared a potent diuretic chlorthalidone with 
spironolactone. Both drugs decreased BP in patients with RHT, 
but spironolactone at 50 mg/day dose provided greater reduction 
in 24-hour and daytime ambulatory BP (106). Many other studies 
and meta-analysis suggest the superiority of spironolactone espe-
cially in low renin activity and salt-sensitive hypertensive states 
(107-112). Tolerability is an important problem with spironolactone 
because of more common side effects including breast tender-
ness and gynecomastia in men. Amiloride 10-20 mg/day or eplere-
none 50-100 mg/day may be an alternative to spironolactone in 
these patients (30, 113). Eplerenone should be administered twice 
daily for optimal effect because of its shorter half-life (114). The 
risk of hyperkalemia is high in patients with eGFR <45 ml/min and/
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or serum potassium level >4.5 mmol/L. Therefore, spironolactone 
should not be preferred in these patients.

Despite their inferior efficacy compared to spironolactone 
in comparative studies, another pharmacological option in RHT 
is specific alpha-1 blockers. In this group, doxazosin decreases 
BP by an average of 12/7 mm Hg in hypertensive patients and 
is usually well tolerated (115). In RHT, the decrease in BP with 
doxazosin may be greater (116). However, in the Antihyperten-
sive and Lipid-Lowering Treatment To Prevent Heart Attack Trial 
(ALLHAT), doxazosin-induced heart failure was more common 
compared to chlorthalidone and should be used cautiously in 
patients with heart failure (117). Sympathetic activity may be the 
underlying mechanism of RHT, and a heart rate >80 beats/min 
may reflect it. Thus, the decision of a fifth drug should consider 
heart rate as a reflection of sympathetic tonus (118). Bisoprolol 
5-10 mg/day or doxazosin modified release 4-8 mg/day may be 
used in RHT when spironolactone is contraindicated or not toler-
ated according to PATHWAY-2 trial evidence (30). Beta-blockers 
could be added at any treatment step when there is a specific in-
dication such as heart failure, angina pectoris, post-myocardial 
infarction, atrial fibrillation, or younger women with or planning 
pregnancy (7).

Central vasodilator hydralazine with nitrate combination may 
be used in patients with heart failure. Minoxidil may be considered 
if BP could not be controlled with the above-described measures 
(50, 119). It should be noted that hydralazine can cause increased 
sympathetic tone and sodium retention, and minoxidil induces hir-
sutism. Another central vasodilator rilmenidine shows selective 
binding to I1 imidazoline receptors. It results in an antihyperten-
sive effect mainly through reduced total peripheral resistance by 
a reduction in sympathetic activity (120, 121). Evidence from stud-
ies with a limited number of patients supports that it does not have 
the classical adverse effects of centrally acting agents. Moreover, 
rilmenidine has positive metabolic effects especially in patients 
with diabetes and dyslipidemia (122-124).

Vitamin D deficiency is highly prevalent in Turkey (84, 85) and 
is shown to be related to RHT (81-83). However, there is no data 
regarding the effects of pharmacologically corrected Vitamin D 
deficiency in RHT. Until convincing evidence accumulates, cor-
rection of vitamin D deficiency by nonpharmacological mea-
sures should be preferred. In patients who do not respond or 
respond inappropriately to these measures, pharmacological 
supplements may be given to correct vitamin D levels. The algo-
rithm for the treatment of RHT is given in Figure 2.

c. Investigational drugs
1) Firibastat
Aminopeptidase A is the enzyme responsible for the conver-

sion of angiotensin II to angiotensin III in the brain. Inhibition of 
aminopeptidase A down-regulates the brain renin-angiotensin 
system and decreases sympathetic outflow (125). In the NEW-
HOPE study, firibastat was shown to decrease BP significantly in 
patients with stage-2 hypertension with a good safety profile (126). 

Although there is no data on its role in RHT treatment, firibastat 
was found to be effective in patients who are at high risk for RHT 
in a sub-analysis of the NEW-HOPE study. Thus, firibastat may be 
a promising molecule in patients with RHT. However, more data is 
needed before using firibastat in routine daily practice.

2) Empaglifozin
Empaglifozin is a sodium-glucose cotransporter-2 inhibitor 

that is mainly indicated in Type II diabetes mellitus for glycemic 
control. In the EMPA-REG OUTCOME study, empaglifozin provid-
ed a mortality benefit and a decrease in heart failure hospitaliza-
tions (127). These positive effects on cardiovascular outcomes 

Figure 2. Algorithm for treatment of resistant hypertension
a: Beta blocker treatment can be add at any step presence of specific indication eg. 
heart failure, angina, post-MI, atrial fibrillation, younger women with, or, planning 
pregnancy
*: Combination tablets with adjustable doses considered when effective treatment 
has been found for maintenance drug adherence at any level

Optimal Combination of
Renin-Angiotensin-Aldosterone System Blocker

+
Calcium Channel Blocker (Long acting)

+
Diuretic

Maximally tolerated doses

Maximize diuretic treatment: Substitute optimally dosed thiazide-like or
high dose diuretic

Chlorthalidone 25 mg or Indapamide 2.5 mg per a day are more effective 
than hydrochlorothiazide. If hydrochlorothiazide used it should be 2x25 
mg/day dose. A loop diuretic should replace if the estimated glomerular 

filtration rate is <30 mL/min.

Add mineralocorticoid receptor antagonist

Spironolactone 25-50 mg/day. When spironolactone is not tolerated, 
replace with amiloride or eplerenone.

Add beta-blocker and/or alpha blocker

Asses to sympathetic activity: Heart rate >80 /min add a bisoprolol
5-10 mg/day. If beta-blocker contraindicated add doxazosin

modified release 4-8 mg/day

Add hydralazine or minoxidil

Hydralazine and nitrate combination can be used in heart failure patients

BP still not at target*

BP still not at target*

BP still not at target*

BP still not at target*

Step 1a

Step 2a

Step 3a

Step 4a

Step 5a
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are speculated to result from its effects on BP and weight con-
trol (128). Moreover, empaglifozin was tested in diabetic African 
American patients with hypertension in a short-term prospec-
tive study and provided a significant decrease in BP (129). Fur-
ther randomized, long-term studies are required to understand 
the effect of empaglifozin in the treatment of hypertension.

3) Sacubitril/valsartan
Sacubitril/valsartan, a combination of an ARB and a nepri-

lysin inhibitor provided a mortality and morbidity benefit com-
pared to ARB alone in patients with heart failure, with the incon-
venience of more significant hypotensive attacks resulting from 
extensive vasodilatation (130). However, this feature of sacubi-
tril/valsartan may be an advantage in the treatment of hyperten-
sion. Compatible with this view, several studies investigated the 
potential of sacubitril/valsartan in hypertension treatment and 
found positive results (131-133). Sacubitril/valsartan decreased 
BP significantly and was found to be superior compared to 
ARBs, especially in elderly patients with arterial stiffness (133, 
134). However, it has not been studied in patients with RHT. Thus, 
despite the potential benefit of sacubitril/valsartan as an antihy-
pertensive, more qualified data is required on its usefulness in 
patients with RHT.

d. Invasive treatment
1) Renal denervation therapy
The sympathetic nervous system increases renal vascular 

resistance, renin release, and sodium absorption from the kid-
neys. Radiofrequency, ultrasound, and neurotoxin agents are 
used for renal denervation (RDN). The results of RDN are con-
fusing in terms of efficacy and safety. Effective BP decrease 
with RDN has been detected in some observational studies and 
Symplicity-HTN 1 and 2 studies (135, 136). However, the lack of 
sham groups in these studies received great criticism. There-
fore, two RCTs with a sham procedure control, one of which 
was Symplicity-HTN 3, were planned to complete this deficit. In 
these two studies, RDN was not found to be superior to medi-
cal treatment in terms of BP decrease, and no difference was 
found in terms of safety (137, 138). The inability to measure the 
decrease in sympathetic activity, the complex physiopathology 
of hypertension, and the lack of knowledge of the long-term con-
sequences of decreased sympathetic activity limits the practice 
of RDN. The SPYRAL HTN-OFF MED and SPYRAL HTN-ON MED 
studies performed with multielectrode catheters seem promis-
ing to achieve effective BP reduction with RDN in patients with 
and without pharmacotherapy (139, 140). However, the present 
data is still not adequate to recommend RDN in the treatment of 
RHT with confidence.

2) Baroreceptor activation therapy
In the baroreceptor activation therapy, the electrodes placed 

in the carotid artery stimulate the receptors via stimuli from the 
chest pulse generator. As a result, sympathetic activation is 

reduced by the vagus nerve. Although the second-generation 
device seems safe (141), the lack of RCT, its cost, and the ne-
cessity of complicated surgery restrict its development. The less 
invasive endovascular stent-like device inserted into the carotid 
artery was found to effectively reduce BP in the first human data 
(142). However, there is a need for RCTs to prove its safety and 
efficacy.

3) Arteriovenous anastomosis
In patients with advanced chronic obstructive pulmonary 

disease and hypertension, an arterio-venous (AV) shunt created 
to increase cardiac output and oxygen delivery causes an im-
mediate decrease in BP (143). The creation of an AV fistula in 
patients with ESRD for hemodialysis results in a significant de-
crease in BP (144). Thus, the creation of such an AV anastomo-
sis between central vessels may help to control BP in patients 
with RHT by providing a low resistance area to remove extensive 
pressure from the arterial system. The benefit of AV anastomosis 
in RHT has been investigated in prospective, randomized, con-
trolled ROX-CONTROL HNT study. Despite a significant decrease 
in BP at 6 months and 1 year, a remarkable number of patients 
developed venous iliac stenosis related to the procedure (145, 
146). Moreover, the effects of a permanent AV shunt on cardiac 
hemodynamics is not known.

Conclusion

RHT shows a significant prevalence and is related to signifi-
cant mortality and morbidity. The development of guidelines spe-
cifically targeting this issue may help to decrease these adverse 
effects. The exact diagnosis of RHT may provide better usage of 
sources and prevent the negative consequences of over-treat-
ment. Determining the underlying cause may increase the suc-
cess of treatment. In the case of resistant essential hypertension, 
treatment should be changed to a combination of RAAS blocker, 
CCB, and a powerful diuretic in addition to proper nonpharmaco-
logical treatment as first-line. Spironolactone should be the first 
agent for add-on treatment in patients without contraindications. 
In patients who are resistant to these drugs, alpha-blockers, beta-
blockers, I1 imidazoline receptor agonists, or peripheral vasodi-
lators may be used. Further studies are required to understand 
the exact pathophysiological mechanisms causing resistance to 
treatment, and to choose the best drug combination to increase 
success rates in the treatment of RHT.

Conflict of interest: None declared.

Peer-review: Externally and internally peer-reviewed.

Authorship contributions: Concept – A.Ş.; Design – A.Ş.; Supervi-
sion – A.Ş.; Fundings – A.Ş.; Materials – N/A; Data collection &/or pro-
cessing – A.Ş., E.G. M.A., Ç.Ö., G.U.O., Ö.U.E.; Analysis &/or interpreta-
tion – A.Ş., E.G. M.A., Ç.Ö., G.U.O., Ö.U.E., E.B.; Literature search – A.Ş., 



Şahinarslan et al.
Consensus paper on resistant hypertension

Anatol J Cardiol 2020; 24: 137-52
DOI:10.14744/AnatolJCardiol.2020.74154148

E.G. M.A., Ç.Ö., G.U.O., Ö.U.E., E.B.; Writing – A.Ş., E.G. M.A., Ç.Ö., G.U.O., 
Ö.U.E., E.B.; Critical review – A.B., Ü.D., N.B.T., A.Y.

References

1. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al.; IN-
TERHEART Study Investigators. Effect of potentially modifiable risk 
factors associated with myocardial infarction in 52 countries (the 
INTERHEART study): case-control study. Lancet 2004; 364: 937-52.

2. Banegas JR, Lopez-Garcia E, Dallongeville J, Guallar E, Halcox JP, 
Borghi C, et al. Achievement of treatment goals for primary preven-
tion of cardiovascular disease in clinical practice across Europe: 
the EURIKA study. Eur Heart J 2011; 32: 2143-52. [CrossRef]

3. Pierdomenico SD, Lapenna D, Bucci A, Di Tommaso R, Di Mascio 
R, Manente BM, et al. Cardiovascular outcome in treated hyper-
tensive patients with responder, masked, false resistant, and true 
resistant hypertension. Am J Hypertens 2005; 18: 1422-8. [CrossRef]

4. Fagard RH, Cornelissen VA. Incidence of cardiovascular events in 
white-coat, masked and sustained hypertension versus true nor-
motension: a meta-analysis. J Hypertens 2007; 25: 2193-8. [CrossRef]

5. Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA, Mar-
golis KL, et al. Incidence and prognosis of resistant hypertension in 
hypertensive patients. Circulation 2012; 125: 1635-42. [CrossRef]

6. Fatemi O, Goa C, Faselis C, Kokkinos P, Papademetriou V. Improve-
ment in All-Cause Mortality With Blood Pressure Control in a 
Group of US Veterans With Drug-Resistant Hypertension. J Clin 
Hypertens (Greenwich) 2016;18: 33-9. [CrossRef]

7. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier 
M, et al.; Authors/Task Force Members:. 2018 ESC/ESH Guidelines 
for the management of arterial hypertension: The Task Force for 
the management of arterial hypertension of the European Society 
of Cardiology and the European Society of Hypertension: The Task 
Force for the management of arterial hypertension of the European 
Society of Cardiology and the European Society of Hypertension. J 
Hypertens 2018; 36: 1953-2041. [CrossRef]

8. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, 
Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, 
Detection, Evaluation, and Management of High Blood Pressure 
in Adults: Executive Summary: A Report of the American College 
of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines. Hypertension 2018; 71: 1269-324. [CrossRef]

9. Boffa RJ, Constanti M, Floyd CN, Wierzbicki AS; Guideline Commit-
tee. Hypertension in adults: summary of updated NICE guidance. 
BMJ 2019; 367: l5310. [CrossRef]

10. Aydoğdu S, Güler K, Bayram F, Altun B, Derici Ü, Abacı A, et al. 
2019 Turkish Hypertension Consensus Report. Turk Kardiyol Dern 
Ars 2019; 47: 535-46. [CrossRef]

11. Nerenberg KA, Zarnke KB, Leung AA, Dasgupta K, Butalia S, Mc-
Brien K, et al.; Hypertension Canada. Hypertension Canada's 2018 
Guidelines for Diagnosis, Risk Assessment, Prevention, and Treat-
ment of Hypertension in Adults and Children. Can J Cardiol 2018; 
34: 506-25. [CrossRef]

12. Durand H, Hayes P, Morrissey EC, Newell J, Casey M, Murphy AW, 
et al. Medication adherence among patients with apparent treat-
ment-resistant hypertension:systematic review and meta-analysis. 
J Hypertens 2017; 35: 2346-57. [CrossRef]

13. Patel KV, Li X, Kondamudi N, Vaduganathan M, Adams-Huet B, Fon-
arow GC, et al. Prevalence of Apparent Treatment-Resistant Hy-

pertension in the United States According to the 2017 High Blood 
Pressure Guideline. Mayo Clin Proc 2019; 94: 776-82. [CrossRef]

14. Yakovlevitch M, Black HR. Resistant hypertension in a tertiary care 
clinic. Arch Intern Med 1991; 151: 1786-92. [CrossRef]

15. Noubiap JJ, Nansseu JR, Nyaga UF, Sime PS, Francis I, Bigna JJ. 
Global prevalence of resistant hypertension: a meta-analysis of 
data from 3.2 million patients. Heart 2019; 105: 98-105. [CrossRef]

16. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective 
Studies Collaboration. Age-specific relevance of usual blood pres-
sure to vascular mortality: a meta-analysis of individual data for one 
million adults in 61 prospective studies. Lancet 2002; 360: 1903-13.

17. Smith SM, Huo T, Delia Johnson B, Bittner V, Kelsey SF, Vido Thomp-
son D, et al. Cardiovascular and mortality risk of apparent resistant 
hypertension in women with suspected myocardial ischemia: a 
report from the NHLBI-sponsored WISE Study. J Am Heart Assoc 
2014; 3: e000660. [CrossRef]

18. Sim JJ, Bhandari SK, Shi J, Reynolds K, Calhoun DA, Kalantar-Za-
deh K, et al. Comparative risk of renal, cardiovascular, and mortali-
ty outcomes in controlled, uncontrolled resistant, and nonresistant 
hypertension. Kidney Int 2015; 88: 622-32. [CrossRef]

19. Townsend RR. Pathogenesis of drug-resistant hypertension. Semin 
Nephrol 2014; 34: 506-13. [CrossRef]

20. Dudenbostel T, Acelajado MC, Pisoni R Li P, Oparil S, Calhoun DA. 
Refractory hypertension: evidence of hightened sympathetic activ-
ity as a cause of antihypertensive treatment failure. Hypertension 
2015; 66: 126-33. [CrossRef]

21. Grassi G, Ram VS. Evidence for a critical role of the sympathetic ner-
vous system in hypertension. J Am Soc Hypertens 2016; 10: 457-66.

22. Esler M, Lambert G, Jennings G. Regional norepinephrine turnover in 
human hypertension. Clin Exp Hypertens A 1989; 11 Suppl 1: 75-89.

23. Khawaja Z, Wilcox CS. Role of kidneys in resistant hypertension. 
Int J Hypertens 2011; 2011: 143471. [CrossRef]

24. DiBona GF, Esler M. Translational medicine: the antihypertensive 
effect of renal denervation. Am J Physiol Regul Integr Comp Physiol 
2010; 298: R245-53. [CrossRef]

25. Modolo R, de Faria AP, Moreno H. Resistant hypertension: a vole-
mic or nervous matter? J Am Soc Hypertens 2015; 9: 408-9. [CrossRef]

26. Taler SI, Textor SC, Augustine JE. Resistant hypertension: compar-
ing hemodynamic management to specialist care. Hypertension 
2002; 39: 982-8. [CrossRef]

27. Oliva RV, Bakris GL. Sympathetic activation in resistant hyperten-
sion: theory and therapy. Semin Nephrol 2014; 34: 550-9. [CrossRef]

28. Erdem Y, Akpolat T, Derici Ü, Şengül Ş, Ertürk Ş, Ulusoy Ş, et al. 
Dietary Sources of High Sodium Intake in Turkey: SALTURK II. Nu-
trients 2017; 9: 933. [CrossRef]

29. Arima S, Kohagura K, Xu HL, Sugawara A, Abe T, Satoh F, et al. Non-
genomic vascular action of aldosterone in the glomerular microcir-
culation. J Am Soc Nephrol 2003; 14: 2255-63. [CrossRef]

30. Williams B, MacDonald TM, Morant S, Webb DJ, Sever P, McInnes G, 
et al.; British Hypertension Society's PATHWAY Studies Group. Spi-
ronolactone versus placebo, bisoprolol, and doxazosin to determine 
the optimal treatment for drug-resistant hypertension (PATHWAY-2): a 
randomised, double-blind, crossover trial. Lancet 2015; 386: 2059-68.

31. Williams B, MacDonald TM, Morant SV, Webb DJ, Sever P, McInnes 
GT, et al.; British Hypertension Society programme of Prevention 
And Treatment of Hypertension With Algorithm based Therapy 
(PATHWAY) Study Group. Endocrine and haemodynamic changes 
in resistant hypertension, and blood pressure responses to spi-
ronolactone or amiloride: the PATHWAY-2 mechanisms substudies. 
Lancet Diabetes Endocrinol 2018; 6: 464-75. [CrossRef]

https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1093/eurheartj/ehr080
https://doi.org/10.1016/j.amjhyper.2005.05.014
https://doi.org/10.1097/HJH.0b013e3282ef6185
https://doi.org/10.1161/CIRCULATIONAHA.111.068064
https://doi.org/10.1111/jch.12672
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.1136/bmj.l5310
https://doi.org/10.5543/tkda.2019.62565
https://doi.org/10.1016/j.cjca.2018.02.022
https://doi.org/10.1097/HJH.0000000000001502
https://doi.org/10.1016/j.mayocp.2018.12.033
https://doi.org/10.1001/archinte.1991.00400090078014
https://doi.org/10.1136/heartjnl-2018-313599
https://doi.org/10.1016/S0140-6736(02)11911-8
https://doi.org/10.1161/JAHA.113.000660
https://doi.org/10.1038/ki.2015.142
https://doi.org/10.1016/j.semnephrol.2014.08.004
https://doi.org/10.1161/HYPERTENSIONAHA.115.05449
https://doi.org/10.1016/j.jash.2016.02.015
https://doi.org/10.3109/10641968909045414
https://doi.org/10.4061/2011/143471
https://doi.org/10.1152/ajpregu.00647.2009
https://doi.org/10.1016/j.jash.2015.01.014
https://doi.org/10.1161/01.HYP.0000016176.16042.2F
https://doi.org/10.1016/j.semnephrol.2014.08.009
https://doi.org/10.3390/nu9090933
https://doi.org/10.1097/01.ASN.0000083982.74108.54
https://doi.org/10.1016/S0140-6736(15)00257-3
https://doi.org/10.1016/S2213-8587(18)30071-8


Şahinarslan et al.
Consensus paper on resistant hypertension

Anatol J Cardiol 2020; 24: 137-52
DOI:10.14744/AnatolJCardiol.2020.74154 149

32. Pimenta E, Gaddam KK, Oparil S, Aban I, Husain S, Dell'Italia LJ, et 
al. Effects of dietary sodium reduction on blood pressure in sub-
jects with resistant hypertension: results from a randomized trial. 
Hypertension 2009; 54: 475-81. [CrossRef]

33. Nishizaka MK, Pratt-Ubunama M, Zaman MA, Cofield S, Calhoun 
DA. Validity of plasma aldosterone-to-renin activity ratio in African 
American and white subjects with resistant hypertension. Am J 
Hypertens 2005; 18: 805-12. [CrossRef]

34. Sanders PW. Effect of salt intake on progression of chronic kidney 
disease. Curr Opin Nephrol Hypertens 2006; 15: 54-60. [CrossRef]

35. Ostchega Y, Hughes JP, Nwankwo T, Zhang G. Mean mid-arm cir-
cumference and blood pressure cuff sizes for US children, ado-
lescents and adults: National Health and Nutrition Examination 
Survey, 2011-2016. Blood Press Monit 2018; 23: 305-11. [CrossRef]

36. Armario P, Calhoun DA, Oliveras A, Blanch P, Vinyoles E, Banegas 
JR, et al. Prevalence and Clinical Characteristics of Refractory Hy-
pertension. J Am Heart Assoc 2017; 6: e007365. [CrossRef]

37. Kleman M, Dhanyamraju S, DiFilippo W. Prevalence and character-
istics of pseudohypertension in patients with “resistant hyperten-
sion”. J Am Soc Hypertens 2013; 7: 467-70. [CrossRef]

38. Galletti F, Barbato A, MINISAL-SIIA Study Group. Prevalence and 
determinants of resistant hypertension in a sample of patients fol-
lowed in Italian hypertension centers: results from the MINISAL-
SIIA program. J Hum Hypertens 2016; 30: 703-8. [CrossRef]

39. Strauch B, Petrak O, Zelinka T, Rosa J, Somloova Z, Indra T, et al. 
Precise assessment of noncompliance with the antihypertensive 
therapy in patients with resistant hypertension using toxicological 
serum analysis. J Hypertens 2013; 31: 2455-61. [CrossRef]

40. Daugherty SL,Powers JD,Magid DJ,Masoudi FA, Margolis KL, 
O’Connor PJ, et al. The association between medication adher-
ence and treatment intensification with blood pressure control in 
resistant hypertension. Hypertansion 2012; 60: 303-9. [CrossRef]

41. Nelson SA, Dresser GK, Vandervoort MK, Wong CJ, Feagan BG, 
Mahon JL,et al. Barriers to blood pressure control: a STITCH sub-
study. J Clin Hypertens (Greenwich) 2011; 13: 73-80. [CrossRef]

42. Campese VM. Pathophysiology of resistant hypertension in chronic 
kidney disease. Semin Nephrol 2014; 34: 571-6. [CrossRef]

43. De Nicola L, Borrelli S, Gabbai FB, Chiodini P, Zamboli P, Iodice C, et 
al. Burden of resistant hypertension in hypertensive patients with 
non-dialysis chronic kidney disease. Kidney Blood Press Res 2011; 
34: 58-67. [CrossRef]

44. Thomas G, Xie D, Chen HY, Anderson AH, Appel LJ, Bodana S, et al. 
Prevalence and prognostic significance of apparent treatment resis-
tant hypertension in chronic kidney disease: Report from the chronic 
renal insufficiency cohort study. Hypertension 2016; 67: 387-96.

45. Egan BM, Zhao Y, Axon RN, Brzezinski WA, Ferdinand KC. Uncon-
trolled and apparent treatment resistant hypertension in the United 
States, 1988 to 2008. Circulation 2011; 124: 1046-58. [CrossRef]

46. Tanner RM, Calhoun DA, Bell EK, Bowling CB, Gutiérrez OM, Irvin 
MR, et al. Prevalence of apparent treatment-resistant hypertension 
among individuals with CKD. Clin J Am Soc Nephrol 2013; 8: 1583-90.

47. Verdalles Ú, Goicoechea M, Garcia de Vinuesa S, Quiroga B, Galan 
I, Verde E, et al. Prevalence and characteristics of patients with re-
sistant hypertension and chronic kidney disease. Nefrologia 2016; 
36: 523-29. [CrossRef]

48. Süleymanlar G, Utaş C, Arinsoy T, Ateş K, Altun B, Altiparmak MR, et 
al. A population-based survey of Chronic REnal Disease In Turkey-
-the CREDIT study. Nephrol Dial Transplant 2011; 26: 1862-71.

49. Hamrahian SM, Falkner B. Hypertension in chronic kidney disease. 
Adv Exp Med Biol 2017; 956: 307-25. [CrossRef]

50. Carey RM, Calhoun DA, Bakris GL, Brook RD, Daugherty SL, Den-
nison-Himmelfarb CR, et al.; American Heart Association Profes-
sional/Public Education and Publications Committee of the Council 
on Hypertension; Council on Cardiovascular and Stroke Nursing; 
Council on Clinical Cardiology; Council on Genomic and Preci-
sion Medicine; Council on Peripheral Vascular Disease; Council 
on Quality of Care and Outcomes Research; and Stroke Council. 
Resistant Hypertension: Detection, Evaluation, and Management: 
A Scientific Statement From the American Heart Association. Hy-
pertension 2018; 72: e53-e90. [CrossRef]

51. Lerman LO, Nath KA, Rodriguez-Porcel M, Krier JD, Schwartz RS, 
Napoli C, et al. Increased oxidative stress in experimental renovas-
cular hypertension. Hypertension 2001; 37: 541-6. [CrossRef]

52. Simon G. What is critical renal artery stenosis? Implications for 
treatment. Am J Hypertens 2000; 13: 1189-93. [CrossRef]

53. ASTRAL Investigators, Wheatley K, Ives N, Gray R, Kalra PA, Moss 
JG, et al. Revascularization versus medical therapy for renal-artery 
stenosis. N Engl J Med 2009; 361: 1953-62. [CrossRef]

54. Zeller T, Krankenberg H, Erglis A, Blessing E, Fuss T, Scheinert D, et 
al. A randomized, multi-center, prospective study comparing best 
medical treatment versus best medical treatment plus renal artery 
stenting in patients with hemodynamically relevant atherosclerotic 
renal artery stenosis (RADAR)- one –year results of a pre-maturely 
terminated study. Trials 2017; 18: 380. [CrossRef]

55. Patel SM, Li J, Parikh SA. Renal artery stenosis: Optimal therapy and 
indications for revascularization. Curr Cardiol Rep 2015; 17: 623.

56. Funder JW. Primary Aldosteronism: The Next Five Years. Horm 
Metab Res 2017; 49: 977-83. [CrossRef]

57. Douma S, Petidis K, Doumas M, Papaefthimiou P, Triantafyllou A, 
Kartali N, et al. Prevalence of primary hyperaldosteronism in re-
sistant hypertension: a retrospective observational study. Lancet 
2008; 371: 1921-6. [CrossRef]

58. Lee FT, Elaraj D. Evaluation and Management of Primary Hyperaldo-
steronism. Surg Clin North Am 2019; 99: 731-45. [CrossRef]

59. Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shibata 
H, et al. The Management of Primary Aldosteronism: Case Detec-
tion, Diagnosis, and Treatment: An Endocrine Society Clinical Prac-
tice Guideline. J Clin Endocrinol Metab 2016; 101: 1889-916. [CrossRef]

60. Wu VC, Chueh JS, Hsieh MY, Hu YH, Huang KH, Lin YH, et al. Famil-
ial Aggregation and Heritability of Aldosteronism with Cardiovascu-
lar Events. J Clin Endocrinol Metab 2020; 105: dgz 257. [CrossRef]

61. Seccia TM, Caroccia B, Adler GK, Maiolino G, Cesari M, Rossi GP. 
Arterial hypertension, atrial fibrillation, and hyperaldosteronism: 
the triple trouble. Hypertension 2017; 69: 545-50. [CrossRef]

62. Seccia TM, Letizia C, Muiesan ML, Lerco S, Cesari M, Bisogni V, et 
al. Atrial Fibrillation as presenting sign of primary aldosteronism: 
results of the Prospective Appraisal on the Prevalance of Primary 
Aldosteronism in Hypertensive (PAPPHY) study. J Hypertens 2020; 
38: 332-9. [CrossRef]

63. Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, et al. A 
prospective study of the prevalence of primary aldosteronism in 
1,125 hypertensive patients. J Am Coll Cardiol 2006; 48: 2293-300.

64. Barbot M, Ceccato F, Scaroni C. The Pathophysiology and Treat-
ment of Hypertension in Patients With Cushing's Syndrome. Front 
Endocrinol (Lausanne) 2019; 10: 321. [CrossRef]

65. Charles L, Triscott J, Dobbs B. Secondary Hypertension: Discover-
ing the Underlying Cause. Am Fam Physician 2017; 96: 453-61.

66. Bansal V, Asmar NE, Selman WR, Arafah BM. Pitfalls in the diagno-
sis and management of Cushing’s syndrome. Neurosurgical Focus 
2015; 38: 1-11. [CrossRef]

https://doi.org/10.1161/HYPERTENSIONAHA.109.131235
https://doi.org/10.1016/j.amjhyper.2005.01.002
https://doi.org/10.1097/01.mnh.0000186853.23512.a5
https://doi.org/10.1097/MBP.0000000000000349
https://doi.org/10.1161/JAHA.117.007365
https://doi.org/10.1016/j.jash.2013.05.006
https://doi.org/10.1038/jhh.2016.6
https://doi.org/10.1097/HJH.0b013e3283652c61
https://doi.org/10.1161/HYPERTENSIONAHA.112.192096
https://doi.org/10.1111/j.1751-7176.2010.00392.x
https://doi.org/10.1016/j.semnephrol.2014.08.011
https://doi.org/10.1159/000322923
https://doi.org/10.1161/HYPERTENSIONAHA.115.06487
https://doi.org/10.1161/CIRCULATIONAHA.111.030189
https://doi.org/10.2215/CJN.00550113
https://doi.org/10.1016/j.nefro.2016.04.003
https://doi.org/10.1093/ndt/gfq656
https://doi.org/10.1007/5584_2016_84
https://doi.org/10.1161/HYP.0000000000000084
https://doi.org/10.1161/01.HYP.37.2.541
https://doi.org/10.1016/S0895-7061(00)01179-1
https://doi.org/10.1056/NEJMoa0905368
https://doi.org/10.1186/s13063-017-2126-x
https://doi.org/10.1007/s11886-015-0623-7
https://doi.org/10.1055/s-0043-119802
https://doi.org/10.1016/S0140-6736(08)60834-X
https://doi.org/10.1016/j.suc.2019.04.010
https://doi.org/10.1210/jc.2015-4061
https://doi.org/10.1210/clinem/dgz257
https://doi.org/10.1161/HYPERTENSIONAHA.116.08956
https://doi.org/10.1097/HJH.0000000000002250
https://doi.org/10.1016/j.jacc.2006.07.059
https://doi.org/10.3389/fendo.2019.00321
https://doi.org/10.3171/2014.11.FOCUS14704


Şahinarslan et al.
Consensus paper on resistant hypertension

Anatol J Cardiol 2020; 24: 137-52
DOI:10.14744/AnatolJCardiol.2020.74154150

67. Martell N, Rodriguez-Cerrillo M, Grobbee DE, Lopez-Eady MD, 
Fernandez-Pinilla C, Avila M, et al. High prevalence of secondary 
hypertension and insulin resistance in patients with refractory hy-
pertension. Blood Press 2003; 12: 149-54. [CrossRef]

68. Lenders JW, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe 
SKG, Murad MH, et al. Pheochromocytoma and paraganglioma: 
an endocrine society clinical practice guideline. J Clin Endocrinol 
Metab 2014; 99: 1915-42. [CrossRef]

69. Farrugia FA, Charalampopoulos A. Pheochromocytoma. Endocr 
Regul 2019; 53: 191-212. [CrossRef]

70. Logan AG, Perlikowski SM, Mente A, Tisler A, Tkacova R, Nirou-
mand M, et al. High prevalence of unrecognized sleep apnoea in 
drug-resistant hypertension. J Hypertens 2001; 19: 2271-7. [CrossRef]

71. 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: 1858-62. [CrossRef]

72. Torres G, Sanchez-de-la-Torre M, Barbe F. Relationship Between 
OSA and Hypertension. Chest 2015; 148: 824-32. [CrossRef]

73. de Abreu-Silva EO, Beltrami-Moreira M. Sleep apnea: an underses-
timated cause of resistant hypertension. Curr Hypertens Rev 2014; 
10: 2-7. [CrossRef]

74. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Col-
man JM, et al. 2018 AHA/ACC Guideline for the Management of 
Adults With Congenital Heart Disease: A Report of the American 
College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. J Am Coll Cardiol 2019; 73: e81-e192.

75. Hager A, Kanz S, Kaemmerer H, Schreiber C, Hess J. Coarctation 
Long-term Assessment (COALA): significance of arterial hyper-
tension in a cohort of 404 patients up to 27 years after surgical 
repair of isolated coarctation of the aorta, even in the absence 
of restenosis and prosthetic material. J Thorac Cardiovasc Surg 
2007; 134: 738-45. [CrossRef]

76. Elliott WJ. Drug interactions and drugs that affect blood pressure. 
J Clin Hypertens (Greenwich) 2006; 8: 731-7. [CrossRef]

77. Rossi GP, Seccia TM, Maniero C, Pessina AC. Drug-related hyper-
tension and resistance to antihypertensive treatment: a call for ac-
tion. J Hypertens 2011; 29: 2295-309. [CrossRef]

78. Bhandari S, Pashayan S, Liu I, Rasgon S, Kujubu D, Tom T, et al. 
25-hydroxyvitamin D levels and hypertension rates. J Clin Hyper-
tens (Greenwich) 2011; 13: 170-7. [CrossRef]

79. Burgaz A, Byberg L, Rautiainen S, Orsini N, Håkansson N, Arnlöv J, 
et al. Confirmed hypertension and plasma 25(OH)D concentrations 
amongst elderly men. J Intern Med 2011; 269: 211-8. [CrossRef]

80. Tomaschitz A, Pilz S, Ritz E, Grammer T, Drechsler C, Boehm BO, 
et al. Independent association between 1,25-dihydroxyvitamin D, 
25-hydroxyvitamin D and the renin-angiotensin system: The Lud-
wigshafen Risk and Cardiovascular Health (LURIC) study. Clin Chim 
Acta 2010; 411: 1354-60. [CrossRef]

81. Pöss J, Mahfoud F, Ukena C, Esler M, Schlaich M, Hering D, et al. 
Association of vitamin D status and blood pressure response after 
renal denervation. Clin Res Cardiol 2014; 103: 41-7. [CrossRef]

82. Belen E, Şahin İ, Güngör B, Ayça B, Avcı İ, Avşar M, et al. Assess-
ment of 25-Hydroxyvitamin D levels in patients with resistant hy-
pertension. Med Princ Pract 2016; 25: 25-30. [CrossRef]

83. Alagacone S, Verga E, Verdolini R, Saifullah SM. The association 
between vitamin D deficiency and the risk of resistant hyperten-
sion. Clin Exp Hypertens 2020; 42: 177-80. [CrossRef]

84. Sezgin G, Ozturk G, Turkal R, Caykara B. Vitamin D levels of outpa-
tients admitted to a university hospital in the Marmara region of 
Turkey over 3 years. J Med Biochem 2019; 38: 181-7. [CrossRef]

85. Hekimsoy Z, Dinc G, Kafesciler S, Onur E, Guvenc Y, Pala T, et al. 
Vitamin D status among adults in the Aegean region of Turkey. BMC 
Public Health 2010; 10: 782. [CrossRef]

86. Tsioufis CP, Kasiakogias A, Tousoulis D. Clinical diagnosis and man-
agement of resistant hypertension. Eur Cardiol 2016; 11: 12-17.

87. Nagarajan N, Jalal D. Resistant hypertension: Diagnosis and man-
agement. Adv Chronic Kidney Dis 2019; 26: 99-109. [CrossRef]

88. Velasco A, Vongpatanasin W. The evaluation and treatment of en-
docrine forms of hypertension. Curr Cardiol Rep 2014; 16: 528.

89. Wagner-Bartak NA, Baiomy A, Habra MA, Mukhi SV, Morani AC, 
Korivi BR, et al. Cushing syndrome: Diagnostic workup and imaging 
features, with clinical and pathologic correlation. AJR Am J Roent-
genol 2017; 209: 19-32. [CrossRef]

90. Nguyen L, Cook SC. Coarctation of the aorta: Strategies for improv-
ing outcomes. Cardiol Clin 2015; 33: 521-30. [CrossRef]

91. Tanous D, Benson Ln, Horlic EM. Coarctation of the aorta: evalua-
tion and management. Curr Opin Cardiol 2009; 24: 509-15. [CrossRef]

92. Diaz KM, Booth JN 3rd, Calhoun DA, Irvin MR, Howard G, Safford 
MM, et al. Healthy life style factors and risk of cardiovascular 
events and mortality in treatment-resistant hypertension: the Rea-
sons for Geographic and Racial Differences in Stroke study. Hyper-
tension 2014; 64: 465-71. [CrossRef]

93. Sancei P, Salchi-Abargouei A, Esmailzadeh A, Azadbakht I. Influ-
ence of Dietary Approaches to Stop Hypertension (DASH) diet on 
blood pressure: a systematic review and meta-analysis on ran-
domized controlled trials. Nutr Metab Cardiovasc Dis 2014; 24: 
1253-61. [CrossRef]

94. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, 
et al. Effects on blood pressure of reduced dietary sodium and the 
dietary approaches to stop hypertension (DASH) diet. DASH-Sodium 
Collaborative Research Group. N Engl J Med 2001; 344: 3-10. [CrossRef]

95. He FJ, Li J, Macgregor GA. Effect of longer-term modest salt re-
duction on blood pressure. Cochrane Database Syst Rev 2013; 4: 
CD004937. [CrossRef]

96. Sander PW. Vascular consequences of dietary salt intake. Am J 
Physiol Renal Physiol 2009; 297: F237-43. [CrossRef]

97. WHO guideline: Sodium intake for adults and children. Geneva, 
World Health Organisation (WHO), 2012.

98. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, 
Heaney RP, et al.; Endocrine Society. Evaluation, treatment, and 
prevention of vitamin D deficiency: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab 2011; 96: 1911-30.

99. Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure-
lowering on outcome incidence in hypertension: 5. Head-to-head 
comparisons of various classes of antihypertensive drugs - over-
view and meta-analyses. J Hypertens 2015; 33: 1321-41. [CrossRef]

100. DiNicolantonio JJ, Bhutani J, Lavie CJ, O’Keefe JH. Evidence-
based diuretics: focus on chlorthalidone and indapamide. Future 
Cardiol 2015; 11: 203-17. [CrossRef]

101. Roush GC, Sica DA. Diuretics for hypertension: a review and up-
date. Am J Hypertens 2016; 29: 1130-7. [CrossRef]

102. Ernst ME, Carter BL, Goerdt CJ, Steffensmeier JJ, Phillips BB, Zim-
merman MB, et al. Comparative antihypertensive effects of hydro-
chlorothiazide and chlorthalidone on ambulatory and office blood 
pressure. Hypertension 2006; 47: 352-8. [CrossRef]

103. Agarwal R, Sinha AD, Pappas MK, Ammous F. Chlorthalidone for 
poorly controlled hypertension in chronic kidney disease: an inter-
ventional pilot study. Am J Nephrol 2014; 39: 171-82. [CrossRef]

104. Malha L, Mann SJ. Loop Diuretics in the Treatment of Hyperten-
sion. Curr Hypertens Rep 2016; 18: 27. [CrossRef]

https://doi.org/10.1080/08037050310009950
https://doi.org/10.1210/jc.2014-1498
https://doi.org/10.2478/enr-2019-0020
https://doi.org/10.1097/00004872-200112000-00022
https://doi.org/10.1378/chest.07-1170
https://doi.org/10.1378/chest.15-0136
https://doi.org/10.2174/157340211001141111144219
https://doi.org/10.1161/CIR.0000000000000603
https://doi.org/10.1016/j.jtcvs.2007.04.027
https://doi.org/10.1111/j.1524-6175.2006.05939.x
https://doi.org/10.1097/HJH.0b013e32834c465d
https://doi.org/10.1111/j.1751-7176.2010.00408.x
https://doi.org/10.1111/j.1365-2796.2010.02309.x
https://doi.org/10.1016/j.cca.2010.05.037
https://doi.org/10.1007/s00392-013-0621-y
https://doi.org/10.1159/000437227
https://doi.org/10.1080/10641963.2019.1601204
https://doi.org/10.2478/jomb-2018-0027
https://doi.org/10.1186/1471-2458-10-782
https://doi.org/10.15420/ecr.2016:1:2
https://doi.org/10.1053/j.ackd.2019.03.002
https://doi.org/10.1007/s11886-014-0528-x
https://doi.org/10.2214/AJR.16.17290
https://doi.org/10.1016/j.ccl.2015.07.011
https://doi.org/10.1097/HCO.0b013e328330cc22
https://doi.org/10.1161/HYPERTENSIONAHA.114.03565
https://doi.org/10.1016/j.numecd.2014.06.008
https://doi.org/10.1056/NEJM200101043440101
https://doi.org/10.1002/14651858.CD004937.pub2
https://doi.org/10.1152/ajprenal.00027.2009
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1097/HJH.0000000000000447
https://doi.org/10.2217/fca.14.83
https://doi.org/10.1093/ajh/hpw030
https://doi.org/10.1161/01.HYP.0000203309.07140.d3
https://doi.org/10.1159/000358603
https://doi.org/10.1007/s11906-016-0636-7


Şahinarslan et al.
Consensus paper on resistant hypertension

Anatol J Cardiol 2020; 24: 137-52
DOI:10.14744/AnatolJCardiol.2020.74154 151

105. Burnier M, Wuerzner G, Struijker-Boudier H, Urquhart J. Measur-
ing, analyzing, and managing drug adherence in resistant hyper-
tension. Hypertension 2013; 62: 218-25. [CrossRef]

106. Krieger EM, Drager LF, Giorgi DMA, Pereira AC, Barreto-Filho JAS, 
Nogueira AR, et al.; ReHOT Investigators. Spironolactone Versus 
Clonidine as a Fourth-Drug Therapy for Resistant Hypertension: 
The ReHOT Randomized Study (Resistant Hypertension Optimal 
Treatment). Hypertension 2018; 71: 681-90. [CrossRef]

107. de Souza F, Muxfeldt E, Fiszman R, Salles G. Efficacy of spironolac-
tone therapy in patients with true resistant hypertension. Hyper-
tension 2010; 55:147-52. [CrossRef]

108. Rosa J, Widimský P, Waldauf P, Lambert L, Zelinka T, Táborský 
M, et al. Role of adding spironolactone and renal denervation in 
true resistant hypertension: one-year outcomes of ran- domized 
PRAGUE-15 study. Hypertension 2016; 67: 397-403. [CrossRef]

109. Wang C, Xiong B, Huang J. Efficacy and safety of spironolactone in 
patients with resistant hypertension: a meta-analysis of randomised 
controlled trials. Heart Lung Circ 2016; 25: 1021-30. [CrossRef]

110. Zhao D, Liu H, Dong P, Zhao J. A meta-analysis of add-on use of spi-
ronolactone in patients with resistant hypertension. Int J Cardiol 
2017; 233: 113-7. [CrossRef]

111. Rodilla E, Costa JA, Perez-Lahiguera F, Baldó E, González C, Pas-
cual JM. Spironolactone and doxazosin treatment in patients with 
resistant hypertension. Rev Esp Cardiol 2009; 62: 158-66. [CrossRef]

112. Dahal K, Kunwar S, Rijal J, Alqatahni F, Panta R, Ishak N, et al. The 
effects of aldosterone antagonists in patients with resistant hyper-
tension: a meta-analysis of randomized and nonrandomized stud-
ies. Am J Hypertens 2015; 28: 1376-85. [CrossRef]

113. Saha C, Eckert GJ, Ambrosius WT, Chun TY, Wagner MA, Zhao Q, et 
al. Improvement in blood pressure with inhibition of the epithelial 
sodium channel in blacks with hypertension. Hypertension 2005; 46: 
481-7. [CrossRef]

114. Parthasarathy HK, Ménard J, White WB, Young WF Jr, Williams GH, 
Williams B, et al. A double-blind, randomized study comparing the 
antihypertensive effect of eplerenone and spironolactone in pa-
tients with hypertension and evidence of primary aldosteronism. J 
Hypertens 2011; 29: 980-90. [CrossRef]

115. Chapman N, Chang CL, Dahlöf B, Sever PS, Wedel H, Poulter NR; 
ASCOT Investigators. Effect of doxazosin gastrointestinal thera-
peutic system as third-line antihypertensive therapy on blood pres-
sure and lipids in the Anglo-Scandinavian Cardiac Outcomes Trial. 
Circulation 2008; 118: 42-8. [CrossRef]

116. Ceral J, Solar M. Doxazosin: safety and efficacy in the treatment of 
resistant arterial hypertension. Blood Press 2009; 18: 74-7. [CrossRef]

117. No authors listed. Major cardiovascular events in hypertensive 
patients randomized to doxazosin vs chlorthalidone: the antihy-
pertensive and lipid-lowering treatment to prevent heart attack 
trial(ALLHAT).ALLHAT Collaborative Research Group. JAMA 2000; 
283: 1967-75. [CrossRef]

118. Okin PM, Kjeldsen SE, Julius S, Hille DA, Dahlöf B, Devereux RB. 
Effect of changing heart rate during treatment of hypertension on 
incidence of heart failure. Am J Cardiol 2012; 109: 699-704. [CrossRef]

119. Sica DA. Minoxidil: an underused vasodilator for resistant or se-
vere hypertension. J Clin Hypertens (Greenwich) 2004; 6: 283-7.

120. Bricca G, Greney H, Zhang J, Dontenwill M, Stutzmann J, Belcourt 
A, et al. Human brain imidazoline receptors: further characteriza-
tion with [3H]clonidine. Eur J Pharmacol 1994; 266: 25-33. [CrossRef]

121. Zannad F, Aliot E, Florentin J, Saulnier JP, Gilgenkrantz JM. Hemo-
dynamic and electrophysiologic effects of rilmenidine for systemic 
hypertension. Am J Cardiol 1988; 61: 67D-71D. [CrossRef]

122. Anichkov DA,Shostak NA,Schastnaya OV. Comparison of rilmeni-
dine and lisinopril on ambulatory blood pressure and plasma lipid 
and glucose levels in hypertensive women with metabolic syn-
drome. Curr Med Res Opin 2005; 21: 113-9. [CrossRef]

123. Meredith PA,Reid JL. Efficacy and tolerability of long-term rilmeni-
dine treatment in hypertensive diabetic patients. A retrospective 
analysis of a general practice study. Am J Cardiovasc Drugs 2004; 
4: 195-200. [CrossRef]

124. Widimsky J, Sirotiakova J. Efficacy and tolerability of rilmenidine 
compared to isradipine in hypertensive patients with features of 
metabolic syndrome. Curr Med Res Opin 2006; 22: 1287-94. [CrossRef]

125. Marc Y, Llorens-Cortes C. The role of the brain renin-angiotensin 
system in hypertension: implications for new treatment. Prog Neu-
robiol 2011; 95: 89-103. [CrossRef]

126. Ferdinand KC, Balavoine F, Besse B, Black HR, Desbrandes S, Dit-
trich HC, et al. Efficacy and Safety of Firibastat, A First-in-Class 
Brain Aminopeptidase A Inhibitor, in Hypertensive Overweight Pa-
tients of Multiple Ethnic Origins. Circulation 2019; 140: 138-46.

127. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmkı E, Hantel S, et 
al. Empagliflozin, cardiovascular outcomes, and mortality in Type 2 
Diabetes. N Engl J Med 2015; 373: 2117-28. [CrossRef]

128. Tikkanen I, Narko K, Zeller C, Green A, Salsalı A, Broedl U, et al. Em-
pagliflozin reduces blood pressure in patients with type 2 diabetes 
and hypertension. Diabetes Care 2015; 38: 420-8. [CrossRef]

129. Ferdinand KC, Izzo JL, Lee J, Meng L, George J, Salsali A, et al. 
Antihyperglycemic and Blood Pressure Effects of Empagliflozin in 
Black Patients With Type 2 Diabetes Mellitus and Hypertension. 
Circulation 2019; 139: 2098-109. [CrossRef]

130. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala 
AR, et al.; PARADIGM-HF Investigators and Committees. Angioten-
sin-neprilysin inhibition versus enalapril in heart failure. N Engl J 
Med 2014; 371: 993-1004. [CrossRef]

131. Cheung DG, Aizenberg D, Gorbunov V, Hafeez K, Chen CW, Zhang J. 
Efficacy and safety of sacubitril/valsartan in patients with essential 
hypertension uncontrolled by olmesartan: A randomized, double-
blind, 8-week study. J Clin Hypertens (Greenwich) 2018; 20: 150-8.

132. Wang JG, Yukisada K, Sibulo A Jr, Hafeez K, Jia Y, Zhang J. Efficacy 
and safety of sacubitril/valsartan (LCZ696) add-on to amlodipine in 
Asian patients with systolic hypertension uncontrolled with amlo-
dipine monotherapy. J Hypertens 2017; 35: 877-85. [CrossRef]

133. De Vecchis R, Soreca S, Ariano C. Anti-Hypertensive Effect of Sa-
cubitril/Valsartan: A Meta-Analysis of Randomized Controlled Tri-
als. Cardiol Res 2019; 10: 24-33. [CrossRef]

134. Williams B, Cockcroft JR, Kario K, Zappe DH, Brunel PC, Wang Q, 
et al. Effects of Sacubitril/Valsartan Versus Olmesartan on Central 
Hemodynamics in the Elderly With Systolic Hypertension: The PA-
RAMETER Study. Hypertension 2017; 69: 411-20. [CrossRef]

135. Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, Bartus 
K, et al. Catheter-based renal sympathetic denervation for resis-
tant hypertension: a multicentre safety and proof-of-principle co-
hort study. Lancet 2009; 373: 1275-81. [CrossRef]

136. Symplicity HTN-2 Investigators, Esler MD, Krum H, Sobotka PA, 
Schlaich MP, Schmieder RE, Böhm M. Renal sympathetic denerva-
tion in patients with treatment-resistant hypertension (The Sym-
plicity HTN-2 Trial): a randomised controlled trial. Lancet 2010; 376: 
1903-9. [CrossRef]

137. Bhatt DL, Kandzari DE, O'Neill WW, D'Agostino R, Flack JM, Katzen 
BT, et al.; SYMPLICITY HTN-3 Investigators. A controlled trial of re-
nal denervation for resistant hypertension. N Engl J Med 2014; 370: 
1393-401. [CrossRef]

https://doi.org/10.1161/HYPERTENSIONAHA.113.00687
https://doi.org/10.1161/HYPERTENSIONAHA.117.10662
https://doi.org/10.1161/HYPERTENSIONAHA.109.140988
https://doi.org/10.1161/HYPERTENSIONAHA.115.06526
https://doi.org/10.1016/j.hlc.2016.02.016
https://doi.org/10.1016/j.ijcard.2016.12.158
https://doi.org/10.1016/S0300-8932(09)70158-7
https://doi.org/10.1093/ajh/hpv031
https://doi.org/10.1161/01.HYP.0000179582.42830.1d
https://doi.org/10.1097/HJH.0b013e3283455ca5
https://doi.org/10.1161/CIRCULATIONAHA.107.737957
https://doi.org/10.1080/08037050902843726
https://doi.org/10.1001/jama.283.15.1967
https://doi.org/10.1016/j.amjcard.2011.10.026
https://doi.org/10.1111/j.1524-6175.2004.03585.x
https://doi.org/10.1016/0922-4106(94)90205-4
https://doi.org/10.1016/0002-9149(88)90468-7
https://doi.org/10.1185/030079904X20277
https://doi.org/10.2165/00129784-200404030-00006
https://doi.org/10.1185/030079906X115577
https://doi.org/10.1016/j.pneurobio.2011.06.006
https://doi.org/10.1161/CIRCULATIONAHA.119.040070
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.2337/dc14-1096
https://doi.org/10.1161/CIRCULATIONAHA.118.036568
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.1111/jch.13153
https://doi.org/10.1097/HJH.0000000000001219
https://doi.org/10.14740/cr813
https://doi.org/10.1161/HYPERTENSIONAHA.116.08556
https://doi.org/10.1016/S0140-6736(09)60566-3
https://doi.org/10.1016/S0140-6736(10)62039-9
https://doi.org/10.1056/NEJMoa1402670


Şahinarslan et al.
Consensus paper on resistant hypertension

Anatol J Cardiol 2020; 24: 137-52
DOI:10.14744/AnatolJCardiol.2020.74154152

138. Mathiassen ON, Vase H, Bech JN, Christensen KL, Buus NH, 
Schroeder AP, et al. Renal denervation in treatment-resistant es-
sential hypertension. A randomized, SHAM-controlled, double-
blinded 24-h blood pressure-based trial. J Hypertens 2016; 34: 
1639-47. [CrossRef]

139. Townsend RR, Mahfoud F, Kandzari DE, Kario K, Pocock S, Weber 
MA, et al.; SPYRAL HTN-OFF MED trial investigators*. Catheter-
based renal denervation in patients with uncontrolled hyperten-
sion in the absence of antihypertensive medications (SPYRAL 
HTN-OFF MED): a randomised, sham-controlled, proof-of-concept 
trial. Lancet 2017; 390: 2160-70. [CrossRef]

140. Kandzari DE, Böhm M, Mahfoud F, Townsend RR, Weber MA, Po-
cock S, et al.; SPYRAL HTN-ON MED Trial Investigators. Effect of 
renal denervation on blood pressure in the presence of antihyper-
tensive drugs: 6-month efficacy and safety results from the SPY-
RAL HTN-ON MED proof-of-concept randomised trial. Lancet 2018; 
391: 2346-55. [CrossRef]

141. Wachter R, Halbach M, Bakris GL, Bisognano JD, Haller H, Beige J, 
et al. An exploratory propensity score matched comparison of sec-
ond-generation and first-generation baroreflex activation therapy 
systems. J Am Soc Hypertens 2017; 11: 81-91. [CrossRef]

142. Spiering W, Williams B, Van der Heyden J, van Kleef M, Lo R, 
Versmissen J, et al.; CALM-FIM_EUR Investigators. Endovascular 
baroreflex amplification for resistant hypertension: a safety and 
proof-of-principle clinical study. Lancet 2017; 390: 2655–61. [CrossRef]

143. Faul J, Schoors D, Brouwers S, Scott B, Jerrentrup A, Galvin J, et al. 
Creation of an iliac arteriovenous shunt lowers blood pressure in 
chronic obstructive pulmonary disease patients with hypertension. 
J Vasc Surg 2014; 59: 1078-83. [CrossRef]

144. Scholz SS, Vukadinović D, Lauder L, Ewen S, Ukena C, Townsend 
RR, et al. Effects of Arteriovenous Fistula on Blood Pressure in Pa-
tients With End-Stage Renal Disease: A Systematic Meta-Analysis. 
J Am Heart Assoc 2019; 8: e011183. [CrossRef]

145. Lobo MD, Sobotka PA, Stanton A, Cockcroft JR, Sulke N, Dolan E, et 
al.; ROX CONTROL HTN Investigators. Central arteriovenous anas-
tomosis for the treatment of patients with uncontrolled hyperten-
sion (the ROX CONTROL HTN study): a randomised controlled trial. 
Lancet 2015; 385: 1634-41. [CrossRef]

146. Lobo MD, Ott C, Sobotka PA, Saxena M, Stanton A, Cockcroft JR, 
et al. Central Iliac Arteriovenous Anastomosis for Uncontrolled Hy-
pertension: One-Year Results From the ROX CONTROL HTN Trial. 
Hypertension 2017; 70: 1099-105. [CrossRef]

https://doi.org/10.1097/HJH.0000000000000977
https://doi.org/10.1016/S0140-6736(17)32281-X
https://doi.org/10.1016/S0140-6736(18)30951-6
https://doi.org/10.1016/j.jash.2016.12.003
https://doi.org/10.1016/S0140-6736(17)32337-1
https://doi.org/10.1016/j.jvs.2013.10.069
https://doi.org/10.1161/JAHA.118.011183
https://doi.org/10.1016/S0140-6736(14)62053-5
https://doi.org/10.1161/HYPERTENSIONAHA.117.10142



