
¿Qué hay de nuevo en
Hipertensión Arterial?

15 de noviembre 2024



Global report on 
hypertension 
The race against 
a silent killer

Globally, the prevalence of hypertension is slightly higher among males (34%) 
than females (32%). This female advantage is age-related: the global age-
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is 19% for women versus 24% for men. This pattern of lower hypertension 
prevalence among women aged under 50 years holds in most countries 
worldwide (15). However, for people aged 50–79 years, both men and women 
globally are estimated to have equivalent hypertension prevalence of 49%. 
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little from 1990 to 2019, increasing from 32% to 33%. Hypertension prevalence 
declined in high-income countries (from 38% in 1990 to 32% in 2019) and in 
the WHO European Region (from 45% in 1990 to 37% in 2019). These declines 
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(29% to 32%).

However, the total number of adults in the world is increasing as a result of pop-
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older groups accounting for a larger proportion of the total population. Since 
the rate of hypertension increases with age, these two trends are increasing the 
number of adults aged 30–79 years with hypertension. The number of adults 
with hypertension doubled from 650 million in 1990 to 1.3 billion in 2019 (Fig. 3).

About 78% of adults with hypertension live in low- and middle-income coun-
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The number of 
 adults with 

hypertension doubled 
from 650 million in 

1990 to 1.3 billion in 
2019.
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Region Hypertension (%) Diagnosis 
coverage (%)

Treatment 
coverage (%)

�ȥ �/$1 �
treatment 
coveragea (%)

African 36 (38, 33) 43 (46, 39) 27 (30, 24) 12 (14, 9)

The Americas 35 (38, 33) 70 (73, 67) 60 (64, 57) 36 (41, 32)

South-East Asia 32 (36, 29) 39 (44, 34) 30 (34, 25) 14 (18, 10)

European 37 (39, 35) 66 (69, 63) 53 (56, 50) 26 (29, 23)

Eastern 
Mediterranean 38 (41, 35) 49 (53, 45) 39 (43, 34) 15 (19, 13)

� ./ -)�����$ 28 (32, 25) 54 (59, 48) 41 (47, 35) 18 (23, 14)

Global 33 (35, 32) 54 (56, 51) 42 (45, 40) 21 (23, 19)
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diastolic and taking medication for hypertension.

Note: Data in parentheses are 95% uncertainty intervals.

Source: Global Health Observatory (GHO). Noncommunicable diseases: risk factors [online database] (4). 
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- La HTA afecta a uno de cada tres adultos en el mundo.

- “The number of people living with hypertension (blood pressure of ≥140 mmHg systolic or ≥90 
mmHg diastolic or on medica@on) doubled between 1990 and 2019, from 650 million to 1.3 billion” 

- Cuatro de cada cinco HTA no reciben un tto adecuado

«Cada hora, más de 1000 personas mueren de accidentes CV e IAM. Muchas de estas muertes se deben a la HTA, y la 
mayoría podrían haberse evitado»

19 September 2023  



MODULES OF THE HEARTS TECHNICAL PACKAGE

Module What does it include?
Who are the target users?

National Subnational Primary  
care

Healthy-lifestyle 
counselling

Information on the four behavioural 
risk factors for CVD is provided. Brief 
interventions are described as an 
approach to providing counselling on 
risk factors and encouraging people to 
have healthy lifestyles.

9 9

E vidence-based 
protocols

(�JVSSLJ[PVU�VM�WYV[VJVSZ�[V�Z[HUKHYKPaL�H�
clinical approach to the management of 
hypertension and diabetes. 9 9 9

A ccess to 
essential medicines 
and technology

Information on CVD medicine and 
[LJOUVSVN`�WYVJ\YLTLU[��X\HU[PÄJH[PVU��
distribution, management and handling 
of supplies at facility level.

9 9 9

Risk-based CVD 
management

Information on a total risk approach 
to the assessment and management 
VM�*=+��PUJS\KPUN�JV\U[Y`�ZWLJPÄJ�YPZR�
charts.

9 9 9

Team-based care 

Guidance and examples on team-based 
care and task shifting related to the care 
of CVD. Some training materials are also 
provided.

9 9

S ystems for 
monitoring

Information on how to monitor 
and report on the prevention and 
management of CVD. Contains 
Z[HUKHYKPaLK�PUKPJH[VYZ�HUK�KH[H�
collection tools.

9 9 9

7HEARTS: Risk-based CVD management

PROGRAMA HEARTS: Technical package for cardiovascular
disease management in primary health care: Risk-based CVD
management

Tto con fármacos genéricos seguros, ampliamente disponibles y de bajo costo.

Si los países logran ampliar la cobertura, podrían evitarse 76 millones de muertes 
entre 2023 y 2050.
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Practice Guidelines 

2024 European Society of Hypertension clinical practice guidelines for the management of 
arterial hypertension 

Endorsed by the European Federation of Internal Medicine (EFIM), European Renal Association (ERA), and International Society of 
Hypertension (ISH)  

1. Introduction 

The European Society of Hypertension (ESH) reported in 2023 its 
current Guidelines for the management of arterial hypertension [1]. 
Following their aim to summarize the best available evidence for all 
aspects of hypertension management, the Task Force of the 2023 
Guidelines generated a comprehensive document covering almost 200 
pages including 1736 references [1]. This document thus provides a 
valuable and comprehensive source of information for hypertension 
management. However, due to the length of the text and its complexity, 
not only primary care providers (e.g. family physicians, general phys-
icians/internists), who represent the group of physicians that manages 
the vast majority of patients, but also specialists may find it challenging 
to navigate through the extensive guidelines with its numerous recom-
mendations. Therefore, the ESH decided to provide with its 2024 Clin-
ical Practice Guidelines a novel concise format that supports the 
dissemination of the most important information of the Guidelines for 
the management of the general hypertensive population and its imple-
mentation into clinical practice. To this end, the ESH developed a 
MASTERplan for the management of hypertension (Fig. 1). For aspects 

that are (intentionally) not covered in this document and for the sup-
porting literature readers are referred to the full text of the 2023 ESH 
Guidelines [1]. 

2. Measure blood pressure–diagnose 

The accurate measurement of blood pressure (BP) is the cornerstone 
for the diagnosis and management of hypertension. The measurement of 
BP to diagnose hypertension therefore represents the first pivotal step of 
the ESH MASTERplan for the management of hypertension.  

• Conventional attended office BP measurement (OBPM) is the 
most well-studied method for assessing BP and the one by which the 
diagnosis of hypertension, BP classification, the role of BP as a car-
diovascular (CV) risk factor, the protective effect of antihypertensive 
treatment and the BP thresholds and targets of therapeutic in-
terventions have been established.  

• Ambulatory BP monitoring (ABPM) and home BP monitoring 
(HBPM) are important methods for out-of-office BP monitoring, that 
provide important additional information for the management of 

Abbreviations: ACEi, angiotensin-converting-enzyme inhibitor; ABPM, ambulatory blood pressure monitoring; ADL, activity of daily living; AF, atrial fibrillation; 
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprylisin inhibitor; BB, beta blocker; BP, blood pressure; BMI, body mass index; bpm, beats per 
minute; BSA, body surface area; CCB, calcium channel blocker; CV, cardiovascular; CVD, cardiovascular disease; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; COVID-19, Coronavirus Disease 2019 (COVID-19); COX-2, cyclooxygenase 2; DASH, dietary approaches to stop hypertension; DBP, 
diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; ESH, European Society of Hypertension; FU, follow-up; HbA1c, he-
moglobin A1c; HBPM, home blood pressure monitoring; HDL, high density lipoprotein; HDP, hypertensive disorders in pregnancy; HF, heart failure; HFpEF, heart 
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HMOD, hypertension-mediated organ damage; ISH, isolated systolic 
hypertension; LDL, low density lipoprotein; Lp(a), lipoprotien (a); LV, left ventricle; LVH, left ventricular hypertrophy; MMSE, mini mental state examination; MRA, 
mineralocorticoid receptor antagonist; MRI, magnetic resonance imaging; NSAIDS, non-steroidal anti-inflammatory drugs; NsMRA, non-steroidal mineralocorticoid 
receptor antagonist; OSA, obstructive sleep apnea; OBPM, office blood pressure monitoring; OTC, over the counter medications; PWV, pulse wave velocity; SCORE2, 
Systematic COronary Risk Evaluation model 2; SCORE2-OP, Systematic COronary Risk Evaluation model 2 for Older People; SBP, systolic blood pressure; SPC, single 
pill combination; SGLT2i, sodium-glucose cotransporter type 2 inhibitors; TIA, transient ischemic attack; T/TL-diuretic, thiazide/thiazide-like diuretic; UACR, 
urinary albumin-creatinine ratio. 
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treatment is to reduce the risk of clinical outcomes and not only BP. Although BP reduction is strongly associated with a
reduction in clinical events, interventions affecting BPmay also affect other physiological systems with beneficial or harmful
effects, and the benefit/harm ratio cannot be firmly established without clinical outcome trials.

Furthermore, risk of bias and statistical precision were considered when assigning the LoE. This means that recom-
mendations supported by well conducted RCTs with CV outcomes were assigned LoE A, whereas recommendations
supported by trials with a similar design and with similar outcomes, were downgraded to LoE B or C if the risk of bias was
judged as high, or if effect estimates were imprecise. Meta-analyses may contribute to any level of evidence depending on
the type of studies included and the quality of the meta-analysis itself [8].

For diagnostic tests and procedures, we have adopted the strategy recommended by the GRADE working group,
assessing the evidence for benefit on patient-important outcomes [9]. Many diagnostic procedures rely on studies of
accuracy rather than effect on outcomes, and recommendations building on such evidence is generally downgraded for
indirectness even if the studies themselves are without important limitations.

2. PRINCIPLES OF HYPERTENSION PATHOPHYSIOLOGY
Hypertension is divided into a primary (formerly and still also currently referred to as ‘essential’) and secondary forms.
Secondary hypertension originates from specific causes and can be detected in only a small fraction of hypertensive patients
(see Section 6). Primary hypertension covers the remaining large fraction of the hypertensive population, and its origin
depends on the complex interaction between a genetic background, a large number of environmental factors [10–12] and the
aging process. Both genetic and environmental factors operate through alterations of CV regulatory systems, leading to an
increase of systemic vascular resistance, which is the hallmark hemodynamic abnormality responsible for BP elevation in
almost all hypertensive patients [13]. In the last few years, important new evidence has been obtained on the genetic
background of hypertension, withmore than 1000 genetic factors being identified [11,12] togetherwith, in some instances, the
biochemical and pathophysiological paths they work through [14]. New environmental factors (e.g. air pollution and noise)
have been added to those already documented by older research [15–17]. Furthermore, new experimental and clinical studies
have confirmed that alterations of severalmajor CV control systemsmay contribute to chronic BP elevation. As shown in Fig. 3,

FIGURE 3 Mechanisms involved in BP regulation and the pathophysiology of hypertension.

Mancia, Kreutz et al.
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5.7 When to refer a patient to a specialist or for hospital-based care
Although most patients with hypertension are managed in the primary care setting, in some circumstances, a hospital-based
evaluation and treatment may be required, keeping in mind that out-of-office or office-based care of hypertensive patients
also depends on the healthcare organization of a given country (Table 12).

6. SECONDARY HYPERTENSION
Secondary forms of hypertension account for only a small fraction of the overall hypertension prevalence, which is largely
due to primary hypertension. However, their true prevalence is not precisely known, because available data may be
confounded by the selection bias of the studies reported in the literature, the number of undiagnosed cases and the varying
definition of secondary forms of hypertension. Hence, the classification of OSA, a phenotype more frequently observed in
obese patients, as a secondary form of hypertension is questioned by many experts. Nevertheless, despite their limited
prevalence, detection and management of secondary forms of hypertension is of utmost importance, because these forms
often carry a high or very-high risk of morbidity and mortality and can possibly be cured by timely treatment of their cause
[335]. Secondary forms of hypertension require specific diagnostic approaches, which allow to detect their specific causes
and to select effective drug treatment or appropriate interventional treatment that control or cure the elevated BP. Secondary
forms of hypertension are a frequent cause of severe or true resistant hypertension, worsening of previously controlled
hypertension or increased severity of HMOD, which may appear as disproportionate to the duration of hypertension (Table
13). Although secondary forms of hypertension are particularly frequent in younger patients (<40 years) with an elevated
BP, some forms (such as atherosclerotic renovascular disease) are more common at an older age (Fig. 7).

TABLE 12. When to refer a hypertensive patient to a specialist or to hospital

! Patients in whom secondary hypertension is suspected
! Young patients (<40 years) with grade 2 or 3 hypertension in whom secondary hypertension should be excluded
! Patients with sudden onset or aggravation of hypertension when BP was previously normal
! Patients with treatment-resistant hypertension
! Need of more detailed assessment of HMOD, which might influence treatment decision
! Requirement of more in-depth specialist evaluation from the referring doctor
! Hypertensive emergencies (inpatient care will usually be needed)

TABLE 13. Patient characteristics that should raise the suspicion of secondary hypertension

Younger patients (<40 years) with grade 2 or 3 hypertension or hypertension of any grade in childhood
Sudden onset of hypertension in individuals with previously documented normotension
Acute worsening of BP control in patients with previously well controlled by treatment
True resistant hypertension hypertension
Hypertensive emergency
Severe (grade 3) or malignant hypertension
Severe and/or extensive HMOD, particularly if disproportionate for the duration and severity of the BP elevation
Clinical or biochemical features suggestive of endocrine causes of hypertension
Clinical features suggestive of atherosclerotic renovascular disease or fibromuscular dysplasia
Clinical features suggestive of obstructive sleep apnea
Severe hypertension in pregnancy (>160/110mmHg) or acute worsening of BP control in pregnant women with preexisting hypertension

FIGURE 7 Incidence of selected forms of secondary hypertension according to age.
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Practice Guidelines 

2024 European Society of Hypertension clinical practice guidelines for the management of 
arterial hypertension 

Endorsed by the European Federation of Internal Medicine (EFIM), European Renal Association (ERA), and International Society of 
Hypertension (ISH)  

1. Introduction 

The European Society of Hypertension (ESH) reported in 2023 its 
current Guidelines for the management of arterial hypertension [1]. 
Following their aim to summarize the best available evidence for all 
aspects of hypertension management, the Task Force of the 2023 
Guidelines generated a comprehensive document covering almost 200 
pages including 1736 references [1]. This document thus provides a 
valuable and comprehensive source of information for hypertension 
management. However, due to the length of the text and its complexity, 
not only primary care providers (e.g. family physicians, general phys-
icians/internists), who represent the group of physicians that manages 
the vast majority of patients, but also specialists may find it challenging 
to navigate through the extensive guidelines with its numerous recom-
mendations. Therefore, the ESH decided to provide with its 2024 Clin-
ical Practice Guidelines a novel concise format that supports the 
dissemination of the most important information of the Guidelines for 
the management of the general hypertensive population and its imple-
mentation into clinical practice. To this end, the ESH developed a 
MASTERplan for the management of hypertension (Fig. 1). For aspects 

that are (intentionally) not covered in this document and for the sup-
porting literature readers are referred to the full text of the 2023 ESH 
Guidelines [1]. 

2. Measure blood pressure–diagnose 

The accurate measurement of blood pressure (BP) is the cornerstone 
for the diagnosis and management of hypertension. The measurement of 
BP to diagnose hypertension therefore represents the first pivotal step of 
the ESH MASTERplan for the management of hypertension.  

• Conventional attended office BP measurement (OBPM) is the 
most well-studied method for assessing BP and the one by which the 
diagnosis of hypertension, BP classification, the role of BP as a car-
diovascular (CV) risk factor, the protective effect of antihypertensive 
treatment and the BP thresholds and targets of therapeutic in-
terventions have been established.  

• Ambulatory BP monitoring (ABPM) and home BP monitoring 
(HBPM) are important methods for out-of-office BP monitoring, that 
provide important additional information for the management of 

Abbreviations: ACEi, angiotensin-converting-enzyme inhibitor; ABPM, ambulatory blood pressure monitoring; ADL, activity of daily living; AF, atrial fibrillation; 
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprylisin inhibitor; BB, beta blocker; BP, blood pressure; BMI, body mass index; bpm, beats per 
minute; BSA, body surface area; CCB, calcium channel blocker; CV, cardiovascular; CVD, cardiovascular disease; CKD, chronic kidney disease; COPD, chronic 
obstructive pulmonary disease; COVID-19, Coronavirus Disease 2019 (COVID-19); COX-2, cyclooxygenase 2; DASH, dietary approaches to stop hypertension; DBP, 
diastolic blood pressure; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; ESH, European Society of Hypertension; FU, follow-up; HbA1c, he-
moglobin A1c; HBPM, home blood pressure monitoring; HDL, high density lipoprotein; HDP, hypertensive disorders in pregnancy; HF, heart failure; HFpEF, heart 
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HMOD, hypertension-mediated organ damage; ISH, isolated systolic 
hypertension; LDL, low density lipoprotein; Lp(a), lipoprotien (a); LV, left ventricle; LVH, left ventricular hypertrophy; MMSE, mini mental state examination; MRA, 
mineralocorticoid receptor antagonist; MRI, magnetic resonance imaging; NSAIDS, non-steroidal anti-inflammatory drugs; NsMRA, non-steroidal mineralocorticoid 
receptor antagonist; OSA, obstructive sleep apnea; OBPM, office blood pressure monitoring; OTC, over the counter medications; PWV, pulse wave velocity; SCORE2, 
Systematic COronary Risk Evaluation model 2; SCORE2-OP, Systematic COronary Risk Evaluation model 2 for Older People; SBP, systolic blood pressure; SPC, single 
pill combination; SGLT2i, sodium-glucose cotransporter type 2 inhibitors; TIA, transient ischemic attack; T/TL-diuretic, thiazide/thiazide-like diuretic; UACR, 
urinary albumin-creatinine ratio. 
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Figura  1  Gráfico  de  monitorización  ambulatoria  con  los  intervalos  horarios,  las  cifras  de  PA  sistólica  y  diastólica,  la  variabilidad
circadiana y  la  elevación  matutina  de  la  PA.  Los patrones  de descenso  nocturno  son  también  aplicables  a  la  PA  diastólica.
PA: presión  arterial.

Tabla  6  Requerimientos  para  obtener  un MAPA  satisfactoria

Requerimientos  básicos

El paciente  debe  ser  capaz  de  comprender  las  instrucciones  sobre  el  procedimiento
Se debe  realizar  en  un  día  rutinario  del paciente
La primera  visita  puede  requerir  entre  10-15  min
El paciente  debe  estar  tranquilo  en  un  ambiente  relajado

Preparación  del  monitor

Comprobar  la  carga  de  la  batería
Introducir  los  datos  del paciente  e inicializar  el  monitor
Seleccionar  los  intervalos  de  medida  de  PA
Poner el  manguito  adecuado  en  el brazo  no dominante  del  paciente  (80-100%  de  la  circunferencia  del  brazo)  con  la  vejiga
del manguito  en  la  arteria  braquial
Pasar  los  tubos  encima  del  cuello  del  paciente  para  conectarlos  al  monitor  a  la  altura  de  la  cintura
Hacer una toma  de PA  manual  para  familiarizar  al  paciente  con  el  procedimiento

Consejos  al  paciente

Explicar  el procedimiento,  dar  instrucciones  impresas  y  diario  para  el paciente  para  anotar  horarios  de  toma  de  la
medicación,  hora de  acostarse  y  levantarse  e  incidencias
Realizar un  día  rutinario  pero  explicar  al  paciente  que  debe  quedarse  quieto  al  realizar  la  medición  de  PA  con  el brazo
relajado y  a  la  altura  del  corazón
No ducharse  ni  bañarse
Explicar  cómo  desconectar  el dispositivo  si  hubiera  mal  funcionamiento  y  colocar  la  vejiga  del manguito  sobre  la  arteria
braquial si se  descoloca  el manguito

Retirar  el  monitor

Retirar  el manguito  y  el  dispositivo  o  instruir  al  paciente  que  lo  haga  el  una vez pasado  el intervalo  de  24  h
Descargar los  datos  en  el ordenador  y  generar  el informe

MAPA: monitorización ambulatoria de la PA; PA: presión arterial.
Adaptada de O’Brien et  al.27.
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Tabla  2  Definición  de  hipertensión  arterial  en  la  consulta  y  fuera  de  la  consulta

PA  sistólica  (mmHg)  PA  diastólica  (mmHg)

PA  en  la  consulta ≥  140 y/o  ≥ 90
PA en  la  MAPA

Diurna  ≥ 135  y/o  ≥ 85
Nocturna ≥ 120  y/o  ≥ 70
24 h  ≥ 130  y/o  ≥ 80

PA en  la  AMPA  ≥ 135  y/o  ≥ 85

AMPA: automedida de la PA; MAPA: monitorización ambulatoria de la presión arterial; PA: presión arterial.
Adaptada Williams et al.5.

Tabla  3  Percentiles  de  presión  ambulatoria  sistólica  y  diastólica  (mmHg)  para  uso  clínico  en  niños  y  adolescentes

Niños  Niñas

Altura(cm)  90th  Día 95th  90th  Noche  95th  90th  Día  95th  90th  Noche  95th

120  122/80  125/82  103/61  106/63  118/80  120/82  103/63  106/65
125 122/80  125/82  105/61  108/63  119/80  121/82  104/63  107/66
130 122/80  126/82  106/62  110/64  120/80  122/82  106/63  108/66
135 123/80  126/82  108/63  111/65  120/80  123/82  107/63  109/66
140 123/80  126/82  109/63  113/65  121/80  124/82  108/63  110/66
145 124/79  127/81  111/64  114/66  123/80  125/82  109/63  112/66
150 125/79  128/81  112/64  116/66  124/80  126/80  110/63  113/66
155 127/79  130/81  113/64  117/66  125/80  128/82  111/63  114/66
160 129/79  133/81  114/64  118/66  126/80  129/82  111/63  114/66
165 132/80  135/82  116/64  119/66  127/80  130/82  112/63  114/66
170 134/80  138/82  117/64  121/66  128/80  131/82  112/67  115/71
175 136/81  140/83  119/64  122/66  129/81  131/82  113/63  115/66
180 138/81  140/83  120/64  124/66  -  -  -  -
185 140/81  144/84  122/66  125/66  -  -  -  -

Adaptada de O’Brien et  al.27.

Tabla  4  Valores  de presión  ambulatoria  sistólica  y  diastólica  (mmHg)  según  la  edad  gestacional  (valor  de PA  más  alto  entre
paréntesis)

PA  ambulatoria  24  h  PA  ambulatoria  noche

Edad  gestacional
(semanas)

9-17  18-22  26-30  31-40  9-17  18-23  26-30  31-40

PAS  (mmHg)  101-118(121)  96-127(126)  97-133(128)  103-136(131)  93-109(110)  88-120(114)  87-125(117)  85-131(123)
PAD (mmHg)  60-71  (73)  56-78  (76)  56-84  (78)  57-85  (82)  50-64  (64)  46-68  (66)  46-76  (68)  47-77  (72)

MAPA: monitorización ambulatoria de la PA; PA: presión arterial; PAD: presión arterial diastólica; PAS: presión arterial sistólica.
Adaptada de O’Brien et  al.27.

2  y  se  derivan  de  los  datos  obtenidos  de  diferentes  bases  de
datos  internacionales  y son los  propuestos  por la  Sociedad
Europea  de  Hipertensión5,34,35.  Queda  por  resolver  si  dichos
umbrales  son  generalizables  en  todas  las  edades  y condi-
ciones,  o  si  se necesitan  valores  de  referencia  especiales
en  diferentes  poblaciones.  En  el  caso  de  niños  y adoles-
centes  y embarazadas,  la  Sociedad  Europea  de  Hipertensión
(ESH)ha  propuesto  umbrales  específicos  que  se presenten  en
las  tablas  3 y  427,28,36,37.

Dispositivos y software

Para  la realización  de la MAPA  en la  clínica  es funda-
mental  el  uso de  dispositivos  con  validación  específica  de
acuerdo  con protocolos  internacionales.  Los  protocolos  más
utilizados  son el  de la  ESH  (ESH-IP),  el  de la  Sociedad  Bri-
tánica  de Hipertensión  y  el  de  la  Asociación  Americana
de  Instrumentos  Médicos38-40.  El protocolo  europeo  ESH-
IP  para  la  validación  está disponible  online41. Existe  un

0.9-1
0.8-0.9
< 0.8
> 1

ABPM
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primary hypertensionmay be accompanied by alterations of the RAAS, central and peripheral autonomic cardiac and vascular
regulation, the endothelin system and other systems controlling vascular function, including nitric oxide and natriuretic
peptides [13,18–22].More recently, pressogeniceffects (increased sodiumsensitivity) of gutmicrobialdysbiosis havealsobeen
reported [23,24]. In addition, the immune system is likely toplay apathophysiologic role,with effects that are possiblyprimarily
mediated by inflammation, and involve not only BP regulation (and thus development of hypertension) but also the initiation
and progression of HMOD [25,26]. There is extensive experimental and clinical evidence that hypertension is associated with
inflammation and immune cell activation, twoprocesses that are driven in largepart byoxidative stress. Immune cell activation
is characterized by excessive production of reactive oxygen species and an altered oxidation– reduction (redox) state [26], and
there is evidence that generation of reactive oxygen species is influenced by factors involved in BP regulation, such as Ang II,
endothelin-1 (ET-1), aldosterone and salt (sodium) [26]. Furthermore, evidence is also available that alterations of immunoin-
flammation is promoted by the above-mentioned hypertension promoters such as genetic susceptibility, neurohumoral
activation, salt influences and gutmicrobiome [10–13,18–22,27]. Although this complex interplaymakes it impossible to know
whether inflammation is causatively related tohypertensionor represents a secondary effectof a chronicBPelevation, it is clear
that inflammation and the dysregulated immune system are closely linked to each other and that immunoinflammation is
involved in hypertension [25,26]. Indeed, the suggestion has been made that oxidative stress and increased generation of
reactive oxygen species represent the commonmolecular basis linking immunoinflam-mation to hypertension. Alterations in
metabolomic pathways, e.g. glucose and lipid metabolism, may also contribute, as exemplified by the sympathostimulating
effect of insulin [13,28] and the favoring effect of sympathostimulation on insulin resistance [29]. Regardless of themechanisms
involved, a chronic BP elevation is known tomodify the cardiac (e.g. LVH), large artery (increase in collagen and stiffening of
the arterial wall) and small artery (increase in wall-to-lumen ratio) structure, which in a later hypertension phase promote the
BP increaseon a nonspecific anatomical basis [13]. This confirms and expands the formermosaic theory on thepathogenesis of
primary hypertension as a multifactorial phenotype, which was already formulated by Page [30] in the pioneer phase of
hypertension research more than 70years ago. To the original theory, modern research has added not only newmechanisms
but also, as shown inFig. 3, strongevidence for the existenceof reciprocal influencesbetweendifferentCVcontrol systems, as a
result of which alteration of one systemmay favor or reinforce alterations of the other systems and vice versa [31]. At a practical
level, this multimechanistic interactive pathophysiology implies that diagnostic attempts to identify a single responsible
mechanism for primary hypertension can often be not only methodologi-cally difficult but also futile. It also explains why an
elevated BP can be lowered by drugs with different mechanisms of action as well as why a combination of mechanistically
different drugs lowers BP much more effectively than monotherapy.

3. DEFINITION OF HYPERTENSION AND BP CLASSIFICATION

3.1 Definition of hypertension
According to the previous 2018 European and current international guidelines [32–34], hypertension is defined based on
repeated office SBP values 140mmHg and/or DBP 90mmHg. However, there is a continuous relationship between BP and
CV or renal morbid or fatal events starting from an office SBP >115mmHg and a DBP >75mmHg [35]. Therefore, this
definition is arbitrary and has mainly the pragmatic purpose of simplifying the diagnosis and decision on hypertension
management. In this context, the above office threshold BP values correspond to the level of BP at which the benefits of
intervention (lifestyle interventions or drug treatment) exceed those of inaction, as shown by outcome-based RCTs. Based
on available evidence [36] the definition of hypertension remains unchanged from the previous guidelines [4].

3.2 Classification of hypertension
The classification of office BP and definition of hypertension grades also remain the same from previous guidelines
(Table 1).

In addition to grades of hypertension, which are based on BP values, we also distinguish stages of hypertension as
follows:

Stage 1: Uncomplicated hypertension (i.e. without HMOD or established CVD, but including CKD stage 1 and 2)

TABLE 1. Classification of office BP and definitions of hypertension grades

Category Systolic (mmHg) Diastolic (mmHg)

Optimal <120 and <80

Normal 120–129 and 80–84

High-normal 130–139 and/or 85–89

Grade 1 hypertension 140–159 and/or 90–99

Grade 2 hypertension 160–179 and/or 100–109

Grade 3 hypertension !180 and/or !110

Isolated systolic hypertensiona !140 and <90

Isolated diastolic hypertensiona <140 and !90

The BP category is defined by the highest level of BP, whether systolic or diastolic.
aIsolated systolic or diastolic hypertension is graded 1, 2 or 3 according to SBP and DBP values in the ranges indicated. The same classification is used for adolescents !16 years old (see
Section 15.1).

2023 ESH Guidelines for the management of arterial hypertension
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Stage 2: Presence of HMOD or CKD stage 3 or diabetes.
Stage 3: Established CVD or CKD stages 4 or 5.

Definition of BP categories, hypertension grades and stages according to office BP

Recommendations and statements CoR LoE 

It is recommended that BP is classified as optimal, normal, high normal, 
or grade 1, 2 or 3 hypertension, according to office BP.  

I C 

In addition to grades of hypertension, which are based on BP values, it is 
recommended to distinguish stage 1, 2, and 3 hypertension. 

Stage 1: Uncomplicated hypertension without HMOD, diabetes, CVD and 
without CKD ≥ stage 3. 

Stage 2: Presence of HMOD, diabetes, or CKD stage 3. 

Stage 3: Presence of CVD or CKD stage 4 or 5. 

I C 

3.3 Prevalence of hypertension
Hypertension is the most prevalent CV disorder in the world and according to the WHO, it affects 1.28 billion adults aged
30–79 years worldwide, two-thirds living in low-income andmiddle-income countries. In 2019, the global age-standardized
average prevalence of hypertension in adults aged 30– 79 years was reported to be 34% in men and 32% in women [37]. In
European countries, the prevalence is similar, with between-country differences and values lower than average in some
Western and above average in Eastern European countries [37]. At younger ages (<50 years), hypertension is more prevalent
in men, whereas a steeper increase of SBP in women from their third decade (andmore so following menopause) makes the
prevalence of hypertension greater in women in older age categories (>65 years) [38,39]. SBP increases progressively with
age while DBP rises only until the age of 50–60 years, followed by a short period of stagnation and a subsequent mild
decrease [40]. This results in an increase of pulse pressure (difference between SBP and DBP) with age [38].

3.4 BP relationship with risk of cerebral, cardiovascular and kidney events
There is a continuous relationship between the increase in BP and the risk of stroke, CAD, HF and development and
progression of CKD. This applies to all ages and ethnic groups [41]. In 2002, the Prospective Studies Collaboration Group
found that, for each 20mmHg elevation of office SBP or 10mmHg elevation of office DBP, the risk for fatal CAD or stroke
doubled [35]. SBP is a better predictor of events than DBP after the age of 50 years. In addition to previous studies suggesting
that elevated DBP is associated with increased risk in young individuals [42], more recent studies indicate increased risk of
CV events for both SBP and DBP elevations in younger adults [43] (see Section 15.2). By reflecting an increase of arterial
stiffness, increased pulse pressure was found to be associated with an adverse prognostic impact, additional to that
associated with SBP elevation in middle-aged and older people [44,45].

3.5 Hypertension and total CV risk assessment
Hypertension is often associated with other risk factors, including dyslipidemia, impaired glucose tolerance and type 2
diabetes, which further increase CV risk [46,47]. The large number of factors influencing CV risk in patients with hypertension
(environmental, lifestyle and clinical CV risk factors plus HMOD and established CVD or CKD categories) are listed in Table 2.
Special risk factors apply towomen, e.g. hypertensiondisorders in pregnancy and early-onsetmenopause [48,49]. HMOD is an
important intermediate stage in the CVD continuum between CV risk factors and clinically manifest CVD or advanced CKD
stages 4 and 5. HMOD is an important determinant of overall CV risk [1], which is usually high in the presence of HMOD [4].
Diabetes mellitus is listed (Fig. 4) as a separate condition that impacts on CV risk, regardless of the concomitance of HMOD,
CVD or CKD. Only diabetic patients with well controlled, short-standing duration of the disease (less than 10years), no
evidence of HMOD and no additional CV risk factors are categorized as at moderate risk [33].

Estimation of total CV risk is recommended in each hypertensive patient because of its relevance for hypertension
management. Computerized methods have been developed for estimating total CV risk, i.e. the likelihood of developing a
CV event, usually within the following 10 years. Many risk stratification systems are based on the Framingham study,
estimating the 10-year risk for both fatal and nonfatal CAD by SBP and the presence of other risk factors [50]. The
Framingham risk stratification is applicable to some European populations [51], but this requires recalibration [52,53], due to
geographic differences in the incidence of coronary and stroke events between the European and US populations. Because
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of these limitations, the SCORE (Systemic Coronary Risk Evaluation) method, based on a large European database, has been
developed [54]. SCORE charts estimate the risk of death from CV (not only coronary) disease over 10 years in either high-risk
and low-risk European countries [54] and modified charts can, thus, be used for individual countries. The 2021 European
Guidelines on CVD prevention made use of SCORE2, which is an updated version of the original SCORE that estimates an
individual’s 10-year risk of fatal and nonfatal CV events in apparently healthy individuals aged 40– 69 years with risk factors
that are untreated or have been stable for several years [55]. For older people (age 70– 89 years), a corresponding SCORE2-
OP algorithm for older people is available [56]. SCORE2 and SCORE2-OP are calibrated for four clusters of countries (low,
moderate, high, and very high CV risk) that are grouped according to national CV mortality rates published by the WHO.

Estimating a person’s 10-year CV risk by SCORE2 and SCORE2-OP is done by first selecting the correct country group and
its corresponding risk stratification table [33]. Within the table, the risk is estimated based on sex, age, level of SBP, smoking
status, and non-HDL cholesterol level (total cholesterol – HDL cholesterol, Table 2). DBP is not included in the SCORE2/
SCORE2-OP tool, which is a weakness. Overall risk should be stratified in all patients as shown in Fig. 4. Risk stratification is

TABLE 2. Factors that influence CV risk in patients with hypertension

Parameter for risk stratification, which are included in SCORE2 and SCORE2-OP
Sex (men >women)
Age
Level of SBPa

Smoking – current or past history
Non-HDL cholesterol

Established and suggested novel factors
Family or parental history of early onset hypertension
Personal history of malignant hypertension
Family history of premature CVD (men aged <55 years; women aged <65 years)
Heart rate (resting values >80bpm)
Low birth weight
Sedentary lifestyle
Overweight or Obesity
Diabetes
Uric acid
Lp(a)
Adverse outcomes of pregnancy (recurrent pregnancy loss, preterm delivery, hypertensive disorders, gestational diabetes)
Early-onset menopause
Frailty
Psychosocial and socioeconomic factors
Migration
Environmental exposure to air pollution or noise

Additional clinical conditions or comorbidities
True resistant hypertension
Sleep disorders (including OSA)
COPD
Gout
Chronic inflammatory diseases
Nonalcoholic fatty liver disease (NASH)
Chronic infections (including long COVID-19)
Migraine
Depressive syndromes
Erectile dysfunction

Hypertension-mediated organ damage (HMOD)
Increased large artery stiffness:
Pulse pressure (in older people) !60mmHg
Carotid–femoral PWV >10 m/s (if available)
Presence of non-hemodynamically significant atheromatous plaque (stenosis) on imaging
ECG LVH (Sokolow–Lyon index >35mm, or R in aVL !11 mm; Cornell voltage-duration product (þ6 mm in women) >2440 mm#ms, or Cornell voltage >28mm

in men or >20mm in women)
Echocardiographic LVH (LV mass index: men >50 g/m2.7; women >47 g/m2.7 (m ¼ height in meters); indexation for BSA may be used in normal-weight patients:

>115g/m2 in men and >95/m2 in women
Moderate increase of albuminuria 30–300mg/24 h or elevated ACR (preferably in morning spot urine) 30–300mg/g
CKD stage 3 with eGFR 30–59 ml/min/1.73m2

Ankle–brachial index <0.9
Advanced retinopathy: hemorrhages or exudates, papilledema

Established cardiovascular and kidney disease
Cerebrovascular disease: ischemic stroke, cerebral hemorrhage, TIA
Coronary artery disease: myocardial infarction, angina, myocardial revascularization
Presence of hemodynamically significant atheromatous plaque (stenosis) on imaging
Heart failure, including heart failure with preserved ejection fraction
Peripheral artery disease
Atrial fibrillation
Severe albuminuria > 300mg/24 h or ACR (preferably in morning urine) >300mg/g
CKD stage 4 and 5, eGFR < 30mL/min/1.73m2

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LV, left ventricle; OSA, obstructive
sleep apnea.
aDBP is not included in the SCORE2/SCORE2-OP tool to estimate CV risk.
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of these limitations, the SCORE (Systemic Coronary Risk Evaluation) method, based on a large European database, has been
developed [54]. SCORE charts estimate the risk of death from CV (not only coronary) disease over 10 years in either high-risk
and low-risk European countries [54] and modified charts can, thus, be used for individual countries. The 2021 European
Guidelines on CVD prevention made use of SCORE2, which is an updated version of the original SCORE that estimates an
individual’s 10-year risk of fatal and nonfatal CV events in apparently healthy individuals aged 40– 69 years with risk factors
that are untreated or have been stable for several years [55]. For older people (age 70– 89 years), a corresponding SCORE2-
OP algorithm for older people is available [56]. SCORE2 and SCORE2-OP are calibrated for four clusters of countries (low,
moderate, high, and very high CV risk) that are grouped according to national CV mortality rates published by the WHO.

Estimating a person’s 10-year CV risk by SCORE2 and SCORE2-OP is done by first selecting the correct country group and
its corresponding risk stratification table [33]. Within the table, the risk is estimated based on sex, age, level of SBP, smoking
status, and non-HDL cholesterol level (total cholesterol – HDL cholesterol, Table 2). DBP is not included in the SCORE2/
SCORE2-OP tool, which is a weakness. Overall risk should be stratified in all patients as shown in Fig. 4. Risk stratification is

TABLE 2. Factors that influence CV risk in patients with hypertension

Parameter for risk stratification, which are included in SCORE2 and SCORE2-OP
Sex (men >women)
Age
Level of SBPa

Smoking – current or past history
Non-HDL cholesterol

Established and suggested novel factors
Family or parental history of early onset hypertension
Personal history of malignant hypertension
Family history of premature CVD (men aged <55 years; women aged <65 years)
Heart rate (resting values >80bpm)
Low birth weight
Sedentary lifestyle
Overweight or Obesity
Diabetes
Uric acid
Lp(a)
Adverse outcomes of pregnancy (recurrent pregnancy loss, preterm delivery, hypertensive disorders, gestational diabetes)
Early-onset menopause
Frailty
Psychosocial and socioeconomic factors
Migration
Environmental exposure to air pollution or noise

Additional clinical conditions or comorbidities
True resistant hypertension
Sleep disorders (including OSA)
COPD
Gout
Chronic inflammatory diseases
Nonalcoholic fatty liver disease (NASH)
Chronic infections (including long COVID-19)
Migraine
Depressive syndromes
Erectile dysfunction

Hypertension-mediated organ damage (HMOD)
Increased large artery stiffness:
Pulse pressure (in older people) !60mmHg
Carotid–femoral PWV >10 m/s (if available)
Presence of non-hemodynamically significant atheromatous plaque (stenosis) on imaging
ECG LVH (Sokolow–Lyon index >35mm, or R in aVL !11 mm; Cornell voltage-duration product (þ6 mm in women) >2440 mm#ms, or Cornell voltage >28mm

in men or >20mm in women)
Echocardiographic LVH (LV mass index: men >50 g/m2.7; women >47 g/m2.7 (m ¼ height in meters); indexation for BSA may be used in normal-weight patients:

>115g/m2 in men and >95/m2 in women
Moderate increase of albuminuria 30–300mg/24 h or elevated ACR (preferably in morning spot urine) 30–300mg/g
CKD stage 3 with eGFR 30–59 ml/min/1.73m2

Ankle–brachial index <0.9
Advanced retinopathy: hemorrhages or exudates, papilledema

Established cardiovascular and kidney disease
Cerebrovascular disease: ischemic stroke, cerebral hemorrhage, TIA
Coronary artery disease: myocardial infarction, angina, myocardial revascularization
Presence of hemodynamically significant atheromatous plaque (stenosis) on imaging
Heart failure, including heart failure with preserved ejection fraction
Peripheral artery disease
Atrial fibrillation
Severe albuminuria > 300mg/24 h or ACR (preferably in morning urine) >300mg/g
CKD stage 4 and 5, eGFR < 30mL/min/1.73m2

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LV, left ventricle; OSA, obstructive
sleep apnea.
aDBP is not included in the SCORE2/SCORE2-OP tool to estimate CV risk.
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of these limitations, the SCORE (Systemic Coronary Risk Evaluation) method, based on a large European database, has been
developed [54]. SCORE charts estimate the risk of death from CV (not only coronary) disease over 10 years in either high-risk
and low-risk European countries [54] and modified charts can, thus, be used for individual countries. The 2021 European
Guidelines on CVD prevention made use of SCORE2, which is an updated version of the original SCORE that estimates an
individual’s 10-year risk of fatal and nonfatal CV events in apparently healthy individuals aged 40– 69 years with risk factors
that are untreated or have been stable for several years [55]. For older people (age 70– 89 years), a corresponding SCORE2-
OP algorithm for older people is available [56]. SCORE2 and SCORE2-OP are calibrated for four clusters of countries (low,
moderate, high, and very high CV risk) that are grouped according to national CV mortality rates published by the WHO.

Estimating a person’s 10-year CV risk by SCORE2 and SCORE2-OP is done by first selecting the correct country group and
its corresponding risk stratification table [33]. Within the table, the risk is estimated based on sex, age, level of SBP, smoking
status, and non-HDL cholesterol level (total cholesterol – HDL cholesterol, Table 2). DBP is not included in the SCORE2/
SCORE2-OP tool, which is a weakness. Overall risk should be stratified in all patients as shown in Fig. 4. Risk stratification is

TABLE 2. Factors that influence CV risk in patients with hypertension

Parameter for risk stratification, which are included in SCORE2 and SCORE2-OP
Sex (men >women)
Age
Level of SBPa

Smoking – current or past history
Non-HDL cholesterol

Established and suggested novel factors
Family or parental history of early onset hypertension
Personal history of malignant hypertension
Family history of premature CVD (men aged <55 years; women aged <65 years)
Heart rate (resting values >80bpm)
Low birth weight
Sedentary lifestyle
Overweight or Obesity
Diabetes
Uric acid
Lp(a)
Adverse outcomes of pregnancy (recurrent pregnancy loss, preterm delivery, hypertensive disorders, gestational diabetes)
Early-onset menopause
Frailty
Psychosocial and socioeconomic factors
Migration
Environmental exposure to air pollution or noise

Additional clinical conditions or comorbidities
True resistant hypertension
Sleep disorders (including OSA)
COPD
Gout
Chronic inflammatory diseases
Nonalcoholic fatty liver disease (NASH)
Chronic infections (including long COVID-19)
Migraine
Depressive syndromes
Erectile dysfunction

Hypertension-mediated organ damage (HMOD)
Increased large artery stiffness:
Pulse pressure (in older people) !60mmHg
Carotid–femoral PWV >10 m/s (if available)
Presence of non-hemodynamically significant atheromatous plaque (stenosis) on imaging
ECG LVH (Sokolow–Lyon index >35mm, or R in aVL !11 mm; Cornell voltage-duration product (þ6 mm in women) >2440 mm#ms, or Cornell voltage >28mm

in men or >20mm in women)
Echocardiographic LVH (LV mass index: men >50 g/m2.7; women >47 g/m2.7 (m ¼ height in meters); indexation for BSA may be used in normal-weight patients:

>115g/m2 in men and >95/m2 in women
Moderate increase of albuminuria 30–300mg/24 h or elevated ACR (preferably in morning spot urine) 30–300mg/g
CKD stage 3 with eGFR 30–59 ml/min/1.73m2

Ankle–brachial index <0.9
Advanced retinopathy: hemorrhages or exudates, papilledema

Established cardiovascular and kidney disease
Cerebrovascular disease: ischemic stroke, cerebral hemorrhage, TIA
Coronary artery disease: myocardial infarction, angina, myocardial revascularization
Presence of hemodynamically significant atheromatous plaque (stenosis) on imaging
Heart failure, including heart failure with preserved ejection fraction
Peripheral artery disease
Atrial fibrillation
Severe albuminuria > 300mg/24 h or ACR (preferably in morning urine) >300mg/g
CKD stage 4 and 5, eGFR < 30mL/min/1.73m2

CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LV, left ventricle; OSA, obstructive
sleep apnea.
aDBP is not included in the SCORE2/SCORE2-OP tool to estimate CV risk.
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particularly important in individuals with a high-normal BP or grade 1 hypertension, in whom it may influence the decision
of whether or how fast to initiate BP-lowering drug treatment. In patients with grade 2 and 3 hypertension, drug treatment
should be used regardless of the CV risk level, but risk stratification is nevertheless important for several treatment aspects
and FU strategies. The disadvantage of this and other approaches to CV risk quantification is that the estimated risk is usually
low in younger adults, particularly in young women who may be stratified as being at low risk even if they have more than
one risk factor. Indeed the SCORE2 system does not even provide risk estimations for adult women and men younger than
40 years. By contrast, most older men are considered at high risk, despite being at little increased risk relative to their peers.
For young adults, it may be more useful to estimate lifetime risk of CVD and potential CVD-free life-years gained through
risk factor optimization [57]. In addition, methods for total CV risk stratification usually underestimate the primary
importance of asymptomatic HMOD for the CV risk quantification. In hypertensive patients, HMOD usually indicates a
high risk regardless of the organ where the damage is located, and its assessment is, therefore, important for management,
particularly in patients who – according to age and general risk stratification – are at apparently low risk [1] (see Section 5).

Risk assessment in hypertension with SCORE2 and SCORE2-OP

CV risk assessment with the SCORE2 and SCOR2-OP system is 
recommended for hypertensive patients who are not already at high or 
very high risk due to established CVD or CKD, long-lasting or 
complicated  diabetes, severe HMOD (e.g. LVH)  or a markedly elevated 
single risk factor (e.g. cholesterol, albuminuria).

I B

Recommendations and statements CoR LoE 

3.6 Screening versus case finding in the detection of hypertension
Because of the high prevalence of hypertension in the general population and its major role as a cause of death and
morbidity, its detection is crucially important for public health. Studies performed in different countries have almost
universally shown that a considerable fraction of hypertensive individuals is unaware of their condition, with an adverse
reflection on the number of patients undergoing treatment and achieving BP control [37]. There is evidence that screening
policies can substantially increase the number of individuals in whom hypertension is detected although data on outcome
benefit and harm from randomized controlled trials or observational studies at low risk of bias are lacking [58]. However,
participation in the screening procedures may be less in some categories (e.g. men, younger individuals, people with lower
socioeconomic backgrounds) than in others [59]. In the USA, the US Preventive Services Task Force suggests screening for
hypertension in adults aged 18 years or older [60]. Despite limited evidence on the optimal frequency of screening, they
recommend yearly screening in adults 40 years old and in those at increased risk for developing hypertension such as blacks,
individuals with high-normal BP and people who are overweight or obese [60]. Opportunistic BP measurements are now

FIGURE 4 Cardiovascular risk according to grade and stage of hypertension.
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importance of asymptomatic HMOD for the CV risk quantification. In hypertensive patients, HMOD usually indicates a
high risk regardless of the organ where the damage is located, and its assessment is, therefore, important for management,
particularly in patients who – according to age and general risk stratification – are at apparently low risk [1] (see Section 5).
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benefit and harm from randomized controlled trials or observational studies at low risk of bias are lacking [58]. However,
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socioeconomic backgrounds) than in others [59]. In the USA, the US Preventive Services Task Force suggests screening for
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Retinal arterioles may represent a useful indicator of the remodeling of the microcirculation in other vascular beds of
hypertensive patients. In recent years, Scanning Laser Doppler and Adaptive Optics have been increasingly used to estimate
the wall-to-lumen ratio of retinal arterioles [317]. Retinal wall-to-lumen ratio was found to be directly related to pressure
load, other markers of HMOD and small arteries structural alterations measured in different vascular beds with micro-
myography, which is the gold standard method, albeit invasive, for evaluating microvessels [318]. While the prognostic
value of subcutaneous small artery alterations in hypertension has been documented [319], the predictive value for CV
events of the retinal wall-to lumen ratio and its change during treatment needs to be demonstrated (Table 11).

5.6 Using HMOD to help stratify risk in hypertensive patients
Assessment ofHMODshould beperformed at the timewhen thediagnosis of hypertension has been confirmed in orderto fine-
tune the CV and kidney risk stratification. The datamay influence the decision to initiate or intensify drug treatment. However,
assessment of HMOD is also relevant during FU, as it can help physicians to evaluate the efficacy of therapy. A reduction in
a previous HMOD may indicate the success of the therapy while, by contrast, the persistence/increment of HMOD may be
a clue to review the prescribed treatment, with lack of adherence being a predominant reason. Likewise, the absence of
HMOD at the time of initial evaluation should be monitored in the future, as new development of HMOD usually indicates
a higher risk. As a consequence, repetition of HMOD assessment should be a main aspect of the FU (see Section 21).

As reported above, HMOD assessment may play a role in stratifying the risk of patients with hypertension. In this regard,
LVH [216,221], baPWV [277] and cfPWV [320], carotid IMT [253,321], carotid plaque [252], CAC [322] and ABI [322] have
been shown to predict CV risk on top of traditional CV risk factors. A higher number of measures of HMOD is associated
with higher CV risk [252]. In multivariable-adjusted models, the presence of HMODwas associated with a two-fold to three-
fold increase in the risk of CVD compared with the referent group in the Framingham study in any BP category above
the optimal [276]. Moreover, LVH [224,225], baPWV [277] and cfPWV [320], carotid IMT plus plaque [253], CAC [322] and ABI
[288] have been able to significantly reclassify CV risk, when added to traditional CV risk factors/risk scores.

TABLE 11. Criteria to define HMOD

Measurement Parameter Abnormality threshold

ECG
LVH SV1 þ RV5 (Sokolow–Lyon) >35 mm

R wave aVL "11 mm

SV3 þ RaVL (Cornell voltage) >28mm (M), >20mm (W)

LVH Cornell voltage (þ6 mm in W) # QRS duration
(Cornell duration product)

>2440mms

ECHO
LVH LVM/BSA (g/m2) >115 (M), >95 (W)

LVM/height (g/m2.7) >50 (M), >47 (W)

RWT LV conc. Remodeling "0.43

LV chamber size LVDDiam/height >3.4 (M), >3.3 (W) cm/m

LV diastolic dysfunction e0 velocity septal <7 cm/s

e0 velocity lateral <10 cm/s

LV filling pressure E/e0 average ratio >14

LAV/BSA >34ml/m2

LAV/height2 >18.5 (M) or >16.5 (W) ml/m2

LV systolic dysfunction GLS <20%

Kidney
Function eGFR <60ml/min/1.73m2

Albuminuria UACR >30mg/g

Renal resistive index RRI >0.7

Large artery stiffness
Pulse pressure Brachial PP (>60 years) "60mmHg

Pulse wave velocity baPWV (in people 60–70 years) >18m/s

cfPWV (in people 50–60 years) >10m/s

Carotid atherosclerosis
Plaque IMT "1.5mm, or focal increase in thickness "0.5mm, or 50% of surrounding IMT

IMT >0.9mm

Coronary atherosclerosis
CAC Age-specific and sex-specific reference value

LEAD
ABI <0.9

Eye
KWB score Grade III (hemorrhages, microaneurysms, hard exudates and cotton wool spots) and

grade IV (papilledema and/or macula edema)
Microvascular changes Wall-to-lumen ratio no established reference value

ABI, ankle–brachial index; ACR, albumin : creatinine ratio; baPWV, brachial–ankle pulse wave velocity; BSA, body surface area; CAC, coronary artery calcium; cfPWV, carotid–femoral
pulse wave velocity; DDim, diastolic dimension; ECG, electrocardiogram; eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; IMT, intima–media thickness; KWB,
Keith–Wagener–Barker; LAV, left atrial volume; LEAD, lower extremity artery disease; LVH, left ventricular hypertrophy; LVM, left ventricular mass; M, men; RWT, relative wall thickness;
w, women.

Mancia, Kreutz et al.
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- Papel calcio score en la reclasificación del riesgo de los pacientes 
(Riesgo moderado/intermedio)

- 4.511 personas sin enf coronaria Vs 438 con ECV establecida. 

- Se clasificaron del calcio score en 4 grupos: 0, 1 - 100, 101-300 y > 300.

Los pacientes con CSC > 300 Uenen un riesgo equivalente de eventos CV mayores que los pacientes con enfermedad establecida. 
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ABSTRACT

BACKGROUND Elevated coronary artery calcium (CAC) scores in subjects without prior atherosclerotic cardiovascular

disease (ASCVD) have been shown to be associated with increased cardiovascular risk.

OBJECTIVES The authors sought to determine at what level individuals with elevated CAC scores who have not had an

ASCVD event should be treated as aggressively for cardiovascular risk factors as patients who have already survived an
ASCVD event.

METHODS The authors performed a cohort study comparing event rates of patients with established ASVCD to event

rates in persons with no history of ASCVD and known calcium scores to ascertain at what level elevated CAC scores

equate to risk associated with existing ASCVD. In the multinational CONFIRM (Coronary CT Angiography Evaluation for

Clinical Outcomes: An International Multicenter) registry, the authors compared ASCVD event rates in persons without a

history of myocardial infarction (MI) or revascularization (as categorized on CAC scores) to event rates in those with

established ASCVD. They identified 4,511 individuals without known coronary artery disease (CAC) who were compared to

438 individuals with established ASCVD. CAC was categorized as 0, 1 to 100, 101 to 300, and >300. Cumulative major
adverse cardiovascular events (MACE), MACE plus late revascularization, MI, and all-cause mortality incidence was

assessed using the Kaplan-Meier method for persons with no ASCVD history by CAC level and persons with established

ASCVD. Cox proportional hazards regression analysis was used to calculate HRs with 95% CIs, which were adjusted for

traditional cardiovascular risk factors.

RESULTS The mean age was 57.6 ! 12.4 years (56% male). In total, 442 of 4,949 (9%) patients experienced MACEs

over a median follow-up of 4 years (IQR: 1.7-5.7 years). Incident MACEs increased with higher CAC scores, with the

highest rates observed with CAC score >300 and in those with prior ASCVD. All-cause mortality, MACEs, MACE þ late

revascularization, and MI event rates were not statistically significantly different in those with CAC >300 compared with
established ASCVD (all P > 0.05). Persons with a CAC score <300 had substantially lower event rates.

CONCLUSIONS Patients with CAC scores >300 are at an equivalent risk of MACE and its components as those treated

for established ASCVD. This observation, that those with CAC >300 have event rates comparable to those with

established ASCVD, supplies important background for further study related to secondary prevention treatment targets

in subjects without prior ASCVD with elevated CAC. Understanding the CAC scores that are associated with ASCVD risk

equivalent to stable secondary prevention populations may be important for guiding the intensity of preventive ap-

proaches more broadly. (J Am Coll Cardiol Img 2023;16:1181–1189) © 2023 by the American College of Cardiology

Foundation.

ISSN 1936-878X/$36.00 https://doi.org/10.1016/j.jcmg.2023.03.008
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information on treatment and other clinical in-
dicators of risk, does not completely answer the
question, it provides important background for
further areas of study. We demonstrated that persons
with the highest CAC score have risk similar to but no
higher than persons who are treated for established
CVD. This becomes important because in patients
with known ASCVD, the 2018 Cholesterol Clinical
Practice Guidelines recommend more intensive low-
density lipoprotein cholesterol lowering with the
addition of nonstatin therapy (ie, ezetimibe,

bempedoic acid, and/or proprotein convertase sub-
tilisin/kexin type 9 inhibitors) in individuals who are
deemed high or very high risk.1,14 In the current
study, we demonstrate that primary prevention in-
dividuals with a CAC score $300 had an annualized
rate for hard cardiovascular events similar to that of
stable high-risk ASCVD patients (post-MI) in the
CONFIRM registry. Our results suggest that there
should be less distinction between primary and
known ASCVD patients because we show that their
risk for CVD events could overlap or the risk could be

CENTRAL ILLUSTRATION Event Rates by CAC Score Categories for MACE Compared to Prior ASCVD Patients
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Budoff MJ, et al. J Am Coll Cardiol Img. 2023;16(9):1181–1189.

Event rates by coronary artery calcium (CAC) score distribution for major adverse cardiovascular events (MACE) (upper left), MACE þ late revascularization (LR) (upper
right), myocardial infarction (MI) (lower left), and all-cause mortality (ACM) (lower right). Follow-up was consistent for all endpoints, and each endpoint demon-
strates that the event rates for CAC >300 are similar to those of patients who have established cardiovascular disease. ASCVD ¼ atherosclerotic cardiovascular disease.
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La presencia de calcio en las arterias coronarias es un indicador de enfermedad coronaria aterosclerótica



VIEWPOINT

Coronary Artery Calcium Staging to
Guide Preventive Interventions
A Proposal and Call to Action

David J. Maron, MD,a Matthew J. Budoff, MD,b Joseph C. Sky, MD,c, William J. Bommer, MD,d Sarah D. Epstein, PHD,e

Dane A. Fisher, MD,f Eveline O. Stock, MD,g Allen J. Taylor, MD,h Nathan D. Wong, PHD,i Anthony N. DeMaria, MDj

C oronary artery calcium (CAC) as measured by
the Agatston score is a strong predictor of
atherosclerotic cardiovascular disease

(ASCVD) events.1 In the 2019 American College of Car-
diology (ACC) and American Heart Association (AHA)
clinical practice guideline for the primary prevention
of cardiovascular disease, it is a Class IIa recommen-
dation to use the CAC score to inform shared
decision-making for individuals at intermediate risk
if the decision to start statins is uncertain after global
risk assessment and the consideration of risk
enhancing factors.2 The 2022 ACC Expert Consensus
Decision Pathway on the role of nonstatin therapies
for low-density lipoprotein cholesterol (LDL-C)

lowering in the management of ASCVD risk recom-
mended that CAC measurement be considered to
inform treatment decisions for adults without clinical
ASCVD when there is either clinician uncertainty or
patient hesitancy about starting statin therapy.3

That document recommended LDL-C threshold levels
for the consideration of different intensities of statin
and nonstatin therapy depending on the CAC score
among borderline and intermediate risk individuals.
Budoff and colleagues reported subsequently that
the risk for major adverse cardiovascular events of in-
dividuals without clinical ASCVD with a CAC score
>300 is equivalent to the risk of individuals with a
documented history of myocardial infarction, stroke,
or peripheral arterial disease (ie, ASCVD),4 suggesting
that such patients could be treated similarly to those
with clinical ASCVD.

Despite overwhelming evidence that CAC is a
powerful predictor of ASCVD events and the afore-
mentioned recommendations of medical societies,
clinicians remain uncertain how to manage patients
once they document the presence and quantity of
CAC. A widely practiced, personalized approach to
managing disease throughout medicine is to stage the
disease. The rationale for staging is to determine the
extent, severity, location, and prognosis of disease,
and use this to tailor the type and intensity of ther-
apy. Staging also provides a common language with
which clinicians can communicate with each other
and with patients. This approach has been adopted by
the American Cancer Society. The AHA and ACC have
developed a staging system to inform the manage-
ment of heart failure.5 More recently, the AHA
developed a staging system for cardiovascular-
kidney-metabolic syndrome. One of the criteria
defining Stage 3 in that construct is presence of
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subclinical atherosclerosis as defined by coronary
calcium.6

Since 2008, The Right Care Initiative has been
convening medical experts, health systems adminis-
trators, and government and public health leaders
with the goal of implementing the best practices to
prevent myocardial infarctions and strokes (https://
rightcare.berkeley.edu). The Right Care Initiative
convened a CAC working group of clinical cardiolo-
gists, health services researchers, epidemiologists,
clinical trialists, and cardiovascular imagers to pro-
mote implementation of best available evidence to
prevent morbidity and mortality from ASCVD. The
working group developed a staging system based on
coronary calcium, existing primary prevention
guidelines,2 and the 2022 ACC Expert Consensus De-
cision Pathway3 to guide clinicians and patients in the
management of individuals who have CAC without
clinical ASCVD (Table).

While the absence of CAC invokes a lower risk
state, and the 2019 ACC/AHA primary prevention
guidelines allow for no statin treatment (with the
exception of high-risk states, such as diabetes, family
history of premature heart disease, or active smok-
ing),2 it is important to still promote healthy lifestyles
in this population, and control of other cardiovascular
risk factors (such as hypertension and obesity) that
have consequences beyond atherosclerotic heart
disease.

When mild calcified atherosclerosis is present (CAC
1-99), it is important to identify whether the patient
has a low score when adjusted for age, race/ethnicity
and sex, or a high ($75th percentile) relative score.
While absolute scores predict events better than age-
sex-race percentiles for short-term events, lifetime
risk is high in those who have more CAC than ex-
pected. This construct is widely used, and 10-year risk
for coronary heart disease can be calculated for most

TABLE Proposed Coronary Artery Calcium Staging Guide to Therapy

Stage CAC Score and Disease Level
Representative Scan Image

(White ¼ CAC)
Therapeutic Recommendations Based on

ACC/AHA Expert Consensus and Guidelines2,3

0 " CAC Score: 0
" No calcified plaque
" Visual score: CAC absent

" Promote American Heart Association Life’s Essential 8 Optimal Risk
Factor Goals7

" Consider no statin unless diabetes, LDL-C $190 mg/dL, smoker, family
history of premature ASCVD, 10-y ASCVD risk $20%, or high Lp(a)

" Consider repeat CT for CAC or analysis of nongated chest CT at:
B 3 y for diabetes or high 10-y risk for ASCVD
B 3-5 y for intermediate 10-y risk for ASCVD
B 5-7 y for low 10-y risk for ASCVD

1 " CAC Score: 1-99 and <75th percentile for age
and sex

" Mild atherosclerotic burden

" Promote American Heart Association Life’s Essential 8 Optimal Risk
Factor Goals7

" Statin (þnonstatin) therapy as needed to achieve LDL-C goal <100 mg/dL
" Serial monitoring of all risk factors (eg, LDL-C, systolic blood pressure) to

achieve critical biometric targets

2 " CAC Score: 100-299 or $75th percentile for age
and sex

" Moderate atherosclerotic burden

" All of the above plus:
" Statin (þnonstatin) therapy as needed to achieve LDL-C goal <70 mg/dL
" Consider low-dose aspirin therapy

3 " CAC Score: 300-999
" Severe atherosclerotic burden
" Very high risk; risk associated with CAC $300 is

similar to having had a myocardial infarction

" All of the above plus:
" High-intensity statin (þnonstatin) therapy as needed to achieve LDL

goal <55 mg/dL3

" Low-dose aspirin

4 " CAC Score: $1,000
" Extensive atherosclerotic burden
" Extreme risk; risk associated with CAC $1,000

similar to having had multiple ASCVD events

" All of the above plus:
" Statin (þnonstatin) therapy as needed to achieve LDL-C goal <55 mg/dL3

" Consider emerging therapiesa

aFor example, low-dose anticoagulant in combination with low-dose aspirin, anti-inflammatory therapy (eg, low-dose colchicine).

ASCVD ¼ atherosclerotic cardiovascular disease; CAC ¼ coronary artery calcium; LDL-C ¼ low-density lipoprotein cholesterol; Lp(a) ¼ lipoprotein(a).
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Fig. 5. Strategy of the initial management of hypertension with the aim to control BP within 3 months according to the risk of patients. 
Adapted with permission from Wolters Kluwer Health, Inc.: [Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz A, et al. 2023 ESH Guidelines for 
the management of arterial hypertension The Task Force for the management of arterial hypertension of the European Society of Hypertension: Endorsed by the 
International Society of Hypertension (ISH) and the European Renal Association (ERA). Journal of hypertension 2023; 41:1874–2071. https://doi.org/10.1097/hjh 
.0000000000003480]. 
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Fig. 7. Recommended lifestyle interventions together with their relevance and prescribing patterns.  
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Fig. 8. The general treatment strategy for patients with hypertension. 
Adapted with permission from Wolters Kluwer Health, Inc.: [Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz A, et al. 2023 ESH Guidelines for 
the management of arterial hypertension The Task Force for the management of arterial hypertension of the European Society of Hypertension: Endorsed by the 
International Society of Hypertension (ISH) and the European Renal Association (ERA). Journal of hypertension 2023; 41:1874–2071. https://doi.org/10.1097/hjh 
.0000000000003480]. 
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Based on RCTs and their meta-analyses [539–541], the 2018 guidelines concluded that all the above drug classes met the
required criteria, i.e. they (i) effectively reduce SBP and DBP; (ii) reduce the major specific outcomes associated with
hypertension when compared with placebo and (iii) exert an overall similar or only slightly different effect on the combined
risk of major CV outcomes and mortality when given as the initial treatment step, albeit with some differences for some
cause-specific outcomes (lesser stroke prevention with BBs and ACE-inhibitors, lesser HF prevention with CCBs and greater
HF prevention with Thiazide diuretics) [539]. Additional considerations were that (iv) the reduction of events is due
essentially to BP-lowering ‘‘per se’’ rather than to specific drug properties, which means that the greater the number of drug
options, the greater is the opportunity of tailoring an effective BP-lowering treatment to the individual patient character-
istics; (v) the antihypertensive effect of these five drug classes extends to ABPM andHBPM; (vi) their BP-lowering ability and
protective effect include use in combination with other drugs as shown in RCTs in which BP-lowering treatment by multiple
drugs was associated with a reduction of CV outcomes and (vii) side effects of drug classes are largely related to the doses
employed and their between-class differences are minimized by use at lower doses in combination treatment. These
considerations and recommendations are shared by the present guidelines, which also share the subordinate position
attributed to other antihypertensive drugs (alpha-blockers, centrally acting agents and MRAs), because these drugs have
been less widely studied in outcome-based RCTs, or are known to be associated with a higher risk of adverse effects. These
drugs can be useful additions to the major antihypertensive armamentarium, in some specific cases, or when BP cannot be
controlled by various combinations of the major drug classes.

Moreover, mention is made of new drug classes, such as SGLT2 inhibitors (SGLT2is) and nonsteroidal MRAs, which have
become available and exhibit BP-lowering effects. These effects may be less pronounced than those of classical
antihypertensive drugs [542], but there is now strong evidence from RCTs that they decrease CV and kidney events in
patients with type 2 diabetes and – in the case of SGLT2i – also in patients without diabetes [543–547]. New criteria for drug
performance are also discussed, such as the evidence of differences in the persistence and discontinuation rates of treatment
between the major drug classes and even between drugs or drug combinations within a given class [548]. This has clinical
relevance because antihypertensive treatment discontinuation leads to increased CV outcomes. Precise and correct
prescriptions of drugs for documented CV or other medical conditions are among the most important decisions that
can be taken by physicians to maintain or improve adherence and persistence to the prescribed drugs (see Section 21). A
synopsis of the major drug classes and additional drug classed for BP-lowering therapy in hypertension is shown in Fig. 11.

Compelling or possible contraindications for the selection of drug classes are summarized in Table 15.

FIGURE 11 Drug classes for BP-lowering therapy.(a) Use of Diuretics: Consider transition to Loop Diuretic if eGFR is between 30 to 45 ml/min/1.73 m2. If eGFR <30 ml/
min/1.73 m2 use Loop Diuretic. (b) Non-DHP CCB should not be combined with BB. (c) BB should be used as guideline directed medical therapy in respective indications or
considered in several other conditions (Table 16). Start with dual combination therapy including a RAS-blocker (either ACEi or ARB) plus a T/TLDiuretic or a CCB is
recommended (thick blue lines). Triple therapy includes a combination of the three classes as indicated by the blue lines.
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Fig. 9. Recommended strategy in older persons according to their functional capacities/autonomy status.  
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profile, HMOD or co-morbidities is also important. Fig. 10 summarizes 
important aspects that should be evaluated and considered during the 
initiation phase, short-term and long-term follow up. 

6. Conclusions 

The successful implementation of the guideline recommendations for 
the treatment of hypertension depends on many factors, including na-
tional/regional opportunities and challenges in healthcare systems. The 
ESH hopes that this MASTERplan will make a meaningful contribution 
to the further development and improvement of hypertension care. 
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adherence to treatment compared with separately administered medications [656]. This is true for treatment simplification in
general. Based on this evidence, the use of the polypill has been recommended for the management of myocardial
infarction [660]. However, present data also document that the polypill reduces the risk of CV outcomes. This was initially
reported by large observational studies in patients with established atherosclerotic CVD [656] and has more recently been
proven by the results of large outcome-based RCTs in patients with and also without previous CV events [661,662]. In an
individual-participant meta-analysis of three primary prevention trials, a combination of two antihypertensive agents and a
statin at low doses reduced the risk of CV outcomes by 38%. A polypill including low-dose aspirin was associated with a
nearly 50% outcome reduction. The benefits were seen across various subgroups (different lipid and BP levels, diabetic
patients, smoking, obesity) with the smallest effect in patients<55 years of age [663]. In a fourth RCT in patients with a recent
myocardial infarction, the polypill (aspirin, ACE-inhibitor and statin) treatment strategy reduced the risk of the primary
outcome (CV death, myocardial infarction, ischemic stroke and urgent revascularization) by 24% compared with usual care,
again across subgroups with different clinical characteristics and with the additional evidence of an improved adherence to
treatment in the polypill group. Adverse events were similar between groups and the most common adverse event in the
polypill group was dizziness [662]. The above evidence supports use of currently available polypills in hypertensive
dyslipidemic patients at elevated CV risk. Polypills without low-dose aspirin may be used in primary prevention, while use
of those with aspirin should be restricted to secondary prevention. The previously issued recommendation to check the
efficacy of the combination components in separate tablets before switching to the polypill appears impractical [4,664].
Potential inconveniences may be the limited dose flexibility of the polypill components as well as the limited potential of the
available polypills to reach the lower LDL-cholesterol and BP targets at present recommended by guidelines. This may
require the separate administration of additional drugs in a number of patients, with partial loss of the polypill advantages.

11.10.8 Choice of drug combinations for initiation of treatment
Reflecting on the evidence discussed above and recognizing the need to avoid or minimize the factors contributing to poor
BP control in treated hypertensive patients, the following few simple and pragmatic recommendations for the treatment of
hypertension can be listed (Figs. 11 and 12):

1. In most patients, treatment should be initiated with an SPC of two drugs to improve the speed, efficiency and
predictability of BP control.

2. Although several two-drug combinations can be used, the preferred two-drug combinations should be an RAS blocker
with a CCB or a Thiazide/Thiazide-like diuretic.

FIGURE 12 General BP-lowering strategy in patients with hypertension.
aUse of Diuretics:
–Consider transition to Loop Diuretic if eGFR is between 30 to 45 ml/min/1.73 m2

–If eGFR <30 ml/min/1.73 m2 use Loop Diuretic
bBB should be used as guideline directed medical therapy in respective indications or considered in several other conditions (Table 16)
cControlled below 140/90mmHg
d When SBP is !140mmHg or DBP is !90 mmHg provided that:
–maximum recommended and tolerated doses of a three-drug combination comprising a RAS blocker (either an ACEi or an ARB), a CCB and a Thiazide/Thiazide-like
diuretic were used
–adequate BP control has been confirmed by ABPM or by HBPM if ABPM is not feasible
–various causes of pseudo-resistant hypertension (especially poor medication adherence) and secondary hypertension have been excluded (see Section 12).
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anticoagulants in hypertension. Four studies compared low-dose aspirin versus placebo and foundnoevidenceof a difference
in all-cause or CVmortality. However, aspirin treatment reduced the risk of all nonfatal CV events, albeit increasing the risk of
major bleedings. The authors conclude that there is currently no evidence that antiplatelet therapy has a protective effect on
hypertensive patients in the setting of primary prevention. The same conclusion had been reached more than 25years ago in
the HOT trial in which, however, some protective effect of low-dose aspirin was shown in a subgroup of patients with no
previous CV events but with a high CV risk due to advanced kidney disease [705].

The benefits and harms of the newer drugs, i.e. clopidogrel, prasugrel and ticagrelor, have not been sufficiently studied in
clinical trials on patients with hypertension.

Recommendations of antiplatelet therapy in hypertension

Recommendations and statements CoR LoE 

Low-dose aspirin is not recommended for primary prevention in 
patients with hypertension. 

III A 

Antiplatelet therapy is recommended for secondary prevention in 
hypertensive patients. 

I A 

Use of a polypill containing low-dose aspirin can be considered in 
hypertensive patients for secondary prevention.  

II A 

12. TRUE RESISTANT HYPERTENSION

12.1 Definition, prevalence, pathophysiology and cardiovascular risk
In the 2018 Guidelines, hypertension was defined as resistant to treatment when appropriate lifestyle measures and
treatment with optimal or best tolerated doses of three or more drugs (a Thiazide/Thiazide-like diuretic, an RAS blocker and
a CCB) fail to lower office BP to <140/90 mmHg [4]. The inadequate BP control should be confirmed by out-of-office BP
measurement showing an uncontrolled 24 h BP (! 130mmHg SBP or ! 80mmHg DBP) values. Evidence of adherence to
therapy and exclusion of secondary causes of hypertension are required to define true resistant hypertension, otherwise
resistant hypertension is only apparent and termed as pseudoresistant hypertension (Fig. 13).

FIGURE 13 Characteristics of true resistant hypertension. RAAS, renin – angiotensin aldosterone system.
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and safety of spironolactone in patients with more advanced CKD or higher potassium levels at baseline have not yet been
established. The spironolactone-associated risk of hyperkalemia is greater in patients with CKD, particularly if the drug is
added to a treatment regimen that usually already includes an RAS blocker [739], making it necessary to closely monitor
plasma potassium and eGFR after treatment initiation and, depending on individual risk and the CKD stage, at least annually
or at three to 6month intervals thereafter. The use of newer potassium binders such as patiromer [740] or sodium zirconium
cyclosilicate [741] can reduce the risk of hyperkalemia, without increasing sodium overload (in the case of patiromer) or
decreasing antihypertensive drug absorption as observed with sodium polystyrene sulfonate. Not all patients will be able to
tolerate spironolactone because of its antiandrogenic side effects resulting in breast tenderness, gynecomastia and sexual
impotence in men, and menstrual irregularities in women. The other steroidal MRA, eplerenone, has lesser potential to
interfere with progesterone or androgen receptors and can, thus, be used alternatively to lower BP, but it is less potent than
spironolactone [742]. Furthermore, in many countries, eplerenone is only approved in patients with HF, and both
eplerenone and spironolactone are not approved for use in hypertension in some European countries. A suboptimal
tolerability profile as well as restrictions of its use, may partly explain the low prescription rate and the low persistence on
treatment of spironolactone in real-life settings. Only 9.0% of patients with apparent resistant hypertension were treated
with an MRA in a survey carried out in the USA [711], and only about 30% of patients were prescribed spironolactone at
enrolment in the RADIANCE TRIO trial testing the efficacy of RDN in patients with resistant hypertension [743]. Alternative
drugs can be amiloride, to be used at high dosages (10– 20mg per day), whichwas as effective as spironolactone (25– 50mg
per day) in reducing BP in an open-label extension period of the PATHWAY-2 trial [576]. However, this can lead to an
increased pill burden as the marketed dose of amiloride is only 5mg, and the drug is not available as a single agent but only
in combinations (usually 5mg) in many countries. Finally, new more selective nonsteroidal MRAs such as finerenone
(approved for the treatment in diabetic kidney disease), esaxerenone (approved for the treatment of hypertension in Japan),
and ocedurenone (KBP-5074, in development for resistant hypertension in CKD) might provide future alternatives to
spironolactone for patients with resistant hypertension [742]. Ocedurenone (0.25– 0.50mg/day) reduced BP in patients with
resistant hypertension and stage 3b/4 CKDwith a higher incidence of hyperkalemia at the highest dose [744]. Finally, the use
of selective aldosterone synthase inhibitors such as baxdrostat has been shown to effectively lower BP in patients with
resistant hypertension in a phase 2 trial [717] and may, thus, develop into an additional treatment. This approach will avoid
the noxious overall effects of aldosterone by reducing its synthesis instead of blocking its effects on mineralocorticoid
receptors. Spironolactone as well as all above discussed alternatives should be used with caution in patients with reduced
eGFR and baseline potassium levels >4.5mmol/l.

FIGURE 14 BP-lowering strategy in true resistant hypertension according to renal function. (a) When SBP is !140mmHg or DBP is !90 mmHg provided that: maximum
recommended and tolerated doses of a three-drug combination comprising a RAS blocker (either an ACEi or an ARB), a CCB and a T/TLDiuretic were used, adequate BP
control has been confirmed by ABPM or by HBPM if ABPM is not feasible, various causes of pseudo-resistant hypertension (especially poor medication adherence) and
secondary hypertension have been excluded (see Section 12). (b) Use of Diuretics: Use T/TLDiuretic if eGFR >45 ml/min/1.73 m2. Consider transition to Loop Diuretic if eGFR
is between 30 to 45 ml/min/1.73 m2. Use loop Diuretic if eGFR <30 ml/min/1.73 m2. (c) MRA contraindicated. (d) Caution if eGFR <45 ml/min/1.73 m2 or serum
potassium >4.5 mmol/l. (e) Should be used earlier at any step as guideline directed medical therapy in respective indications or considered in several other conditions
(Table 16).
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Spironolactone versus placebo, bisoprolol, and doxazosin to 
determine the optimal treatment for drug-resistant 
hypertension (PATHWAY-2): a randomised, double-blind, 
crossover trial
Bryan Williams, Thomas M MacDonald, Steve Morant, David J Webb, Peter Sever, Gordon McInnes, Ian Ford, J Kennedy Cruickshank, 
Mark J Caulfi eld, Jackie Salsbury, Isla Mackenzie, Sandosh Padmanabhan, Morris J Brown, for The British Hypertension Society’s PATHWAY 
Studies Group*

Summary
Background Optimal drug treatment for patients with resistant hypertension is undefi ned. We aimed to test the 
hypotheses that resistant hypertension is most often caused by excessive sodium retention, and that spironolactone 
would therefore be superior to non-diuretic add-on drugs at lowering blood pressure.

Methods In this double-blind, placebo-controlled, crossover trial, we enrolled patients aged 18–79 years with seated 
clinic systolic blood pressure 140 mm Hg or greater (or ≥135 mm Hg for patients with diabetes) and home systolic 
blood pressure (18 readings over 4 days) 130 mm Hg or greater, despite treatment for at least 3 months with maximally 
tolerated doses of three drugs, from 12 secondary and two primary care sites in the UK. Patients rotated, in a 
preassigned, randomised order, through 12 weeks of once daily treatment with each of spironolactone (25–50 mg), 
bisoprolol (5–10 mg), doxazosin modifi ed release (4–8 mg), and placebo, in addition to their baseline blood pressure 
drugs. Random assignment was done via a central computer system. Investigators and patients were masked to the 
identity of drugs, and to their sequence allocation. The dose was doubled after 6 weeks of each cycle. The hierarchical 
primary endpoints were the diff erence in averaged home systolic blood pressure between spironolactone and placebo, 
followed (if signifi cant) by the diff erence in home systolic blood pressure between spironolactone and the average of 
the other two active drugs, followed by the diff erence in home systolic blood pressure between spironolactone and 
each of the other two drugs. Analysis was by intention to treat. The trial is registered with EudraCT number 
2008-007149-30, and ClinicalTrials.gov number, NCT02369081.

Findings Between May 15, 2009, and July 8, 2014, we screened 436 patients, of whom 335 were randomly assigned. 
After 21 were excluded, 285 patients received spironolactone, 282 doxazosin, 285 bisoprolol, and 274 placebo; 
230 patients completed all treatment cycles. The average reduction in home systolic blood pressure by spironolactone 
was superior to placebo (–8·70 mm Hg [95% CI –9·72 to –7·69]; p<0·0001), superior to the mean of the other two active 
treatments (doxazosin and bisoprolol; –4·26 [–5·13 to –3·38]; p<0·0001), and superior when compared with the 
individual treatments; versus doxazosin (–4·03 [–5·04 to –3·02]; p<0·0001) and versus bisoprolol (–4·48 [–5·50 to –3·46]; 
p<0·0001). Spironolactone was the most eff ective blood pressure-lowering treatment, throughout the distribution of 
baseline plasma renin; but its margin of superiority and likelihood of being the best drug for the individual patient 
were many-fold greater in the lower than higher ends of the distribution. All treatments were well tolerated. In six of 
the 285 patients who received spironolactone, serum potassium exceeded 6·0 mmol/L on one occasion.

Interpretation Spironolactone was the most eff ective add-on drug for the treatment of resistant hypertension. 
The superiority of spironolactone supports a primary role of sodium retention in this condition.

Funding The British Heart Foundation and National Institute for Health Research.

Copyright © Williams et al. Open Access article distributed under the terms of CC BY.

Introduction
Resistant hypertension, defi ned as suboptimal blood 
pressure control despite treatment with at least 
three blood pressure-lowering drugs, is associated with a 
poor prognosis. This is caused by organ damage from 
prolonged exposure to suboptimal blood pressure control, 
and to the association with diabetes, chronic kidney 
disease, and obesity.1,2 The prevalence of resistant 

hypertension is estimated to be at least 10% of treated 
hypertensive patients, which would equate to a potential 
prevalence of about 100 million people globally.1,3 There 
has been a growing perception that controlling blood 
pressure in resistant hypertension is beyond the reach of 
existing drug therapies, leading to the emergence of 
device-based therapies such as renal denervation and 
baroreceptor stimulation.
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bisoprolol, which inhibits the release of renin, and reduces 
cardiac output. Our primary aim was to determine, for the 
fi rst time, whether spironolactone is overall the most 
eff ective add-on drug treatment for resistant hypertension. 
The second aim was to determine whether plasma renin 
levels predict the most eff ective treatment for individual 
patients, and whether spironolactone would be most 
eff ective in patients with a low plasma renin as a marker 
of sodium retention. We therefore designed a randomised 
crossover trial so that each patient’s best drug and its 
predictors could be discovered.

Methods
Study design and participants
In this 12-month double-blind, placebo-controlled, 
crossover phase 4 trial, patients were enrolled from 
12 secondary care and 2 primary care sites in the UK. The 
protocol has been published.12 The trial enrolled patients 
aged 18–79 years with seated clinic systolic blood pressure 
140 mm Hg or greater (or ≥135 mm Hg for patients with 
diabetes) and home systolic blood pressure (18 readings 
over 4 days) 130 mm Hg or greater, despite treatment for 
at least 3 months with maximally tolerated doses of 
three drugs. These had to be an ACE inhibitor or an ARB; 
‘‘A’’), a CCB (‘‘C’’), and diuretic (‘‘D’’). A full list of 
eligibility and exclusion criteria is provided in the appendix 
(pp 3,4). Special emphasis was given to assessment of 
adherence to the patient’s baseline medication before 
randomisation by measurement of home systolic blood 
pressure 6 h after directly observed therapy, by returned 
tablet counts, and by measurement of serum ACE activity.

All patients gave informed written consent. The protocol 
was approved by Cambridge South Ethics Committee. 
There was no data monitoring board.

Randomisation and masking
The full trial protocol is summarised in the appendix (p 15). 
After a month’s single-blind placebo run-in, patients 
rotated through four cycles of once daily oral treatment 
with: (1) spiron olactone 25–50 mg, (2) doxazosin modifi ed 
release 4–8 mg, (3) bisoprolol 5–10 mg, and (4) placebo. The 
complete set of permutations of the sequence order for the 
four treatments in the crossover design were randomly 
ordered within blocks using computer generated pseudo 
random numbers. Study sites received the allocation 
for a particular participant by accessing a web-based 
randomisation system within the Robertson Centre for 
Biostatistics, Glasgow, Scotland, UK. The study drugs were 
masked by re-encapsulation at the Royal Free Hospital 
Pharmacy. Investigators and patients were masked to the 
identity of drugs, and to their sequence allocation.

Procedures
The treatment cycles were initiated for 6 weeks at the 
lower dose, followed by forced titration to twice this dose 
for a further 6 weeks (total of 12 weeks). Patients unable 
to tolerate a drug in a cycle were allowed to move to the 

next drug in sequence. There was no washout period 
between the four treatment cycles (three active, one 
placebo). The entire study, including placebo run-in, 
lasted 1 year. After this, patients were invited to participate 
in a further 12-week cycle of open-label amiloride 10 mg, 
titrated to 20 mg after 6 weeks.

After initial screening and enrolment, there were 
nine subsequent visits on blinded medication: one after 
the placebo run-in, the remaining eight after the 6-weekly 
periods on each of the two doses of the three active drugs 
and placebo.

The primary endpoint measurement was average home 
systolic blood pressure, recorded in the morning and the 
evening in triplicate, on 4 consecutive days before study 
visits. For analysis, a maximum of the last 18 recordings for 
each measurement period—ie, days 2–4—if all completed, 
were used. A minimum of six blood pressure recordings 
per measurement period was required for a valid 
measurement of the home systolic blood pressure average. 
The home systolic blood pressure average for the primary 
endpoint included all of the aforementioned measurements 
throughout each treatment cycle—ie, at week 6 and week 
12). For seated clinic blood pressure, the mean of the last 
two measurements was recorded as the clinic blood 
pressure. The home and clinic blood pressures were 
measured for every patient using the approved, automated 
blood pressure monitor (WatchBP Home, Microlife, 
Clearwater, FL, USA), which was allocated to the patient for 
their sole use for the duration of the trial. Patients were 
instructed by the specialist nurses in self-measurement of 
blood pressure and technique was visibly re-enforced at 
each visit, when the research nurse measured patients’ 
blood pressure using the same monitor.

Figure 1: Trial profi le
*Randomised but instructed not to take any study drug after the result of 
directly observed therapy. Participants with any follow-up were included in the 
intent-to-treat analysis and the full analysis dataset consisted of all available 
data for these participants. Per-protocol analyses included participants who 
completed all follow-up visits without major deviation from the protocol. 
ITT=intention to treat.

436 screened

88 excluded
13 did not take study drug*

335 randomised

21 no follow-up for any drug

314 with any follow-up (ITT analysis)
285 for spironolactone
282 for doxazosin
285 for bisoprolol
274 for placebo

230 completed all treatment cycles
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Plasma renin was measured at baseline (following 
run-in on background ‘‘A + C + D’’ and placebo) with 
a Diasorin Liaison automated chemiluminescent 
immunoassay for direct renin mass.13 Serum electrolytes 
were measured at every visit.

Outcomes
The primary objective was to test the hypothesis that 
spironolactone is the most eff ective add-on treatment 
for patients with resistant hypertension. The primary 
analysis used an average of home systolic blood 
pressure recorded throughout the treatment cycle. We 
prespecifi ed hierarchical primary endpoints; (1) the 
diff erence in the home systolic blood pressure between 
spironolactone and placebo, followed if signifi cant by 
(2) the diff erence in home systolic blood pressure 
between spironolactone and the average of the other 
two active drugs, (doxazosin and bisoprolol), followed if 
signifi cant by (3) the diff erence in home systolic blood 
pressure between spironolactone and each of the other 
two active drugs.

The secondary objectives included evaluation of; 
(1) clinic blood pressure responses to randomised 
treatments; (2) blood pressure control rates—ie, home 
systolic blood pressure less than 135 mm Hg; (3) whether 
plasma renin concentrations and other baseline charac-
teristics could help personalise treatment by predicting 
the best drug treatment; and (4) adverse event rates 
during each treatment cycle.

To test the hypothesis that plasma renin (measured on 
a background of three drugs—ie, A + C + D), will predict 
the most eff ective fourth-line drug, we examined the 
relationship between plasma renin and the reduction of 
home systolic blood pressure with each drug, adjusted 
for the placebo response. We also identifi ed the best 
treatment for each patient—ie, the one on which they 
achieved the lowest blood pressure, and estimated for 
each drug the relationship between baseline renin and 
the likelihood that it would provide the best response. 
Adverse events were recorded at each visit.

Statistical analysis
The sample size was estimated to be 294 patients, based 
on detecting a diff erence of 3 mm Hg (SD 12) in home 
systolic blood pressure between each of the experimental 
drugs and the placebo treatment, with 90% power using 
a single sample t test at the 0·003 signifi cance level (this 
was chosen in order that the 0·01 level could be adjusted 
for three planned comparisons). However, the 
hierarchical analysis subsequently adopted negated the 
need to adjust p values.

We tested hypotheses with the mixed eff ect models to 
analyse continuous variables, with unstructured 
covariances for repeated measures within a patient. We 
included prespecifi ed baseline covariates (sex, age, 
height, weight, smoking history, and the baseline value 
of the outcome being analysed) in the models. Least 

Mean (SD) or N (%)

Age (years) 61·4 (9·6)

Sex

Male 230 (69%)

Female 105 (31%)

Weight (kg) 93·5 (18·1)

Smoker 26 (7·8%)

Home

Systolic blood pressure (mm Hg) 147·6 (13·2)

Diastolic blood pressure (mm Hg) 84·2 (10·9)

Heart rate (beats per min) 73·3 (9·9)

Clinic

Systolic blood pressure (mm Hg) 157·0 (14·3)

Diastolic blood pressure (mm Hg) 90·0 (1·5)

Heart rate (beats per min) 77·2 (12·2)

24 h urine (mmol/24 h)

Sodium 137·1 (71·8)

Potassium 70·5 (29·5)

Blood electrolytes (mmol/L)

Sodium 139·6 (3·0)

Potassium 4·1 (0·5)

eGFR (mL/min) 91·1 (26·8)

Diabetic 46 (14%)

eGFR=estimated glomerular fi ltration rate. 

Table 1: Baseline characteristics of the patients randomised into the 
PATHWAY-2 study (n=335)

Figure 2: Home systolic and diastolic blood pressures comparing spironolactone with each of the 
other cycles
The top and bottom of each column represents the unadjusted home systolic and diastolic blood pressures, 
respectively, averaged across the mid-cycle (low-dose) and end-of-cycle (high-dose) visits (6 weeks and 12 weeks) 
in which patients received the drug. Error bars represent 95% CI. Comparisons are as described under methods for 
the primary endpoint.
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Plasma renin was measured at baseline (following 
run-in on background ‘‘A + C + D’’ and placebo) with 
a Diasorin Liaison automated chemiluminescent 
immunoassay for direct renin mass.13 Serum electrolytes 
were measured at every visit.

Outcomes
The primary objective was to test the hypothesis that 
spironolactone is the most eff ective add-on treatment 
for patients with resistant hypertension. The primary 
analysis used an average of home systolic blood 
pressure recorded throughout the treatment cycle. We 
prespecifi ed hierarchical primary endpoints; (1) the 
diff erence in the home systolic blood pressure between 
spironolactone and placebo, followed if signifi cant by 
(2) the diff erence in home systolic blood pressure 
between spironolactone and the average of the other 
two active drugs, (doxazosin and bisoprolol), followed if 
signifi cant by (3) the diff erence in home systolic blood 
pressure between spironolactone and each of the other 
two active drugs.

The secondary objectives included evaluation of; 
(1) clinic blood pressure responses to randomised 
treatments; (2) blood pressure control rates—ie, home 
systolic blood pressure less than 135 mm Hg; (3) whether 
plasma renin concentrations and other baseline charac-
teristics could help personalise treatment by predicting 
the best drug treatment; and (4) adverse event rates 
during each treatment cycle.

To test the hypothesis that plasma renin (measured on 
a background of three drugs—ie, A + C + D), will predict 
the most eff ective fourth-line drug, we examined the 
relationship between plasma renin and the reduction of 
home systolic blood pressure with each drug, adjusted 
for the placebo response. We also identifi ed the best 
treatment for each patient—ie, the one on which they 
achieved the lowest blood pressure, and estimated for 
each drug the relationship between baseline renin and 
the likelihood that it would provide the best response. 
Adverse events were recorded at each visit.

Statistical analysis
The sample size was estimated to be 294 patients, based 
on detecting a diff erence of 3 mm Hg (SD 12) in home 
systolic blood pressure between each of the experimental 
drugs and the placebo treatment, with 90% power using 
a single sample t test at the 0·003 signifi cance level (this 
was chosen in order that the 0·01 level could be adjusted 
for three planned comparisons). However, the 
hierarchical analysis subsequently adopted negated the 
need to adjust p values.

We tested hypotheses with the mixed eff ect models to 
analyse continuous variables, with unstructured 
covariances for repeated measures within a patient. We 
included prespecifi ed baseline covariates (sex, age, 
height, weight, smoking history, and the baseline value 
of the outcome being analysed) in the models. Least 

Mean (SD) or N (%)

Age (years) 61·4 (9·6)

Sex

Male 230 (69%)

Female 105 (31%)

Weight (kg) 93·5 (18·1)

Smoker 26 (7·8%)

Home

Systolic blood pressure (mm Hg) 147·6 (13·2)

Diastolic blood pressure (mm Hg) 84·2 (10·9)

Heart rate (beats per min) 73·3 (9·9)

Clinic

Systolic blood pressure (mm Hg) 157·0 (14·3)

Diastolic blood pressure (mm Hg) 90·0 (1·5)

Heart rate (beats per min) 77·2 (12·2)

24 h urine (mmol/24 h)

Sodium 137·1 (71·8)

Potassium 70·5 (29·5)

Blood electrolytes (mmol/L)

Sodium 139·6 (3·0)

Potassium 4·1 (0·5)

eGFR (mL/min) 91·1 (26·8)

Diabetic 46 (14%)

eGFR=estimated glomerular fi ltration rate. 

Table 1: Baseline characteristics of the patients randomised into the 
PATHWAY-2 study (n=335)

Figure 2: Home systolic and diastolic blood pressures comparing spironolactone with each of the 
other cycles
The top and bottom of each column represents the unadjusted home systolic and diastolic blood pressures, 
respectively, averaged across the mid-cycle (low-dose) and end-of-cycle (high-dose) visits (6 weeks and 12 weeks) 
in which patients received the drug. Error bars represent 95% CI. Comparisons are as described under methods for 
the primary endpoint.
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adherence to treatment compared with separately administered medications [656]. This is true for treatment simplification in
general. Based on this evidence, the use of the polypill has been recommended for the management of myocardial
infarction [660]. However, present data also document that the polypill reduces the risk of CV outcomes. This was initially
reported by large observational studies in patients with established atherosclerotic CVD [656] and has more recently been
proven by the results of large outcome-based RCTs in patients with and also without previous CV events [661,662]. In an
individual-participant meta-analysis of three primary prevention trials, a combination of two antihypertensive agents and a
statin at low doses reduced the risk of CV outcomes by 38%. A polypill including low-dose aspirin was associated with a
nearly 50% outcome reduction. The benefits were seen across various subgroups (different lipid and BP levels, diabetic
patients, smoking, obesity) with the smallest effect in patients<55 years of age [663]. In a fourth RCT in patients with a recent
myocardial infarction, the polypill (aspirin, ACE-inhibitor and statin) treatment strategy reduced the risk of the primary
outcome (CV death, myocardial infarction, ischemic stroke and urgent revascularization) by 24% compared with usual care,
again across subgroups with different clinical characteristics and with the additional evidence of an improved adherence to
treatment in the polypill group. Adverse events were similar between groups and the most common adverse event in the
polypill group was dizziness [662]. The above evidence supports use of currently available polypills in hypertensive
dyslipidemic patients at elevated CV risk. Polypills without low-dose aspirin may be used in primary prevention, while use
of those with aspirin should be restricted to secondary prevention. The previously issued recommendation to check the
efficacy of the combination components in separate tablets before switching to the polypill appears impractical [4,664].
Potential inconveniences may be the limited dose flexibility of the polypill components as well as the limited potential of the
available polypills to reach the lower LDL-cholesterol and BP targets at present recommended by guidelines. This may
require the separate administration of additional drugs in a number of patients, with partial loss of the polypill advantages.

11.10.8 Choice of drug combinations for initiation of treatment
Reflecting on the evidence discussed above and recognizing the need to avoid or minimize the factors contributing to poor
BP control in treated hypertensive patients, the following few simple and pragmatic recommendations for the treatment of
hypertension can be listed (Figs. 11 and 12):

1. In most patients, treatment should be initiated with an SPC of two drugs to improve the speed, efficiency and
predictability of BP control.

2. Although several two-drug combinations can be used, the preferred two-drug combinations should be an RAS blocker
with a CCB or a Thiazide/Thiazide-like diuretic.

FIGURE 12 General BP-lowering strategy in patients with hypertension.
aUse of Diuretics:
–Consider transition to Loop Diuretic if eGFR is between 30 to 45 ml/min/1.73 m2

–If eGFR <30 ml/min/1.73 m2 use Loop Diuretic
bBB should be used as guideline directed medical therapy in respective indications or considered in several other conditions (Table 16)
cControlled below 140/90mmHg
d When SBP is !140mmHg or DBP is !90 mmHg provided that:
–maximum recommended and tolerated doses of a three-drug combination comprising a RAS blocker (either an ACEi or an ARB), a CCB and a Thiazide/Thiazide-like
diuretic were used
–adequate BP control has been confirmed by ABPM or by HBPM if ABPM is not feasible
–various causes of pseudo-resistant hypertension (especially poor medication adherence) and secondary hypertension have been excluded (see Section 12).

2023 ESH Guidelines for the management of arterial hypertension
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anticoagulants in hypertension. Four studies compared low-dose aspirin versus placebo and foundnoevidenceof a difference
in all-cause or CVmortality. However, aspirin treatment reduced the risk of all nonfatal CV events, albeit increasing the risk of
major bleedings. The authors conclude that there is currently no evidence that antiplatelet therapy has a protective effect on
hypertensive patients in the setting of primary prevention. The same conclusion had been reached more than 25years ago in
the HOT trial in which, however, some protective effect of low-dose aspirin was shown in a subgroup of patients with no
previous CV events but with a high CV risk due to advanced kidney disease [705].

The benefits and harms of the newer drugs, i.e. clopidogrel, prasugrel and ticagrelor, have not been sufficiently studied in
clinical trials on patients with hypertension.

Recommendations of antiplatelet therapy in hypertension

Recommendations and statements CoR LoE 

Low-dose aspirin is not recommended for primary prevention in 
patients with hypertension. 

III A 

Antiplatelet therapy is recommended for secondary prevention in 
hypertensive patients. 

I A 

Use of a polypill containing low-dose aspirin can be considered in 
hypertensive patients for secondary prevention.  

II A 

12. TRUE RESISTANT HYPERTENSION

12.1 Definition, prevalence, pathophysiology and cardiovascular risk
In the 2018 Guidelines, hypertension was defined as resistant to treatment when appropriate lifestyle measures and
treatment with optimal or best tolerated doses of three or more drugs (a Thiazide/Thiazide-like diuretic, an RAS blocker and
a CCB) fail to lower office BP to <140/90 mmHg [4]. The inadequate BP control should be confirmed by out-of-office BP
measurement showing an uncontrolled 24 h BP (! 130mmHg SBP or ! 80mmHg DBP) values. Evidence of adherence to
therapy and exclusion of secondary causes of hypertension are required to define true resistant hypertension, otherwise
resistant hypertension is only apparent and termed as pseudoresistant hypertension (Fig. 13).

FIGURE 13 Characteristics of true resistant hypertension. RAAS, renin – angiotensin aldosterone system.

2023 ESH Guidelines for the management of arterial hypertension
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and safety of spironolactone in patients with more advanced CKD or higher potassium levels at baseline have not yet been
established. The spironolactone-associated risk of hyperkalemia is greater in patients with CKD, particularly if the drug is
added to a treatment regimen that usually already includes an RAS blocker [739], making it necessary to closely monitor
plasma potassium and eGFR after treatment initiation and, depending on individual risk and the CKD stage, at least annually
or at three to 6month intervals thereafter. The use of newer potassium binders such as patiromer [740] or sodium zirconium
cyclosilicate [741] can reduce the risk of hyperkalemia, without increasing sodium overload (in the case of patiromer) or
decreasing antihypertensive drug absorption as observed with sodium polystyrene sulfonate. Not all patients will be able to
tolerate spironolactone because of its antiandrogenic side effects resulting in breast tenderness, gynecomastia and sexual
impotence in men, and menstrual irregularities in women. The other steroidal MRA, eplerenone, has lesser potential to
interfere with progesterone or androgen receptors and can, thus, be used alternatively to lower BP, but it is less potent than
spironolactone [742]. Furthermore, in many countries, eplerenone is only approved in patients with HF, and both
eplerenone and spironolactone are not approved for use in hypertension in some European countries. A suboptimal
tolerability profile as well as restrictions of its use, may partly explain the low prescription rate and the low persistence on
treatment of spironolactone in real-life settings. Only 9.0% of patients with apparent resistant hypertension were treated
with an MRA in a survey carried out in the USA [711], and only about 30% of patients were prescribed spironolactone at
enrolment in the RADIANCE TRIO trial testing the efficacy of RDN in patients with resistant hypertension [743]. Alternative
drugs can be amiloride, to be used at high dosages (10– 20mg per day), whichwas as effective as spironolactone (25– 50mg
per day) in reducing BP in an open-label extension period of the PATHWAY-2 trial [576]. However, this can lead to an
increased pill burden as the marketed dose of amiloride is only 5mg, and the drug is not available as a single agent but only
in combinations (usually 5mg) in many countries. Finally, new more selective nonsteroidal MRAs such as finerenone
(approved for the treatment in diabetic kidney disease), esaxerenone (approved for the treatment of hypertension in Japan),
and ocedurenone (KBP-5074, in development for resistant hypertension in CKD) might provide future alternatives to
spironolactone for patients with resistant hypertension [742]. Ocedurenone (0.25– 0.50mg/day) reduced BP in patients with
resistant hypertension and stage 3b/4 CKDwith a higher incidence of hyperkalemia at the highest dose [744]. Finally, the use
of selective aldosterone synthase inhibitors such as baxdrostat has been shown to effectively lower BP in patients with
resistant hypertension in a phase 2 trial [717] and may, thus, develop into an additional treatment. This approach will avoid
the noxious overall effects of aldosterone by reducing its synthesis instead of blocking its effects on mineralocorticoid
receptors. Spironolactone as well as all above discussed alternatives should be used with caution in patients with reduced
eGFR and baseline potassium levels >4.5mmol/l.

FIGURE 14 BP-lowering strategy in true resistant hypertension according to renal function. (a) When SBP is !140mmHg or DBP is !90 mmHg provided that: maximum
recommended and tolerated doses of a three-drug combination comprising a RAS blocker (either an ACEi or an ARB), a CCB and a T/TLDiuretic were used, adequate BP
control has been confirmed by ABPM or by HBPM if ABPM is not feasible, various causes of pseudo-resistant hypertension (especially poor medication adherence) and
secondary hypertension have been excluded (see Section 12). (b) Use of Diuretics: Use T/TLDiuretic if eGFR >45 ml/min/1.73 m2. Consider transition to Loop Diuretic if eGFR
is between 30 to 45 ml/min/1.73 m2. Use loop Diuretic if eGFR <30 ml/min/1.73 m2. (c) MRA contraindicated. (d) Caution if eGFR <45 ml/min/1.73 m2 or serum
potassium >4.5 mmol/l. (e) Should be used earlier at any step as guideline directed medical therapy in respective indications or considered in several other conditions
(Table 16).

Mancia, Kreutz et al.
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RESUMEN

La hipertensión arterial es el factor de riesgo cardiovascular más prevalente. A pesar del tratamiento farmacológico, un alto 
porcentaje de pacientes no consiguen un adecuado control. La denervación renal es una intervención mínimamente invasiva para 
el tratamiento de la hipertensión que implica la interrupción de los nervios simpáticos renales mediante un abordaje con catéter. 
Los estudios iniciales mostraron resultados prometedores, pero los controvertidos resultados del ensayo SYMPLICITY HTN-3 
llevaron al abandono de la técnica. En los últimos 3 años han aparecido los resultados de nuevos ensayos clínicos, con nuevos 
dispositivos y en diferentes poblaciones, que demuestran definitivamente la eficacia de la denervación renal.
En este documento de posicionamiento conjunto de la Sociedad Española de Hipertensión-Liga Española para la Lucha contra la 
Hipertensión Arterial (SEH-LELHA) y la Asociación de Cardiología Intervencionista de la Sociedad Española de Cardiología (ACI-SEC) 
se revisa la evidencia disponible sobre la eficacia y la seguridad de la denervación renal en el tratamiento de la hipertensión. A 
partir de los resultados de los ensayos clínicos, se generan recomendaciones sobre qué pacientes y en qué condiciones podrían ser 
candidatos a una denervación renal.

Palabras clave: Hipertensión arterial. Denervación renal. Presión arterial.
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Renal denervation for the management of hypertension. Joint position 
statement from the SEH-LELHA and the ACI-SEC

ABSTRACT

Hypertension is the most prevalent cardiovascular risk factor. Despite pharmacological treatment, a high percentage of patients 
do not achieve an adequate blood pressure control. Renal sympathetic denervation is a minimally invasive intervention for the 
management of hypertension involving the interruption of the renal artery sympathetic nervous system using a catheter-based 
approach. The early studies showed promising results, but the controversial results coming from the SYMPLICITY HTN-3 trial 
sent this technique into oblivion. Over the last 3 years, new clinical trials have appeared including new devices used in different 
populations, which definitively proves the effectiveness of renal sympathetic denervation. 
This joint position statement from the Spanish Society of Hypertension-Spanish League for Combating High Blood Pressure 
(SEH-LELHA), and the Interventional Cardiology Association of the Spanish Society of Cardiology (ACI-SEC) reviews the evidence 
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presentaban una mayor disminución de las cifras de PA, sin que esto 
se asociara a efectos adversos9. Se recomienda aplicar el número 
máximo de puntos de ablación que sea posible respetando, siempre, una 
distancia de 5 mm entre ellos y una distribución en 4 cuadrantes.

Tabla 3. Precauciones y contraindicaciones de la denervación renal

• La denervación renal no se ha estudiado en pacientes embarazadas, lactantes, 
mujeres que desean quedarse embarazadas ni en pacientes con diabetes 
mellitus tipo I, angioplastia renal previa, stents ureterales permanentes, injertos 
aórticos o anatomía renal anómala

• Sujetos en quienes una bajada de la presión arterial podría ser peligrosa 
(como, por ejemplo, pacientes con valvulopatías hemodinámicamente 
significativas)

• Tanto los marpacasos implantables como los desfibriladores cardioversores 
implantables pueden verse afectados por la ablación por radiofrecuencia.  
Se debe decidir si apagar, o no, el desfibrilador cardioversor implantable  
durante la ablación, hacer uso de fuentes externas temporales de estimulación  
y desfibrilación que pueda haber disponibles durante la ablación y realizar  
un análisis completo de la funcionalidad del dispositivo implantado tras  
la ablación

• Evitar tratar arterias con diámetros < 3 mm o > 8 mm

• Evitar tratar arterias con enfermedad significativa u obstrucciones limitantes 
del flujo

Tabla 4. Tratamiento clínico tras denervación renal*

Control de la presión arterial

Se recomienda medir los valores de presión arterial en el domicilio para 
comprobar las bajadas de presión arterial

Se debe formar a los pacientes en la detección de síntomas de hipotensión

Se debe llevar a cabo una desescalada farmacológica, cuando sea necesaria

Se debe realizar una monitorización ambulatoria de la presión arterial durante 
un periodo 24 horas entre 3 y 6 meses después de la intervención para valorar 
la respuesta a la DR

Se debe realizar una monitorización ambulatoria de la presión arterial durante un 
periodo de 24 horas para valorar la durabilidad a largo plazo de la denervación renal

Función renal: los pacientes en riesgo de nefropatía por contraste deben controlarse 
después de 7-10 días (de forma individualizada y atendiendo a criterios clínicos)

No se recomienda la realización rutinaria de técnicas de imagen renal (ecocardiografía, 
tomografía computarizada o resonancia magnética) tras la intervención

* El control tras la denervación renal se debe llevar a cabo en una unidad especializada en 
el tratamiento de la hipertensión como parte de un programa regulado de denervación renal.

HIPERTENSIÓN NO CONTROLADAIDENTIFICACIÓN

MAPA durante
24 horas

IntoleranciaAdherencia

Riesgo 
cardiovascular

Causas
secundarias

Optimización 
del tratamientoPA controlada

PA no controlada

Equipo multidisciplinario
Proceso de toma de decisiones compartidas

DENERVACIÓN
SIMPÁTICA RENAL

Operadores 
experimentados
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para una 
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SEGUIMIENTO
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• MAPA durante 24 horas

DECISIÓN

SELECCIÓN

Seguimiento

3-
6 

m
es

es

Figura 2. Proceso de identificación, selección de pacientes y toma de decisiones sobre una DR. Los pacientes con HTA no controlada (PA > 140/90 mmHg a 
pesar del tratamiento) deberán ser valorados en una Unidad de HTA. Se deberá confirmar la falta de control mediante MAPA, valorar la adherencia/intolerancia 
a fármacos, descartar causas secundarias y el riesgo cardiovascular. Si tras la optimización del tratamiento persiste la falta de control, en pacientes con 
riesgo elevado o muy elevado, y de forma consensuada con el paciente, se puede indicar la realización de DR. La adherencia se define como el grado en 
que la conducta de una persona, a tratamiento, a dieta o inmerso en un proceso de cambio de hábitos de vida, es consistente con una serie de recomenda-
ciones dadas por un profesional sanitario. La intolerancia farmacológica se define como la incapacidad de tolerar los efectos adversos de una medicación, 
a menudo en dosis terapéuticas o sub-terapéuticas. La optimización del tratamiento se refiere a los cambios en los hábitos de vida y a las recomendaciones 
farmacológicas, incluidas las dosis diana, recomendados por las guías de práctica clínica8. DR: denervación renal; MAPA, monitorización ambulatoria de la 
presión arterial; PA: presión arterial.

La sección 4 del material adicional muestra cómo realizar una DR 
empleando un catéter de radiofrecuencia tetrapolar. La tabla  3 
muestra las precauciones y contraindicaciones en torno a  
la intervención DR.
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after RDN might reduce by 15% the risk of major CV events in the following 6–36-month period [191]. As mentioned above,
these conclusions suffer from the limitations that the BP reduction– outcome relationship reported in the meta-analysis did
not concern patients with resistant hypertension [80].

RDN should be performed only in experienced and specialized centers that have established a multidisciplinary team
with a structured pathway for evaluating hypertensive patients [748,769]. Understanding the patients’ perspective, exploring
their preference and expectation is crucial prior to RDN. Benefits and risks of RDN need to be addressed in a shared-decision
making process [748,769]. In this regard, roughly 1/3 of hypertensive patients were prone to prefer RDN instead of
pharmacotherapy to have the elevated BP controlled [794]. This applied particularly to younger patients, male patients,
those with experience of side effects, and those who admitted to be nonadherent [794].

Use of renal denervation

Recommendations and statements CoR LoE

RDN can be considered as a treatment option in patients with an eGFR 
>40 ml/min/1.73m2 who have uncontrolled BP despite the use of 
antihypertensive drug combination therapy, or if drug treatment 
elicits serious side effects and poor quality of life. 

II B

RDN can be considered as an additional treatment option in patients 
 with  true resistant hypertension if eGFR is >40 ml/min/1.73m2.

II B

Selection of patients to whom RDN is offered should be done in a 
shared decision-making process after objective and complete 
patient’s information.

I C

RDN  should  only  be  performed  in  experienced  specialized centers
to guarantee appropriate selection of eligible patients and 
completeness of the denervation procedure. 

I C

13.2 Carotid baroreceptor stimulation
Stretch-sensitive baroreceptors located in the carotid sinus and the aortic arch are involved in short-term and long-term BP
regulation. Carotid baroreceptor external stimulation via a pacemaker-like device or baroreflex neuromodulation by
endovascular deployment of a self-expanding nitinol implant in the carotid artery has been investigated for treatment of
resistant hypertension [795]. Carotid baroreceptor stimulation was associated with a reduction of sympathetic nerve activity
in studies on hypertensive patients [796,797], and a sympathoinhibitory effect was also shown when the stimulation was
applied to HF patients [797]. The first-generation bilateral electrical stimulation device (Rheos, CVRx) was tested in a double-
blind, randomized, sham-controlled pivotal trial, which included 265 patients with resistant hypertension [798]. At 6months,
the office BP fall was significantly larger in the treatment group compared with the sham group. However, the study failed to
meet two of the five co-primary endpoints, and safety was not established. Therefore, the Rheos device did not receive
approval from the Food and Drug Administration for use in patients with resistant hypertension [798]. A second-generation
unilateral stimulation device has been developed to reduce the complexity, complications and costs of the procedure
(Barostim). However, no RCT is currently available with this new device in patients with resistant hypertension. The
endovascular baroreflex amplification therapy is achieved via implantation of a dedicated stent, which aims at passively
increasing wall stretch by increasing the vessel-effective radius while preserving pulsatility [799]. In a small, noncontrolled,
open-label, first-in-human CALM-FIM study, 30 patients underwent implantation of the MobiusHD system (Vascular
Dynamics). At 6months, there were significant reductions in both office and ambulatory BP compared with baseline, which
appeared to be maintained through 36months [800]. Several RCTs investigating this approach are ongoing.

13.3. Other device-based treatments
Thecreationof a fixed-diameter iliac arteriovenous anastomosiswith a catheter-baseddevice (ROXcoupler; ROXMedical)was
investigated in resistant hypertension to lower peripheral vascular resistance [795]. The creation of such a shunt significantly
decreased BP in the prospective, open-label, randomized, controlled ROX CONTROL HTN trial [801]. However, 33% of all
patients undergoing implantation of the arteriovenous coupler developed late ipsilateral venous stenosis requiring treatment.
Because of a potential HF risk following treatment with the coupler, the development of this device has been stopped.
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Quedan por responder cuestiones importantes sobre la utilidad 
clínica de la denervación renal fuera de estudios clínicos, que debe 
realizarse en pacientes muy seleccionados en centros especializados 
en HTA por operadores con experiencia. 

7.6.3. Creación de fístula arteriovenosa 

La anastomosis arteriovenosa iliaca central crea un conducto de 
calibre fijo (4 mm) entre la arteria iliaca externa y la vena mediante un 
dispositivo de nitinol tipo stent (ROX)374,375. El implante del dispositivo 
se puede verificar y es reversible; el dispositivo desvía la sangre arte-
rial (0,8-1 l/min) hacia el circuito venoso, y se obtiene una reducción 
inmediata y verificable de la PA374,375. El efecto de reducción de la PA de 
la anastomosis arteriovenosa se observó por primera vez en un estudio 
sobre pacientes con enfermedad pulmonar obstructiva crónica (EPOC), 
que mostraron una mejora moderada en la prueba de los 6 min de 
marcha376. En el estudio ROX CONTROL HTN, se aleatorizó a pacientes 
con HTA resistente a tratamiento estándar o implante de un disposi-
tivo coupler (acoplador) arteriovenoso combinado con tratamiento 
estándar377. A los 6 meses, las PA en consulta y ambulatoria se reduje-
ron significativamente en el grupo de anastomosis arteriovenosa, 
comparado con el grupo de control. Hay que señalar algunas cuestio-
nes importantes relativas a la seguridad. En el 29% de los pacientes se 
produjo una estenosis venosa homolateral que requirió venoplastia o 
implante de stent. No se observó insuficiencia cardiaca derecha o insu-
ficiencia cardiaca de alto gasto a corto plazo tras el implante del dispo-
sitivo, pero es necesario un seguimiento a largo plazo377,378.

7.6.4. Otros dispositivos 

El cuerpo carotídeo se localiza en la bifurcación de la carótida 
común. Está inervado por fibras nerviosas del nervio vagal a través del 
ganglio cervical y el nervio del seno carotídeo379. La estimulación  
del cuerpo carotídeo impulsa el tono simpático, lo cual produce un 
aumento de la PA y la ventilación por minuto. La resección quirúrgica 
del cuerpo carotídeo se asocia con reducciones de la PA380 y la hiper-
actividad simpática en pacientes con insuficiencia cardiaca381. Actual-
mente se están desarrollando e investigando dispositivos para la 
modificación endovascular del cuerpo carotídeo mediante ablación 
guiada por ultrasonidos. 

En resumen, el tratamiento de la HTA basado en dispositivos es un 
campo de rápida evolución. Son necesarios más estudios con grupo 
de control antes de que se puedan recomendar estos tratamientos 
para la HTA en la práctica clínica habitual, fuera del contexto de los 
estudios clínicos. 

8. HIPERTENSIÓN EN CIRCUNSTANCIAS ESPECÍFICAS 

8.1. Hipertensión resistente 

8.1.1. Definición de hipertensión resistente

La HTA se define como resistente a tratamiento cuando la estrate-
gia terapéutica recomendada no logra reducir las cifras de PAS y PAD 
medidas en consulta a < 140 mmHg o < 90 mmHg, respectivamente, y 
cuando el control inadecuado de la PA se confirma mediante MAPA o 

AMPA en pacientes que han cumplido con el tratamiento. La estrate-
gia terapéutica debe incluir las necesarias modificaciones en el estilo 
de vida y tratamiento farmacológico óptimo o con las máximas dosis 
toleradas de 3 o más fármacos, entre ellos un diurético, típicamente 
un IECA o un ARA-II y un BCC. Además, se debe descartar la presencia 
de HTA seudorresistente y causas secundarias de HTA (véase la sec-
ción 8.2).

Los estudios sobre la prevalencia de la HTA resistente están limita-
dos por la variación de las definiciones empleadas, con tasas de pre-
valencia observadas de un 5-30% de los pacientes con HTA tratada. 
Tras la aplicación de una definición estricta (véase más arriba) y 
excluyendo las causas de HTA seudorresistente (véase la sección 
8.1.2), la prevalencia real de la HTA resistente probablemente sea  
< 10% de los pacientes tratados. Los pacientes con HTA resistente tie-
nen más riesgo de daño orgánico causado por HTA, ERC y complica-
ciones CV prematuras382.

8.1.2. Hipertensión seudorresistente 

Se debe evaluar y descartar distintas causas de HTA seudorresis-
tente antes de confirmar el diagnóstico de HTA resistente: 

1. La falta de adherencia a la medicación prescrita es una causa fre-
cuente de HTA seudorresistente, que ocurre en hasta un 50% de los 
pacientes evaluados mediante la monitorización terapéutica de  
los fármacos y tiene una relación directa con el número de pasti-
llas prescritas315 (véase la sección 10).

2. El efecto de bata blanca (por el que la PA en consulta está elevada 
pero aparece controlada en la MAPA y la AMPA) es frecuente en 
estos pacientes y, por esta razón, se recomienda confirmar la HTA 
en consulta con MAPA o AMPA antes de confirmar el diagnóstico 
de HTA resistente. 

3. Una técnica inadecuada de medición de la PA en consulta, como el 
uso de manguitos demasiado pequeños para la circunferencia del 
brazo, puede dar como resultado una falsa elevación de la PA.

4. Una marcada calcificación de la arterial braquial, especialmente en 
pacientes mayores con arterias muy calcificadas. 

5. La inercia terapéutica que se asocia con el uso de dosis inade-
cuadas o combinaciones irracionales de fármacos hipotensores.

Otras causas de HTA resistente:

1. Factores del estilo de vida, como la obesidad, grandes ganancias de 
peso, consumo excesivo de alcohol y gran ingesta de sodio.

2. Ingesta de sustancias vasopresoras o que producen retención de 
sodio, fármacos prescritos para enfermedades distintas de la HTA, 
algunos remedios herbales o uso de drogas recreativas (cocaína, 
esteroides anabólicos, etc.) (véase la tabla 24). 

3. Apnea obstructiva del sueño, que normalmente, pero no siempre, 
se asocia con la obesidad.

4. Formas secundarias de HTA no detectadas (véase la sección 8.2).
5. Daño orgánico avanzado, especialmente ERC o rigidez arterial 

extensa. 

La HTA resistente se asocia con la edad avanzada (especialmente  
> 75 años), el sexo masculino, etnia africana de raza negra, las cifras 
iniciales de PA más altas al diagnóstico de HTA, la mayor PA alcanzada 
durante la vida del paciente, las consultas ambulatorias frecuentes, la 
obesidad, la diabetes, la enfermedad ateroesclerótica, el daño orgá-
nico causado por HTA y una puntuación de Framingham de riesgo 
coronario a 10 años > 20%383,384.

8.1.3. Estrategia diagnóstica en la hipertensión resistente 

El diagnóstico de la HTA resistente requiere información detallada 
sobre: 

Tratamientos para la hipertensión basados en dispositivos

Recomendaciones Clasea Nivelb

No se recomiendan los tratamientos para la HTA basados  
en dispositivos en la práctica clínica habitual, excepto en  
el contexto de estudios clínicos, hasta que se disponga  
de evidencia sobre su seguridad y su eficacia367,368

III B

aClase de recomendación.
bNivel de evidencia.
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Abbreviations 
BP blood pressure
CCB calcium channel blocker
CTA computed tomography angiography
CV cardiovascular
EAPCI European Association of Percutaneous 

Cardiovascular Interventions
ESC European Society of Cardiology
ESH European Society of Hypertension
HARC Hypertension Academic Research Consortium
KDIGO Kidney Disease Improving Global Outcomes
MACE major adverse cardiovascular events
MDHT multidisciplinary hypertension team
MRA magnetic resonance angiography
PROM patient-related outcome measures
PVI pulmonary vein isolation
RAS renin-angiotensin system
RCT randomised controlled trial
RDN renal denervation
RF radiofrequency
eGFR estimated glomerular filtration rate

Introduction
High blood pressure (BP) is amongst the most prevalent modifiable car-
diovascular (CV) risk factors and remains a leading cause of death1. 
Despite a stable global prevalence, the absolute number of people 
with hypertension increased from 648 million in 1990 to 1.28 billion 
in 20192. Lowering BP through the use of antihypertensive drugs has 
been shown to reduce the risk for CV morbidity and all-cause mortal-
ity3,4. However, disease awareness and BP control rates remain poor 
worldwide, especially in low- and middle-income countries and in low- 
income populations (especially in some ethnicities) residing in high- 
income countries2,5,6.

Over the last two decades, device-based therapies have been inves-
tigated as additional treatment options for uncontrolled hypertension. 
Of these, renal denervation (RDN) has the largest body of evidence for 
safety and efficacy7. Based on the data available at the time, the 2018 

European Society of Cardiology (ESC) and the European Society of 
Hypertension (ESH) Guidelines for the Management of Arterial 
Hypertension provided the following recommendation: 
“Device-based therapies for hypertension are not recommended for 
the routine treatment of hypertension, unless in the context of clinical 
studies and randomised controlled trials, until further evidence regard-
ing their safety and efficacy becomes available”8. Since the release of 
these Guidelines in 20188, several trials have been published providing 
new evidence (Figure 1)9–13. Hence, a clinical consensus document was 
deemed necessary by the ESC Council on Hypertension and the 
European Association of Percutaneous Cardiovascular Interventions 
(EAPCI). The working group members were equally selected by the 
ESC Council on Hypertension and the EAPCI. The current paper re-
views the evidence for the safety and efficacy of RDN, summarises as-
pects of the expert group’s discussion, and provides consensus 
statements for patient selection, centre requirements, procedural as-
pects, and considerations for future trial designs. In controversial areas, 
a consensus was achieved by voting and/or agreement of the expert pa-
nel after detailed discussions.

Review of clinical data
Table 1 provides the key characteristics of important published rando-
mised clinical trials (RCTs), and Table 2 summarises the characteristics 
of four ongoing sham-controlled trials investigating RDN for hyperten-
sion. These RCTs underwent a rigorous audit evaluating their scientific 
quality according to the following methodological characteristics: (i) 
sham-controlled, multicentre trials, (ii) adequate blinding of patients 
and outcome assessors, (iii) ambulatory BP change as the primary out-
come, (iv) study completed as planned with outcome data available for 
all (or nearly all) randomised participants, and (v) use of second- 
generation RDN systems and procedural techniques14,15.

The highest-quality trials are multicentre, randomised, sham-controlled 
and blinded (patients and outcome assessors) trials using ambulatory BP 
as the primary efficacy outcome.

The Symplicity HTN-3 trial did not demonstrate the BP-lowering ef-
ficacy of a mono-electrode radiofrequency (RF) catheter system com-
pared with a sham procedure at 6 months16. However, several 

Figure 1 Landmark RDN trials. Overview of important randomised controlled trials with (top) and without (bottom) an invasive sham-control group. 
Green indicates that the trial met its primary efficacy outcome; red indicates that the trial did not meet its primary efficacy outcome.
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procedures. The MDHT meets regularly and documents the indications 
of RDN and related management strategies.

Multidisciplinary hypertension teams involving experts on hypertension 
and percutaneous CV interventions should evaluate the indication and per-
form RDN.

To qualify for an RDN programme, the centre should have a hyper-
tension outpatient clinic, inpatient ward, radiology division, clinical and 
hormonal laboratory, catheterisation laboratory, coronary care or in-
tensive care unit, and access to an emergent vascular surgery facility, ei-
ther onsite or remote.

Training
To set up an RDN centre, extensive training is required, which should 
include: 

(1) access-site management (i.e., proficiency in femoral artery punc-
ture and haemostasis), radioprotection measures (considering 
the young age of some patients undergoing RDN), knowledge of 
digital subtraction angiography, contrast-sparing techniques, renal 
artery anatomy and nerve distribution (Figure 5), selective renal ar-
tery catheterisation, and periprocedural BP management and anal-
gesia/sedation;

(2) hands-on training using a bench model (demo or simulator) of at 
least one clinically validated and commercially available device;

(3) offsite attendance of an active RDN centre to acquire insights on 
the organisational structure, including the procedure, patient prep-
aration and follow-up;

(4) performance of at least five proctored RDN cases with each device 
intended to be used at the site.

The procedure should be performed by a highly skilled intervention-
alist with experience in renal artery interventions to avoid high compli-
cation rates, as observed in renal artery revascularisation trials50,51, and 
to minimise the risk of ineffective treatments related to suboptimal in-
terventions. In some countries, national societies have provided recom-
mendations on the minimum number of renal artery interventions 
(RDN or angioplasty/stenting) to be performed per site and/or 
operator48.

Preprocedural imaging
Preprocedural planning should include non-invasive renal artery imaging 
to anticipate anatomical peculiarities (e.g., presence of accessory arteries) 
and screen for anatomical ineligibility criteria (e.g., inappropriate vessel 
diameter), such as untreated severe atherosclerotic renal artery disease 

Figure 5 Schematic illustration of the renal artery with its surrounding nerves. The sympathetic nerve fibres originate from the abdominal ganglia and 
run conically to the distal part of the vessel. The lower circles show the nerve distribution stratified according to the total number (each green dot 
represents 10 nerves) and relative number (as percent per segment) of nerves. Adapted with permission from91.
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Table 1 Key characteristics of important randomised controlled RDN trials

Trial, year of 
publication

Investigational device Design (randomisation ratio) Sample 
size

Inclusion criteria Primary 
efficacy 

outcome

BP reduction in RDN vs control 
group

Randomised controlled trials

Symplicity HTN-2, 201092 Symplicity Flex 
(mono-electrode RF)

Open-label, RDN vs control (1:1) 106 Uncontrolled office BP on 
≥3 antihypertensive drugs

Change in office 
SBP at 6 months

−32 ± 23 vs −1 ± 21 mmHg; p < 0.0001

DENERHTN, 201593 Symplicity Flex 
(mono-electrode RF)

Open-label, SSAHT + RDN vs SSAHT 
(1:1)

106 Uncontrolled office and 
24-hr BP on ≥3 

antihypertensive drugs

Change in daytime 
ambulatory SBP at 

6 months

−9.9 (95% CI: −13.6 to −6.2) vs −5.9 
mmHg (95% CI: −11.3 to −0.5); p = 0.033

RADIOSOUND-HTN, 
201994

Symplicity Spyral 
(multi-electrode RF) vs 

Paradise (US)

US-RDN vs RF-RDN of the main 
artery vs RF-RDN of main artery vs 

RF-RDN of the branches, and 
accessory arteries (1:1:1)

120 Uncontrolled office and 
24-hr BP on ≥3 

antihypertensive drugs

Change in daytime 
ambulatory SBP at 

3 months

US: −13.2 ± 13.7 mmHg vs RF main 
artery: 6.5 ± 10.3 mmHg vs RF including 
branches: −8.3 ± 11.7 mmHg (p = 0.043 
for US vs RF main artery; p > 0.99 for RF 

main artery vs RF branches)

First-generation randomised sham-controlled trials

Symplicity HTN-3, 201416 Symplicity Flex 
(mono-electrode RF)

RDN vs sham (2:1) 535 Uncontrolled office and 
24-hr BP on ≥3 

antihypertensive drugs

Change in office 
SBP at 6 months

−14.1 ± 23.9 vs −11.7 ± 25.9 mmHg; p = 
0.27

RSD-Leipzig, 201595 Symplicity Flex 
(mono-electrode RF)

RDN vs sham (1:1) 71 Uncontrolled 24-hr BP on 
≥3 antihypertensive drugs

Change in 24-hr 
SBP at 6 months

−7.0 (95% CI: −10.8 to −3.2) vs −3.5 
mmHg (95% CI: −6.7 to −0.2); p = 0.15

ReSET, 201696 Symplicity Flex 
(mono-electrode RF)

RDN vs sham (1:1) 69 Uncontrolled daytime 
ambulatory BP on ≥3 
antihypertensive drugs

Change in daytime 
ambulatory SBP at 

6 months

−6.1 ± 18.9 vs −4.3 ± 15.1 mmHg; p = 
0.66

WAVE IV, 201797 Externally delivered 
therapeutic US energy 

(surround sound system)

RDN vs sham (1:1) 81 Uncontrolled office and 
24-hr BP on ≥3 

antihypertensive drugs

Change in office 
SBP

−13.2 ± 20 vs −18.9 ± 14 mmHg; p = 
0.181

REDUCE-HTN: 
REINFORCE, 202098

Vessix (multi-electrode RF) RDN vs sham (2:1) 51 Uncontrolled office and 
24-hr BP in absence of 
antihypertensive drugs

Change in 24-hr 
SBP at 2 months

−5.3 (95% CI: −8.8 to −1.8) vs −8.5 
mmHg (95% CI: −13.3 to −3.8); p = 0.30

Second-generation randomised sham-controlled trials

SPYRAL HTN-OFF MED 
Pilot, 20179

Symplicity Spyral 
(multi-electrode RF)

RDN vs sham (1:1) 80 Uncontrolled office and 
24-hr BP in the absence of 

antihypertensive drugs

Change in 24-hr 
SBP at 3 months

−5.5 (95% CI: −9.1 to −2.0) vs −0.5 
mmHg (95% CI: −3.9 to 2.90); p = 0.0414

RADIANCE-HTN SOLO, 
201812

Paradise (US) RDN vs sham (1:1) 146 Uncontrolled daytime 
ambulatory BP in the 

absence of antihypertensive 
drugs

Change in daytime 
ambulatory SBP at 

2 months

−8.5 ± 9.3 vs −2.2 ± 10.0 mmHg; p = 
0.0001

Continued 
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m
ethodological lim

itations of this trial, including frequent m
edication 

changes, lim
ited training and experience of the proceduralists, likely in-

com
plete circum

ferential ablation in m
ost patients 17, as w

ell as new
 in-

sights on renal nerve distribution
18, inform

ed the design of the 
second-generation RD

N
 trials. These used revised catheter technolo-

gies and procedural techniques in patients w
ith uncontrolled hyperten-

sion. Four sham
-controlled trials 9–13, conducted after the publication of 

the Sym
plicity H

TN
-3 trial, fulfilled all of these m

ethodological criteria 
(Supplem

entary Table 1).
In the second generation of sham

-controlled trials, RF and ultrasound 
RD

N
 reduced am

bulatory and office BP in patients w
ithout (proof of 

concept) and w
ith antihypertensive drugs (Figure 2) 9–13. In three of 

these RC
Ts 9–11,13, non-adherence to antihypertensive m

edications – 
assessed using ultra-high-perform

ance liquid chrom
atography-tandem

 
m

ass spectrom
etry to detect drugs or their m

etabolites in blood and 
urine – w

as dynam
ic and frequently observed in both the RD

N
 and 

the sham
 groups 10. Im

portantly, RD
N

 low
ered BP over the 24-hour 

circadian cycle, described as an “alw
ays-on” effect independent of 

pharm
acokinetics, drug adherence, and dosing schem

es (Figure 3). To 
achieve sim

ilar persistent BP-low
ering efficacy over 24 hours, antihy-

pertensive m
edications need to be taken daily and have a long pharm

a-
cokinetic/pharm

acodynam
ic half-life. The last published trial conducted 

in Japan and the Republic of K
orea, the REQ

U
IRE trial, did not m

eet its 
prim

ary efficacy endpoint of a change in 24-hour am
bulatory systolic BP 

at 3 m
onths due to sim

ilar BP reductions in the RD
N

 and sham
 

groups 19. W
hen interpreting the trial, several shortcom

ings in the trial 
design and conduct have to be considered: i) concom

itant antihyper-
tensive m

edication w
as not standardised, ii) m

edication adherence 
w

as not objectively assessed, iii) treating physicians w
ere not blinded 

to treatm
ent allocation, and iv) hom

e and 24-hour am
bulatory BP 

changes 
w

ere 
inconsistent 19. 

Im
portantly, 

four 
ongoing 

sham
- 

controlled RC
Ts fulfil the above-m

entioned scientific quality criteria 
(Table 2, Supplem

entary Table 1).
Since 

the 
publication 

of 
the 

2018 
ESC/ESH

 
G

uidelines 
for 

the 
M

anagem
ent of Arterial H

ypertension, several high-quality, random
ised, 

sham
-controlled 

trials 9–13
have 

been 
published, 

dem
onstrating 

a 
BP-low

ering efficacy over 24 hours for both RF and ultrasound RD
N

 in a 
broad 

spectrum
 

of 
patients 

w
hose 

hypertension 
ranges 

from
 

m
ild-to-m

oderate to severe and resistant.

Safety
In addition to the RC

Ts, w
ell-conducted registries provide short- and 

long-term
 safety data on RD

N
20. Possible acute procedure-related 

events are sum
m

arised in Table 3. A
fter review

ing the available data 
(Supplem

entary Table 2), the experts did not identify any specific safety 
concerns associated w

ith RD
N

 beyond the expected com
plication 

rates of a transfem
oral arterial access procedure (less than 1%

) and 
the patients’ exposure to radiation

21. In the Sym
plicity H

TN
-3 trial, 

the largest sham
-controlled random

ised trial investigating RD
N

, 1 of 
364 patients (0.3%

) had a vascular access site com
plication

22. The radi-
ation dose varies depending on several factors, including patient charac-
teristics (i.e., obesity, renal artery anatom

y), the interventionalist’s 
experience, and the num

ber of ablation attem
pts.

There is no evidence of significant procedure-related safety concerns be-
yond the risks associated w

ith fem
oral arterial access.

Possible long-term
 concerns are both the developm

ent of de novo re-
nal artery stenosis secondary to vascular injury induced by RD

N
23

and 
w

orsening kidney function. In a m
eta-analysis of 50 studies including 

5,769 patients (10,249 patient-years) undergoing RF-RD
N

, the pooled 
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Table 1 Continued  

Trial, year of 
publication

Investigational device Design (randomisation ratio) Sample 
size

Inclusion criteria Primary 
efficacy 

outcome

BP reduction in RDN vs control 
group

SPYRAL HTN-ON MED, 
201810

Symplicity Spyral 
(multi-electrode RF)

RDN vs sham (1:1) 80 Uncontrolled office and 
24-hr BP on 1 to 3 

antihypertensive drugs

Change in 24-hr 
SBP at 6 months

−9.0 (95% CI: −12.7 to −5.3) vs −1.6 
mmHg (95% CI: −5.2 to 2.0); p = 0.006

SPYRAL HTN-OFF MED 
Pivotal, 202011

Symplicity Spyral 
(multi-electrode RF)

Bayesian adaptive design, RDN vs 
sham (1:1)

331 Uncontrolled office and 
24-hr BP, in the absence of 

antihypertensive drugs

Change in 24-hr 
SBP at 3 months

−4.7 (95% CI: −6.4 to −2.9) vs −0.6 
mmHg (95% CI: −2.1 to 0.9); p = 0.0005

RADIANCE-HTN TRIO, 
202113

Paradise (US) RDN vs sham (1:1) 136 Uncontrolled office and 
daytime ambulatory BP on 
3 antihypertensive drugs

Change in daytime 
ambulatory SBP at 

2 months

−8.0 (IQR −16.4, 0.0) vs −3.0 mmHg 
(IQR −10.3, 1.8); p = 0.022

REQUIRE, 202219 Paradise (US) RDN vs sham (1:1) 143 Uncontrolled office and 
24-hr BP on ≥3 

antihypertensive drugs

Change in daytime 
ambulatory SBP at 

3 months

−6.6 (95% CI: −10.4 to −2.8) vs −6.5 
mmHg (95% CI: −10.3 to −2.7); p = 0.971

BP: blood pressure; CI: confidence interval; IQR: interquartile ratio; RDN: renal denervation; RF: radiofrequency; SBP: systolic blood pressure; SSAHT: standardised stepped-care antihypertensive treatment; US: ultrasound
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on the 2018 ESC/ESH Guidelines for the Management of Arterial 
Hypertension8.

Treatment of hypertension traditionally starts with lifestyle modifica-
tions, including restriction of sodium intake (<2 g sodium per day), re-
duction of alcohol (<100 g per week), weight loss, smoking cessation, 
and regular aerobic exercise8. However, lifestyle modifications should 
not defer the initiation of antihypertensive medications, especially in pa-
tients with grade 3 hypertension and in patients at high or very high CV 
risk8. In most patients, pharmacotherapy using dual single-pill combin-
ation therapy consisting of a renin-angiotensin-system (RAS) blocker 
(angiotensin-converting enzyme inhibitor or angiotensin receptor 
blocker) and a calcium channel blocker (CCB) or thiazide/thiazide-like 
diuretic should be initiated8. Triple-drug combination therapy, including 

an RAS blocker, CCB, and a thiazide/thiazide-like diuretic, ideally as a 
single pill, is recommended if BP remains above target8.

Resistant hypertension is defined as uncontrolled office BP (≥140/ 
≥90 mmHg), which is confirmed by out-of-office BP measurements, 
despite appropriate lifestyle changes and the intake of a triple-drug 
combination, including a diuretic at maximally tolerated doses8. 
Diagnosing resistant hypertension requires the exclusion of pseudore-
sistant hypertension and secondary hypertension causes, including 
mainly primary hyperaldosteronism, renovascular disease, and chronic 
kidney disease. A frequently underestimated cause of pseudoresistant 
hypertension is partial adherence (ranging from 13% to 46%) or full 
non-adherence (ranging from 2% to 35%) to prescribed antihyperten-
sive therapy8,34.

Figure 2 Mean difference in BP change between the RDN and the sham group in second-generation sham-controlled RDN trials. The mean difference in 
office (A) and 24-hour (B) systolic BP change between the RDN and the sham group. The SPYRAL HTN-OFF MED Pivotal trial used a Bayesian design with an 
informative prior (outcome analyses included data from the pilot and pivotal trials). Data are mean and 95% confidence intervals (CI). BP: blood pressure.
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annual incidence rate for renal artery stenting was 0.2%24, similar to the 
reported natural incidence of renal artery stenosis in arterial hyperten-
sion25. Importantly, 79% of all events occurred within one year post- 
procedure24. RCTs systematically using non-invasive renal artery im-
aging one year after the procedure have been reassuring regarding 
the vascular safety of RDN9–13,16. Moreover, no acute kidney injury 
or time-dependent decrease in kidney function was reported. A 
meta-analysis of 48 studies including 2,381 patients showed no signifi-
cant change in the estimated glomerular filtration rate (eGFR) after a 
mean follow-up of 9.1 months26. In the Global SYMPLICITY Registry, 
the observed eGFR decrease over three years was within the expected 
time-dependent eGFR decline in patients with severe hypertension20. 
Only 0.3% of the patients without chronic kidney disease at baseline 
had new onset end-stage kidney disease at the 3-year follow-up27. 
During the long-term follow-up of the SPYRAL HTN-ON MED trial, 
changes in eGFR and serum creatinine from baseline to 36 months 
did not differ between the RDN and sham groups28. In the 4-year 
follow-up of patients with resistant hypertension included in the 
Symplicity HTN-3 trial, the rate of new-onset end-stage kidney disease 
was 5%22. Of note, patients with an eGFR of <40 ml/min/1.73 m2 have 
been excluded from all sham-controlled trials9–13. Thus, renal safety can 
only be considered in patients with normal or mildly-to-moderately re-
duced kidney function (Kidney Disease Improving Global Outcomes 
[KDIGO] stage G1 to G3a). Another limitation refers to the lack of 
follow-up extending beyond three years.

Long-term follow-up data up to three years did not reveal any significant 
increase in de novo renal artery stenosis (<1%) or worsening kidney function 
beyond the expected rates in hypertensive patients with normal or 
mildly-to-moderately reduced kidney function.

Durability
There are questions regarding functional reinnervation of the kidneys 
following RDN. In hypertensive sheep with chronic kidney disease, 

partial regrowth of renal nerves and return of function were reported 
30 months after RDN29. In contrast, permanent axonal destruction and 
sustained reductions in renal noradrenaline were documented in a por-
cine model30. Long-term follow-up data from the Global SYMPLICITY 
Registry20, the SPYRAL HTN-ON MED trial28 and the 
RADIANCE-HTN SOLO trial31 indicate that the BP-lowering efficacy 
of RDN in patients with hypertension is sustained for at least up to 
three years, with a trend for continuous BP reduction over time 
(Figure 4). The demonstration of durability can be challenging because 
of dynamic changes in medications, lifestyle interventions, development 
of coexisting illnesses, ageing, etc15.

Data from registries and sham-controlled trials indicate a sustained 
BP-lowering effect of RDN for up to three years.

Patient selection
According to the 2018 ESC/ESH Guidelines for the Management of 
Arterial Hypertension, hypertension is defined as an office systolic BP 
≥140 mmHg and/or diastolic BP ≥90 mmHg measured with a validated 
oscillometric electronic device using repeated measurements on repeat 
occasions, confirmed by out-of-office BP measurements, including home 
BP or ambulatory BP monitoring8. In most patients, BP-lowering treat-
ment is recommended if their office BP exceeds ≥140/≥90 mmHg, tak-
ing into account their CV risk, hypertension-mediated organ damage and 
established CV or renal diseases8. It is recommended to target an office 
BP of <140/<90 mmHg in all patients, if tolerated. In patients aged <70 
years, office systolic BP should be further lowered to 120-129 mmHg, if 
tolerated8,32. Lowering systolic BP <130 mmHg in fit older patients might 
be effective and safe, but BP treatment targets should be individualised 
for very old and frail patients33. A diastolic BP target of <80 mmHg 
should be considered for all patients8.

The definition of hypertension and thresholds for treatment initiation 
(including lifestyle modification and antihypertensive drugs) are based 
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Table 2 Ongoing sham-controlled RCTs (as of June 2022)

Trial, NCT* Catheter system Design, 
(randomisation 

ratio)

Sample 
size

Inclusion criteria Primary 
efficacy 

outcome

Estimated 
trial 

completion

SPYRAL HTN-ON 
MED Expansion, 
NCT02439775

Symplicity Spyral 
(multi-electrode RF)

Bayesian adaptive 
design, RDN vs sham 

(1:1)

340 Uncontrolled office and 
24-hour BP on 1-3 

antihypertensive drugs

Change in 
24-hour SBP at 6 

months

2026

RADIANCE II, 
NCT03614260

Paradise (US) RDN vs sham 
(1:1)

225 Uncontrolled stage II 
hypertension (office and 

daytime ambulatory BP) in 
absence of antihypertensive 

drugs

Change in 
daytime 

ambulatory SBP 
at 2 months

2022

TARGET BP 
OFF-MED, 
NCT03503773

Peregrine (ethanol 
injection via 

microneedles)

RDN vs sham 
(1:1)

90 Uncontrolled office and 
24-hour BP in absence of 

antihypertensive drugs

Change in 
24-hour 

ambulatory SBP 
at 2 months

2023

TARGET BP I, 
NCT02910414

Peregrine (ethanol 
injection via 

microneedles)

RDN vs sham 
(1:1)

300 Uncontrolled office and 
24-hour BP on 2-5 

antihypertensive drugs

Change in 
ambulatory 

24-hour SBP at 3 
months

2025

*NCTs found at ClinicalTrials.gov. BP: blood pressure; RDN: renal denervation; RF: radiofrequency; SBP: systolic blood pressure; US: ultrasound
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- HTA resistente (PA > 140/90 mmHg a pesar de cambios en el estilo de vida y tratamiento con ≥ 3 antihipertensivos en dosis óptimas, uno
de los cuales es un diurético. Mejor 4 fármacos tras añadir un antialdosterónico salvo contraindicación

- Excluir HTA resistente falsa con MAPA, HTA secundaria, SAHS, elevada ingesta de sal, obesidad grave. Fármacos que aumentan la
PA.

No denervación renal si:

- Intervenciones previas en la arteria renal (angioplastia o stent)
- Estenosis arteria renal > 50%
- Presencia de múltiples arterias renales o art renales de menos de 20 mm de length
- FG < 40 ml/min/1,73 m²

Pacientes estables, no es un tratamiento para las emergencias hipertensivas

Al menos 3-6 meses después de un IAM, angina inestable o Ictus.

Considerar en pacientes con HTA no controlada (PA > 140/90 mmHg) y alto riesgo cardiovascular a pesar de tratamiento correcto o con
mala adherencia muy difícil de mejorar y alto riesgo vascular.
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Present and future of drug therapy in hypertension: an overview
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ABSTRACT
Purpose: High blood pressure (HBP) is the leading cause of mortality and years of disability, and 
its prevalence is increasing. Therefore, diagnosis and effective treatment of HBP is one of the main 
goals to prevent and reduce its complications, and pharmacological treatment is the cornerstone 
of hypertension management.
Materials and Methods: The gradual introduction of different drug families has led to the 
development of new molecules that have improved efficacy and reduced adverse effects. 
Results: Current drugs include a large number that target key mechanisms of blood pressure 
regulation as well as those that contribute to hypertension-induced organ damage. Recently, new 
antihypertensive drugs have been introduced that not only aim to lower blood pressure but also 
provide additional protection against organ damage and metabolic disorders. Some of them were 
introduced for specific indications other than hypertension and other are based in a 
pharmacogenomic approach. Other routes of administration, such subcutaneous injection, are 
also being explored to improve protection and compliance.
Conclusions: The main characteristics of each class of antihypertensive drug are summarised.

Introduction

High blood pressure (HBP) is the leading cause of 
mortality and years lost to disability (DALYs) [1], and 
one of the most important risk factors for ischaemic 
heart disease, heart failure, peripheral arterial disease, 
stroke, chronic kidney disease [2–6], cognitive impair-
ment and dementia [7–10].

The treatment of hypertension should start with 
lifestyle modifications that have to address overall car-
diovascular risk factors. Recommendations include 
dietary salt reduction to less than 6 g of NaCl per day, 
and a diet rich in fruits and vegetables and low-fat 
dairy products, with reduced content of saturated fat 
and total fat. In addition, the diet should be rich in 
potassium, calcium and magnesium, with moderate 
alcohol consumption, smoking cessation and regular 
aerobic activity. These changes favourably affect blood 
pressure (BP) and should be an adjunct to drug ther-
apy in hypertensive individuals.

Pharmacological treatment is the cornerstone of 
hypertension management. Its development since the 

1950s has run parallel to advances in the pathophysi-
ological mechanisms of BP elevation and its conse-
quences. The pharmacologic treatment of hypertension 
began, at the middle of last century, with mercurial 
diuretics, reserpine, and acetolamide, which are sel-
dom used nowadays. The progressive introduction of 
the different families of drugs have been developed 
with new molecules that have established improve-
ments in efficiency and reduction of unwanted effects, 
pushing the older ones aside not only in terms of 
efficacy but also in terms of tolerance and safety. 
These drugs were soon followed by newer more 
potent agents that will be categorised, according to 
their main mechanism of action, as follows.

Recommendations to manage high blood 
pressure with available drugs

The classes of drugs used to control hypertension are 
shown in Figures 1 and 2. A summary of the most 
relevant characteristics of each class of antihyperten-
sive agents is presented below.
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Central nervous system

Centrally acting alpha2-sympathetic agonist decrease 
peripheral resistance by inhibiting sympathetic out-
flow. They include clonidine and alpha-methyl-dopa. 

They are not considered first-line agents but cloni-
dine is included as a drug potentially useful in resis-
tant hypertension and alpha-methyl-dopa is a drug 
safe to be used in pregnancy.

Figure 1. Main class of antihypertensive drugs.

Figure 2. Parenteral antihypertensive drugs.
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Abstract
Purpose of Review This is an update of data regarding changes in blood pressure using sodium-glucose co-transporter 2
inhibitors (SGLT2i) for the treatment of diabetes. The mechanism of blood pressure lowering by SGLT2i was thought to be
due to their osmotic diuretic effects. New data, however, has emerged from meta-analyses and studies of people with impaired
kidney function demonstrating similar or greater magnitudes of blood pressure reduction in the absence of significant glycosuria.
Potential additional mechanisms are proposed and reviewed.
Recent Findings Two separate meta-analyses in over 10,000 participants combined demonstrate an average of 4/2 mmHg
reduction in blood pressure by SGLT2i. This includes consistency between measurements of in-office and ambulatory blood
pressure monitoring. This reduction extends to decreases in nocturnal blood pressure of 2.6 mmHg systolic pressure. These
reductions in blood pressure by SGLT2i are also present when added to ongoing treatment with ACE inhibitors or ARBs. In one
study, dapagliflozin, when added to a regimen of a renin-angiotensin-aldosterone system (RAAS) antagonist and a diuretic,
further lowered in-office systolic pressure by 2.4 mmHg. In contrast, when prescribed to those on a RAAS antagonist plus a
calcium channel blocker or RAAS antagonist plus a beta blocker, systolic pressure decreased 5.4 mmHg. Lastly, post hoc
analyses of major cardiovascular outcome trials across the spectrum of estimated glomerular filtration rates from 30 to 80 ml/
min/1.73 m2 demonstrated similar magnitudes of BP reduction in spite of far less reduction in glucosuria among those with
advanced kidney disease. Moreover, recent data implicate the potential for increased ketones associated with SGLT2i contrib-
uting to blood pressure lowering in advanced-stage kidney disease.
Summary SGLT2i are well established to lower blood pressure. Their mechanism appears to be multifactorial and has a
hemodynamic as well as metabolic component contributing to this reduction.

Keywords Hypertension . Diabetes . Sodium-glucose transporter

Introduction

Since 2000, a raft of antihyperglycemic therapies for type 2
diabetes mellitus (DM2) has entered the market. Such agents,

from ultra-long-acting insulin preparations to glucagon-like
peptide 1 (GLP-1) and dipeptidyl peptidase-4 (DPP-4) inhib-
itors, while new, are not novel as they are mechanistically
similar to historical classes such as biguanides, sulfonylureas,
thiazolidinediones, and meglitinides [1]. In contradistinction,
the recent introduction of sodium-glucose co-transporter 2
inhibitors (SGLT2is) has ushered in a new era of pharmaco-
logic agents, a class diverging from the targeting of the histor-
ical trinity of enhancing beta-cell activity, insulin sensitivity,
and tissue glucose uptake and embracing the renal axis of
glucose homeostasis [2]. These agents are not only singular
in their mechanism of action but also their extra-glycemic
(pleiotropic) effects on reducing cardiovascular risk and
chronic kidney disease (CKD) progression.

This article is part of the Topical Collection on Antihypertensive Agents:
Mechanisms of Drug Action
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Diuresis osmótica inducida por glucosuria y natriuresis reduce la precarga y postcarga con descenso PA.

A dif de diuréticos no estimula el SRAA al no disminuir el vol intravascular

compared with placebo and 4.45 and 2.01 mmHg, respec-
tively, compared with other glucose-lowering agents
without a potentially harmful increase in heart rate (14).
However, because patients in the EMPA-REG OUTCOME
Trial were well controlled at baseline (approximately 135/
76 mmHg), the modest BP reductions achieved with
empagliflozin do not seem sufficient to fully explain im-
proved renal and cardiovascular outcome, especially because
the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) Trial did not show significant benefit of strict
systolic BP control (,120 versus ,140 mmHg) (29).
The mechanisms by which SGLT2 inhibitors reduce BP

remain incompletely understood, although several have

been proposed. First, the glycosuria-accompanied osmotic
diuresis, resulting in excess urine output by about 200–600
ml/d, may reduce BP by decreasing intravascular volume. In
line with this hypothesis, dapagliflozin reduced 125I-albumin–
measured plasma volume by 7.3% and increased hematocrit
2.2% after 12 weeks (25). Also, the empagliflozin-induced
systolic BP reduction of approximately 4 mmHg was paral-
leled by a 5% increase in hematocrit after a median follow-up
of 3.1 years, indicating a sustained effect on volume status (6).
Second, because SGLT2 inhibitors also decrease sodium
reabsorption in the proximal tubule, potentially by inhibiting
the sodium/hydrogen exchanging channel isoform 3 (30),
these agents can be regarded as proximal diuretic.

Figure 2. | The SGLT2 inhibitors affect multiple sites in the diabetic kidney. This figure summarizes the effect that SGLT2 inhibition has on an
individual nephron, which in turn, improves different renal risk factors in type 2 diabetes. ATPase, adenosine triphosphatase; GLUT2, glucose
transporter 2.

Table 3. End points of the EMPA-REG OUTCOME Trial

Outcome Hazard Ratio Compared with Placebo (95% CI)

Prespecified
Primary MACE (CV death, nonfatal MI, or nonfatal stroke) 0.86 (0.74 to 0.99)
CV death 0.62 (0.49 to 0.77)
All-cause mortality 0.68 (0.57 to 0.82)
Hospitalization for heart failure 0.65 (0.50 to 0.85)

Exploratory
New onset of macroalbuminuria 0.62 (0.54 to 0.72)
New onset or worsening of DKD 0.61 (0.53 to 0.70)
Doubling of serum creatininea 0.56 (0.39 to 0.79)
Initiation of RRT 0.45 (0.21 to 0.97)

Created with data from the supplemental appendix of the Randomized, Placebo-Controlled Cardiovascular Outcome Trial of Em-
paglifozin (EMPA-REG OUTCOME) (5,6). At baseline, the study population had an average eGFR of approximately 74 ml/min per
1.73 m2. 95% CI, 95% confidence interval; MACE, major adverse cardiovascular event; CV, cardiovascular; MI, myocardial infarction;
DKD, diabetic kidney disease.
aAccompanied by eGFR#45 ml/min per 1.73 m2.
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Resumen La enfermedad cardiovascular (ECV) es la causa más frecuente de mortalidad en
pacientes con diabetes tipo 2 (DM2). En los últimos años, varios fármacos antihiperglucemi-
antes pertenecientes a dos familias terapéuticas, agonistas del receptor de GLP-1 (arGLP-1) e
inhibidores del co-transportador sodio-glucosa tipo 2 (iSGLT-2), han demostrado una reducción
de la morbimortalidad cardiovascular (CV) en pacientes con DM2 y alto riesgo CV. Los iSGLT-2, a
diferencia de los arGLP-1, también disminuyen el riesgo de hospitalización por insuficiencia car-
diaca. Ambos grupos terapéuticos reducen la progresión de la enfermedad renal diabética (ERD).
El mecanismo cardioprotector de los iSGLT-2 parece ser predominantemente hemodinámico y
de aparición precoz, mientras que el de los arGLP-1 es fundamentalmente anti-aterosclerótico
y de lenta instauración. En el momento actual diversas sociedades científicas recomiendan el
uso preferente de arGLP-1 e iSGLT-2 con beneficio CV demostrado en los pacientes con DM2 y
ECV o ERD.
© 2019 SEH-LELHA. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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New glucose-lowering drugs for reducing cardiovascular risk in patients with type 2
diabetes mellitus

Abstract Cardiovascular (CV) disease is the most common cause of mortality in patients with
type 2 diabetes (T2DM). In recent years, several glucose-lowering drugs from two therapeu-
tic families, GLP-1 receptor agonists (GLP-1 RAs) and sodium-glucose co-transporter type 2
inhibitors (SGLT-2i), have shown a reduction in CV morbidity and mortality in patients with
T2DM and high CV risk. SGLT-2i, unlike GLP-1 RAs, also reduce the risk of hospital admission
due to heart failure. Both therapeutic groups reduce the progression of diabetic kidney disease
(DKD). The cardioprotective mechanism of SGLT-2i appears to be predominantly haemodynamic
and

Correo electrónico: jjgorgojo@fhalcorcon.es
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1889-1837/© 2019 SEH-LELHA. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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protein kinase I and II, PDEs and CNGs) and result-
ing in downstream effects of lowered BP and salt 
extraction. Allelic changes in SNPs rs35479618 and 
rs116245325 result in differences in the catalytic gua-
nylate cyclase domain which are associated with 
increased BP as ligand binding results in decreased 
cGMP production. In contrast, changes at SNP 
rs61757359 increases the activity of cGMP [67,69].

An NPR1 agonist drug (REGN5381, monoclonal 
antibody) is in development as an antihypertensive 
drug. This is being evaluated in a Phase I and II clin-
ical trial for its use as a hypertension treatment 
(NCT04506645). Phase III in hypertensives lack of 
control is starting with monthly subcutaneous injection.

Hepatic angiotensinogen inhibition

The degree of inhibition of the RAAS system with 
ACE inhibitors and ARBs is limited by dosing 

constraints, like hyperkalemia and renal dysfunction. 
Targeting the upstream enzyme angiotensinogen 
(AGT) blocks RAAS and confers additional advan-
tages. Silencing AGT in the liver, as opposed to the 
kidney, results in a lower incidence of hyperkalemia 
and renal dysfunction, and a more potent inhibition 
of the RAAS.

Two different approaches are available for use in 
humans. First, an antisense oligonucleotide, 
IONIS-AGT-Lrx, reduces plasma AGT levels by AGT 
mRNA knockdown in the hepatocytes [70]. Results 
from phase 1 and phase 2 studies have shown signif-
icant reduction in AGT and a trend towards signifi-
cant systolic and diastolic BP reductions, −12 mmHg 
and −6 mmHg respectively, in hypertensive patients 
treated with two antihypertensive medications and a 
weekly subcutaneous injection of this agent.

Another approach is the use of a small interference 
molecule (siRNA) that blocks mRNA synthesis of AGT 

Table 1. New antihypertensive drugs in development.
Drug and trial 
name Phase trial Inclusion criteria Study design Drug administration

Blood Pressure 
reduction mmHg Comments

Dual endothelin A and B receptor blocker
Aprocicentan 
 [45]
PRECISION

III Resistant HTN Placebo control 
over 3–4 drugs 
treatmenta

Oral oid
12.5 and 25 mg

Sist/Diast
Office −3.8/−3.7
24h −4.2/−5.9

The most frequent adverse 
event was mild-to-
moderate oedema or 
fluid retention (18% 
with 25 mg)

Aminopeptidase A blocker
Firibastat 
 [50]
FRESH

III Dificult BP control Placebo control 
over 2–3 drugs 
treatmenta

Oral bid
500 mg

No superiority 
against placebo

No reported

Mineralocorticoid receptor blocker
Eplerenone 
 [56]
ARTS-DN

IIb Type 2 DM and 
CKD

Placebo control Oral oid
10 and 15 mg

Sist
24h −8.3/−11.2

Serious AEs occurred in 
3.3% of

patients
Aldosterone synthase blocker

Baxdrostat 
 [59]

II Resistant HTN Placebo control 
over 3–4 drugs 
treatmenta

Oral oid
1 and 2 mg

Sist
Office −8.1/−11.0

Adverse events that 
occurred in 5% or 
more patients in any of 
the trial groups were 
urinary tract infections, 
hyperkalemia, 
headache, and fatigue

mRNA Angiotensinogen targeted
IONIS-AGT-Lrxb [70] II Hypertensive Placebo control 

over 2–3 drugs 
treatmenta

Weekly subcutaneous
80 mg

Despite large Sist 
(Diast reduction 
no significant 
differences with 
placebo

Zilebesiranc [71] I Hypertensive Placebo control 
and
over irbesartan

One subcutaneous
800 mg

Sist/Diast
24 h −9.1/−2.4
+ low salt diet
−18.8/−8.4
+ irbesartan 
plus −6.3/−3.0

Attenuation of the effect 
on blood pressure by a 
high-salt diet and with 
an augmented effect 
through 
coadministration with 
irbesartan

Monoclonal antibody NPR1 gene activation
XXB750 
 [69]

II Resistant HTN Placebo control 
over 3–4 drugs 
treatmenta

Monthly subcutaneous
Several dose 30 to 

240 mg

24 h Sist/Diast In development

aMulticentre, blinded, randomised, parallel-group
bAntisense oligonucleotide
cSmall interfering molecule.
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Pharmaceutical antagonism of the mineralocorticoid receptor (MR) can protect against organ damage caused by elevated aldosterone levels
in patients experiencing heart failure (HF), chronic kidney disease (CKD), primary aldosteronism, and hypertension. While traditional
steroid-based MR antagonists effectively reduce mortality rates and extend patient survival, their broad application has been limited by
significant side effects, most notably hyperkalaemia. Recently, finerenone (BAY 94-8862) has emerged as a next-generation non-steroidal
dihydropyridine-based MR antagonist designed to minimize off-target effects while maintaining potent efficacy. In this review, the outcomes of
finerenone therapy in several diseases associated with MR activity are explored. The (pre-) clinical efficacy of finerenone is compared with that
of traditional steroid-based MR antagonists. Finally, recent and ongoing clinical trials using finerenone to treat chronic HF, CKD, and diabetic
nephropathy are discussed. Taken together, pre-clinical and clinical evidence suggests that finerenone may achieve equivalent organ-protective
effects with reduced levels of electrolyte disturbance compared with traditional steroid-based MR antagonists. This supports further clinical
development of finerenone for the treatment of cardiovascular and renal disease.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords Mineralocorticoid • Receptor • Antagonist • Heart • Kidney • Failure • Disease •

Finerenone • ARTS • BAY 94-8862

Introduction
The specific intracellular steroidal mineralocorticoid receptor
(MR) has a major role in the renin–angiotensin–aldosterone sys-
tem (RAAS), which regulates sodium reabsorption and potassium
leakage in nephrons, and achieves co-ordinated control of fluid,
extracellular volume, and electrolyte balance to regulate blood
pressure (BP).1 The MR binds several ligands, including aldosterone
and cortisol. Under normal conditions, aldosterone acts as an MR
agonist, while cortisol acts as an antagonist,2 and both bind the MR
with similar affinities.3

*Corresponding author. Institute for Pharmacology and Preventive Medicine, Menzelstrasse 21, D-15831 Mahlow, Germany. Tel: +49 3379 3147890, Fax: +49 3379 3147892,
Email: peter.bramlage@ippmed.de
†Correction added on 7 January 2016, after first online publication: Stephanie Swift corrected to Stephanie L. Swift.
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Several disease states are associated with elevated activation
of the MR, including heart failure (HF), chronic kidney disease
(CKD), primary aldosteronism, and hypertension. Enhanced MR
activity can be driven by increased levels of circulating aldosterone,
switches in cortisol activity from MR antagonist to MR agonist, or
elevated local expression of the MR.4 Such changes are observed
following disruptions in hormonal homeostasis during cardiovascu-
lar, renal, or adrenal pathology.5 Pathophysiological levels of aldos-
terone or cortisol, especially in combination with inappropriate
salt and redox status, can damage multiple tissues that express the
MR.2,6–8 Blockade of the aldosterone–cortisol signalling pathway

© 2015 The Authors
European Journal of Heart Failure © 2015 European Society of Cardiology
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Table 2 Finerenone in clinical trials

Clinical trial
identifier

Phase Study Patient
population

Estimated
patient
group size

Daily
finerenone
dose (mg)

Time
frame

Comparator
arm(s)

Primary (1∘) and
seconday (2∘)
outcome
measures

Trial start
date

Publications

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

NCT01473108 I Safety, tolerability,
pharmacokinetics,
and pharmacody-
namics after
administration of
0.5 mg of
fludrocortisone

Healthy male subjects n= 67 2.5, 5, 10,
15, or 20

Single dose,
monitored
up to 28 days

Placebo
Eplerenone

50 mg/day

1∘ Pharmacodynamics
(natriuresis)

2∘ Pharmacokinetics
[maximum
concentration (Cmax)
and area under curve
(AUC)] and adverse
events

March 2010 Lentini et al.43

NCT01687920 I Dose proportion Healthy male subjects n= 25 1.25, 2.5,
5, 7.5, or 10

Single dose, monitored
up to 48 h

N/A 1∘ Pharmacokinetic dose
proportionality

2∘ Adverse events

September
2012

NCT01345656 II Safety and
tolerability (ARTS)

Part A: subjects with stable
chronic HF with LV systolic
dysfunction and mild CKD

Part B: subjects with stable
chronic HF with left
ventricular systolic
dysfunction and
moderate CKD

n= 457 2.5, 5, 10,
or (5× 2)

Daily dose for 4
weeks,monitored up
to 4 weeks

Placebo
Spironolactone

25–50 mg/day

1∘ Change in serum
potassium

2∘ Change in serum
magnesium, BP, and
heart rate

May 2011 Pitt et al.49,50

NCT01874431 II Safety and efficacy
(ARTS-DN)

Subjects with type 2 diabetes
mellitus and diabetic
nephropathy

n= 821 1.25, 2.5, 5, 7.5, 10,
15, or 20

Daily dose for 90 days,
monitored up to 120
days

Placebo 1∘ Change in UACR
2∘ Change in serum

potassium, renal
function, quality of life,
and adverse events

June 2013 Ruilope et al.,52

Bakris et al.53

NCT01968668 II Safety and efficacy
(ARTS-DN Japan)

Japanese subjects with type 2
diabetes mellitus and
diabetic nephropathy

n= 96 1.25, 2.5, 5, 7.5, 10,
15, or 20

Daily dose for 90 days,
monitored up to 90
days

Placebo 1∘ Change in UACR
2∘ Change in serum

potassium

October 2013

NCT01807221 IIb Safety and efficacy
(ARTS-HF)

Subjects with
worsening chronic
HF and LV systolic
dysfunction and either
type 2 diabetes mellitus
with or without CKD
or CKD alone

n=1058 2.5, 5, 7.5, 10, or 15 Daily dose for 90 days,
monitored up to 120
days

Placebo
Eplerenone

25–50 mg/day

1∘ Relative decrease in
NT-proBNP

2∘ Change in serum
potassium, BP, heart
rate, and adverse
events

June 2013 Pitt et al.,54

Filippatos
et al.55

NCT01955694 IIb Safety and efficacy
(ARTS-HF Japan)

Japanese subjects with
worsening chronic HF and
LV systolic dysfunction and
either type 2 diabetes
mellitus with or without
CKD or moderate CKD
alone

n= 96 2.5, 5, 7.5, 10, or 15 Daily dose for 90 days,
monitored up to 90
days

Placebo
Eplerenone

25–50 mg/day

1∘ Percentage of patients
with a relative
decrease in
NT-proBNP of >30%

2∘ Change in serum
potassium

November 2013

Data compiled from clinicaltrials.gov (1 May 2015).
BP, blood pressure; CKD, chronic kidney disease; HF, heart failure; N/A, not applicable; UACR, urinary albumin to creatinine ratio.
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Aprocitetan: Antagonista de receptores de endotelina

Aprobado USA en marzo-24, Tryvio®.

Europa proceso de pre-autorización por la EMA para  HTA refractaria en 
combinación con otros fármacos.

Dosis recomendada: 12,5 mg v o una vez al día con o sin comida.

Teratogénico, precaución mujeres edad fértil

of macitentan,7 may represent a para-
digm shift for the mainstream use of ET
receptor antagonists.
During a 12-weeks screening phase

prior to randomization, patients had
been established on amaximally tolerated
polypill comprising valsartan, (‘‘A’’ for
angiotensin II type 1 [AT1] receptor antag-
onist), amlodipine (‘‘C’’ for calcium chan-
nel antagonist, inhibiting transmembrane
influx of calcium ions into vascular
smooth muscle), and hydrochlorothiazide
(‘‘D’’ for diuretic, inhibiting sodium chlo-
ride transport in the kidney, therefore

increasing sodium and water excretion.
The use of beta-blockers ‘‘B’’ in the histor-
ical ABCD algorithm for hypertension has
been superseded). The trial then random-
ized 730 patients to placebo versus apro-
citentan 12.5 mg and aprocitentan 25 mg
(to target ‘‘E’’ for the ETA pathway). The
key findingswere that systolic blood pres-
sure was reduced in the treatment arm
compared with placebo after a 4-weeks
double-blind phase. This was sustained
during a 32-weeks non-placebo contr-
olled phase using aprocitentan 25 mg
and reversed after a 12-weeks withdrawal

phase, where patients were re-random-
ized to aprocitentan 25 mg or placebo.
Whether the level of BP reduction ob-
served translates to clinical relevance
should be the focus of long-term follow-
up studies recording clinically relevant
endpoints such as death or non-fatal
myocardial infarction. Medication non-
adherence is a key issue identified in up
to 50%–80% of patients treated for hy-
pertension.6 In the PRECISION trial,
adherence to prescribed therapy was
carefully monitored and patients without
true RH were excluded by detailed

Figure 1. Proposed pathways contributing to hypertension in the human vasculature and kidney and related therapeutic strategies
Endothelial cells lining all blood vessels continuously synthesize and release endothelin-1 from the secretory vesicles of the constitutive pathway. Endothelin-1 is
also released intermittently from Weibel-Palade bodies of the regulated pathway in response to external stimuli. Endotelin-1 released abluminally causes the
underlying smooth muscle to contract, by interacting mainly with the ETA receptors before undergoing internalization to the endosome and recycling of the
receptor to the cell surface. Low densities of ETB receptors may also be expressed by smooth muscle cells from specific vascular beds. Some of the released
endothelin-1 also feeds back in an autocrine or paracrine manner, by binding to endothelial ETB receptors to release nitric oxide (NO) to cause vasodilatation of
the smoothmuscle, limiting vasoconstrictor activity. Endothelial ETB receptors, mainly in liver, kidney, and lungs, also remove endothelin-1 from the circulation by
internalization to the lysosome and degradation. In the PRECISION trial, three standard-of-care drugs incorporated into a single polypill were used in combi-
nation. In smooth muscle, valsartan blocks angiotensin II binding to AT1 receptors, and amlodipine inhibits transmembrane influx of calcium ions to prevent
vasoconstriction. The diuretic hydrochlorothiazide inhibits the sodium chloride co-transporter in epithelial cells of the distal convoluted tubules system in the
kidney, increasing sodium excretion and leading to water loss and lowering of blood pressure. Under blockade of these three pathways, aprocitentan is able to
lower blood pressure in patients with resistant hypertension. The precise molecular mechanism of this action is not determined, but ETA receptor blockade is
likely to be the major pathway.
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Dual endothelin antagonist aprocitentan for resistant 
hypertension (PRECISION): a multicentre, blinded, 
randomised, parallel-group, phase 3 trial
Markus P Schlaich, Marc Bellet, Michael A Weber, Parisa Danaietash, George L Bakris, John M Flack, Roland F Dreier, Mouna Sassi-Sayadi, 
Lloyd P Haskell, Krzysztof Narkiewicz, Ji-Guang Wang, on behalf of the PRECISION investigators*

Summary
Background Resistant hypertension is associated with increased cardiovascular risk. The endothelin pathway has been 
implicated in the pathogenesis of hypertension, but it is currently not targeted therapeutically, thereby leaving this 
relevant pathophysiological pathway unopposed with currently available drugs. The aim of the study was to assess the 
blood pressure lowering efficacy of the dual endothelin antagonist aprocitentan in patients with resistant hypertension.

Methods PRECISION was a multicentre, blinded, randomised, parallel-group, phase 3 study, which was done in 
hospitals or research centres in Europe, North America, Asia, and Australia. Patients were eligible for randomisation 
if their sitting systolic blood pressure was 140 mm Hg or higher despite taking standardised background therapy 
consisting of three antihypertensive drugs, including a diuretic. The study consisted of three sequential parts: part 1 
was the 4-week double-blind, randomised, and placebo-controlled part, in which patients received aprocitentan 
12·5 mg, aprocitentan 25 mg, or placebo in a 1:1:1 ratio; part 2 was a 32-week single (patient)-blind part, in which all 
patients received aprocitentan 25 mg; and part 3 was a 12-week double-blind, randomised, and placebo-controlled 
withdrawal part, in which patients were re-randomised to aprocitentan 25 mg or placebo in a 1:1 ratio. The primary 
and key secondary endpoints were changes in unattended office systolic blood pressure from baseline to week 4 and 
from withdrawal baseline to week 40, respectively. Secondary endpoints included 24-h ambulatory blood pressure 
changes. The study is registered on ClinicalTrials.gov, NCT03541174.

Findings The PRECISION study was done from June 18, 2018, to April 25, 2022. 1965 individuals were screened and 
730 were randomly assigned. Of these 730 patients, 704 (96%) completed part 1 of the study; of these, 
613 (87%) completed part 2 and, of these, 577 (94%) completed part 3 of the study. The least square mean (SE) change 
in office systolic blood pressure at 4 weeks was –15·3 (SE 0·9) mm Hg for aprocitentan 12·5 mg, –15·2 (0·9) mm Hg 
for aprocitentan 25 mg, and –11·5 (0·9) mm Hg for placebo, for a difference versus placebo of –3·8 (1·3) mm Hg 
(97·5% CI –6·8 to –0·8, p=0·0042) and –3·7 (1·3) mm Hg (–6·7 to –0·8; p=0·0046), respectively. The respective 
difference for 24 h ambulatory systolic blood pressure was –4·2 mm Hg (95% CI –6·2 to –2·1) and –5·9 mm Hg 
(–7·9 to –3·8). After 4 weeks of withdrawal, office systolic blood pressure significantly increased with placebo versus 
aprocitentan (5·8 mm Hg, 95% CI 3·7 to 7·9, p<0·0001). The most frequent adverse event was mild-to-moderate 
oedema or fluid retention, occurring in 9%, 18%, and 2% for patients receiving aprocitentan 12·5 mg, 25 mg, and 
placebo, during the 4-week double-blind part, respectively. This event led to discontinuation in seven patients treated 
with aprocitentan. During the trial, a total of 11 treatment-emergent deaths occurred, none of which were regarded by 
the investigators to be related to study treatment.

Interpretation In patients with resistant hypertension, aprocitentan was well tolerated and superior to placebo in 
lowering blood pressure at week 4 with a sustained effect at week 40.

Funding Idorsia Pharmaceuticals and Janssen Biotech.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Hypertension is a leading cause of cardiovascular disease 
and mortality worldwide.1 An estimated 1·3 billion people 
have hypertension,2 of which approximately 10% have 
resistant hypertension,3,4 representing a global public 
health concern.5 For patients with resistant hypertension, 
guideline-recommended blood pressure targets are 
not achieved despite treatment with at least three 
antihypertensive medications of different classes, 

including a diuretic, a blocker of the renin–angiotensin 
system, and a long-acting calcium channel blocker.4,6

The failure to control blood pressure with currently 
available drugs suggests that relevant pathophysiological 
pathways remain unopposed. Indeed, the endothelin 
pathway has been implicated in the pathogenesis 
of hypertension,7,8 but it is currently not targeted 
therapeutically. Yet, this pathway is activated in patients 
prone to developing resistant hypertension, such as 
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Figure 1: PRECISION study profile
Efficacy analyses were done by allocated treatment groups and safety analyses by received treatment groups. *Exclusion from screening and run-ins have been 
described previously.23 †Two patients randomised to placebo received at least one dose of aprocitentan 25 mg during part 1 and were attributed to the aprocitentan 
25 mg group. ‡One adverse event was due to COVID-19. §Four adverse events and one death were due to COVID-19. ¶One patient who had discontinued study 
treatment in part 2 was re-randomised in error to the aprocitentan 25 mg group in part 3 but did not receive study treatment. **Four patients randomised to placebo 
received at least one dose of aprocitentan 25 mg during part 3 and were attributed to the aprocitentan 25 mg group. ††One adverse event and four other events were 
due to COVID-19.

730 individuals randomised

1965 individuals assessed for eligibility

1235 excluded*
 1054 during screening
 181 during run-in

244 allocated to placebo
242 received placebo†

236 completed treatment

6 discontinued treatment 
 2 adverse events
 1 patient withdrew
 3 other 

243 allocated to aprocitentan 25 mg
245 received aprocitentan 25 mg†

236 completed treatment

9 discontinued treatment 
 5 adverse events
 2 patients withdrew
 2 other 

704 individuals received aprocitentan 25 mg

614 individuals re-randomised¶

613 completed treatment 

91 discontinued treatment 
 25 adverse events‡
 1 lack of efficacy
 19 patients withdrew
 8 lost to follow-up
 5 died§ 
 1 due to pregnancy 
 32 other
 

243 allocated to aprocitentan 12·5 mg
 243 received aprocitentan 12·5 mg

232 completed treatment

11 discontinued treatment 
 6 adverse events‡
 2 patients withdrew
 3 other 

307 allocated to placebo
303 received placebo**

 

286 completed treatment

17 discontinued treatment 
 6 adverse events
 4 patients withdrew
 1 lost to follow-up
 6 other

307 allocated to aprocitentan 25 mg¶
310 received aprocitentan 25 mg**

291 completed treatment

19 discontinued treatment 
 9 adverse events†† 
 1 patient withdrew
 9 other 

Part 1: Double-blind

Part 2: Single-blind

Part 3: Double-blind withdrawal
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Black or African American patients compared with other 
patients tended to have a lower response to aprocitentan at 
week 4, and a stronger response at week 40, after 4 weeks 

of placebo-controlled withdrawal. The ambulatory blood 
pressure monitoring results in Black or African American 
patients were consistent with those observed in the overall 
population across study parts (appendix pp 21–22).

At the end of part 1, a reduction of –28% and –31% in 
the urine albumin–creatinine ratio was observed for the 
12·5 mg and 25 mg aprocitentan groups, respectively, and 
an increase of 5% was observed for the placebo group 
(appendix p 35). In part 2, the reduction was maintained 
for all patients. In part 3, after 4 weeks of withdrawal, the 
ratio increased with placebo compared with aprocitentan. 
This antiproteinuric effect of aprocitentan tended to be 
greater in patients with chronic kidney disease stage 3–4 
versus patients with an eGFR of 60 mL/min per 1·73 m² 
or more (appendix pp 23–24).

Aprocitentan was well tolerated (appendix pp 25–27). 
The most frequent adverse event was oedema or fluid 
retention occurring mainly during the first 4 weeks of 
treatment (appendix pp 36–37). Before randomisation, 
70 (10%) of 730 patients had an ongoing medical condition 
of oedema or fluid retention and 35 (5%) of 730 had 
experienced an adverse event of oedema or fluid retention. 
Oedema or fluid retention was reported more frequently 
with aprocitentan than with placebo in a dose-dependent 
manner (9·1%, 18·4%, and 2·1% for patients receiving 
aprocitentan 12·5 mg, 25 mg, and placebo, during the 
4-week part 1, respectively; 18·2% for patients receiving 
aprocitentan 25 mg during the 32-week part 2; and 2·6% 
and 1·3% for patients on aprocitentan 25 mg and placebo, 
during the 12-week part 3, respectively, table 2). Oedema 
or fluid retention was generally mild to moderate and 
diuretic treatment was added as needed (appendix p 28). 
Oedema or fluid retention was more frequent in patients 
with chronic kidney disease stage 3–4 (appendix pp 36–37). 
Discontinuation due to oedema or fluid retention was 
reported for seven patients receiving aprocitentan 25 mg 
during parts 1–3 (one of 245 patients in part 1, five of 
704 patients in part 2, and one of 310 patients in part 3; 
appendix p 28). 

A total of 13 deaths were reported, two of which were not 
considered treatment-emergent. Of the 11 treatment-
emergent deaths, none were regarded by the investigators 
to be related to study treatment; five were cardiovascular 
deaths, five were COVID-19-related, and one patient died 
of procedural intestinal perforation.

Eleven patients required admission to hospital for heart 
failure (two [0·8%] of 245 receiving aprocitentan 25 mg 
during part 1; six [0·9%] of 704 during part 2;  and two 
[0·6%] of 310 receiving aprocitentan 25 mg and one 
[0·3%] of 303 receiving placebo during part 3); none 
of the cases were fatal. All patients had a high-
risk cardiovascular medical history including diabetes 
(11 [100%] of 11), chronic kidney disease stage 3–4 (6 [55%] 
of 11), and pre-existing heart failure (5 [45%] of 11). Two 
(18%) of 11 patients discontinued from study treatment 
due to heart failure. Major cardio vascular events 
(appendix p 29) included the five cardio vascular deaths.

Aprocitentan 
12·5 mg (n=243)

Aprocitentan 
25 mg (n=243)

Placebo 
(n=244)

Age at screening, years

Mean age at screening 61·2 (10·3) 61·7 (10·4) 62·2 (11·2)

18 to <65 143 (59%) 136 (56%) 130 (53%)

65 to <75 78 (32%) 85 (35%) 86 (35%)

≥75 22 (9%) 22 (9%) 28 (11%)

Gender

Men 144 (59%) 145 (60%) 145 (59%)

Women 99 (41%) 98 (40%) 99 (41%)

Geographical area

Europe 153 (63%) 143 (59%) 152 (62%)

North America 76 (31%) 81 (33%) 75 (31%)

Asia or Australia 14 (6%) 19 (8%) 17 (7%)

Race or ethnicity

White 203 (84%) 200 (82%) 202 (83%)

Black or African American 28 (12%) 28 (12%) 26 (11%)

Asian 11 (5%) 14 (6%) 13 (5%)

Other† 1 (0) 1 (0) 3 (1%)

BMI at screening, kg/m2

Mean BMI 33·6 (6·2) 34·3 (6·8) 33·3 (5·6)

Low to overweight (<30) 75 (31%) 70 (29%) 79 (32%)

Obese (30 to <40) 135 (56%) 132 (54%) 132 (54%)

Severely obese (≥40) 33 (14%) 41 (17%) 33 (14%)

Estimated glomerular filtration rate at baseline 
between 15 and <60 mL/min per 1·73 m2

55 (23%) 61 (25%) 46 (19%)

Urine albumin–creatinine ratio at baseline, mg/g‡

<30 144 (60%) 155 (65%) 154 (65%)

30 to 300 63 (26%) 55 (23%) 56 (24%)

>300 34 (14%) 28 (12%) 28 (12%)

Medical history

Diabetes 131 (54%) 137 (56%) 127 (52%)

Ischaemic heart disease 73 (30%) 79 (32%) 73 (30%)

Congestive heart failure 48 (20%) 51 (21%) 44 (18%)

Sleep apnoea syndrome 33 (14%) 39 (16%) 31 (13%)

Stroke§ 20 (8%) 21 (9%) 16 (7%)

≥4 antihypertensive drugs at screening* 151 (62%) 158 (65%) 151 (62%)

Unattended automated office blood pressure at baseline, mm Hg

Systolic blood pressure 153·2 (8·8) 153·3 (9·0) 153·3 (9·0)

Diastolic blood pressure 87·9 (9·4) 87·7 (9·7) 87·1 (9·9)

Ambulatory blood pressure monitoring at baseline, mm Hg¶

24 h systolic blood pressure 137·7 (13·3) 137·6 (15·2) 137·1 (13·6)

24 h diastolic blood pressure 83·5 (8·7) 82·5 (10·0) 82·5 (9·1)

Data are mean (SD) or n (%). *The overall patient characteristics and antihypertensive drugs at screening have been 
previously published.²³ †Includes American Indian  or Alaska Native; Native Hawaiian or other Pacific Islander; other; 
and not reported. ‡The number of patients used to calculate the urine albumin–creatinine ratio were: 
241 (99%) patients for aprocitentan 12·5 mg; 238 (98%) patients for aprocitentan 25 mg; and 238 (98%) patients for 
placebo. §Includes ischaemic and haemorrhagic strokes and excludes other CNS disorders. ¶The number of patients 
used to calculate the ambulatory blood pressure monitoring at baseline were: 206 (85%) patients for aprocitentan 
12·5 mg; 207 (85%) patients for aprocitentan 25 mg; and 220 (90%) patients for placebo.

Table 1: Characteristics of the randomised patients*
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HTA refractaria. 730 pacientes 48 semanas

4 fases:
1. Aleatorización: (4 a 12 semanas), todos (excepto betabloqueantes) polipíldora (amlodipino, valsartán e hidroclorotiazida 5/160/25 mg o 10/160/25 mg) exigiéndose la dosis máxima
tolerada
2. Introducción del placebo (4 semanas) con diseño simple enmascarado
3. Tratamiento aleatorizado (48 semanas) se aleatorizaron a aprocitentan 12,5 mg, aprocitentan 25 mg o placebo (1:1:1), posteriormente aprocitentan 25 mg, diseño doble ciego
controlado con placebo
4. De seguimiento (30 días) continuaron su terapia estándar.
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48 weeks. The withdrawal phase is of particular interest 
because it confirmed the sustained efficacy of aprocitentan 
to lower blood pressure, whereas a substantial rise in blood 
pressure was evident in the placebo group. Another 
strength of the study is the worldwide inclusion of patients 
who were representative of the population typically affected 
by resistant hypertension (appendix p 15).6 Adherence to 
study medication has been monitored rigorously by pill 
counting, observed pill intake before ambulatory blood 
pressure monitoring, and urine samples for detection of 
background medication intake.23

A progressive reduction in eGFR and increased 
albuminuria indicate progressive loss of renal function. 
Both are independent and additive predictors of increased 
cardiovascular risk and progression of renal disease.28 
A reduced incidence of cardiovascular events and slower 
progression of renal disease has been reported with a 
treatment-induced reduction in urinary protein excretion 
in both patients who are diabetic and not diabetic, 
especially for micro-albuminuria.29 At baseline, 
37% of study participants showed evidence of micro or 
macro albuminuria. A substantial reduction in urine 
albumin–creatinine ratio of 28% and 31% was observed 
for the 12·5 mg and 25 mg aprocitentan doses, respectively, 
whereas urine albumin–creatinine ratio increased by 5% 
with placebo in the double-blind part 1 (appendix p 35). 
This antiproteinuric effect of aproci tentan tended to be 
greater in patients with chronic kidney disease stage 3–4 
versus patients with eGFR of 60 mL/min per 1·73 m² or 
higher (appendix pp 23–24), perhaps highlighting the 
potential of aprocitentan to reduce organ damage even in 
patients with moderate-to-severe chronic kidney disease, 
in whom blood pressure control is particularly difficult to 
achieve.30 Importantly, the antiproteinuric effect was 
sustained during the single-blind part 2, during which all 
participants were on 25 mg aprocitentan. The subsequent 
increase in patients re-randomised to placebo in the 
double-blind withdrawal part 3 substantiates this notion 
and indicates that the changes in urine albumin–
creatinine ratio are associated with aprocitentan-induced 
blood pressure lowering as shown for other endothelin 
antagonists.31,32

As anticipated for an endothelin receptor antagonist, 
oedema or fluid retention was the most common adverse 
event reported with aprocitentan within the first 4 weeks 
of treatment and led to the discontinuation of 
seven patients during the study. The incidence was dose 
related, suggesting that 12·5 mg might represent a 
preferred dose for initiation of therapy. With the addition 
or up-titration of diuretic therapy, this event was clinically 
manageable. In this population with multiple 
comorbidities, half of the incident cases of hospitalisation 
for heart failure were reported for patients with 
pre-existing heart failure, highlighting the potential 
importance of adequate diuretic therapy before initiating 
aprocitentan in these patients. As expected with any 
endothelin antagonist, a decrease in haemoglobin 

concentration was observed, which was reversible and 
associated with an estimated plasma volume 
increase of 10–11% throughout the study, with limited 
impact on NT-proBNP and MR-proANP in this population 
with high cardiovascular risk.

Following the PATHWAY-2 study,33 recent guidelines 
recommend spironolactone as the preferred fourth-line 
drug for patients with resistant hypertension.4,6 Indeed, 
compared with placebo, spironolactone reduced home 
SBP by 8·7 mm Hg after 12 weeks of treatment. 
Spironolactone was also superior to both doxazosin and 
bisoprolol in lowering home SBP.33 Although the risk of 
hyperkalaemia was low in the 12-week treatment period 
with spironolactone in PATHWAY-2 (the patients had an 
eGFR of 91·1 mL/min at baseline), there is a lack of 
longer-term efficacy data and concerns remain with 
regard to tolerability. Endothelin is a mediator of 
aldosterone and catecholamine release and aprocitentan 
could provide alternative therapy without risk of 
hyperkalaemia. In the absence of a direct comparison 
between spironolactone and aprocitentan and given the 
evidence in favour of aprocitentan from this study 
providing well tolerated, effective, and sustained blood 
pressure lowering in addition to guideline-recommended 
therapy, there is now an important additional treatment 
option for the cohort of patients at high risk with 

Aprocitentan 
12·5 mg

Aprocitentan 
25 mg

Placebo

Part 1: Double-blind 243 245 242

Patients with at least 
one event

30 (12·3%) 47 (19·2%) 7  
(2·9%)

Oedema or fluid retention 22 (9·1%) 45 (18·4%) 5  
(2·1%)

Anaemia or haemodilution 9 (3·7%) 3 (1·2%) 0

Hepatic disorder 0 1 (0·4%) 2  
(0·8%)

Part 2: Single-blind ·· 704 ··

Patients with at least 
one event

·· 185 (26·3%) ··

Oedema or fluid retention ·· 128 (18·2%) ··

Anaemia or haemodilution ·· 63 (8·9%) ··

Hepatic disorder ·· 16 (2·3%) ··

Part 3: Double-blind 
withdrawal

·· 310 303

Patients with at least 
one event

·· 18 (5·8%) 15 
(5·0%)

Oedema or fluid retention ·· 8 (2·6%) 4  
(1·3%)

Anaemia or haemodilution ·· 6 (1·9%) 4  
(1·3%)

Hepatic disorder ·· 4 (1·3%) 7  
(2·3%)

Data are n or n (%). Events are defined using the Medical Dictionary for Regulatory 
Activities (version 24.1). Safety analyses were done according to the received 
treatment group.

Table 2: Treatment-emergent adverse events of special interest
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effect was maintained over a period of 48 weeks 
supporting long-term tolerability and efficacy of 
aprocitentan. A pronounced reduction was observed for 
nocturnal blood pressure, which is superior to other 
blood pressure measures in predicting cardiovascular 
mortality.24,25 The clinical benefit is amplified by the high 
cardiovascular risk of the population enrolled.4,26

A 5 mm Hg reduction in office SBP has been associated 
with a 10% relative risk reduction in major cardiovascular 
events.27 This is of particular relevance in patients with 
resistant hypertension at high risk of cardiovascular 
events.4,26 Indeed, our study cohort had features charac-
teristic of resistant hypertension, including obesity, 
comorbidities (such as diabetes, chronic kidney disease, 
albuminuria, and previous cardiovascular events), and 
high blood pressure despite at least three, but commonly 
four or more antihypertensive medications.

Ambulatory blood pressure monitoring is considered 
superior to other measurement modalities in assessing 
blood pressure levels and changes with treatment as it is 
less prone to a placebo effect and provides the most 

accurate prediction of cardiovascular outcomes, the latter 
relating particularly to night time blood pressure.24,25 In 
this context, it is reassuring that ambulatory monitoring 
confirmed the blood pressure lowering efficacy observed 
with office blood pressure measurement and revealed a 
dose–response relationship. Notably, reduction in 
ambulatory blood pressure was most pronounced during 
night time, which might relate to additional reduction of 
cardiovascular risk. Furthermore, we also confirmed a 
lower placebo effect with this technique.

The study design,23 including thorough confirmation of 
resistant hypertension with standardised background 
therapy and monitoring of treatment adherence, is a 
strength of the study. Several shortcomings of previous 
studies were addressed by introducing a three-part design 
that sequentially included a short double-blind placebo-
controlled treatment part (4 weeks), a long single-blind 
active-treatment part (32 weeks), and a double-blind 
placebo-controlled withdrawal part (12 weeks), thereby 
allowing for an evaluation of the sustainability of the 
antihypertensive effect of aprocitentan over a period of 
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Figure 3: Systolic blood pressure measured by 24-h ambulatory blood pressure monitoring after dosing (occurring after all visit assessments have been performed) at week 4 and week 40, 
and corresponding least square mean changes in daytime and night time ambulatory blood pressure from baseline to week 4 and week 40
Bars are standard error of the mean. No correction for multiplicity was applied to the analysis of ambulatory blood pressure. *p=0·0033. †p=0·0002. ‡p<0·0001 (for comparison with placebo). 
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Descenso de PA frente a placebo fue de aprox 4 mmHg, lo 
cual obtuvo significación estadís>ca.

El cambio medio PAS cta 15 mm Hg con aprocitentan y 11 
mmHg con placebo.
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BACKGROUND
Aldosterone synthase controls the synthesis of aldosterone and has been a phar-
macologic target for the treatment of hypertension for several decades. Selective 
inhibition of aldosterone synthase is essential but difficult to achieve because 
cortisol synthesis is catalyzed by another enzyme that shares 93% sequence simi-
larity with aldosterone synthase. In preclinical and phase 1 studies, baxdrostat had 
100:1 selectivity for enzyme inhibition, and baxdrostat at several dose levels re-
duced plasma aldosterone levels but not cortisol levels.

METHODS
In this multicenter, placebo-controlled trial, we randomly assigned patients who 
had treatment-resistant hypertension, with blood pressure of 130/80 mm Hg or 
higher, and who were receiving stable doses of at least three antihypertensive 
agents, including a diuretic, to receive baxdrostat (0.5 mg, 1 mg, or 2 mg) once 
daily for 12 weeks or placebo. The primary end point was the change in systolic 
blood pressure from baseline to week 12 in each baxdrostat group as compared 
with the placebo group.

RESULTS
A total of 248 patients completed the trial. Dose-dependent changes in systolic 
blood pressure of −20.3 mm Hg, −17.5 mm Hg, −12.1 mm Hg, and −9.4 mm Hg 
were observed in the 2-mg, 1-mg, 0.5-mg, and placebo groups, respectively. The 
difference in the change in systolic blood pressure between the 2-mg group and 
the placebo group was −11.0 mm Hg (95% confidence interval [CI], −16.4 to −5.5; 
P<0.001), and the difference in this change between the 1-mg group and the pla-
cebo group was −8.1 mm Hg (95% CI, −13.5 to −2.8; P = 0.003). No deaths occurred 
during the trial, no serious adverse events were attributed by the investigators to 
baxdrostat, and there were no instances of adrenocortical insufficiency. Baxdro-
stat-related increases in the potassium level to 6.0 mmol per liter or greater oc-
curred in 2 patients, but these increases did not recur after withdrawal and re-
initiation of the drug.

CONCLUSIONS
Patients with treatment-resistant hypertension who received baxdrostat had dose-
related reductions in blood pressure. (Funded by CinCor Pharma; BrigHTN Clinical-
Trials.gov number, NCT04519658.)
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La Aldosterona Sintasa controla la síntesis de Aldosterona, obje>vo farmacológico desde hace décadas.

Selec>ve inhibi>on of aldosterone synthase is essen>al but difficult to achieve because cor>sol synthesis is catalyzed by
another enzyme that shares 93% sequence similarity with aldosterone synthase.

In preclinical and phase 1 studies, baxdrostat had 100:1 selec>vity for enzyme inhibi>on, and baxdrostat at several dose
levels reduced plasma aldosterone levels but not cor>sol levels. 
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R esult s

Patient Characteristics

A total of 779 patients underwent screening, and 
360 were included in the placebo run-in period. 
A total of 275 patients were randomly assigned to 
receive once-daily baxdrostat at a dose of 0.5 mg 
(69 patients), 1 mg (70 patients), or 2 mg (67 
patients), or placebo (69 patients). One patient 
who was randomly assigned to receive baxdro-
stat in the 1-mg group never received the drug, 
so the modified intention-to-treat population 
included 274 patients (Fig. 1). The trial groups 

were similar with respect to demographic and 
clinical characteristics at baseline. The trial popu-
lation was predominantly White (70%). Black 
patients constituted a higher percentage of pa-
tients in the trial (28%) than their proportionate 
representation in the U.S. population (Table S1). 
The trial included a sizable percentage of pa-
tients who identified as Hispanic (43%) and a 
small percentage who identified as Asian (2%) 
(Table 1).

The first patient underwent screening on July 
30, 2020, and the last patient visit occurred on 
June 14, 2022. A total of 248 patients (90%) com-

Figure 1. Screening, Randomization, and Follow-up.

Patients who received at least one dose of baxdrostat or placebo and who had a baseline systolic blood-pressure 
measurement were included in the modified intention-to-treat population. The efficacy analyses were based on the 
intention-to-treat approach. The primary reasons for trial discontinuation were withdrawal of consent and loss to 
follow-up. A total of 248 patients completed the 12-week treatment period.

275 Underwent randomization

779 Patients were assessed for eligibility

419 Did not meet inclusion criteria
or met exclusion criteria

360 Entered single-blind run-in period

85 Did not meet run-in criteria

1 Assigned to receive baxdrostat, 1 mg,
did not receive baxdrostat or placebo

69 Were assigned to and
received baxdrostat, 0.5 mg

69 Were assigned to and
received placebo

67 Were assigned to and
received baxdrostat, 2 mg

69 Were assigned to and
received baxdrostat, 1 mg

4 Withdrew
3 Were lost to follow-up
1 Was withdrawn by

physician

2 Withdrew
1 Was lost to follow-up
1 Had other reason

11 Withdrew
3 Were lost to follow-up
4 Withdrew consent
3 Were withdrawn by

physician
1 Had adverse event

9 Withdrew
1 Was lost to follow-up
3 Withdrew consent
1 Was withdrawn by

physician
1 Had adverse event
2 Had protocol deviation
1 Had other reason

69 Were included in the
safety and efficacy analyses

69 Were included in the
safety and efficacy analyses

67 Were included in the
safety and efficacy analyses

69 Were included in the
safety and efficacy analyses
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pleted the 12-week treatment period (Fig. 1). The 
most common reasons for trial discontinuation 
were withdrawal of consent (7 patients) and loss 
to follow-up (8 patients). Although discontinua-
tions were not shown to be related to adverse 

events, adverse events initially occurred at a 
higher frequency in the 1-mg and 2-mg dose 
groups than in the 0.5-mg and placebo groups 
(Tables S2 and S3). Fewer losses to follow-up 
occurred in the latter half of the trial, potentially 

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Placebo 
(N = 69)

Baxdrostat, 
0.5 mg 
(N = 69)

Baxdrostat, 
1 mg 

(N = 70)

Baxdrostat, 
2 mg 

(N = 67)

Age

Mean — yr 63.8±10.8 61.5±10.3 62.7±10.1 61.2±10.8

<65 yr — no. (%) 32 (46) 39 (56) 39 (56) 41 (61)

≥65 yr — no. (%) 37 (54) 30 (43) 31 (44) 26 (39)

Male sex — no. (%) 42 (61) 36 (52) 37 (53) 38 (57)

Race or ethnic group — no. (%)†

White 51 (74) 45 (65) 48 (69) 47 (70)

Black 16 (23) 22 (32) 20 (29) 19 (28)

Asian 2 (3) 1 (1) 2 (3) 1 (1)

American Indian or Alaska Native 0 1 (1) 0 0

Hispanic or Latinx 30 (43) 33 (48) 23 (33) 32 (48)

Body-mass index‡ 32.1±5.3 33.2±5.3 31.9±5.2 33.3±5.1

Seated blood pressure — mm Hg

Systolic 148.9±12.4 147.6±12.5 147.7±13.1 147.3±11.8

Diastolic 88.2±6.1 87.6±7.7 87.7±6.0 88.2±7.1

Estimated glomerular filtration rate

Mean — ml/min/1.73 m2 85.5±17.5 81.0±20.4 83.2±20.6 85.2±19.4

<60 ml/min/1.73 m2 — no. (%) 6 (9) 14 (20) 11 (16) 8 (12)

≥60 ml/min/1.73 m2 — no. (%) 63 (91) 55 (80) 59 (84) 59 (88)

Diabetes — no. (%)

Yes 28 (41) 26 (38) 20 (29) 31 (46)

No 41 (59) 43 (62) 50 (71) 36 (54)

Sodium level — mmol/liter 139±3 139±2 138±3 140±2

Potassium level — mmol/liter 4.2±0.5 4.3±0.4 4.0±0.4 4.1±0.4

Creatinine level — mg/dl 0.9±0.2 1.0±0.3 0.9±0.3 0.9±0.3

Background antihypertensive drug — no. (%)

Diuretic 69 (100) 69 (100) 70 (100) 67 (100)

Beta-blocker 47 (68) 44 (64) 41 (59) 35 (52)

Calcium-channel blocker 47 (68) 44 (64) 49 (70) 47 (70)

ACE inhibitor or ARB 63 (91) 64 (93) 65 (93) 64 (96)

General antihypertensive drug 9 (13) 8 (12) 11 (16) 8 (12)

*  Plus–minus values are means ±SD. Baseline characteristics are shown for the intention-to-treat population (all the patients who underwent 
randomization). Percentages may not total 100 because of rounding. To convert the values for sodium to milligrams, multiply by 23, to con-
vert the values for potassium to milligrams, multiply by 39, and to convert the values for creatinine to micromoles per liter, multiply by 88.4. 
ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.

†  Race or ethnic group was reported by the patient.
‡  The body-mass index is the weight in kilograms divided by the square of the height in meters.
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because of improved coronavirus disease 2019 
protocols and immunization, and these losses 
were evenly distributed among the trial groups.12-15

The use of background medication was simi-
lar among the trial groups. All the patients 
received a diuretic, 91 to 96% received an angio-
tensin-converting–enzyme inhibitor or angioten-
sin-receptor blocker, and 64 to 70% received a 
calcium-channel blocker (Table 1 and Table S4).

Primary End Point
After the prespecified interim analysis, the trial 
was stopped early because the independent data 
monitoring committee concluded that the trial 

had met the criteria for overwhelming efficacy. 
At week 12, baxdrostat was associated with dose-
dependent changes in the least-squares mean 
(±SE) systolic blood pressure of −20.3±2.1 mm Hg, 
−17.5±2.0 mm Hg, and −12.1±1.9 mm Hg at the 
2-mg, 1-mg, and 0.5-mg doses, respectively 
(Fig. 2). As compared with the change in sys-
tolic blood pressure of −9.4 mm Hg in the pla-
cebo group, there were significantly greater de-
creases in systolic blood pressure in the 2-mg 
baxdrostat group (difference between the 2-mg 
group and the placebo group, −11.0 mm Hg; 95% 
confidence interval [CI], −16.4 to −5.5; P<0.001) 
and in the 1-mg baxdrostat group (difference 

Figure 2. Dose-Dependent Decreases in Blood Pressure in Patients with Treatment-Resistant Hypertension Who Received Baxdrostat.

Shown are the changes from baseline in the least-squares mean (LSM) seated systolic blood pressure (Panel A) and diastolic blood 
pressure (Panel B) according to the dose of baxdrostat. The changes in systolic blood pressure (Panel C) and diastolic blood pressure 
(Panel D) according to the trial day are also shown. The baseline measurement was the measurement at randomization. Restricted max-
imum likelihood estimation was used with an unstructured covariance matrix and the Kenward–Roger approximation for degrees of free-
dom (Panels C and D). P values are shown for significant changes in blood pressure between the baxdrostat and placebo groups. I bars 
indicate 95% confidence intervals.
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2 days and 6 days after it was discontinued and 
completed the trial with normal potassium lev-
els. The other three patients with hyperkalemia 
had potassium levels between 5.5 and 5.9 mmol 
per liter on at least two consecutive occasions, 
and baxdrostat was discontinued. Two of these 
three patients resumed baxdrostat and also com-

pleted the trial with normal potassium levels 
while receiving baxdrostat. The third patient in 
this group did not resume baxdrostat. Hyperka-
lemia was not correlated with the estimated GFR 
at screening. As shown in Table S8, which pro-
vides data on additional vital signs, no meaning-
ful change in body weight occurred in any of the 
trial groups. Results of additional safety analy-
ses are presented in Table S9.

Discussion

Our trial showed substantial decreases in blood 
pressure when patients with treatment-resistant 
hypertension who were receiving stable doses of 
at least three antihypertensive medications also 
received the selective aldosterone synthase in-
hibitor baxdrostat. The reduction in blood pres-
sure was associated with a decrease in the 
plasma aldosterone level and a compensatory 
increase in plasma renin activity, without a re-
duction in the cortisol level. Baxdrostat gener-
ally had an acceptable side-effect profile, and 
none of the patients discontinued the trial be-
cause of hyperkalemia.

Treatment-resistant hypertension is associat-

Figure 3 (facing page). Effects of Baxdrostat on Phar-
macodynamic Measures.

Shown are the changes from baseline in the LSM values 
for urinary aldosterone normalized for urinary creati-
nine excretion (Panel A), serum aldosterone (Panel B), 
plasma renin activity (Panel C), and serum total corti-
sol (Panel D). The baseline measurement was the 
measurement at randomization. Reported urinary al-
dosterone levels that were below the assay lower limit 
of quantification (<3 ng per deciliter) were imputed to 
be one half this lower limit (1.5 ng per deciliter). Re-
ported serum aldosterone levels that were below the as-
say lower limit of quantification (<1 ng per deciliter) 
were imputed to be one half this lower limit (0.5 ng per 
deciliter). Values censored owing to dilution error and 
other missing values were excluded. To convert the val-
ues for cortisol to nanomoles per liter, multiply by 
27.6. To convert the values for aldosterone to pico-
moles per liter, multiply by 27.74. I bars indicate 95% 
confidence intervals.

Table 2. Adverse Events That Occurred during the Treatment Period.

Event
Placebo 
(N = 69)

Baxdrostat, 
0.5 mg 
(N = 69)

Baxdrostat, 
1 mg 

(N = 69)

Baxdrostat, 
2 mg 

(N = 67)

No. of 
Patients with 

Event (%)
No. of 
Events

No. of 
Patients with 

Event (%)
No. of 
Events

No. of 
Patients with 

Event (%)
No. of 
Events

No. of 
Patients with 

Event (%)
No. of 
Events

Any serious adverse event* 2 (3) 3 0 0 2 (3) 3 6 (9) 12

Any adverse event 28 (41) 50 24 (35) 38 36 (52) 77 32 (48) 67

Adverse event of special 
 interest†

0 0 1 (1) 1 5 (7) 6 2 (3) 3

Hyponatremia 0 0 0 0 2 (3) 2 1 (2) 1

Hypotension 0 0 0 0 1 (1) 1 0 0

Potassium level 
 ≥6.0 mmol/liter

0 0 0 0 2 (3) 2 1 (2) 1

Potassium level between 
5.5 and 5.9 mmol/liter 
on at least two con-
secutive occasions‡

0 0 1 (1) 1 2 (3) 2 1 (2) 1

*  No serious adverse events were deemed by the investigators to be related to baxdrostat.
†  Elevated potassium levels were adverse events of special interest if they warranted clinical intervention.
‡  One patient had a potassium level between 5.5 and 5.9 mmol per liter as well as a potassium level of 6.0 mmol per liter or higher, and these 

measurements were counted as the same event; thus, a total of six patients with hyperkalemia had an adverse event of special interest.
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248 pacientes
Dose-dependent changes in systolic blood pressure of −20.3 mm Hg, −17.5 mm Hg, −12.1 mm Hg, 
and −9.4 mm Hg were observed in the 2-mg, 1-mg, 0.5-mg, and placebo groups, respec>vely
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protein kinase I and II, PDEs and CNGs) and result-
ing in downstream effects of lowered BP and salt 
extraction. Allelic changes in SNPs rs35479618 and 
rs116245325 result in differences in the catalytic gua-
nylate cyclase domain which are associated with 
increased BP as ligand binding results in decreased 
cGMP production. In contrast, changes at SNP 
rs61757359 increases the activity of cGMP [67,69].

An NPR1 agonist drug (REGN5381, monoclonal 
antibody) is in development as an antihypertensive 
drug. This is being evaluated in a Phase I and II clin-
ical trial for its use as a hypertension treatment 
(NCT04506645). Phase III in hypertensives lack of 
control is starting with monthly subcutaneous injection.

Hepatic angiotensinogen inhibition

The degree of inhibition of the RAAS system with 
ACE inhibitors and ARBs is limited by dosing 

constraints, like hyperkalemia and renal dysfunction. 
Targeting the upstream enzyme angiotensinogen 
(AGT) blocks RAAS and confers additional advan-
tages. Silencing AGT in the liver, as opposed to the 
kidney, results in a lower incidence of hyperkalemia 
and renal dysfunction, and a more potent inhibition 
of the RAAS.

Two different approaches are available for use in 
humans. First, an antisense oligonucleotide, 
IONIS-AGT-Lrx, reduces plasma AGT levels by AGT 
mRNA knockdown in the hepatocytes [70]. Results 
from phase 1 and phase 2 studies have shown signif-
icant reduction in AGT and a trend towards signifi-
cant systolic and diastolic BP reductions, −12 mmHg 
and −6 mmHg respectively, in hypertensive patients 
treated with two antihypertensive medications and a 
weekly subcutaneous injection of this agent.

Another approach is the use of a small interference 
molecule (siRNA) that blocks mRNA synthesis of AGT 

Table 1. New antihypertensive drugs in development.
Drug and trial 
name Phase trial Inclusion criteria Study design Drug administration

Blood Pressure 
reduction mmHg Comments

Dual endothelin A and B receptor blocker
Aprocicentan 
 [45]
PRECISION

III Resistant HTN Placebo control 
over 3–4 drugs 
treatmenta

Oral oid
12.5 and 25 mg

Sist/Diast
Office −3.8/−3.7
24h −4.2/−5.9

The most frequent adverse 
event was mild-to-
moderate oedema or 
fluid retention (18% 
with 25 mg)

Aminopeptidase A blocker
Firibastat 
 [50]
FRESH

III Dificult BP control Placebo control 
over 2–3 drugs 
treatmenta

Oral bid
500 mg

No superiority 
against placebo

No reported

Mineralocorticoid receptor blocker
Eplerenone 
 [56]
ARTS-DN

IIb Type 2 DM and 
CKD

Placebo control Oral oid
10 and 15 mg

Sist
24h −8.3/−11.2

Serious AEs occurred in 
3.3% of

patients
Aldosterone synthase blocker

Baxdrostat 
 [59]

II Resistant HTN Placebo control 
over 3–4 drugs 
treatmenta

Oral oid
1 and 2 mg

Sist
Office −8.1/−11.0

Adverse events that 
occurred in 5% or 
more patients in any of 
the trial groups were 
urinary tract infections, 
hyperkalemia, 
headache, and fatigue

mRNA Angiotensinogen targeted
IONIS-AGT-Lrxb [70] II Hypertensive Placebo control 

over 2–3 drugs 
treatmenta

Weekly subcutaneous
80 mg

Despite large Sist 
(Diast reduction 
no significant 
differences with 
placebo

Zilebesiranc [71] I Hypertensive Placebo control 
and
over irbesartan

One subcutaneous
800 mg

Sist/Diast
24 h −9.1/−2.4
+ low salt diet
−18.8/−8.4
+ irbesartan 
plus −6.3/−3.0

Attenuation of the effect 
on blood pressure by a 
high-salt diet and with 
an augmented effect 
through 
coadministration with 
irbesartan

Monoclonal antibody NPR1 gene activation
XXB750 
 [69]

II Resistant HTN Placebo control 
over 3–4 drugs 
treatmenta

Monthly subcutaneous
Several dose 30 to 

240 mg

24 h Sist/Diast In development

aMulticentre, blinded, randomised, parallel-group
bAntisense oligonucleotide
cSmall interfering molecule.



RNA Interference With Zilebesiran for Mild to Moderate Hypertension
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IMPORTANCE Angiotensinogen is the most upstream precursor of the renin–angiotensin–
aldosterone system, a key pathway in blood pressure (BP) regulation. Zilebesiran, an
investigational RNA interference therapeutic, targets hepatic angiotensinogen synthesis.

OBJECTIVE To evaluate antihypertensive efficacy and safety of different zilebesiran
dosing regimens.

DESIGN, SETTING, AND PARTICIPANTS This phase 2, randomized, double-blind, dose-ranging
study of zilebesiran vs placebo was performed at 78 sites across 4 countries. Screening
initiation occurred in July 2021 and the last patient visit of the 6-month study occurred in
June 2023. Adults with mild to moderate hypertension, defined as daytime mean ambulatory
systolic BP (SBP) of 135 to 160 mm Hg following antihypertensive washout, were randomized.

INTERVENTIONS Randomization to 1 of 4 subcutaneous zilebesiran regimens (150, 300, or
600 mg once every 6 months or 300 mg once every 3 months) or placebo (once every 3
months) for 6 months.

MAIN OUTCOMES AND MEASURES The primary end point was between-group difference in
least-squares mean (LSM) change from baseline to month 3 in 24-hour mean ambulatory SBP.

RESULTS Of 394 randomized patients, 377 (302 receiving zilebesiran and 75 receiving
placebo) comprised the full analysis set (93 Black patients [24.7%]; 167 [44.3%] women;
mean [SD] age, 57 [11] years). At 3 months, 24-hour mean ambulatory SBP changes from
baseline were −7.3 mm Hg (95% CI, −10.3 to −4.4) with zilebesiran, 150 mg, once every 6
months; −10.0 mm Hg (95% CI, −12.0 to −7.9) with zilebesiran, 300 mg, once every 3 months
or every 6 months; −8.9 mm Hg (95% CI, −11.9 to −6.0) with zilebesiran, 600 mg, once every
6 months; and 6.8 mm Hg (95% CI, 3.6-9.9) with placebo. LSM differences vs placebo in
change from baseline to month 3 were −14.1 mm Hg (95% CI, −19.2 to −9.0; P < .001) with
zilebesiran, 150 mg, once every 6 months; −16.7 mm Hg (95% CI, −21.2 to −12.3; P < .001) with
zilebesiran, 300 mg, once every 3 months or every 6 months; and −15.7 mm Hg (95% CI,
−20.8 to −10.6; P < .001) with zilebesiran, 600 mg, once every 6 months. Over 6 months,
60.9% of patients receiving zilebesiran had adverse events vs 50.7% patients receiving
placebo and 3.6% had serious adverse events vs 6.7% receiving placebo. Nonserious
drug-related adverse events occurred in 16.9% of zilebesiran-treated patients (principally
injection site reactions and mild hyperkalemia) and 8.0% of placebo-treated patients.

CONCLUSIONS AND RELEVANCE In adults with mild to moderate hypertension, treatment with
zilebesiran across a range of doses at 3-month or 6-month intervals significantly reduced
24-hour mean ambulatory SBP at month 3.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04936035
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El angiotensinógeno es el principal precursor del sistema renina-angiotensina-aldosterona, una vía clave en la 
regulación de la presión arterial. 
Zilebesiran, una terapia de interferencia de ARN en fase de investigación, se dirige a la síntesis hepática de 
angiotensinógeno.

Estudio de fase 2, aleatorizado, doble ciego y de dosis variable de zilebesiran frente a placebo 
78 centros de 4 países. 
HTA Leve-moderada, PAS  media diurna 135 -160 mm Hg tras un lavado antihipertensivo.
Se aleatorizaron a zilebesiran subcutáneo (150, 300 o 600 mg una vez cada 6 meses o 300 mg una vez cada 3 
meses) o placebo (una vez cada 3 meses) durante 6 meses.

377 pacientes: 302  zilebesiran , 75 placebo

A los 3 meses, PAS  24 horas respecto basal 
-7,3 mm Hg (IC del 95%: -10,3 a -4,4) zilebesiran, 150 mg, una vez cada 6 meses
-10,0 mm Hg (IC del 95%: -12,0 a -7 . 9) con zilebesirán, 300 mg, una vez cada 3 meses o cada 6 meses 
-8,9 mm Hg (IC 95%, -11,9 a -6,0) con zilebesirán, 600 mg, una vez cada 6 meses
-6,8 mm Hg (IC 95%, 3,6-9,9) con placebo. 

Reacciones adversas: reacciones en el punto de inyección e hiperpotasemia leve

En adultos con hipertensión de leve a moderada, el tratamiento con zilebesiran en una gama de dosis a 
intervalos de 3 ó 6 meses redujo significativamente la PAS ambulatoria media en 24 horas al mes 3.

Primary End Point
Primary end point data were available for 68 patients in the
group assigned to receive zilebesiran, 150 mg, every 6 months;
137 patients receiving zilebesiran, 300 mg, every 6 months or
every 3 months; 65 patients receiving zilebesiran, 600 mg, ev-
ery 6 months; and 60 patients receiving placebo. LSM changes
from baseline to month 3 in 24-hour mean ambulatory SBP
were −7.3 mm Hg (95% CI, −10.3 to −4.4) for zilebesiran, 150 mg,
every 6 months; −10.0 mm Hg (95% CI, −12.0 to −7.9) for zile-
besiran, 300 mg, every 3 months or every 6 months; −8.9 mm
Hg (95% CI, −11.9 to −6.0) for zilebesiran, 600 mg, every 6
months; and 6.8 mm Hg (95% CI, 3.6-9.9) for placebo. LSM dif-
ferences in the change from baseline to month 3 in 24-hour
mean ambulatory SBP between zilebesiran and placebo were
−14.1 mm Hg (95% CI, −19.2 to −9.0) for zilebesiran, 150 mg,
every 6 months; −16.7 mm Hg (95% CI, −21.2 to −12.3) for zile-
besiran, 300 mg, every 3 months or every 6 months; and
−15.7 mm Hg (95% CI, −20.8 to −10.6) for zilebesiran, 600 mg,

every 6 months (P < .001 for all comparisons) (Figure 2;
Table 2). Treatment differences were consistent across pre-
specified subgroups (eFigure 2 in Supplement 1).

Key Secondary End Points
At month 3, LSM change from baseline in office SBP was −9.7
mm Hg (95% CI, −12.6 to −6.8) for zilebesiran, 150 mg, every
6 months; −12.1 mm Hg (95% CI, −14.2 to −10.0) for zilebe-
siran, 300 mg, every 3 months or every 6 months; −9.2 mm
Hg (95% CI, −12.2 to −6.2) for zilebesiran, 600 mg, every 6
months; and −0.1 mm Hg (95% CI, −3.2 to 3.0) for placebo
(Figure 2B). Differences between zilebesiran and placebo were
−9.6 mm Hg (95% CI, −13.8 to −5.3) for zilebesiran, 150 mg, ev-
ery 6 months; −12.0 mm Hg (95% CI, −15.7 to −8.3) for zilebe-
siran, 300 mg, every 3 months or every 6 months; and
−9.1 mm Hg (95% CI, −13.4 to −4.8) for zilebesiran, 600 mg,
every 6 months (P < .001 for all comparisons). Similar changes
from baseline and differences vs placebo were observed at

Figure 1. Flow of Participants in the KARDIA-1 Trial of Subcutaneous Zilebesiran for Hypertension

1517 Patients aged 18-75 y with ambulatory
SBP ≥135 mm Hg and ≤160 mm Hg
screened for enrollment

1123 Excludeda

939 Did not meet eligibility criteria

33 Lost to follow-up
5 Adverse events
1 Death

47 Other

138 Withdrew participation
68 Screening failure due to physician decision

394 Randomizedb

78 Included in full analysis set
for primary analysise,f

73 Included in full analysis set
for primary analysise,f

75 Included in full analysis set
for primary analysise,f

76 Included in full analysis set
for primary analysise,f

79 Randomized to receive
zilebesiran, 150 mg, once
every 6 mo and initiated
intervention as assigned

78 Randomized to receive
zilebesiran, 300 mg, once
every 6 mo and initiated
intervention as assigned

79 Randomized to receive
zilebesiran, 300 mg, once
every 3 mo and initiated
intervention as assigned

79 Randomized to receive
zilebesiran, 600 mg, once
every 6 mo and initiated
intervention as assigned

79 Randomized to placebo
78 Initiated intervention

as assigned
1 Withdrew consent

and did not initiate
intervention as assigned

70 Completed 6-month period 70 Completed 6-month period 68 Completed 6-month period 69 Completed 6-month period 70 Completed 6-month period

75 Included in full analysis set
for primary analysise,f

9 Excluded before 6 mo
5 Withdrew consentc

1 Adverse event
1 Lost to follow-up
1 Physician decisiond

1 Othere

8 Excluded before 6 mo
1 Withdrew consentc

1 Lost to follow-up
1 Protocol deviation
5 Othere

11 Excluded before 6 mo
2 Withdrew consentc

2 Lost to follow-up
2 Did not attend 6-mo

data collection visit
1 Death
4 Othere

10 Excluded before 6 mo
3 Withdrew consentc

2 Did not attend 6-mo
data collection visit

1 Lost to follow-up
1 Protocol violation
3 Othere

8 Excluded before 6 mo
5 Withdrew consentc

3 Othere

a A patient could have multiple reasons for screen failure and was counted for
each reason separately.

b Randomization was stratified by race (Black or other) and baseline mean
24-hour systolic blood pressure (<145 or !145 mm Hg).

c Patients withdrew consent because of work-related reasons (n = 4), distance
to the site (n = 3), no disclosed reason (n = 2), principal care clinician’s advice
(n = 2), time constraints (n = 1), the study not being worth their time (n = 1),
personal reasons (n = 1), unwillingness to adhere to ambulatory blood
pressure monitoring requirements (n = 1), and adverse events (n = 1).

d Patient was incarcerated during study.
e Patients enrolled at sites in Ukraine (n = 16) were excluded after

randomization because war prevented continued data collection.
f Primary analysis was carried out in the full analysis set, which included all

randomized patients who received any amount of study drug.
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leading to an investigator decision to interrupt further study
drug dosing during the double-blind period. Four patients had
drug-related AEs leading to an investigator decision to discon-
tinue further study drug dosing during the double-blind pe-
riod (orthostatic hypotension [n = 2], BP elevation [n = 1], and
injection site reaction [n = 1]). Clinically relevant AEs of acute
kidney failure were reported in 4 patients (1.3%) receiving zile-
besiran vs 0 receiving placebo, hepatic AEs were reported in
9 patients (3.0%) receiving zilebesiran vs 1 (1.3%) receiving pla-
cebo, hypotension was reported in 13 (4.3%) receiving zilebe-
siran vs 1 (1.3%) receiving placebo, and hyperkalemia was re-
ported in 19 (6.3%) patients receiving zilebesiran vs 2 (2.7%)
receiving placebo.

There were no serious hepatic AEs. The majority of liver
function test result elevations were transient and resolved
while receiving treatment. Across all zilebesiran groups, 7 pa-
tients (2.3%) experienced elevations of alanine aminotrans-
ferase or aspartate aminotransferase of at least 3-fold the up-
per limit of normal, all of which resolved spontaneously
without treatment. No clear differences were identified be-
tween the treatment groups. No patients experienced total bil-
irubin elevation of at least 2-fold the upper limit of normal dur-
ing the 6-month period.

Hypotension AEs were mild or moderate in severity, non-
serious, and transient in nature, with a single event in the zile-
besiran, 300 mg, every 3 months group requiring treatment
with normal saline. Hyperkalemia AEs were mild and none
were associated with acute kidney injury or led to study drug
discontinuation. One event of acute kidney injury was re-
ported by the investigator in a patient in the zilebesiran,
300 mg, every 3 months group at the month 6 visit. The event
was deemed unrelated to zilebesiran; urinary tract infection

was reported as the possible etiology by the investigator. On
the start date of the acute kidney injury, BP measurements were
121/75 mm Hg.

At month 6, mean (SD) change in body weight was −0.04
(2.87) kg among patients receiving zilebesiran, 150 mg, every
6 months; 0.57 (3.20) kg among patients receiving zilebe-
siran, 300 mg, every 6 months; −0.03 (3.40) kg among those
receiving zilebesiran, 300 mg, every 3 months; and 0.48 (4.83)
kg among those receiving zilebesiran, 600 mg, every 6 months;
and 0.35 (3.07) kg among those receiving placebo. On labora-
tory evaluation, 17 patients (5.6%) assigned to receiving zile-
besiran had a serum potassium level greater than 5.5 mmol/L
on at least 1 occasion over the 6-month treatment period com-
pared with none assigned to receive placebo. Of these 17 pa-
tients, 2 (0.7%) had a serum potassium level greater than
6 mmol/L, which resolved on repeated measurement. Levels
of greater than 5.5 mmol/L were confirmed on repeated mea-
surement in 2 additional patients (0.7%) out of 17. Three pa-
tients assigned to receive zilebesiran received treatment for hy-
perkalemia with potassium binders during the study, although
no hyperkalemia events led to study drug discontinuation dur-
ing the 6-month treatment period.

Discussion
In this randomized, dose-ranging study of patients with mild
to moderate hypertension, treatment with single subcutane-
ous doses of zilebesiran was associated with significant re-
ductions in 24-hour mean ambulatory SBP at month 3 com-
pared with placebo. These data support the potential for
quarterly or biannual dosing of subcutaneous zilebesiran in

Figure 2. Ambulatory Systolic Blood Pressure (SBP) Among the Full Analysis Seta
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top and bottom), highest and lowest values within 1.5 × the IQR (whiskers), and

more extreme values (diamonds). For the efficacy analyses of end points
assessed at month 3, the zilebesiran 300 mg and 600 mg groups were
combined because both had received the same zilebesiran dose.
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Crisis hipertensivas
Emergencia Hipertensiva

Crisis hipertensiva que no origina lesión orgánica ni complicaciones graves inmediatas.
SEC: “hipertensión asintomá6ca grave”

- La mayoría pacientes con HTA ya conocida mal controlada

- 90% se resuelven espontáneamente o con modificaciones leves del tratamiento

- Evitar descensos bruscos de la PA

- Colocar en condiciones óptimas (lugar tranquilo y con poca luz).
- Adherencia al tratamiento
- Ansiolíticos si se considera que se encuentra bajo una situación de ansiedad.

Fá́rmacos vía sublingual en general contraindicados

180/110
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Emergencia hipertensiva 
Las emergencias hipertensivas pueden desarrollarse en pa-
cientes con o sin hipertensión preexistente conocida.

La exploración física y la anamnesis deben incluir:
1. Signos de traumatismo craneoencefálico agudo. 
2. Síntomas y signos neurológicos generalizados (agita-

ción, confusión, bajo nivel de conciencia, convulsiones o al-
teraciones visuales).

3. Semiología focal neurológica. 
4. Fondo de ojo (retinopatía o papiledema). 
5. Náuseas y vómitos. 
6. Dolor torácico. 
7. Dolor de espalda agudo e intenso.
8. Disnea. 
9. Embarazo (preeclampsia/eclampsia). 
10. Toma de fármacos o sustancias que puedan producir 

un estado hiperadrenérgico (cocaína, derivados anfetamíni-
cos, etc.) (tabla 3).

Tratamiento

El objetivo es una reducción de la PA del 10%-20% en la 
primera hora y de un 5%-15% en las siguientes 23 horas. 
Dicho de otro modo, lograr una PA menor de 180/120 mm 
Hg durante la primera hora y menor de 160/110 mm Hg en 
las siguientes 23 horas (tabla 4). 

El manejo es hospitalario, en una zona de cuidados agu-
dos o críticos con monitorización de constantes y observa-
ción estrecha. 

No hay estudios que demuestren la progresión de la UH 
a EH, o que el tratamiento de la UH disminuya la morbili-
dad o mortalidad. Se ha planteado que el término UH causa 
confusión, un uso excesivo de recursos sin beneficio y un 
potencial riesgo yatrogénico.

Recientemente, el grupo de trabajo de HTA de la Socie-
dad Europea de Cardiología recomienda evitar el término 
UH y utilizar únicamente EH para referirse a aquellas situa-
ciones que precisen un tratamiento inmediato, sugiriendo el 
término hipertensión asintomática grave para el resto de si-
tuaciones. 

Como norma general, las UH se manejan de forma am-
bulatoria con medicación vía oral y la EH precisa de manejo 
hospitalario y medicación intravenosa. 

Es fundamental asegurarse que la medición de la PA se 
realice con una técnica correcta, teniendo al menos 2 tomas 
en extremidades diferentes y separadas en el tiempo, con el 
paciente tranquilo y sentado o acostado.

Urgencia hipertensiva 
El objetivo fundamental en la evaluación de los pacientes en 
esta situación es descartar que haya datos de fallo de órgano 
diana y que no estemos, por tanto, ante una EH. 

Habitualmente es asintomática o con síntomas como ma-
reo inespecífico o cefalea leve.

Debemos tener en cuenta que un tratamiento excesiva-
mente rápido o intenso, en este contexto, puede traer más 
riesgos que beneficios por la posibilidad de isquemia cere-
bral y miocárdica secundaria a una reducción excesivamen-
te rápida de PA, y la consiguiente alteración del mecanis-
mo de autorregulación. En ancianos, este riesgo es mayor 
y la reducción debe realizarse de forma más lenta y cuida-
dosa. 

La mayor parte de las UH se pueden manejar ambulato-
riamente y sin necesidad de pruebas complementarias. En 
caso de necesitarlas, se debe individualizar, pero como nor-
ma general deben ir encaminadas a descartar una lesión en 
algún órgano diana (tabla 1). 

Tratamiento

La vía de tratamiento es la oral. El objetivo es lograr una 
reducción de la PA por debajo de 160/100 mm Hg en el 
transcurso de horas o días. 

No debe haber un descenso mayor del 25%-30% en las 
primeras 2 horas por el riesgo de isquemia cerebral y miocár-
dica secundaria. 

Tras conseguir el objetivo deseado:
1. En el paciente hipertenso conocido que había abando-

nado su tratamiento habitual, reintroducción de su trata-
miento previo.

2. En el paciente hipertenso con buen cumplimiento, su-
bir la dosis de medicación habitual o añadir otro fármaco al 
tratamiento. 

3. En el paciente sin diagnóstico previo de hipertensión 
arterial, iniciar un tratamiento hipotensor (tabla 2).

TABLA 1
Pruebas diagnósticas en la crisis hipertensiva

Pruebas complementarias ¿Qué buscamos?

Analítica sanguínea: hemograma, 
coagulación, bioquímica (creatinina,  
iones, LDH)

Alteraciones de la función renal  
e iónicas

Troponina y CK En caso de sospecha de síndrome 
coronario

Analítica de orina con sedimento  
urinario ± prueba de embarazo si mujer  
en edad fértil

Tóxicos en orina 

Descartar el embarazo que oriente a  
una posible eclampsia o preeclampsia

Fondo de ojo Datos de retinopatía hipertensiva  
o de papiledema (HTA maligna)

Radiografía de tórax Permite evaluar la presencia de 
cardiomegalia y signos de insuficiencia 
cardíaca

Electrocardiograma Signos de hipertrofia ventricular  
o de patología coronaria isquémica

CK: creatina-cinasa; HTA: hipertensión arterial; LDH: lactato deshidrogenasa.

TABLA 2
Fármacos en la urgencia hipertensiva

Fármaco Inicio de acción Duración de acción

Captopril 25 mg 15-30 minutos 4-6 horas

Enalapril 5-20 mg 1 hora 24 horas

Amlodipino 5 mg 1-2 horas 1-2 días

Furosemida 40 mg 30 minutos-1 hora 6-8 horas

Labetalol 100 mg 30 minutos-2 horas 6-12 horas

Urgencia hipertensiva 

Urgencia hipertensiva 

- Hipertenso conocido abandono .o/mala adherencia: reintroducción de su Wo previo.
- Hipertenso con buen cumplimiento: subir la dosis o añadir otro fármaco.
- No Dx previo HTA: Iniciar tratamiento
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inhibidores de la monoaminooxidasa (IMAO) están indica-
dos labetalol o nitroprusiato.

En el caso de que exista feocromocitoma está indicado 
el tratamiento con nitroprusiato en las crisis hiperten-
sivas. 

En la disfunción autonómica grave (síndrome de Gui-
llain-Barré, síndromes de atrofia multisistémica o lesión agu-
da de la médula espinal) asociada a EH emplearemos nitro-
prusiato o labetalol. 

En la figura 1 se esquematiza en forma de algoritmo el 
manejo terapéutico de las crisis hipertensivas.

Eclampsia y preeclampsia grave/síndrome HELLP 
(hemólisis, elevación de enzimas hepáticas  
y plaquetopenia) 
El objetivo es una reducción inmediata de la PAS inferior a 
160 mm Hg y de la PAD menor de 105 mm Hg.

El tratamiento de elección es hidralazina, labetalol o nife-
dipino, y en el tratamiento alternativo hay que considerar 
finalizar el embarazo.

Crisis catecolaminérgica
En caso de consumo de cocaína/anfetaminas, consumo de 
alimentos ricos en tiramina en pacientes en tratamiento con 

Fig. 1. Algoritmo de tratamiento en la emergencia hipertensiva.
EAP: edema agudo de pulmón; ECG: electrocardiograma; ICC: insuficiencia cardíaca crónica; IV: intravenoso; HTA: hipertensión arterial; LDH: lactato deshidrogenasa; PAD: presión arterial 
diastólica; PAS: presión arterial sistólica; Rx: radiografía; SCA: síndrome coronario agudo; TC: tomografía computarizada.

PROTOCOLOS DE PRÁCTICA ASISTENCIAL 

Cefalea intensa, agitación, confusión, 

somnolencia, convulsiones, vómitos

Dolor torácico, 

disnea

Dolor lumbar/dorsal 
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(o cefalea/mareo leve)
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Focalidad
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Disección 

de aorta

Ictus 
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cerebral

Encefalopatía 

hipertensiva

Eclampsia y 

preeclampsia grave

HELLP 

Crisis 
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ICC/EAP SCA

HTA 

maligna

Crisis hipertensiva

PAS > 180 mm Hg/PAD > 120 mm Hg
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No
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Tratamiento oral

Objetivo: lograr una 

reducción de la PA por 

debajo de 160/100 en el 

transcurso de horas o días

Estudio protocolizado 

de la HTA

¿Emergencia hipertensiva?

Tratamiento i.v.

Observación hospitalaria

Ver tratamiento específico en cada entidad

ECG

Rx tórax

Creatinina, sodio, potasio, LDH

Orina (sedimento y test embarazo)

Marcadores de daño miocárdico (si sospecha de SCA)

TC craneal (si síntomas neurológicos)

TC tórax/abdomen (si sospecha de disección aorta)

Urgencia

hipertensiva

PAD > 120 mmHg y/o PAS > 210 mmHg

Elevación brusca PA complicada por la afectación aguda o progresiva de órganos diana

Reducción inmediata de la PA

Monitorización

Emergencia Hipertensiva

ObjeUvo:  reducción PA 10-20% en la primera hora, 5-15% siguientes 23 horas. 
- PA < 180/120 la primera hora 
- PA < 160/110 las siguientes 23 horas 
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16.2.2 Hospital work-up, treatments and follow-up
Hypertensive emergencies, including BP 170/110mmHg in a pregnant woman, should be hospitalized. Except for acute BP-
lowering in stroke, there are no RCTs on the management of these conditions. It should first be established, which organs
are affected to determine whether (i) they require any specific intervention other than BP-lowering and (ii) there is a
precipitating cause for the acute rise in BP that might affect the treatment plan (e.g. pregnancy). Then a decision should be
made on the timescale and magnitude of the BP-lowering as well as on the type of drug treatment that might be appropriate.
Intravenous treatment with a drug that has a short half-life is ideal to allow careful titration of the BP response, keeping the
patient in a close clinical area under continuous hemodynamic monitoring (Table 24). Rapid uncontrolled BP-lowering is
not recommended [4] and, thus, low initial doses with cautious dose uptitration should be used. Oral therapy with ACEis,
ARBs or BBs (at low initial doses and cautious upward titration) is sometimes effective in malignant hypertension because
the RAS may be activated by the associated kidney ischemia [1105]. Recommended drugs are shown in Table 25, and further
details can be found in dedicated publications [4,1103,1113].

Patients with hypertensive urgencies do not usually require hospitalization. However, they require BP reduction, which
can be obtained by oral administration of antihypertensive drugs, aimed at lowering BP gradually over 24–48 h. Oral
treatment may include reinstitution or intensification of previous treatment or starting new treatment. DHP-CCBs are

TABLE 25. Drug types, dose and characteristics for treatment of hypertension emergencies

Drug
Onset
of action

Duration
of action Dose Contraindications Adverse effects

Esmolol 1min 10–30min 0.5–1mg/kg i.v. bolus; 50–300mg/kg/min i.v.
infusion

Second-degree or third-
degree AV block,
systolic heart failure,
asthma, bradycardia

Bradycardia

Metoprolol 1–2min 5–8h 2.5–5mg i.v. bolus over 2min; may repeat every
5min to a maximum dose of 15mg

Second-degree or third-
degree AV block,
systolic heart failure,
asthma, bradycardia

Bradycardia

Labetalola 5–10min 3–6h 10–20mg i.v. bolus in 1min; incremental doses
!20mg may be administered i.v. at 10min
intervals (max 80mg) or 1–3mg/min i.v. infusion
until goal BP is reached

Second-degree or third-
degree AV block;
systolic heart failure,
asthma, bradycardia

Bronchoconstriction,
fetal bradycardia

Fenoldopam 5–15min 30–60min 0.1–0.3mg/kg/min i.v. infusion, increase every
15min with 0.1mg/kg/min increments until goal
BP is reached

Caution in glaucoma

Clevidipine 2min 10min 1–2mg/h i.v. infusion, increase every 2min with
2mg/h until goal BP, then titrate by smaller
increments every 5–10min

Headache, reflex tachycardia

Nicardipine 5–15min 4–6h 5–15mg/h i.v. infusion, starting dose 5mg/h,
increase every 15–30min with 2.5mg until goal
BP, maximum 15mg/h

Liver failure Headache, reflex tachycardia

Nitroglycerine 1–5min 5–10min 5–200mg/min i.v. infusion, 5mg/min increase every
5min

Headache, reflex tachycardia

Nitroprusside Immediate 1–3min 0.3–0.5mg/kg/min i.v. infusion, increase by 0.5mg/
kg/min every 5min until goal BP (maximum dose
10mg/kg/min)

Liver/kidney failure
(relative)

Cyanide intoxication

Enalaprilat 5–15min 4–6h 0.62–1.25mg i.v. bolus given over 5min every 6 h History of angioedema

Urapidil 3–5min 4–6h 12.5–25mg i.v. bolus;
5–40mg/h as continuous infusion

Clonidine 30min 4–6h 0.2–0.5mg/kg/min i.v. Sedation, rebound hypertension

Phentolamine 1–2min 10–30min 1–5mg i.v. bolus or continuous i.v. infusion at a
rate of 0.5–20mg/kg/min

Tachyarrhythmia, chest pain

aNot available in serveral countries.

TABLE 24. Hypertensive emergencies requiring immediate BP-lowering with i.v. drug therapy

Clinical presentation Timing and BP target First-line treatment Alternative

Malignant hypertension with or
without acute renal failure

Several hours
Reduce MAP by 20–25%

Labetalola

Nicardipine
Nitroprusside
Urapidil

Hypertensive encephalopathy Immediately reduce MAP by 20–25% Labetalola

Nicardipine
Nitroprusside

Acute coronary event Immediately reduce SBP to <140mmHg Nitroglycerine
Labetalola

Urapidil

Acute cardiogenic pulmonary edema Immediately reduce SBP to <140mmHg Nitroprusside or nitroglycerine
(with loop diuretic)

Urapidil
(with loop diuretic)

Acute aortic dissection Immediately reduce SBP to <120mmHg
and heart rate to <60bpm

Esmolol AND nitroprusside or
nitroglycerine or nicardipine

Labetalola or metoprolol

Eclampsia and severe preeclampsia/HELLP Immediately reduce SBP to <160mmHg
and DBP to <105mmHg

Labetalola or nicardipine and
magnesium sulphate

Consider delivery

aNot available in several countries.
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16.2.2 Hospital work-up, treatments and follow-up
Hypertensive emergencies, including BP 170/110mmHg in a pregnant woman, should be hospitalized. Except for acute BP-
lowering in stroke, there are no RCTs on the management of these conditions. It should first be established, which organs
are affected to determine whether (i) they require any specific intervention other than BP-lowering and (ii) there is a
precipitating cause for the acute rise in BP that might affect the treatment plan (e.g. pregnancy). Then a decision should be
made on the timescale and magnitude of the BP-lowering as well as on the type of drug treatment that might be appropriate.
Intravenous treatment with a drug that has a short half-life is ideal to allow careful titration of the BP response, keeping the
patient in a close clinical area under continuous hemodynamic monitoring (Table 24). Rapid uncontrolled BP-lowering is
not recommended [4] and, thus, low initial doses with cautious dose uptitration should be used. Oral therapy with ACEis,
ARBs or BBs (at low initial doses and cautious upward titration) is sometimes effective in malignant hypertension because
the RAS may be activated by the associated kidney ischemia [1105]. Recommended drugs are shown in Table 25, and further
details can be found in dedicated publications [4,1103,1113].

Patients with hypertensive urgencies do not usually require hospitalization. However, they require BP reduction, which
can be obtained by oral administration of antihypertensive drugs, aimed at lowering BP gradually over 24–48 h. Oral
treatment may include reinstitution or intensification of previous treatment or starting new treatment. DHP-CCBs are

TABLE 25. Drug types, dose and characteristics for treatment of hypertension emergencies

Drug
Onset
of action

Duration
of action Dose Contraindications Adverse effects

Esmolol 1min 10–30min 0.5–1mg/kg i.v. bolus; 50–300mg/kg/min i.v.
infusion

Second-degree or third-
degree AV block,
systolic heart failure,
asthma, bradycardia

Bradycardia

Metoprolol 1–2min 5–8h 2.5–5mg i.v. bolus over 2min; may repeat every
5min to a maximum dose of 15mg

Second-degree or third-
degree AV block,
systolic heart failure,
asthma, bradycardia

Bradycardia

Labetalola 5–10min 3–6h 10–20mg i.v. bolus in 1min; incremental doses
!20mg may be administered i.v. at 10min
intervals (max 80mg) or 1–3mg/min i.v. infusion
until goal BP is reached

Second-degree or third-
degree AV block;
systolic heart failure,
asthma, bradycardia

Bronchoconstriction,
fetal bradycardia

Fenoldopam 5–15min 30–60min 0.1–0.3mg/kg/min i.v. infusion, increase every
15min with 0.1mg/kg/min increments until goal
BP is reached

Caution in glaucoma

Clevidipine 2min 10min 1–2mg/h i.v. infusion, increase every 2min with
2mg/h until goal BP, then titrate by smaller
increments every 5–10min

Headache, reflex tachycardia

Nicardipine 5–15min 4–6h 5–15mg/h i.v. infusion, starting dose 5mg/h,
increase every 15–30min with 2.5mg until goal
BP, maximum 15mg/h

Liver failure Headache, reflex tachycardia

Nitroglycerine 1–5min 5–10min 5–200mg/min i.v. infusion, 5mg/min increase every
5min

Headache, reflex tachycardia

Nitroprusside Immediate 1–3min 0.3–0.5mg/kg/min i.v. infusion, increase by 0.5mg/
kg/min every 5min until goal BP (maximum dose
10mg/kg/min)

Liver/kidney failure
(relative)

Cyanide intoxication

Enalaprilat 5–15min 4–6h 0.62–1.25mg i.v. bolus given over 5min every 6 h History of angioedema

Urapidil 3–5min 4–6h 12.5–25mg i.v. bolus;
5–40mg/h as continuous infusion

Clonidine 30min 4–6h 0.2–0.5mg/kg/min i.v. Sedation, rebound hypertension

Phentolamine 1–2min 10–30min 1–5mg i.v. bolus or continuous i.v. infusion at a
rate of 0.5–20mg/kg/min

Tachyarrhythmia, chest pain

aNot available in serveral countries.

TABLE 24. Hypertensive emergencies requiring immediate BP-lowering with i.v. drug therapy

Clinical presentation Timing and BP target First-line treatment Alternative

Malignant hypertension with or
without acute renal failure

Several hours
Reduce MAP by 20–25%

Labetalola

Nicardipine
Nitroprusside
Urapidil

Hypertensive encephalopathy Immediately reduce MAP by 20–25% Labetalola

Nicardipine
Nitroprusside

Acute coronary event Immediately reduce SBP to <140mmHg Nitroglycerine
Labetalola

Urapidil

Acute cardiogenic pulmonary edema Immediately reduce SBP to <140mmHg Nitroprusside or nitroglycerine
(with loop diuretic)

Urapidil
(with loop diuretic)

Acute aortic dissection Immediately reduce SBP to <120mmHg
and heart rate to <60bpm

Esmolol AND nitroprusside or
nitroglycerine or nicardipine

Labetalola or metoprolol

Eclampsia and severe preeclampsia/HELLP Immediately reduce SBP to <160mmHg
and DBP to <105mmHg

Labetalola or nicardipine and
magnesium sulphate

Consider delivery

aNot available in several countries.
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TRASTORNOS HIPERTENSIVOS DEL EMBARAZO

- HIPERTENSIÓN CRÓNICA: Presencia de HTA previa al embarazo o que aparece en gestantes de < 20 semanas.
- HIPERTENSIÓN GESTACIONAL: Presencia de HTA en gestantes de ≥ 20 semanas con TA previas normales, sin

proteinuria ni afectación mul@sitémica materna ni afectación fetal.
Trascurridas 12 semanas después del parto se clasificará en HTA transitoria (cuando se normaliza la TA) o HTA
crónica (cuando persiste elevada
- HIPERTENSIÓN DE BATA BLANCA. Se confirma con la demostración de tensiones normales tomadas en el
domicilio, farmacia o centro de salud.
- PREECLAMPSIA: Presencia de hipertensión de novo que aparece después de la semana 20 de gestación y al

menos una de las siguientes condiciones:
Proteinuria.
Evidencia de disfunción en algún órgano materno:

Trombocitopenia (< 100.000 plaquetas).
Insuficiencia renal de nueva aparición (Crea@nina sérica > 1,2 mg/dl o una duplicación de la crea@nina

sérica en ausencia de enfermedad renal).
Alteraciones de función hepá@ca (concentraciones de GPT (ALT) o GOT (AST) que duplican el límite

superior del valor normal +/- dolor en epigastrio o hipocondrio derecho).
Edema pulmonar.
Síntomas neurológicos (hiperreflexia, cefalea severa, eclampsia, ACV) o visuales (escotomas).
Complicaciones hematológicas (CID, hemólisis). Restricción del crecimiento fetal (CIR). Disfunción

útero-placentaria: restricción del crecimiento intrauterino (CIR) y/o aumento de resistencia en las arterias uterinas,
disbalance angiogénico o muerte fetal intraútero.

- SD HELLP: Anemia hemolí@ca (LDH > 600, esquistocitos, bilirrubina indirecta…) + trombocitopenia < 100000 +
elevación GOT > 2

- ECLAMPSIA: Preeclampsia asociada a convulsiones o coma no atribuibles a otra causa.

Se define como PE con criterios de gravedad la presencia de uno o más de los siguientes:

- HTA severa con PAS ≥ 160 y/o PAD ≥ 110 mmHg tomada en 2 ocasiones con al menos un intervalo
corto de @empo (15-30 minutos), ya que la HTA severa es criterio de inicio de tratamiento
an@hipertensivo y debe iniciarse cuanto antes.
La aparición de cifras de PAS > 170-180 mmHg con/sin PAD > 110-120 mmHg se considera una
emergencia por el alto riesgo de asociación con accidente vascular cerebral, por lo que requiere
tratamiento inmediato.

- Alteraciones clínicas:
o Síntomas prodrómicos de eclampsia: cefalea intensa, alteraciones visuales (escotomas, visión

borrosa, diplopía o fotopsias), hiperreflexia con clonus, estupor.
o Clínica de dolor hipocondrio derecho, epigastralgia, náuseas y/o vómitos persistentes.
o Oliguria (< 500 ml/24 horas).
o Edema de pulmón.

- Alteraciones analí@cas:
o Elevación de enzimas hepá@cas GOT o GPT > 2DS
o Elevación de LDH > 700 UI/l (hemólisis)
o Crea@nina sérica > 1,2 mg/dl
o Trombocitopenia < 100.000/ml
o Alteración de pruebas de coagulación.



HTA CRÓNICA/PE

MANEJO: En consulta de Medicina Materno-fetal en conjunto con Medicina Interna (Unidad HTA y RV).
- Primer control:
• Analí>ca: Hemograma, ácido úrico, Cr, GOT, GPT, LDH, ACRO
• Ajustar medicación. Sus>tuir fármacos contraindicados (IECAs, atenolol, clor>azidas y ARA II), tener en cuenta

que durante el primer trimestre puede ser necesario disminuir la dosis.
• AAS 100 mg/día al acostarse, inicio antes de semana 16 hasta 36 semanas.

- Seguimiento de la gestación: descartar preeclampsia añadida. MODELO FullPIERS
• Dieta normal.
• Control PA 2-3 veces/semana.
• Información sobre síntomas de preeclampsia.
• Seguimiento:
• Doppler uterinas en 2º Trimestre:
o IP < p.75: Control en semana 28, 32 y 36.
o IP > p.75: Control como alto riesgo PE, inicio semana 26.

- Fármacos an>hipertensivos:
• Indicado con PA ³ 140/90
• El obje>vo es mantener PA entre 130-145/80-95
• Fármacos:
• METILDOPA (Aldomet ® 250 mg): 250-500 mg/8 horas. Dosis máxima 2-3 g/24 horas.
• LABETALOL (Trandate ®): 100-200 mg/6-8 horas. Dosis máxima 1200 mg/dl. De elección si no hay

contraindicaciones. Desabastecimiento actualmente.
• NIFEDIPINO (Adalat ® 10 mg): 10 mg/6-8 horas. Puede ser retard (Adalat Oros ®) 30 mg/24 horas. Dosis máxima

60 mg/24 h.

- Finalización de la gestación: MODELO FullPIERS (si es > 5% considerar finalizar gestación)

o Gestantes con EG < 37 semanas: manejo expectante, incluso en mujeres que requieren tratamiento
an>hipertensivo.

o Gestantes con EG > 37 semanas: valoración individualizada, preferiblemente entre las 38 – 39+6 sem en
función del Bishop y el pronós>co fetal.

MANEJO HTA EN EL PUERPERIO  
 
               Mantener PA < 140/90. 

• Seguimiento en Consultas Externas Unidad HTA-RV 
• Ajustes de tratamiento. 

 
FÁRMACOS ANTIHIPERTENSIVOS PUERPERIO 

 
 

 

La clasificación de la asociación para la promoción e investigación científica y cultural de la 
lactancia materna de España (APILAM/e-lactancia) clasifica los fármacos en la lactancia en cuatro 
grupos: 
• Nivel 0. Riesgo muy bajo. Compatible con lactancia, sin riesgo. 
• Nivel 1. Riesgo bajo. Bastante seguro. Riesgo muy bajo. 
• Nivel 2. Riesgo alto. Poco seguro. Valorar cuidadosamente, evitar o emplear una alternativa 
más segura. 
• Nivel 3. Riesgo muy alto. Contraindicado. Alternativa o cesar lactancia. 

Betabloqueantes 
- *Labetalol 100-200/8-12 horas bloquea los receptores alfa y beta. Precaución en pacientes 

con insuficiencia cardíaca o asma. Como efectos secundarios puede causar hipotensión 
postural, dificultad para la micción, cefalea, fatiga… Nivel 0. 

- Metoprolol, betabloqueante selectivo de los receptores beta 1. Indicación en tiroiditis 
postparto o pacientes con cardiopatías preexistentes. Precaución en asma y enfermedades 
pulmonares restrictivas. Efectos secundarios: hipotensión, BAV completo, bradicardia. Nivel 
0. 

Calcioantagonistas 
- *Nifedipino Retard 30 mg cada 24 horas Nivel 0. 
- Amlodipino: recomendado especialmente en hipertensas crónicas. Precaución en disfunción 

hepática (prolonga biodisponibilidad). Nivel 1 
Inhibidores de la enzima convertidora de angiotensina (IECAs) 

- *Enalapril De primera elección si betabloqueantes están contraindicados o en situación de 
desabastecimiento de Labetalol. Nivel 0 Inicio 5 mg/24 horas. 5-20 mg/12 horas 

Antagonistas del receptor de angiotensina II (ARAII) 
- Losartán. Nivel 1. Elevada fijación a proteínas plasmáticas y baja disponibilidad así que pasa 

poco a leche materna. 
Diuréticos  

- Furosemida. De elección si edema agudo de pulmón. Nivel 1.  
- Hidroclorotiacida. Nivel 0, aunque su uso prolongado podría inhibir la lactancia.  

Otros antihipertensivos  
- Hidralacina De primera elección para las crisis hipertensivas en embarazo y postparto por su 

rápida acción. Efectos secundarios: Palpitaciones, taquicardia, náuseas y vómitos, diarrea, 
artralgias. Contraindicado en madres con lupus eritematoso sistémico y porfirias. Nivel 0. 

- Alfa-metildopa es de los más usados y seguros. Actualmente no se recomienda en el 
postparto porque se asocia a depresión postparto. Nivel 0 

 
*De elección 




