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Abstract 
 
Background: Resistant hypertension is believed to affect around 10% of the general hypertensive population. It is a dangerous condition that 

should not be neglected because it can cause severe target organ damage due to the persistently high blood pressure levels. The treatment of 

this subgroup must be aggressive and careful in order to control their blood pressure. Objective: This study was aimed to review the recent 

literature that has discussed resistant hypertension and its management. Methods: PubMed database was used for articles selection and the 

following keywords were used in the MeSH: resistant hypertension, and management of resistant hypertension. A total number of 50 papers 

were reviewed and included in the review. Conclusion: Since resistant hypertension is a complex condition, its management is also 

complicated due to its multifactorial etiology. Treatment depends on the identification of the underlying factors contributing to treatment 

resistance and reversing them. Choosing effective multi-drug regimens is important and lifestyle changes should be encouraged. Failure of 

one antihypertensive agent to lower blood pressure to target levels requires the dose to be increased, and/or further antihypertensive 

medications from these different drug classes to be added up to a maximum of three different drug classes. Aliskiren, which is a direct renin 

inhibitor, has also been found to be an effective add-on treatment. The addition of spironolactone allows in some patients for adequate control 

but its use can be limited because of the concerns regarding its potential adverse effects. 
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INTRODUCTION 
 
Hypertension is the most common chronic disease among 

adults in developed societies [1]. It is considered resistant 

when blood pressure remains outside the target values of 140 

mmHg for systolic and 90 mmHg for diastolic blood pressure 

despite three full-dose antihypertensive drugs, one of which 

is a diuretic, in addition to non-pharmacological measures [2, 

3]. 

Resistant hypertension is a clinical condition that needs 

special attention from the general practitioner and the 

hypertension specialist for many reasons. It is mostly caused 

by secondary causes [4]. Moreover, it can cause severe target 

organ damage because of persistently high blood pressure 

levels [5]. Thus, this condition leads to cardiovascular 

mortality and morbidity increase [6-8]. Patients with resistant 

hypertension usually have a long-standing history of poorly 

controlled and severe hypertension associated with other 

comorbidities, such as obesity, sleep apnea, diabetes, and 

chronic kidney disease [2, 7, 9, 10]. 

Resistant hypertension is believed to be present in around 

10% of the general hypertensive population and in around 

15% of individuals taking antihypertensive medications [11, 

12]. This subgroup of hypertensive patients should be 

identified properly because of its clinical and economic 

consequences. The treatment of this subgroup should be 
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aggressive and careful in order to control their blood pressure, 

which will decrease the subsequent risk of cardiovascular 

morbidity [13]. Therefore, we aimed in this article to review 

the recent literature that discussed resistant hypertension and 

its management. 

METHODOLOGY 

PubMed database was used for articles selection and the 

following keywords were used in the MeSH: resistant 

hypertension, and management of resistant hypertension. 50 

papers were reviewed and included in the review. 

Inclusion criteria: The articles were selected according to the 

relevance to the project, which should include resistant 

hypertension. 

Exclusion criteria: All other articles that did not have a related 

aspect to resistant hypertension as their primary endpoint or 

repeated studies were excluded from the study. 

DISCUSSION 

Hypertension is a prevalent condition and its prevalence is 

increasing worldwide [14]. Studies have found that resistant 

hypertension is associated with worse cardiovascular 

outcomes [15]. To lower the risk of adverse cardiovascular 

events in patients with hypertension, it is important to achieve 

optimal blood pressure control [16, 17]. However, despite the 

patient’s awareness of blood pressure control importance, 

many of them cannot achieve their target blood pressure [15]. 

Many patients require multiple medications to control their 

blood pressure. However, only one or two antihypertensive 

drug classes are prescribed while their blood pressure still 

above their target blood pressure [16]. In the US, 

approximately 13% of treated hypertensive patients have 

apparent treatment-resistant hypertension [16, 18, 19]. 

Historically, in 1769, the priest and botanic, Stephen Hales 

was the first one who measured blood pressure. In fact, it was 

the blood pressure of a horse. In this process, a brass tube 

connected to a water column was inserted into the horse’s 

carotid artery. The blood rose to about 8 feet, 8 inches, about 

180 mmHg, and then sunk gradually to zero and accordingly 

the horse died. About 100 years later, the 

sphygmomanometer was invented for measuring blood 

pressure and this technique is still in use [20]. 

Holmqvist et al. [20] summarized the standardized way of 

measuring blood pressure in their paper. It should be in a way, 

which is after 5-10 minutes of rest and after avoiding coffee, 

tobacco, and heavy exercise 30 minutes before the 

measurement. The patient should be in a supine or seated 

position, resting his/her back and having the feet on the floor. 

The arm should be resting at the same level as the heart [21]. 

The width of blood pressure cuff around the arm should be 

appropriate in order to avoid any under- or overestimation [22, 

23]. 

In the manual measurement of blood pressure, after filling the 

cuff with the air you release it slowly and use your 

stethoscope to listen for the Korotkoff sound in the brachial 

artery. What you hear is the turbulent flow in the artery when 

the pressure off the cuff is equal to the pressure that the left 

ventricle of heart, i.e. systolic blood pressure. As the pressure 

drops in the cuff when air is released, there will be repetitive 

pulse beats of turbulent blood flow until the cuff pressure is 

the same as the diastolic blood pressure and no turbulence is 

present [20, 24]. 

Automated blood pressure measurements performed in the 

clinic are suggested to replace manual office blood pressure 

since they seem to have a better correlation with the values of 

the out of office blood pressure [25]. The difference from 

standard office blood pressure measurement is that the patient 

is left alone in the examination room with an automated 

oscillometric blood pressure measurement device around the 

forearm. Repeated measurements are performed and a mean 

value of these readings is reported. The advantage of this 

technique is reduced artifact from the white-coat effect and 

hence reduced unnecessary treatment [20, 26]. 

Regarding pathophysiology, the process behind resistant 

hypertension is a complex process. It is featuring multiple 

overlapping biological systems affected by various factors, 

such as lifestyle and behavior. Renin-angiotensin-aldosterone 

system (RAAS) and sympathetic nervous system (SNS) are 

the main systems regulating blood pressure in the body [27]. 

Moreover, there are other contributing factors, for example, 

sodium handling, endothelial function, and arterial stiffness. 

Hyperactivity of the SNS is a common feature of 

hypertension [28, 29]. 

If the activity of the SNS is increased, it will cause systemic 

vasoconstriction. This vasoconstriction stimulates renal 

tubules via sympathetic efferent nerves in order to increase 

water and sodium reabsorption and also trigger the release of 

renin hormone. Released renin activates the RAAS pathway, 

which ultimately contributes to an elevation in blood pressure 
[27, 30]. 

Moreover, hyperaldosteronism is also a common condition 

among hypertensive and resistant-hypertension patients [31]. 

Primary hyperaldosteronism is estimated to be in 10–20% of 

resistant hypertension patients [32]. Aldosterone function is to 

promote sodium reabsorption at the distal tubules in the 

nephron. It also acts peripherally to suppress endothelial 

nitric oxide production leading to blood pressure elevation 

because endothelial nitric oxide works as a vasodilator [33]. 

Unfortunately, persistent SNS hyperactivity or chronic 

hyperaldosteronism can have a detrimental effect on the 

heart. Aldosterone exerts pro-inflammatory actions and 

induces oxidative stress, which can result in the fibrosis of the 

myocardium [34]. Moreover, the increased sympathetic drive 

is associated with left ventricular hypertrophy, coronary 

vasoconstriction, and arrhythmias [35, 36]. 
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Numerous lifestyle and biological factors have been 

identified to modulate RAAS and SNS activity, increase 

arterial stiffening, and impede endothelial function, which 

collectively contribute to develop resistant hypertension. In 

resistant-hypertension patients, mutations in genes regulating 

nitric oxide production, renal sodium handling, and enzymes 

responsible for metabolizing aldosterone have been identified 
[27, 37]. Increasing age is correlated with increased arterial 

stiffness and a higher prevalence of resistant hypertension [38]. 

Excessive dietary salt intake may promote fluid retention. 

This can lead to volume overload, which is a feature that 

appears in a majority of resistant hypertension patients [39]. 

The pathological mechanisms underlying salt-induced 

resistant hypertension include elevated RAAS and SNS 

activity and increased peripheral vascular fibrosis [40]. 

obesity is a strong factor contributing to hypertension in 

general and resistant hypertension. Adipocyte dysfunction 

can lead to systemic insulin resistance, hyperaldosteronism, 

and RAAS and SNS hyperactivity [41]. Pro-inflammatory 

autocrine and paracrine actions of adipose tissue also 

contribute to systemic and renal endothelial dysfunction, 

increasing arterial stiffness and disrupting sodium regulation 

in the kidney [42, 43]. 

Diabetes also exacerbates this vascular dysfunction, which 

increases arterial stiffness and serum aldosterone. Eventually, 

SNS activity will be elevated and blood pressure 

subsequently will be high [27, 40]. 

Management 
Since resistant hypertension is a complex condition, its 

management is also complicated due to its multifactorial 

etiology. Treatment depends on the identification of the 

underlying factors contributing to treatment resistance and 

reversing them. Choosing effective multi-drug regimens is 

important. Lifestyle changes should be encouraged, for 

example, weight loss, regular exercise, ingestion of a low-fat, 

low-salt, high-fiber diet, and avoiding alcohol intake [32]. As 

clinically allowable, potentially interfering substances should 

down-titrated. Obstructive sleep apnea should also be treated 

if present [32]. 

Prescribed diets should be as simple as possible. They also 

should include the use of a long-acting combination of 

medications so that the number of prescribed pills taken daily 

can be reduced. This will maximize treatment adherence 

leading to better blood pressure control [32]. The adherence 

decreases with increasing the complexity of the dosing 

regimen, the number of pills, and out-of-pocket costs. In 

addition, adherence increases with more frequent clinic visits 

and by having the record of patients’ home blood pressure 

measurements [32, 44]. To further improve the treatment, a 

multidisciplinary treatment approach can be used, such as 

nurse case managers, pharmacists, and nutritionists. This 

approach may lead to better results but in some countries, it 

can be labor-intensive and expensive [45]. The improvement 

of follow-up, as well as medication adherence, should be 

achieved by involving the patient by having him/her maintain 

a diary of home blood pressure values; while, family 

members’ involvement will likely enhance persistence with 

recommended lifestyle changes [32]. 

• Nonpharmacological measures 
Weight loss has a clear benefit in terms of reducing blood 

pressure and often allows for a reduction in the number of 

prescribed medications. Studies have shown that a 10-kg 

weight loss is associated with an average 6-mmHg reduction 

in systolic and a 4.6-mmHg reduction in diastolic blood 

pressure [46]. Moreover, the greatest benefit of weight loss was 

in the patients already receiving antihypertensive therapy at 

least for diastolic blood pressure reduction [47]. While difficult 

to achieve and even more difficult to maintain, weight loss 

should be encouraged in any patient with resistant 

hypertension who is either overweight or obese [32]. 

Restriction of dietary salt has shown a well-documented 

benefit in general hypertensive patients with diastolic and 

systolic blood pressure reduction of 2 to 6 and 5 to 10 mm 

Hg, respectively [48, 49]. Elderly patients and patients of black 

race tend to show larger benefit [49]. In the evaluation of 

patients whose blood pressure was uncontrolled on a 

combination of an ACE inhibitor and hydrochlorothiazide, 

decreased diastolic and systolic blood pressure was observed 

at a 1-month follow-up by 8 and 9 mmHg, respectively due 

to a reduced salt diet [50]. Therefore, all patients with resistant 

hypertension should have a salt-restricted diet. The ideal 

amount should be less than 100 mEq of sodium/24-hour [32]. 

Cessation of alcohol ingestion can significantly improve 

hypertension control. This improvement might be due to the 

improvements in medication adherence or due to the stoppage 

of negative physiological impacts of alcohol on the body [51]. 

Increased physical activity also showed a decrease in blood 

pressure. Kokkinos et al. [52] conducted a study on a small 

group of African-American men with severe hypertension. In 

this group of patients, diastolic blood pressure decreased by 

5 mmHg and systolic blood pressure by 7 mmHg through a 

16-week aerobic exercise regimen (stationary cycling 3 

times/week) [52]. In addition, even with the withdrawal of 

some antihypertensive medications, reductions in diastolic 

blood pressure were maintained after 32 weeks of exercise. 

At least, a 30-min exercise should be fixed in the daily 

program of patients [32, 53]. 

Moreover, diet control seems to be an effective way of 

controlling blood pressure. Ingestion of a diet that is low in 

total saturated fats, high in low-fat dairy products, and rich in 

vegetables and fruits; calcium, magnesium, and potassium 

has shown a significant decrease in systolic and diastolic 

blood pressure [32, 54]. 
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• Pharmacological Interventions: 
Most guidelines recommend initial drug therapy to include 

either a thiazide-type diuretic, calcium channel blocker, ACE 

inhibitor, or angiotensin receptor blocker. Failure of one 

antihypertensive agent to reduce blood pressure to the target 

levels requires the dose to be increased, and/or further 

antihypertensive medications from these different drug 

classes to be added up to a maximum of three different drug 

classes. However, combining an ARB with an ACE is 

contraindicated [27]. 

In spite of taking drugs, many patients with resistant 

hypertension have a suppressed plasma renin activity, which 

usually results in renin activity increase [55]. Some physicians 

tend to increase the intensity of the diuretic regimen by 

switching from hydrochlorothiazide to chlorthalidone [56]. 

When renal function is reduced below 30 mL/min/1.73 m2, it 

may help to add or substitute a loop diuretic, such as 

bumetanide (twice-daily dosing) or torsemide (once-daily 

dosing). Nevertheless, this maneuver has not been assessed 

significantly in the literature [13]. 

When working up a resistant hypertension patient, 

aldosterone excess should be considered. In this case, a low 

dose (12.5 to 50 mg/day) of the aldosterone receptor 

antagonist spironolactone has been found to be an effective 

addition to an existing three-drug regimen to treat 

hypertension. This has been so even without a diagnosis of 

aldosterone excess [57]. The addition of spironolactone allows 

some patients to decrease the number or dosage of other blood 

pressure medications needed for adequate control [58]. 

Nevertheless, spironolactone use can be limited because of 

the concerns regarding its adverse effects, for example, 

hyperkalemia. In patients with kidney disease or those who 

are concurrently on ACE-inhibitors or angiotensin receptor 

blockers, there is an increased risk of developing 

hyperkalemia while taking spironolactone [59]. In addition, 

aldosterone blockers have been found to be effective in 

treating heart failure and promoting repair of cardiac damage 

caused by hypertension when ACE inhibitor or ARBs are 

used concurrently [60, 61]. 

Aliskiren, a direct renin inhibitor, has also been found to be 

an effective add-on treatment [62]. In the USA, there have been 

no new major classes of antihypertensive drugs in the market 

since the introduction of aliskiren [13]. Therefore, aliskiren can 

be considered as the most appropriate add-on therapy for 

patients already managed medications being able to decrease 

cardiovascular risk. 

Current drug development is aiming to target the renin-

angiotensin-aldosterone system outside the renal 

parenchyma. One of these targets is in the brain, which 

mediates many of the mechanisms of blood pressure control 
[63]. One of these promising agents is endothelin antagonists. 

Endothelin antagonists have been approved in the US for the 

treatment of scleroderma-related ulcers and pulmonary 

hypertension. They are also powerful vasodilators that impact 

a pathway (mediated by Endothelin-1) implicated in 

hypertension and chronic kidney disease. Moreover, they 

appear to hold some benefits in treating diabetes and 

metabolic syndrome [64]. 

CONCLUSION 

Since resistant hypertension is a complex condition, its 

management is also complicated due to its multifactorial 

etiology. Treatment depends on the identification of the 

underlying factors contributing to treatment resistance and 

reversing them. Choosing effective multi-drug regimens is 

important and lifestyle changes should be encouraged. With 

strict treatment decisions, resistant hypertension patients can 

achieve normotension. As mentioned earlier, treatment 

should consider both pharmacologic therapy and lifestyle 

modification. In order to maximize the treatment outcomes, 

the patient should be well educated regarding his disease and 

its complications. This will encourage the patient to consider 

the plans and regimens provided by the physician. Failure of 

one antihypertensive agent to lower blood pressure to the 

target levels requires the dose to be increased, and/or further 

antihypertensive medications from these different drug 

classes to be added up to a maximum of three different drug 

classes. Aliskiren has also been found to be an effective add-

on treatment. The addition of spironolactone allows in some 

patients for adequate control as well but its use can be limited 

because of the concerns regarding its potential adverse 

effects. 
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