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care workers. However, among patients treated 
for hypertension, there are also those who, de
spite following the recommendations and tak
ing medications regularly, do not achieve good 
BP control. One of the reasons for such a condi
tion is resistant hypertension.

Resistant hypertension is a relatively common 
clinical problem. Due to the changing definition, 
accurate data assessing the incidence of resistant 
hypertension are limited, with various research 
groups reporting the incidence in the range of 
5% to 30% of patients with treated hyperten
sion. The prevalence of resistant hypertension 
is difficult to quantify, because many factors dif
fer among studies, including the population un
der study, antihypertensive pharmacotherapy 
used, varying approach to nonadherent patients, 
methods of BP measurement, and the definition 
of target BP.4 In a systematic review and meta
analysis of 20 observational studies and 4 ran
domized controlled trials (RCTs), the prevalence 
ratios for resistant hypertension were 13.72% 

Introduction Arterial hypertension is one of 
the main modifiable risk factors for death world
wide. It is known that untreated hypertension 
leads to numerous cardiovascular complications, 
such as chronic coronary syndrome, heart attack 
and heart failure (HF), stroke, and kidney failure.1 
In industrialized countries, over 30% of the adult 
population suffer from hypertension.2 In Poland, 
studies involving representative national sam
ples and participants of a broad range of ages, 
reported that the prevalence of hypertension is 
between 29% and 46% in men and between 29% 
and 43% in women.3 To avoid complications of 
hypertension, systematic, long term treatment 
and achieving target blood pressure (BP) values   
are necessary. Unfortunately, in many patients, 
hypertension remains undiagnosed or, despite 
treatment, the patients do not achieve the rec
ommended BP values. There are many reasons for 
this condition, and the important ones include in
sufficient cooperation of patients, limited access 
to medical care, or therapeutic inertia of health 
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Resistant hypertension is defined as not achieving sufficient control of blood pressure (BP), that is, 
maintaining BP values equal to or above 140/90 mm Hg when using 3 antihypertensive drugs, including 
diuretics, properly combined and at maximum doses. The uncontrolled treated hypertension should 
be confirmed in out of office BP measurements, preferably with 24 hour ambulatory BP monitor
ing. Demographic and clinical characteristics indicate that patients with resistant hypertension are 
older than the general population of patients with arterial hypertension and more often suffer from 
comorbidities. When resistant hypertension is suspected, it is necessary to assess whether optimal 
pharmacotherapy has been prescribed, including appropriate combinations of antihypertensive drugs 
and diuretics at appropriate doses. It is also important to exclude parallel use of drugs that may have 
unfavorable interactions leading to an increase in BP. A common cause of pseudoresistant hyperten
sion is a patient’s failure to comply with therapeutic recommendations, including a lack of lifestyle 
changes and nonadherence to the prescribed medication regimen. An important step in management 
of resistant hypertension is targeted screening with diagnostic tests for secondary hypertension. 
Expanding of the drug therapy beyond a 3 drug regimen should include a mineralocorticoid receptor 
antagonist, in particular spironolactone. In selected patients, device based hypertension treatment 
might be considered.
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circulatory bed), resistant hypertension was pres
ent in 12.7% of over 53 000 people with hyper
tension. After 4 years of follow up, a multivariate 
analysis showed that a composite end point (car
diovascular death, nonfatal stroke, and nonfatal 
myocardial infarction) occurred significantly more 
often in the group of patients with resistant hy
pertension than in those without this condition.11

Apparent resistant hypertension Most cases of 
uncontrolled hypertension represent apparent re
sistant hypertension, that is, a situation in which 
uncontrolled hypertension does not result from 
actual resistance to pharmacotherapy. If resis
tant hypertension is suspected, such a diagnosis 
must first be confirmed by eliminating common 
causes leading to incorrect assessment of BP con
trol, causing unnecessary intensification of treat
ment and putting a patient at risk of hypotension. 
In the case of discrepancies between the results 
of office and home BP measurements, the actu
al BP values should be confirmed, including as
sessment of the correctness of home BP measure
ments provided by the patient and exclusion of 
the white coat effect during office BP measure
ments. When verifying the diagnosis of resistant 
hypertension, it may be very helpful to utilize 
the 24 hour ABPM method for out of office BP 
measurement, to eliminate possible bias caused 
by a medical environment or inappropriate home 
BP self measurement by a patient.

Possible causes of apparent resistant hypertension  
Patient’s compliance with recommendations re
quires careful assessment of actual lifestyle mod
ifications, such as weight reduction, regular phys
ical activity, reducing alcohol and salt consump
tion, or smoking cessation. When resistant hy
pertension is suspected, it is necessary to assess 
whether optimal pharmacotherapy has been pre
scribed, including appropriate combinations of 
antihypertensive drugs and diuretics at appro
priate doses. It is also important to exclude par
allel use of drugs that may have unfavorable in
teractions leading to an increase in BP, for ex
ample, nonsteroidal anti inflammatory drugs or 
glucocorticosteroids.

Medication nonadherence as a cause of apparent re‑
sistant hypertension Another common cause of 
pseudoresistant hypertension is the patient’s fail
ure to comply with therapeutic recommendations. 
Analyses from clinical trials show that even over 
40% of patients referred to the centers specializ
ing in resistant hypertension did not take all rec
ommended medications, and more than 10% of 
patients did not take any of the prescribed medi
cations, as confirmed by the absence of their me
tabolites in laboratory tests.12 It is a well known 
fact that with an increase in the number of pre
scribed medications and greater complexity of 
the therapeutic regimen, the number of drug dose 
omissions by the patients increases. Improving 
cooperation on the patient side can be achieved 

and 16.32%, respectively. Yet, most studies were 
incapable of ruling out pseudoresistance caused 
by the white coat effect, poor medication adher
ence, and suboptimal dosing.5 However, after ex
clusion of real causes of pseudoresistant hyper
tension, prevalence of resistant hypertension 
is probably around 5% of the treated patients.6 
The estimates are much lower when resistant hy
pertension incidence is being analyzed. In a ret
rospective cohort study among patients with in
cident hypertension, 1.9% developed resistant 
hypertension within a median of 1.5 years from 
initial treatment.7

Currently, resistant hypertension is defined 
as not achieving sufficient control of BP, that 
is, maintaining BP values equal to or above 
140/90 mm Hg when using 3 drugs (including 
a diuretic), properly combined and at maximum 
doses.8 Uncontrolled treated hypertension should 
be confirmed in out of office BP measurements, 
preferably with 24 hour ambulatory BP moni
toring (ABPM). Of importance, noncompliance 
with therapeutic recommendations must be ex
cluded before diagnosing true resistant hyper
tension.8 According to the current definition,8 re
sistant hypertension should also be diagnosed in 
patients in whom normal BP control has already 
been achieved but with the use of 4 or more an
tihypertensive medications. A diagnosis of resis
tant hypertension is important to identify pa
tients with difficult to treat hypertension. These 
individuals require additional diagnostic proce
dures and therapeutic treatments, as well as, in 
many cases, referrals to a specialized hyperten
sion center.

Demographic and clinical characteristics in
dicate that patients with resistant hypertension 
are older than the general population of patients 
with arterial hypertension and more often suf
fer from comorbidities, such as chronic coronary 
syndrome, chronic heart and renal failure, atrial 
fibrillation, diabetes, potency disorders, stroke 
or an episode of transient ischemia of the cen
tral nervous system, and metabolic syndrome.9

Identification of patients with resistant hyper
tension within the general hypertensive popula
tion is extremely important due to a much high
er risk of premature cardiovascular events in this 
group, as compared with individuals with appro
priately controlled BP, as well as due to a higher 
risk of target organ complications (hypertension 
mediated organ damage [HMOD]).

The patients with resistant hypertension are 
more likely to experience vascular complications 
(including stroke) and HF exacerbations requir
ing hospitalization.10 In a large REACH (Reduc
tion of Atherothrombosis for Continued Health) 
registry11 of patients with atherosclerosis, one 
of the largest contemporary outpatient regis
tries initiated to evaluate patients who repre
sent the entire spectrum of stable atheroscle
rotic clinical syndromes (from those with risk 
factors but asymptomatic to those with estab
lished atherosclerotic arterial disease within any 
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records, the prevalence of ever experiencing ADRs 
was 40.7% in men and 53.6% in women. The risk 
of experiencing ADRs increased significantly with 
longer duration of hypertension.14 Moreover, mul
tiple drug intolerance syndrome, defined as expe
riencing side effects while taking 3 or more drug 
classes, occurred in 8% of hypertensive patients 
under study.15

diagnostics workup According to the 2023 Euro
pean Society of Hypertension (ESH) guidelines, 
exclusion of pseudoresistant hypertension re
quires: 1) demonstration of an elevated ABPM; 
2) exclusion that the BP elevation comes from in
accurate BP measurement, for example, a spuri
ous BP increase associated with marked brachial 
artery calcification, especially in older patients or 
in patients with advanced chronic kidney disease 
(CKD); 3) exclusion of a secondary cause of hy
pertension or of poor adherence to the prescribed 
treatment regimen (TAbLE 1).16 The prevalence of 
secondary hypertension, especially due to prima
ry aldosteronism and atherosclerotic renal artery 
stenosis (particularly in older patients or patients 
with CKD) can be as high as 10%–20% of individ
uals with resistant hypertension.17 Screening for 
obstructive sleep apnea (OSA) (sleep history and 
specific tests) should not be omitted, because of 
frequent involvement of this condition in resis
tant hypertension, including night time hyperten
sion.18 OSA is found in up to 83% of patients with 
resistant hypertension. Moreover, patients with 
resistant hypertension have a 2.5 fold increased 
risk of OSA, as compared with other hyperten
sive patients.19 Fibromuscular dysplasia, which 
is no longer considered a rare cause of renovas
cular hypertension in young women, but rather 
appears as a systemic arterial disease in both sex
es at any age and with a wide range of manifes
tations, should also be taken into account when 
searching for possible secondary causes of resis
tant hypertension.20

Identification of apparent resistant hyperten
sion is important in preventing expensive, poten
tially risky diagnostics and avoiding unjustified 
intensification of treatment carrying the risk of 
side effects in the group of patients who do not 
suffer from true resistant hypertension. The inci
dence of true resistant hypertension may be low
er than generally accepted.

Patients with true resistant hypertension are 
characterized by very high systolic BP and are of
ten diagnosed with advanced target organ com
plications related to arterial hypertension.21 They 
are at a higher risk of HMOD,22 CKD,23 and pre
mature cardiovascular events.24

The next stage of management for a patient 
with resistant hypertension is targeted screen
ing with diagnostic tests for secondary hyper
tension. The authors of the updated ESH guide
lines16 propose an approach with special attention 
to selected disease entities that may be responsi
ble for secondary forms of hypertension. Particu
lar emphasis is put on often accompanying signs 

by simplifying the therapeutic scheme and min
imizing the number of prescribed tablets (with 
the use of single pill combinations of antihyper
tensive drugs). The patients with resistant hyper
tension often require medications more than once 
a day, so it is important to consider their lifestyle 
and daily activities while proposing the drug dos
age schedule.

To control whether a patient follows the ther
apeutic recommendations, many experts sug
gest reducing the time between follow up vis
its, prescribing drugs for a shorter period, ask
ing the patients to bring empty drug packaging 
to the follow up visits, or using medication dis
pensers. The use of mobile applications can also 
be helpful in increasing patient’s engagement 
in the therapeutic process, by reminding of tak
ing the medicines or providing BP measurement. 
An application can also require the patient to en
ter current BP value or obtain it via a wireless con
nection with a BP monitor, which later allows for 
creating various types of statistics.

Confirmation of adherence to antihypertensive 
medications may be provided by drug screening 
of urine or blood whenever available13 or by phar
macodynamic markers of exposure to medications 
(bradycardia on β blockers, increased blood levels 
of uric acid on diuretics, increase in plasma renin 
concentration on diuretics or renin angiotensin 
system inhibitors).

One of the reasons for patient overt nonad
herence to antihypertensive treatment might 
be unfavorable experience with various medica
tions leading to adverse drug reactions (ADRs). In 
a group of 1000 hypertensive patients, in whom 
medical history of ADRs was assessed with a stan
dardized questionnaire and confirmed in medical 

TAbLE 1 Diagnostic and treatment algorithm in suspected resistant hypertension 
based on the European Society of Hypertension 2023 guidelines13

No. Consideration Practical approach

1. Diagnose resistant 
hypertension

Office BP ≥140/90 mm Hg while on 3 
antihypertensive medications, including 
a diuretic, at maximal doses

2. Exclude the white coat effect Provide out of office BP measurement 
(ABPM), recommend and assess home BP 
measurements

3. Exclude apparent resistant 
hypertension

Collect in depth medical history, including 
information on lifestyle, sodium and alcohol 
intake, medication potentially increasing BP

4. Improve nonpharmacologic 
approach

Provide instruction concerning required 
lifestyle changes

5. Confirm medication adherence Discuss with a patient their concerns 
toward medications

6. Consider undetected secondary 
hypertension as the cause of 
resistance to medications

Screening tests for secondary hypertension

7. Pharmacotherapy modifications Dose adjustment, addition of 
spironolactone, loop diuretic, α or 
β blocker

8. Consult a hypertension 
specialist

Refer a patient to a tertiary hypertension 
clinic

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP, blood pressure
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as adherence to dietary guidelines is low, even 
among patients with already established cardio
vascular disease.27 If estimated glomerular filtra
tion rate (eGFR) is above 30 ml/min/1.73 m2, BP 
control may be improved by increasing the dose 
of a current thiazide diuretic or by switching to 
a possibly more potent and longer acting thiazide
like diuretic (indapamide or chlorthalidone). If 
eGFR is below 30 ml/min/1.73 m2, a loop di
uretic (furosemide, bumetanide, or torsemide) 
should replace thiazide / thiazide like diuretics, 
although even then thiazides may retain their 
natriuretic and antihypertensive effects. In 
the CLICK (Chlorthalidone in Chronic Kidney 
Disease) trial,28 patients with stage 4 CKD (eGFR, 
15–29 ml/min/1.73 m2) and poorly controlled hy
pertension, showed an about 10 mm Hg 24 hour 
systolic BP reduction with chlortalidone vs place
bo, and the antihypertensive effect was particu
larly evident in patients already on loop diuret
ics. Furosemide and bumetanide should be admin
istered twice daily, because of their short dura
tion of action, whereas longer acting agents, such 
as torsemide, can be administered once daily.29

The next step in expanding the drug thera
py is supplementing the above 3 drug regimen 
with a mineralocorticoid receptor antagonist 
(MRA), in particular spironolactone. The results 
of the PATHWAY 2 (Prevention and Treatment 
of Hypertension with Algorithm based Therapy)30 
study showed that supplementing the basic tri
ple therapy with a fourth drug, spironolactone, 
even at a low dose (25–50 mg daily), was associ
ated with a stronger BP lowering effect as com
pared with bisoprolol or doxazosin.

The ReHOT (Resistant Hypertension Optimal 
Treatment)31 study compared the hypotensive 

and symptoms, including OSA (snoring, excessive 
daytime sleepiness), primary hyperaldosteronism 
(spontaneous hypokalemia, muscle weakness),25 
CKD (creatinine clearance <30 ml/min), renal ar
tery stenosis (female sex, young age or the pres
ence of atherosclerosis in other locations, wors
ened kidney function),26 pheochromocytoma (par
oxysmal hypertension, palpitations, headache), 
Cushing syndrome (moon face, central obesity, 
skin stretch marks), or coarctation of the aorta 
(pulse differences in the brachial and femoral ar
tery, systolic murmur in the interscapular area).

Management of true resistant hypertension  Ini
tiation of treatment of resistant hypertension 
is based on the introduction of the guideline
recommended 3 drug regimen, if it has not been 
used before. It should consist of a drug that inhib
its the renin angiotensin aldosterone system (ie, 
angiotensin converting enzyme inhibitor or an
giotensin receptor blocker), a thiazide or thiazide
like diuretic, and a calcium antagonist (FIguRE 1). 
To improve medication adherence, the regimen 
should be administered at the maximum toler
ated doses and in the form of single pill prepa
rations. Introduction of these treatment princi
ples in some patients with resistant hyperten
sion already allows for achieving the correct lev
el of BP control.

According to the recently published 2023 ESH 
guidelines16, as volume retention of multifacto
rial origin is frequent, reduced intake of sodium 
(<2 g/day) or NaCl (<5 g/day) and increased in
tensity of diuretic therapy, particularly in older 
patients, patients of Black African origin, or in
dividuals with CKD, should be implemented. Di
etary interventions are of particular importance, 

Patients not controlled by
ACEI or ARB + CA + DD

CKD stage 1 to 3,  
eGFR �30 ml/min/1.73 m2

CKD stage 4 or 5 (not on dialysis),
eGFR <30 ml/min/1.73 m2

Add
1. Spironolactone or another MRA

or
2. BB or α1-blocker

or
3. Centrally acting drug

Add
1. Chlortalidone or another thiazide -like DD

or
2. BB or α1-blocker

or
3. Centrally acting drug

Consider renal denervation 
if eGFR >40 ml/min/1.73 m2

FIguRE 1   
Pharmacotherapy in true 
resistant hypertension 
Abbreviations: ACEI, 
angiotensinconverting 
enzyme inhibitor; ARB, 
angiotensin receptor 
blocker; BB, β blocker; 
CA, calcium antagonist; 
CKD, chronic kidney 
disease; DD, diuretic; 
eGFR, estimated 
glomerular filtration rate; 
MRA, mineralocorticoid 
receptor antagonist
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was confirmed in the PATHWAY 2 study,34 in 
which bisoprolol and doxazosin, used separate
ly as add on treatments, resulted in smaller re
ductions in BP as compared with spironolactone. 
However, this reduction in BP was significant 
when compared with the patients receiving place
bo. Therefore, the use of bisoprolol or doxazosin 
is justified in the case of spironolactone intoler
ance or any contraindications to its use. Option
ally, another cardioselective β blocker with vaso
dilating properties can be considered, for exam
ple, nebivolol at a dose of 10 mg daily.

In rare cases of resistant hypertension, older
generation drugs may be effective, for example, 
centrally acting ones, such as clonidine, or direct
ly dilating arterioles, such as dihydralazine. New 
antihypertensive drugs based on various mecha
nisms of action (aldosterone synthase inhibitors, 
vasopressin antagonists, nitric oxide donors, en
dothelin antagonists, or endopeptidase inhibitors 
[neprilysin]) are still under study.

Moreover, the complex pharmacotherapy of re
sistant hypertension very often requires dosing 
the medications at least 2 times a day, and tak
ing into account the duration of action of indi
vidual preparations when determining the dos
age regimen. An important information to de
termine the appropriate daily routine drug dos
ing is provided by the daily BP profile obtained 
with ABPM. In the group of patients with resis
tant hypertension, a frequently observed phe
nomenon is a lack of BP drop at night (nondip
per BP profile), or even its increase during night 
hours (reverse dipper profile); such a situation 
requires higher doses of antihypertensive drugs 
in the afternoon.

In recent years, research has been continued 
on new drugs that can effectively lower BP in pa
tients with resistant hypertension. These include 
drugs from the group of sodium glucose cotrans
porter 2 inhibitors (SGLT 2is). A post hoc analysis 
of the EMPA REG Outcome study (Empagliflozin 
Cardiovascular Outcome Event Trial in Type 2 
Diabetes Mellitus Patients)35 showed that em
pagliflozin significantly reduced BP as compared 
with placebo in patients with presumed resistant 
hypertension. A selective aldosterone synthase in
hibitor, baxdrostat, also seems to be a promising 
drug. In a recently published study,36 it reduced 
BP proportionally to its dose in patients with re
sistant hypertension, without showing any sig
nificant side effects. Research is ongoing also on 
an antagonist of endothelin (ET)1 ETA and ETB 
receptors, aprocitentan. In preliminary studies in 
patients with resistant hypertension, aprociten
tan was well tolerated and more effective than 
placebo in reducing BP at week 4, and the effect 
was maintained at week 40.37

device ‑based treatment of resistant hypertension  
There has been a lot of research over the years into 
the techniques of invasive treatment of hyperten
sion, however, currently no accepted technique 
has been developed as a standard of management 

effect of spironolactone and clonidine. Al
though the results regarding the percentage of 
patients achieving proper BP control confirmed 
by ABPM and office BP measurement were sim
ilar in both groups, the patients taking spirono
lactone achieved slightly lower values   of systol
ic and diastolic BP during 24 hours, and diastolic 
BP during the day. In view of the above observa
tions, spironolactone should be added to the ex
isting first line treatment in patients with resis
tant hypertension.

One should keep in mind possible antiandro
genic effects of spironolactone, that is, tenderness 
of the mammary glands and gynecomastia (in ap
proximately 6% of men), menstruation disorders 
in women, or impotence in men. Spironolactone 
can be used effectively and safely to treat resis
tant hypertension in patients without significant 
renal dysfunction (eGFR ≥45 ml/min/1.73 m2 and 
serum potassium concentration ≤4.5 mmol/l). 
It is necessary to control electrolyte and creati
nine concentrations shortly after the therapy ini
tiation. If the laboratory test results are within 
the normal range, further checks should be per
formed at least once a year. If antiandrogenic side 
effects occur, an alternative may be to use anoth
er antagonist of mineralocorticoid receptors, that 
is, eplerenone at 50–100 mg daily. In selected cas
es, also amiloride, a potassium sparing diuretic, 
sodium channel blocker on the luminal surface of 
the distal tubule of the nephron, may prove ef
fective at a dose of 5–10 mg per day.

Resistant hypertension is often associated 
with increased aldosterone concentration as a re
sult undiagnosed primary hyperaldosteronism 
or increased aldosterone secretion after its ini
tial reduction caused by blockage of the renin
angiotensin aldosterone system. Therefore, re
duced stimulation of the mineralocorticoid re
ceptors by increased aldosterone concentration, 
as a result of treatment with MRAs, is highly ef
fective in lowering BP in this group of patients.32 
A new, more selective nonsteroidal MRA, finere
none, approved for the treatment in diabetic kid
ney disease might provide future alternatives 
to spironolactone for patients with resistant 
hypertension.33

If target BP is not achieved when apply
ing the procedures described above, or if there 
are contraindications to MRAs, a loop diuret
ic (torasemide) should be initiated, as an addi
tion to a thiazide / thiazide like diuretic. In pa
tients with significantly reduced kidney func
tion (eGFR <30 ml/min/1.73 m2), a loop diuret
ic should be used instead of a thiazide / thiazide
like diuretic. Regular follow up of serum 
electrolyte (potassium, magnesium) concentra
tions is recommended, aiming at their effective 
supplementation.

The next stage of antihypertensive treatment 
intensification is the use of an α1 blocker (dox
azosin at 4–8 mg daily with modified release) or 
a β blocker (bisoprolol at 5–10 mg daily). Effec
tiveness of these drugs in resistant hypertension 



POLISH ARCHIVES OF INTERNAL MEDICINE 2023; 133 (12)6

obesity, glucagon like peptide 1 receptor ago
nists can reduce body weight,50 modestly low
er BP,51 and improve cardiovascular prognosis 
in individuals with type 2 diabetes or with es
tablished cardiovascular disease.52 Bariatric sur
gery can lower BP, cardiovascular risk factors, and 
risk of cardiovascular events in severely obese 
patients,53 and may reduce the burden of anti
hypertensive medication when these patients 
have resistant hypertension.54 In patients eligi
ble for treatment with SGLT 2is, their use may 
add a moderate BP lowering effect to the back
ground antihypertensive therapy of resistant hy
pertension.55 Finally, when compared with valsar
tan alone, the sacubitril–valsartan combination 
reduced BP in patients with HF with preserved 
ejection fraction and resistant hypertension, de
spite treatment with at least 4 antihypertensive 
drugs.56 Given the association with multiple co
morbidities and the need for multiple and com
plex drug therapeutic regimens, the ESH experts 
recommend to refer patients with resistant hy
pertension to a hypertension specialist or, if nec
essary, to a hypertension referral center.16 A ded
icated tertiary hypertension clinic can be useful 
to perform the necessary diagnostic steps, opti
mize the multidrug treatment regimen, reduce 
the likelihood of drug related adverse effects, and 
increase adherence to treatment. Patients should 
receive a dedicated follow up program.

To summarize, resistant hypertension is a rela
tively common clinical scenario, although after ex
cluding cases of apparent resistant hypertension, 
true resistant hypertension occurrs in only about 
5% of hypertensive patients. Diagnostic workup 
should concentrate on the search for undetect
ed forms of secondary hypertension. In depth 
medical history might help to stimulate lifestyle 
changes, improve treatment adherence, and pro
vide management plan with adjustment of phar
macotherapy. In selected patients, device based 
hypertension treatment might be considered.
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in hypertension. Since not all patients with resis
tant hypertension can achieve BP control despite 
recommended pharmacotherapy, invasive treat
ment methods are sometimes used, for example, 
stimulation of carotid sinus baroreceptors, dener
vation of renal arteries, and surgical methods, 
such as removal of the carotid body and creation 
of an arteriovenous anastomosis.

Stimulation devices for carotid baroreceptors 
or the baroreceptor reflex enhancers are avail
able to increase parasympathetic tone and inhib
it sympathetic activity. Stimulation of the carotid 
sinus baroreceptors using a stimulator or a stent 
is intended to increase the tone of the carotid 
bulb and reflexively reduce sympathetic activa
tion with a secondary reduction in arterial pres
sure.38 In the case of creating an iliac arteriove
nous anastomosis, partial equalization of pres
sures between the arterial and venous systems is 
achieved with a reduction of systemic pressure.39

The best known technique for the invasive 
treatment of resistant hypertension is intravas
cular denervation of renal arteries, which involves 
bilateral damage to the sympathetic afferent and 
efferent fibers during a point application of en
ergy with an intravascular catheter or highly
concentrated ultrasound energy or perivascu
lar injection of alcohol. Damage to the efferent 
fibers results in vasodilation of the renal vessels, 
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