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1 Preamble

Guidelines summarize and evaluate available evidence with the aim of
assisting health professionals in selecting the best management strat-
egies for an individual patient with a given condition. Guidelines and
their recommendations should facilitate decision making of health
professionals in their daily practice. However, the final decisions con-
cerning an individual patient must be made by the responsible health
professional(s) in consultation with the patient and caregiver as
appropriate.

A great number of guidelines have been issued in recent years by
the European Society of Cardiology (ESC) and by the European
Society of Hypertension (ESH), as well as by other societies and
organisations. Because of the impact on clinical practice, quality crite-
ria for the development of guidelines have been established in order
to make all decisions transparent to the user. The recommendations
for formulating and issuing ESC Guidelines can be found on the
ESC website (http://www.escardio.org/Guidelines-&-Education/Clinical-
Practice-Guidelines/Guidelines-development/Writing-ESC-Guidelines).
ESC Guidelines represent the official position of the ESC on a given
topic and are regularly updated.

Members of this Task Force were selected by the ESC and ESH to
represent professionals involved with the medical care of patients
with this pathology. Selected experts in the field undertook a com-
prehensive review of the published evidence for management of a
given condition according to ESC Committee for Practice Guidelines
(CPG) policy and approved by the ESH. A critical evaluation of diag-
nostic and therapeutic procedures was performed, including assess-
ment of the risk—benefit ratio. The level of evidence and the strength
of the recommendation of particular management options were
weighed and graded according to predefined scales, as outlined in
Tables 1 and 2.

The experts of the writing and reviewing panels provided declara-
tion of interest forms for all relationships that might be perceived as
real or potential sources of conflicts of interest. These forms were
compiled into one file and can be found on the ESC website (http://
www.escardio.org/guidelines). Any changes in declarations of interest
that arise during the writing period were notified to the ESC and ESH

and updated. The Task Force received its entire financial support
from the ESC and ESH without any involvement from the healthcare
industry.

The ESC CPG supervises and coordinates the preparation of new
Guidelines. The Committee is also responsible for the endorsement
process of these Guidelines. The ESC Guidelines undergo extensive
review by the CPG and external experts, and in this case by ESH -
appointed experts. After appropriate revisions the Guidelines are
approved by all the experts involved in the Task Force. The finalized
document is approved by the CPG and ESH for publication in the
European Heart Journal and in the Journal of Hypertension as well as
Blood Pressure. The Guidelines were developed after careful consid-
eration of the scientific and medical knowledge and the evidence
available at the time of their dating.

The task of developing ESC and ESH Guidelines also includes the
creation of educational tools and implementation programmes for
the recommendations including condensed pocket guideline ver-
sions, summary slides, booklets with essential messages, summary
cards for non-specialists and an electronic version for digital applica-
tions (smartphones, etc.). These versions are abridged and thus, if
needed, one should always refer to the full text version, which is
freely available via the ESC AND ESH websites and hosted on the
EH) AND JOURNAL OF HYPERTENSION websites. The National
Societies of the ESC are encouraged to endorse, translate and imple-
ment all ESC Guidelines. Implementation programmes are needed
because it has been shown that the outcome of disease may be
favourably influenced by the thorough application of clinical
recommendations.

Surveys and registries are needed to verify that real-life daily prac-
tice is in keeping with what is recommended in the guidelines, thus
completing the loop between clinical research, writing of guidelines,
disseminating them and implementing them into clinical practice.

Health professionals are encouraged to take the ESC and ESH
Guidelines fully into account when exercising their clinical judgment,
as well as in the determination and the implementation of preventive,
diagnostic or therapeutic medical strategies. However, the ESC and
ESH Guidelines do not override in any way whatsoever the individual
responsibility of health professionals to make appropriate and accu-
rate decisions in consideration of each patient’s health condition and
in consultation with that patient or the patient’s caregiver where
appropriate and/or necessary. It is also the health professional’s
responsibility to verify the rules and regulations applicable to drugs
and devices at the time of prescription.

2 Introduction

Substantial progress has been made in understanding the epidemiol-
ogy, pathophysiology, and risk associated with hypertension, and a
wealth of evidence exists to demonstrate that lowering blood pres-
sure (BP) can substantially reduce premature morbidity and mortal-
ity.”'® A number of proven, highly effective, and well-tolerated
lifestyle and drug treatment strategies can achieve this reduction in
BP. Despite this, BP control rates remain poor worldwide and are far
from satisfactory across Europe. Consequently, hypertension
remains the major preventable cause of cardiovascular disease
(CVD) and all-cause death globally and in our continent.’™"*
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Table I ESC Classes of recommendations
Classes of Definition Suggested wording to use
recommendations
Class Il Conflicting evidence and/or a
divergence of opinion about the
usefulness/efficacy of the given
[ [l e [
Class lla Weight of evidence/opinion is in favour  Should be considered
of usefulness/efficacy.
--- 92
o
[aV)
(&}
b
[
. are: (i) to base recommendations on properly conducted studies,
Table2 ESC Levels of evidence

Level of Data derived from multiple randomized
evidence A | clinical trials or meta-analyses.
Data derived from a single randomized
clinical trial or large non-randomized
studies.

Level of
evidence B

Consensus of opinion of the experts and/
or small studies, retrospective studies,
registries.

Level of
evidence C

©ESC 2018

These 2018 ESC/ESH Guidelines for the management of arterial
hypertension are designed for adults with hypertension, i.e. aged >18
years. The purpose of the review and update of these Guidelines was
to evaluate and incorporate new evidence into the Guideline recom-
mendations. The specific aims of these Guidelines were to produce
pragmatic recommendations to improve the detection and treatment
of hypertension, and to improve the poor rates of BP control by pro-
moting simple and effective treatment strategies.

These joint 2018 Guidelines follow the same principles upon
which a series of hypertension Guidelines were jointly issued by the
two societies in 2003, 2007, and 2013. These fundamental principles

identified from an extensive review of the literature; (ii) to give the
highest priority to data from randomized controlled trials (RCTs);
(iii) to also consider well-conducted meta-analyses of RCTs as strong
evidence (this contrasts with network meta-analyses, which we do
not consider to have the same level of evidence because many of the
comparisons are non-randomized); (iv) to recognize that RCTs can-
not address many important questions related to the diagnosis, risk
stratification, and treatment of hypertension, which can be addressed
by observational or registry-based studies of appropriate scientific
calibre; (v) to grade the level of scientific evidence and the strength of
recommendations according to ESC recommendations (see section
1); (vi) to recognize that opinions may differ on key recommenda-
tions, which are resolved by voting; and (vii) to recognize that there
are circumstances in which there is inadequate or no evidence, but
that the question is important for clinical practice and cannot be
ignored. In these circumstances, we resort to pragmatic expert opin-
ion and endeavour to explain its rationale.

Each member of the Task Force was assigned specific writing tasks,
which were reviewed by section co-ordinators and then by the two
chairs, one appointed by the ESC and the other by the ESH. The text
was developed over approximately 24 months, during which the
Task Force members met collectively and corresponded intensively
with one another between meetings. Before publication, the docu-
ment was reviewed by European reviewers selected by the ESC and
ESH, and by representatives of ESC National Cardiac Societies and
ESH National Hypertension Societies.
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2.1 What is new and what has changed in the 2018 ESC/ESH Arterial Hypertension
Guidelines?

Treatment thresholds
Treatment of low-risk grade 1 hypertension:
Initiation of antihypertensive drug treatment should also be

considered in grade 1 hypertensive patients at low—moderate-risk,

when BP is within this range at several repeated visits or elevated by
ambulatory BP criteria, and remains within this range despite a
reasonable period of time with lifestyle measures.

Continued
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BP treatment targets in older
patients (65—80 years)

BP treatment targets in older patients (65-80 years)

An SBP target of between 140—150 mmHg
is recommended for older patients (65—80 years).

In older patients (>65 years), it is recommended that SBP should be
targeted to a BP range of 130-139 mmHg.

BP treatment targets in patients aged over 80 years

BP treatment targets in patients aged over 80 years

An SBP target between 140—150 mmHg should be considered in
people older than 80 years, with an initial SBP >160 mmHg, provided
that they are in good physical and mental condition.

An SBP target range of 130—139 mmHg is recommended for people older
than 80 years, if tolerated.

DBP targets

DBP targets

A DBP target of <90 mmHg is always recommended, except in
patients with diabetes, in whom values <85 mmHg are

recommended.

A DBP target of <80 mmHg should be considered for all hypertensive
patients, independent of the level of risk and comorbidities.

Initiation of drug treatment

Initiation of drug treatment

Initiation of antihypertensive therapy with a two-drug combination
may be considered in patients with markedly high baseline BP or
at high CV risk.

It is recommended to initiate an antihypertensive treatment with a
two-drug combination, preferably in a SPC. The exceptions are frail older
patients and those at low risk and with grade 1 hypertension (particularly
if SBP is <150 mmHg).

Resistant hypertension

Resistant hypertension

Mineralocorticoid receptor antagonists, amiloride, and the alpha-1
blocker doxazosin should be considered if no contraindication

exists.

Recommended treatment of resistant hypertension is the addition of
low-dose spironolactone to existing treatment, or the addition of further
diuretic therapy if intolerant to spironolactone, with either eplerenone,
amiloride, higher-dose thiazide/thiazide-like diuretic or a loop diuretic,

or the addition of bisoprolol or doxazosin.

Device-based therapy for hypertension

Device-based therapy for hypertension

In case of ineffectiveness of drug treatment, invasive procedures
such as renal denervation and baroreceptor stimulation may be
considered.

Recommendation Grading

Grade | Grade lla

Use of device-based therapies is not recommended for the routine
treatment of hypertension, unless in the context of clinical studies and
RCTs, until further evidence regarding their safety and efficacy becomes

available.

Grade IIb Grade Il

©ESC/ESH 2018

ABPM = ambulatory blood pressure monitoring; BP = blood pressure; CAD = coronary artery disease; CV = cardiovascular; CVD = cardiovascular disease; DBP = diastolic
blood pressure; HBPM = home blood pressure monitoring; HMOD = hypertension-mediated organ damage; RCT = randomized controlled trial; SBP = systolic blood pressure;

SPC = single-pill combination.
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New sections/recommendations

e When to suspect and how to screen for the causes of secondary hypertension

o Management of hypertension emergencies

e Updated recommendations on the management of BP in acute stroke

e Updated recommendations on the management of hypertension in women and pregnancy

o Hypertension in different ethnic groups

o The effects of altitude on BP

e Hypertension and chronic obstructive pulmonary disease

o Hypertension and AF and other arrhythmias

e Oral anticoagulant use in hypertension

e Hypertension and sexual dysfunction

o Hypertension and cancer therapies

e Perioperative management of hypertension

e Glucose-lowering drugs and BP

e Updated recommendations on CV risk assessment and management: (i) using the SCORE system to assess risk in
patients without CVD; (ii) the importance of HMOD in modifying CV risk; and (iii) the use of statins and aspirin for
CVD prevention

BP measurement
o Wider use of out-of-office BP measurement with ABPM and/or HBPM, especially HBPM, as an option to confirm the diagnosis

of hypertension, detect white-coat and masked hypertension, and monitor BP control.

Less conservative treatment of BP in older and very old patients
o Lower BP thresholds and treatment targets for older patients, with emphasis on considerations of biological rather than
chronological age (i.e. the importance of frailty, independence, and the tolerability of treatment).

® Recommendation that treatment should never be denied or withdrawn on the basis of age, provided that treatment is tolerated.

A SPC treatment strategy to improve BP control

o Preferred use of two-drug combination therapy for the initial treatment of most people with hypertension.

e A single-pill treatment strategy for hypertension with the preferred use of SPC therapy for most patients.

o Simplified drug treatment algorithms with the preferred use of an ACE inhibitor or ARB, combined with a CCB and/or a

thiazide/thiazide-like diuretic, as the core treatment strategy for most patients, with beta-blockers used for specific indications.

New target ranges for BP in treated patients
o Target BP ranges for treated patients to better identify the recommended BP target and lower safety boundaries for treated BP,

according to a patient’s age and specific comorbidities.

Detecting poor adherence to drug therapy

® A strong emphasis on the importance of evaluating treatment adherence as a major cause of poor BP control.

A key role for nurses and pharmacists in the longer-term management of hypertension
o The important role of nurses and pharmacists in the education, support, and follow-up of treated hypertensive patients is
emphasized as part of the overall strategy to improve BP control.

ABPM = ambulatory blood pressure monitoring; ACE = angiotensin-converting enzyme; AF = atrial fibrillation; ARB = angiotensin receptor blocker; BP = blood pressure; CCB
= calcium channel blocker; CV = cardiovascular; CVD = cardiovascular disease; HBPM = home blood pressure monitoring; HMOD = hypertension-mediated organ damage;
SCORE = Systematic COronary Risk Evaluation; SPC = single-pill combination.
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3 Definition, classification, and
epidemiological aspects of
hypertension

3.1 Definition of hypertension
The relationship between BP and cardiovascular (CV) and renal
events is continuous, making the distinction between normotension
and hypertension, based on cut-off BP values, somewhat arbitrary.>*®
However, in practice, cut-off BP values are used for pragmatic rea-
sons to simplify the diagnosis and decisions about treatment.
Epidemiological associations between BP and CV risk extend from
very low levels of BP [i.e. systolic BP (SBP) >115 mmHg]. However,
‘hypertension’ is defined as the level of BP at which the benefits of
treatment (either with lifestyle interventions or drugs) unequivocally
outweigh the risks of treatment, as documented by clinical trials. This
evidence has been reviewed (see section 7.2 for detailed discussion
of hypertension diagnostic thresholds) and provides the basis
for the recommendation that the classification of BP and definition
of hypertension remain unchanged from previous ESH/ESC
Guidelines (Table 3).">'¢"7

Hypertension is defined as office SBP values >140 mmHg and/or
diastolic BP (DBP) values >90 mmHg. This is based on evidence from
multiple RCTs that treatment of patients with these BP values is benefi-
cial (see section 7). The same classification is used in younger, middle-
aged, and older people, whereas BP centiles are used in children and
teenagers, in whom data from interventional trials are not available.
Details on BP classification in boys and girls < 16 years of age can be
found in the 2016 ESH Guidelines for children and adolescents.'®

3.2 Classification of blood pressure

Classification of BP

Recommendation Class® | Level®

It is recommended that BP be classified as
optimal, normal, high—normal, or grades
1-3 hypertension, according to office BP.

©ESC/ESH 2018

BP = blood pressure.
?Class of recommendation
®Level of evidence.

3.3 Prevalence of hypertension

Based on office BP, the global prevalence of hypertension was esti-
mated to be 1.13 billion in 201 5,5 with a prevalence of over 150 mil-
lion in central and eastern Europe. The overall prevalence of
hypertension in adults is around 30-45%,'> with a global age-
standardized prevalence of 24 and 20% in men and women, respec-
tively, in 2015 This high prevalence of hypertension is consistent
across the world, irrespective of income status, i.e. in lower, middle,
and higher income countries." Hypertension becomes progressively
more common with advancing age, with a prevalence of >60% in
people aged >60 years.'? As populations age, adopt more sedentary
lifestyles, and increase their body weight, the prevalence of hyperten-
sion worldwide will continue to rise. It is estimated that the number

Table 3 Classification of office blood pressure® and definitions of hypertension grade®

Category Systolic (mmHg) Diastolic (mmHg)

Optimal <120 and <80

Normal 120-129 and/or 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 g
N

Grade 3 hypertension >180 and/or >110 é

Isolated systolic hypertension® >140 and <90 g

BP = blood pressure; SBP = systolic blood pressure.

“BP category is defined according to seated clinic BP and by the highest level of BP, whether systolic or diastolic.
Plsolated systolic hypertension is graded 1, 2, or 3 according to SBP values in the ranges indicated.

The same classification is used for all ages from 16 years.
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Table4 Factors influencing cardiovascular risk in patients with hypertension

Demographic characteristics and laboratory parameters

Sex® (men >women)

a

Age

Smoking (current or past history)®

Total cholesterol® and HDL-C

Uric acid

Diabetes®

Overweight or obesity

Family history of premature CVD (men aged <55 years and women aged <65 years)

Family or parental history of early-onset hypertension

Early-onset menopause

Sedentary lifestyle

Psychosocial and socioeconomic factors

Heart rate (resting values >80 beats/min)

Asymptomatic HMOD

Arterial stiffening:
Pulse pressure (in older people) >60 mmHg
Carotid—femoral PWV >10 m/s

ECG LVH (Sokolow—Lyon index >35 mm, or R in aVL >11 mm; Cornell voltage duration product >2440 mm.ms, or Cornell voltage >28 mm in
men or >20 mm in women)

Echocardiographic LVH [LV mass index: men >50 g/mz‘7; women >47 g/mz‘7 (height in mz‘7); indexation for BSA may be used in normal-weight
patients; LV mass/BSA g/m* >115 (men) and >95 (women)]

Microalbuminuria (30-300 mg/24 h), or elevated albumin—creatinine ratio (30-300 mg/g; 3.4-34 mg/mmol) (preferentially on morning spot urine)®

Moderate CKD with eGFR >30-59 mL/min/1.73 m? (BSA) or severe CKD eGFR <30 mL/min/1.73 m?2°®

Ankle-brachial index <0.9

Advanced retinopathy: haemorrhages or exudates, papilloedema

Established CV or renal disease

Cerebrovascular disease: ischaemic stroke, cerebral haemorrhage, TIA

CAD: myocardial infarction, angina, myocardial revascularization

Presence of atheromatous plaque on imaging

Heart failure, including HFpEF

Peripheral artery disease

Atrial fibrillation

©ESC/ESH 2018

BSA = body surface area; CAD = coronary artery disease; CKD = chronic kidney disease; CV = cardiovascular; CVD = cardiovascular disease; ECG = electrocardiogram; eGFR
= estimated glomerular filtration rate; HDL-C = HDL cholesterol; HFpEF = heart failure with preserved ejection fraction; HMOD = hypertension-mediated organ damage; LV

= left ventricular; LVH = left ventricular hypertrophy; PWV = pulse wave velocity; SCORE = Systematic COronary Risk Evaluation; TIA = transient ischaemic attack.
2CV risk factors included in the SCORE system.

®Proteinuria and reduced eGFR are independent risk factors.

See Table 6 for CV risk modifiers.
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Table 5 Ten year cardiovascular risk categories (Systematic COronary Risk Evaluation system)

Very high risk

People with any of the following:

Documented CVD, either clinical or unequivocal on imaging.

e Clinical CVD includes acute myocardial infarction, acute coronary syndrome, coronary or other arterial revascula-
rization, stroke, TIA, aortic aneurysm, and PAD

o Unequivocal documented CVD on imaging includes significant plaque (i.e. >50% stenosis) on angiography or
ultrasound; it does not include increase in carotid intima-media thickness

o Diabetes mellitus with target organ damage, e.g. proteinuria or a with a major risk factor such as grade 3
hypertension or hypercholesterolaemia

e Severe CKD (eGFR <30 mL/min/1.73 m?)

o A calculated 10 year SCORE of >10%

People with any of the following:

o Marked elevation of a single risk factor, particularly cholesterol >8 mmol/L (>310 mg/dL), e.g. familial hyper-
cholesterolaemia or grade 3 hypertension (BP >180/110 mmHg)
o Most other people with diabetes mellitus (except some young people with type 1 diabetes mellitus and with-

out major risk factors, who may be at moderate-risk)

Hypertensive LVH

Moderate CKD eGFR 30-59 mL/min/1.73 m?)

A calculated 10 year SCORE of 5-10%

Moderate risk People with:

o Grade 2 hypertension

o A calculated 10 year SCORE of >1 to <5%

e Many middle-aged people belong to this category

Low risk People with:

e A calculated 10 year SCORE of <1%

OESC/ESH 2018

BP = blood pressure; CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; LVH = left ventricular hypertrophy; TIA =
transient ischaemic attack; PAD = peripheral artery disease; SCORE = Systematic COronary Risk Evaluation.

of people with hypertension will increase by 15—20% by 2025, reach-
ing close to 1.5 billion."”

3.4 Blood pressure relationship with risk
of cardiovascular and renal events

Elevated BP was the leading global contributor to premature death in
2015, accounting for almost 10 million deaths and over 200 million
disability-adjusted life years.® Importantly, despite advances in diagno-
sis and treatment over the past 30 years, the disability-adjusted life
years attributable to hypertension have increased by 40% since
1990.% SBP >140 mmHg accounts for most of the mortality and dis-
ability burden (~70%), and the largest number of SBP-related deaths
per year are due to ischaemic heart disease (4.9 million), haemor-
rhagic stroke (2.0 million), and ischaemic stroke (1.5 million).

Both office BP and out-of-office BP have an independent and con-
tinuous relationship with the incidence of several CV events [hae-
morrhagic stroke, ischaemic stroke, myocardial infarction, sudden
death, heart failure, and peripheral artery disease (PAD)], as well as
end-stage renal disease.* Accumulating evidence is closely linking

hypertension with an increased risk of developing atrial fibrillation
(AF),20 and evidence is emerging that links early elevations of BP to
increased risk of cognitive decline and dementia.>"*

The continuous relationship between BP and risk of events has
been shown at all ages23 and in all ethnic groups,“‘25 and extends
from high BP levels to relatively low values. SBP appears to be a bet-
ter predictor of events than DBP after the age of 50 years.>>?*?’
High DBP is associated with increased CV risk and is more commonly
elevated in younger (<50 years) vs. older patients. DBP tends to
decline from midlife as a consequence of arterial stiffening; conse-
quently, SBP assumes even greater importance as a risk factor from
midlife.*® In middle-aged and older people, increased pulse pressure
(the difference between SBP and DBP values) has additional adverse

prognostic signiﬁcance.zs'29

3.5 Hypertension and total
cardiovascular risk assessment

Hypertension rarely occurs in isolation, and often clusters with other
CV risk factors such as dyslipidaemia and glucose intolerance.*®"’
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This metabolic risk factor clustering has a multiplicative effect on CV
risk.>> Consequently, quantification of total CV risk (i.e. the likelihood
of a person developing a CV event over a defined period) is an impor-
tant part of the risk stratification process for patients with
hypertension.

Many CV risk assessment systems are available and most project
10 year risk. Since 2003, the European Guidelines on CVD preven-
tion have recommended use of the Systematic COronary Risk
Evaluation (SCORE) system because it is based on large, representa-
tive European cohort data sets (available at: http://www.escardio.org/
Guidelines-&-Education/Practice-tools/CVD-prevention-toolbox/SC
ORE-Risk-Charts). The SCORE system estimates the 10 year risk of
a first fatal atherosclerotic event, in relation to age, sex, smoking hab-
its, total cholesterol level, and SBP. The SCORE system also allows
calibration for different CV risk levels across numerous European
countries and has been externally validated.>* A previous limitation
of the SCORE system was that it applied only to patients aged 40—65
years; however, the SCORE system has recently been adapted for
patients over the age of 65 years.>* Detailed information on CV risk
assessment is available.*®

Factors influencing CV risk factors in patients with hypertension
are shown in Table 4. Hypertensive patients with documented
CVD, including asymptomatic atheromatous disease on imaging,
type 1 or type 2 diabetes, very high levels of individual risk factors
(including grade 3 hypertension), or chronic kidney disease (CKD;
stages 3-5), are automatically considered to be at very high (i.e.
>10% CVD mortality) or high (i.e. 5-10% CVD mortality) 10 year
CV risk (Table 5). Such patients do not need formal CV risk estima-
tion to determine their need for treatment of their hypertension
and other CV risk factors. For all other hypertensive patients, esti-
mation of 10 year CV risk using the SCORE system is recom-
mended. Estimation should be complemented by assessment of
hypertension-mediated organ damage (HMOD), which can also
increase CV risk to a higher level, even when asymptomatic (see
Table 4 and sections 3.6 and 4).

There is also emerging evidence that an increase in serum uric acid
to levels lower than those typically associated with gout is independ-
ently associated with increased CV risk in both the general popula-
tion and in hypertensive patients. Measurement of serum uric acid is
recommended as part of the screening of hypertensive patients.*®

The SCORE system only estimates the risk of fatal CV events.
The risk of total CV events (fatal and non-fatal) is approximately
three times higher than the rate of fatal CV events in men and
four times higher in women. This multiplier is attenuated to less than
three times in older people in whom a first event is more likely to be
fatal >’

There are important general modifiers of CV risk (Table 6) as well
as specific CV risk modifiers for patients with hypertension. CV risk
modifiers are particularly important at the CV risk boundaries, and
especially for patients at moderate-risk in whom a risk modifier might
convert moderate-risk to high risk and influence treatment decisions
with regard to CV risk factor management. Furthermore, CV risk
estimates by the SCORE system may be modified in first-generation
immigrants to Europe and CV risk scores in such patients may be
adjusted by correction factors (Table 7). Further details of the impact
of CV risk modifiers are available from the ESC 2016 CVD preven-

tion Guidelines.>

Table 6 Risk modifiers increasing cardiovascular risk
estimated by the Systemic COronary Risk Evaluation
(SCORE) system*®

Social deprivation, the origin of many causes of CYD

Obesity (measured by BMI) and central obesity (measured by

waist circumference)

Physical inactivity

Psychosocial stress, including vital exhaustion

Family history of premature CVD (occurring at age <55 years in

men and <60 years in women)

Autoimmune and other inflammatory disorders

Major psychiatric disorders

Treatment for infection with human immunodeficiency virus

Atrial fibrillation

LV hypertrophy

CKD

Obstructive sleep apnoea syndrome

©ESC/ESH 2018

BMI = body mass index; CKD = chronic kidney disease; CVD = cardiovascular
disease; LV = left ventricular.

Table 7 Correction factors for the Systemic
COronary Risk Evaluation (SCORE) cardiovascular risk
estimates in first-generation immigrants to Europe®®

Region of origin Multiplication factor

Southern Asia 1.4

Sub-Saharan Africa 1.3

Caribbean 1.3

Western Asia 12

Northern Africa 0.9 g
o

Eastern Asia 0.7 &
B

Southern America 0.7 &
©

3.6 Importance of hypertension-
mediated organ damage in refining
cardiovascular risk assessment in

hypertensive patients

A unique and important aspect of CV risk estimation in hypertensive
patients is the need to consider the impact of HMOD. This was previ-
ously termed ‘target organ damage’, but HMOD more accurately
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describes hypertension-induced structural and/or functional changes
in major organs (i.e. the heart, brain, retina, kidney, and vasculature)
(Table 4). There are three important considerations: (i) not all fea-
tures of HMOD are included in the SCORE system (CKD and estab-
lished vascular disease are included) and several hypertensive
HMODs (e.g. cardiac, vascular, and retinal) have well-established
adverse prognostic significance (see section 5) and may, especially if
HMOD is pronounced, lead to a high CV risk even in the absence of
classical CV risk factors; (i) the presence of HMOD is common and
often goes undetected;® and (iii) the presence of multiple HMOD:s
in the same patient is also common, and further increases CV
risk3*™*" Consequently, the inclusion of HMOD assessment is
important in patients with hypertension and helps identify high-risk
or very high-risk hypertensive patients who may otherwise be mis-
classified as having a lower level of risk by the SCORE system.** This
is especially true for the presence of left ventricular hypertrophy
(LVH), CKD with albuminuria or proteinuria, or arterial stiffening®
(see section 5). The impact of progression of the stages of
hypertension-associated disease (from uncomplicated through to
asymptomatic or established disease), according to different grades
of hypertension and the presence of CV risk factors, HMOD, or
comorbidities, is illustrated in Figure 1 for middle-aged individuals.

3.7 Challenges in cardiovascular risk

assessment

CV risk is strongly influenced by age (i.e. older people are invariably
at high absolute CV risk). In contrast, the absolute risk of younger
people, particularly younger women, is invariably low, even in those

with a markedly abnormal risk factor profile. In the latter, relative risk
is elevated even if absolute risk is low. The use of ‘CV risk age’ has
been proposed as a useful way of communicating risk and making
treatment decisions, especially for younger people at low absolute
risk but with high relative risk.>® This works by illustrating how a
younger patient (e.g. a 40-year-old) with risk factors but low absolute
risk has a CV risk equivalent to a much older person (60 years) with
optimal risk factors; thus, the CV risk age of the younger patient is 60
years. The CV risk age can be automatically calculated using
HeartScore (www.heartscore.org).

A second consideration is that the presence of concomitant dis-
ease is often recorded in a binary way in CV risk assessment systems
(e.g. diabetes, yes/no). This does not reflect the impact of the severity
or duration of concomitant diseases on total CV risk. For example,
long-standing diabetes is clearly associated with high risk, whereas
the risk is less certain for recent-onset diabetes.>*

A third conundrum specific to hypertension is what BP value to
use in CV risk assessment in a patient who is receiving treatment for
hypertension. If treatment was commenced recently, it seems appro-
priate to use the pre-treatment BP value. If treatment has been
long-standing, using the current treated BP value will invariably
underestimate risk because it does not reflect prior longer-term
exposure to higher BP levels, and antihypertensive treatment does
not completely reverse the risk even when BP is well controlled. If
treatment has been long-standing, then the ‘treated BP value’ should
be used, with the caveat that the calculated CV risk will be lower
than the patient’s actual risk. A fourth conundrum is how to impute
out-of-office BP values into risk calculators that have been calibrated

with organ damage

BP (mmHg) grading
Hypertension .
disease Other risk factors, High normal Grade1 Grade 2 Grade 3
staging | [MOD,ordisease |  5ppy30-139 SBP 140-159 SBP 160-179 SBP »180
DBP 85-89 DBP 90-99 DBP 100-109 or DBP =110
No other risk Low risk Low risk Moderate risk g
factors
Stage 1
(uncomplicated) | 1or 2 risk factors Low risk Moderate risk g
. Low to B
=3 risk factors Moderatelfi g g
HMOD, CKD grade
@s snta%gnzmatic 3, or diabetes ; . gh to
ymp mellitus without ery hig
disease)
organ damage
Established CVD, 2
Stage 3 CKD grade =4, or :
(established . . e g e g e g e g &
. diabetes mellitus 5]
disease) 2
©

Figure | Classification of hypertension stages according to blood pressure levels, presence of cardiovascular risk factors, hypertension-mediated
organ damage, or comorbidities. CV risk is illustrated for a middle-aged male. The CV risk does not necessarily correspond to the actual risk
at different ages. The use of the SCORE system is recommended for formal estimation of CV risk for treatment decisions. BP = blood pressure;
CKD = chronic kidney disease; CV = cardiovascular; DBP = diastolic blood pressure; HMOD = hypertension-mediated organ damage; SBP = systolic

blood pressure; SCORE = Systematic COronary Risk Evaluation.
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according to office BP readings. These various limitations should be
kept in mind when estimating CV risk in clinical practice.

Hypertension and CV risk assessment

Level®

Recommendation Class®

CV risk assessment with the SCORE system
is recommended for hypertensive patients
who are not already at high or very high risk
due to established CVD, renal disease, or
diabetes, a markedly elevated single risk fac-
tor (e.g. cholesterol), or hypertensive

LVH 3335

©ESC/ESH 2018

CVD = cardiovascular disease; LVH = left ventricular hypertrophy; SCORE =
Systematic COronary Risk Evaluation.

?Class of recommendation.

®Level of evidence.

4 Blood pressure measurement

4.1 Conventional office blood pressure

measurement

Auscultatory or oscillometric semiautomatic or automatic sphyg-
momanometers are the preferred method for measuring BP in the
doctor’s office. These devices should be validated according to stand-
ardized conditions and protocols.** BP should initially be measured in
both upper arms, using an appropriate cuff size for the arm circumfer-
ence. A consistent and significant SBP difference between arms (i.e.
>15 mmHg) is associated with an increased CV risk,*> most likely
due to atheromatous vascular disease. Where there is a difference in
BP between arms, ideally established by simultaneous measurement,
the arm with the higher BP values should be used for all subsequent
measurements.

In older people, people with diabetes, or people with other causes
of orthostatic hypotension, BP should also be measured 1 min and 3
min after standing. Orthostatic hypotension is defined as a reduction
in SBP of >20 mmHg or in DBP of >10 mmHg within 3 min of stand-
ing, and is associated with an increased risk of mortality and CV
events.*® Heart rate should also be recorded at the time of BP meas-
urements because resting heart rate is an independent predictor of
CV morbid or fatal events,47 although heart rate is not included in
any CV risk algorithm. Table 8 summarizes the recommended proce-
dure for routine office BP measurement. It is emphasized that office
BP is often performed improperly, with inadequate attention to the
standardized conditions recommended for a valid measurement of
office BP. Improper measurement of office BP can lead to inaccurate
classification, overestimation of a patient’s true BP, and unnecessary
treatment.

4.2 Unattended office blood pressure
measurement

Automated multiple BP readings in the doctor’s office improve the
reproducibility of BP measurement, and if the patient is seated alone

Table 8 Office blood pressure measurement

Patients should be seated comfortably in a quiet environment

for 5 min before beginning BP measurements.

Three BP measurements should be recorded, 1-2 min apart,
and additional measurements only if the first two readings differ
by >10 mmHg. BP is recorded as the average of the last two BP

readings.

Additional measurements may have to be performed in patients
with unstable BP values due to arrhythmias, such as in patents
with AF, in whom manual auscultatory methods should be used
as most automated devices have not been validated for BP

measurement in patients with AF.?

Use a standard bladder cuff (12—13 cm wide and 35 cm long)
for most patients, but have larger and smaller cuffs available for
larger (arm circumference >32 cm) and thinner arms,

respectively.

The cuff should be positioned at the level of the heart, with the
back and arm supported to avoid muscle contraction and iso-

metric exercise-dependant increases in BP.

When using auscultatory methods, use phase | and V (sudden
reduction/disappearance) Korotkoff sounds to identify SBP and
DBP, respectively.

Measure BP in both arms at the first visit to detect possible
between-arm differences. Use the arm with the higher value as

the reference.

Measure BP 1 min and 3 min after standing from a seated posi-
tion in all patients at the first measurement to exclude ortho-
static hypotension. Lying and standing BP measurements should
also be considered in subsequent visits in older people, people
with diabetes, and people with other conditions in which ortho-

static hypotension may frequently occur.

Record heart rate and use pulse palpation to exclude
arrhythmia.

©ESC/ESH 2018

AF = atrial fibrillation; BP = blood pressure; DBP = diastolic blood pressure; SBP
= systolic blood pressure.

*Most automatic devices are not validated for BP measurement in patients with
AF and will record the highest individual systolic pressure wave form rather than
an average of several cardiac cycles. This will lead to overestimation of BP.

and unobserved, the ‘white-coat effect’ (see section 4.7.1) can be
substantially reduced™® or eliminated.*’ Moreover, the BP values are
lower than those obtained by conventional office BP measurement
and are similar to, or even less than, those provided by daytime
ambulatory blood pressure monitoring (ABPM) or home blood pres-
sure monitoring (HBPM)>° Use of unattended office BP measure-
ment in a recent clinical trial [the Systolic Blood Pressure
Intervention Trial (SPRINT)]>" generated controversy about its quan-
titative relationship to conventional office BP measurement (which

has been the basis for all previous epidemiological and clinical trial
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data); its feasibility in routine clinical practice has also been ques-
tioned. Presently, the relationship between BP readings obtained
with conventional office BP measurement and unattended office BP
measurement remains unclear, but available evidence suggests that
conventional office SBP readings may be at least 5-15 mmHg higher
than SBP levels obtained by unattended office BP measurements.>*
There is also very limited evidence on the prognostic value of unat-
tended office BP measurements, i.e. whether they guarantee at least
the same ability to predict outcomes as conventional office BP
measurements.>

4.3 Out-of-office blood pressure

measurement

Out-of-office BP measurement refers to the use of either HBPM or
ABPM, the latter usually over 24 h. It provides a larger number of BP
measurements than conventional office BP in conditions that are
more representative of daily life. Recent position papers and practice
guidelines provide comprehensive details for ABPM>* and HBPM,>

. ) 5456
and are briefly summarized below.

4.4 Home blood pressure monitoring
Home BP is the average of all BP readings performed with a semiau-
tomatic, validated BP monitor, for at least 3 days and preferably for
6—7 consecutive days before each clinic visit, with readings in the
morning and the evening, taken in a quiet room after 5 min of rest,
with the patient seated with their back and arm supported. Two
measurements should be taken at each measurement session, per-
formed 1-2 min apart.>’

Compared with office BP, HBPM values are usually lower, and the
diagnostic threshold for hypertension is >135/85 mmHg (equivalent
to office BP >140/90 mmHg) (Table 9) when considering the average
of 3—6 days of home BP values. Compared with office BP, HBPM pro-
vides more reproducible BP data and is more closely related to
HMOD, particularly LVH.*® Recent meta-analyses of the few

Table 9 Definitions of hypertension according to
office, ambulatory, and home blood pressure levels

Category SBP DBP
(mmHg) (mmHg)
Office BP? >140 and/or >90

Ambulatory BP

Daytime (or awake) mean >135 and/or >85

Night-time (or asleep) mean >120 and/or >70 %
24 h mean 2130 |andior | 280 | §
Home BP mean >135 and/or >85 g

BP = blood pressure; DBP = diastolic blood pressure; SBP = systolic blood
pressure.
“Refers to conventional office BP rather than unattended office BP.

available prospective studies have further indicated that HBPM better
predicts cardiovascular morbidity and mortality than office BP.>’
There is also evidence that patient self-monitoring may have a benefi-
cial effect on medication adherence and BP control,***" especially
when combined with education and counselling.®> Telemonitoring
and smartphone applications may offer additional advantages,®***
such as an aid to memory to make BP measurements, and as a con-
venient way to store and review BP data in a digital diary and transmit
them. We do not recommend the use of apps as a cuff-independent

means of measuring BP.

4.5 Ambulatory blood pressure
monitoring
ABPM provides the average of BP readings over a defined period,
usually 24 h. The device is typically programmed to record BP at
15 - 30 min intervals, and average BP values are usually provided for
daytime, night-time, and 24 h. A diary of the patient’s activities and
sleep time can also be recorded. A minimum of 70% usable BP
recordings are required for a valid ABPM measurement session.
ABPM values are, on average, lower than office BP values, and the
diagnostic threshold for hypertension is >130/80 mmHg over 24 h,
>135/85 mmHg for the daytime average, and >120/70 for the night-
time average (all equivalent to office BP >140/90 mmHg), see Table 9.
ABPM is a better predictor of HMOD than office BP.
Furthermore, 24 h ambulatory BP mean has been consistently shown

66—68

to have a closer relationship with morbid or fatal events, andisa

more sensitive risk predictor than office BP of CV outcomes such as
coronary morbid or fatal events and stroke.®®"2

BP normally decreases during sleep. Although the degree of night-
time BP dipping has a normal distribution in a population setting, an
arbitrary cut-off has been proposed to define patients as ‘dippers’ if
their nocturnal BP falls by >10% of the daytime average BP value;
however, the ‘dipping’ status is often highly variable from day to day
and thus is poorly reproducible.”® Recognised reasons for an absence
of nocturnal BP dipping are sleep disturbance, obstructive sleep
apnoea, obesity, high salt intake in salt-sensitive subjects, orthostatic
hypotension, autonomic dysfunction, CKD, diabetic neuropathy, and
old age®* Studies that accounted for daytime and night-time BP in
the same statistical model found that night-time BP is a stronger pre-
dictor of outcomes than daytime BP.>* The night-to-day ratio is also a
significant predictor of outcome, and patients with a reduced night-
time dip in BP (i.e. <10% of the daytime average BP or a night-to-day
ratio >0.9) have an increased cardiovascular risk.>* Moreover, in
those in whom there is no night-time dip in BP or a higher night-time
than daytime average BP, there is a substantially increase in risk.”*
Paradoxically, there is also some evidence of increased risk in patients
who have extreme dipping of their night-time BP,”® although the lim-
ited prevalence and reproducibility of this phenomenon makes inter-
pretation of data difficult.

A number of additional indices derived from ABPM recordings
have some prognostic value, including 24 h BP variability,”® morning
BP surge,77 and the ambulatory arterial stiffness index.”® However,
their incremental predictive value is not yet clear. Thus, these indices
should be regarded as research tools, with no current indication for
routine clinical use.
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4.6 Advantages and disadvantages of
ambulatory blood pressure monitoring

and home blood pressure monitoring
A major advantage of both ABPM and HBPM is that they enable the
diagnosis of white-coat and masked hypertension (see section 4.7).
The relative advantages and disadvantages of HBPM and ABPM are
shown in Table 10. A particularly important advantage of HBPM is
that it is much cheaper and thus more available than ABPM. Another
is that it provides multiple measurements over several days or even
longer periods, which is clinically relevant because day-to-day BP vari-
ability may have an independent prognostic value.”’ Unlike ABPM,
typical HBPM devices do not provide BP measurements during rou-
tine daily activities and during sleep, although recent technical advan-
ces may allow BP during sleep to be measured by HBPM. A further
consideration is the potential impact of impaired cognition on the
reliability of HBPM measurements and rare instances of obsessional
behaviour, circumstances that may favour the use of ABPM if out-of-
office BP readings are required. In general, both methods should be
regarded as complementary rather than absolute alternatives.
Despite the advances in out-of-office BP measurement over the
past 50 years, some fundamental questions remain, the most impor-
tant of which is whether HBPM- or ABPM-guided therapy results in
greater reductions in morbidity and mortality than conventional
office BP-guided treatment, which has been the diagnostic strategy
for all clinical outcome trials.

4.7 White-coat hypertension and masked
hypertension

White-coat hypertension refers to the untreated condition in which
BP is elevated in the office, but is normal when measured by ABPM,
HBPM, or both.® Conversely, ‘masked hypertension’ refers to
untreated patients in whom the BP is normal in the office, but is

elevated when measured by HBPM or ABPM.2" The term ‘true nor-
motension’ is used when both office and out-of-office BP measure-
ments are normal, and ‘sustained hypertension’ is used when both
are abnormal. In white-coat hypertension, the difference between
the higher office and the lower out-of-office BP is referred to as the
‘white-coat effect’, and is believed to mainly reflect the pressor
response to an alerting reaction elicited by office BP measurements
by a doctor or a nurse,®” although other factors are probably also
involved.®

Although the terms white-coat and masked hypertension were
originally defined for people who were not being treated for hyper-
tension, they are now also used to describe discrepancies between
office and out-of-office BP in patients treated for hypertension, with
the terms masked uncontrolled hypertension (MUCH) (office BP
controlled but home or ambulatory BP elevated) and white-coat
uncontrolled hypertension (WUCH) (office BP elevated but home
or ambulatory BP controlled), compared with sustained uncontrolled
hypertension (SUCH)®* (both office and home or ambulatory BP are
uncontrolled).

The white-coat effect is used to describe the difference between
an elevated office BP (treated or untreated) and a lower home or
ambulatory BP in both untreated and treated patients.

4.7.1 White-coat hypertension

Although the prevalence varies between studies, white-coat hyper-
tension can account for up to 30-40% of people (and >50% in the
very old) with an elevated office BP. It is more common with increas-
ing age, in women, and in non-smokers. Its prevalence is lower in
patients with HMOD, when office BP is based on repeated measure-
ments, or when a doctor is not involved in the BP measurement. A
significant white-coat effect can be seen at all grades of hypertension
(including resistant hypertension), but the prevalence of white-coat
hypertension is greatest in grade 1 hypertension.

Table 10 Comparison of ambulatory blood pressure monitoring and home blood pressure monitoring

ABPM

HBPM

Advantages

e Can identify white-coat and masked hypertension

@ Stronger prognostic evidence

e Night-time readings

® Measurement in real-life settings

e Additional prognostic BP phenotypes

e Abundant information from a single measurement session, including

short-term BP variability

Advantages

e Can identify white-coat and masked hypertension

® Cheap and widely available

® Measurement in a home setting, which may be more relaxed than
the doctor’s office

e Patient engagement in BP measurement

e Easily repeated and used over longer periods to assess day-to-day BP
variability

Disadvantages
® Expensive and sometimes limited availability
e Can be uncomfortable

Disadvantages
® Only static BP is available
e Potential for measurement error

e No nocturnal readings®

©ESC/ESH 2018

ABPM = ambulatory blood pressure monitoring; BP = blood pressure; HBPM = home blood pressure monitoring.
*Techniques are being developed to enable nocturnal BP measurement with home BP devices.
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HMOD is less prevalent in white-coat hypertension than in sus-
tained hypertension, and recent studies show that the risk of cardio-
vascular events associated with white-coat hypertension is also lower
than that in sustained hypertension.®®®>% Conversely, compared
with true normotensives, patients with white-coat hypertension have
increased adrenergic activity,”’ a greater prevalence of metabolic risk
factors, more frequent asymptomatic cardiac and vascular damage,
and a greater long-term risk of new-onset diabetes and progression
to sustained hypertension and LVH.#? In addition, although the out-
of-office BP values are, by definition, normal in white-coat hyperten-
sion, they tend to be higher than those of true normotensive people,
which may explain the increased long-term risk of CV events
reported in white-coat hypertension by recent studies after adjust-
ment for demographic and metabolic risk factors.2>#¢88=0 White-
coat hypertension has also been shown to have a greater CV risk in
isolated systolic hypertension and older patients,”’ and does not
appear to be clinically innocent.?® The diagnosis should be confirmed
by repeated office and out-of-office BP measurements, and should
include an extensive assessment of risk factors and HMOD. Both
ABPM and HBPM are recommended to confirm white-coat hyper-
tension, because the CV risk appears to be lower (and close to sus-
tained normotension) in those in whom both ABPM and HBPM are
both normal;82 for treatment considerations see section 8.4.

4.7.2 Masked hypertension

Masked hypertension can be found in approximately 15% of patients
with a normal office BP."” The prevalence is greater in younger peo-
ple, men, smokers, and those with higher levels of physical activity,
alcohol consumption, anxiety, and job stress.”” Obesity, diabetes,
CKD, family history of hypertension, and high—normal office BP are
also associated with an increased prevalence of masked hyperten-
sion."” Masked hypertension is associated with dyslipidaemia and dys-
glycaemia, HMOD,” adrenergic activation, and increased risk of
developing diabetes and sustained hypertension.2”® Meta-analyses
and recent studies®® have shown that the risk of CV events is substan-
tially greater in masked hypertension compared with normotension,
and close to or greater than that of sustained hypertension.®®%3-%¢
Masked hypertension has also been found to increase the risk of CV
and renal events in diabetes, especially when the BP elevation occurs

during the night.”*”

4.8 Screening for the detection of

hypertension

Hypertension is predominantly an asymptomatic condition that is
best detected by structured population screening programmes or
opportunistic measurement of BP. When structured population
screening programmes have been undertaken, an alarming number of
people (>50%) were unaware they had hypertension.'>’® This high
rate of undetected hypertension occurred irrespective of the income
status of the countries studied across the world.

All adults should have their BP recorded in their medical record
and be aware of their BP, and further screening should be undertaken
at regular intervals with the frequency dependent on the BP level. For
healthy people with an optimal office BP (<120/80 mmHg), BP should
be remeasured at least every 5 years and more frequently when
opportunities arise. In patients with a normal BP (120-129/80-84),

BP should be remeasured at least every 3 years. Patients with
high—normal BP (130-139/85-89 mmHg) should have their BP
recorded annually because of the high rates of progression of
high—normal BP to hypertension. This is true also for people in
whom masked hypertension is detected.

4.9 Confirming the diagnosis of
hypertension

BP can be highly variable, thus the diagnosis of hypertension should
not be based on a single set of BP readings at a single office visit,
unless the BP is substantially increased (e.g. grade 3 hypertension)
and there is clear evidence of HMOD (e.g. hypertensive retinopathy
with exudates and haemorrhages, or LVH, or vascular or renal dam-
age). For all others (i.e. almost all patients), repeat BP measurements
at repeat office visits have been a long-standing strategy to confirm a
persistent elevation in BP, as well as for the classification of the hyper-
tension status in clinical practice and RCTs. The number of visits and
the time interval between visits varies according to the severity of the
hypertension, and is inversely related to the severity of hypertension.
Thus, more substantial BP elevation (e.g. grade 2 or more) requires
fewer visits and shorter time intervals between visits (i.e. a few days
or weeks), depending on the severity of BP elevation and whether
there is evidence of CVD or HMOD. Conversely, in patients with BP
elevation in the grade 1 range, the period of repeat measurements
may extend over a few months, especially when the patient is at low
risk and there is no HMOD. During this period of BP assessment, CV
risk assessment and routine screening tests are usually performed
(see section 3).

These Guidelines also support the use of out-of-office BP meas-
urements (i.e. HBPM and/or ABPM) as an alternative strategy to
repeated office BP measurements to confirm the diagnosis of hyper-
tension, when these measurements are logistically and economically
feasible (Figure 2).”” This approach can provide important supple-
mentary clinical information, e.g. detecting white-coat hypertension
(see section 4.7.1), which should be suspected, especially in people
with grade 1 hypertension on office BP measurement and in whom
there is no evidence of HMOD or CVD'® (Table 11). A particular
challenge is the detection of masked hypertension (see section 4.7.2).
Masked hypertension is more likely in people with a BP in the
high—normal range in whom out-of-office BP should be considered
to exclude masked hypertension (see Table 8). Out-of-office BP
measurements are also indicated in specific circumstances (see sec-
tion 4.10 and Table 17).

4.10 Clinical indications for out-of-office
blood pressure measurements

Out-of-office BP measurements are increasingly used, especially
HBPM but also ABPM, to confirm the diagnosis of hypertension.
Out-of-office BP measurement provides important complementary
information, as discussed above. The clinical indications for out-of-
office BP measurements are shown in Table 11. HBPM is also increas-
ingly used by patients to monitor their BP control, which increases
their engagement and may improve their adherence to treatment
and BP control.®™"?1% It is likely that, with increased availability and
lower cost of these devices, this will become more commonplace.
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Normal BP High-normal BP
120-129/80-84 130-139/85-89

Optimal BP
<120/80

Consider masked
hypertension

Out-of-office BP
measurement
(ABPM or HBPM)

\ \ \

Repeat BP at least
every 3 years

Repeat BP at least
annually

Repeat BP at least
every 5 years

Repeated visits

for office BP

measurement

Hypertension

diagnosis

Out-of-office BP
measurement
(ABPM or HBPM)

Indications for
ABPM or HBPM see Table 11

©ESC/ESH 2018

Figure 2 Screening and diagnosis of hypertension. ABPM = ambulatory blood pressure monitoring; BP = blood pressure; HBPM = home blood
pressure monitoring.

Table I 1

Clinical indications for home blood pressure monitoring or ambulatory blood pressure monitoring

Conditions in which white-coat hypertension is more common, e.g.:
e Grade | hypertension on office BP measurement
e Marked office BP elevation without HMOD

Conditions in which masked hypertension is more common, e.g.:
o High—normal office BP
o Normal office BP in individuals with HMOD or at high total CV risk

Postural and post-prandial hypotension in untreated and treated patients

Evaluation of resistant hypertension
Evaluation of BP control, especially in treated higher-risk patients

Exaggerated BP response to exercise

When there is considerable variability in the office BP

Evaluating symptoms consistent with hypotension during treatment

Specific indications for ABPM rather than HBPM:

® Assessment of nocturnal BP values and dipping status (e.g. suspicion of nocturnal hypertension, such as in sleep apnoea, CKD, diabetes, endo-

crine hypertension, or autonomic dysfunction)

©ESC/ESH 2018

ABPM = ambulatory blood pressure monitoring; BP = blood pressure; CKD = chronic kidney disease; CV = cardiovascular; HBPM = home blood pressure monitoring; HMOD
= hypertension-mediated organ damage.
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4.11 Blood pressure during exercise and
at high altitude

It is important to recognise that BP increases during dynamic and
static exercise, and that the increase is more pronounced for SBP
than for DBP,'® although only SBP can be measured reliably with
non-invasive methods. There is currently no consensus on normal
BP response during exercise. The increase in SBP during exercise is
related to pre-exercise resting BP, age, arterial stiffness, and
abdominal obesity, and is somewhat greater in women than in men
and in unfit individuals. There is some evidence that an excessive
rise in BP during exercise predicts the development of hyperten-
sion, independently from BP at rest.'®* Nevertheless, exercise test-
ing is not recommended as part of the routine evaluation of
hypertension because of various limitations, including a lack of
standardization of methodology and definitions. Importantly,
except in the presence of very high BP values (grade 3 hyperten-
sion), patients, or athletes, with treated or untreated hypertension
should not be discouraged from regular exercise, especially aerobic
exercise, which is considered beneficial as part of lifestyle changes
to reduce BP (see section 7.4.1).

Evidence is available that BP increases with high altitude expo-
sure, especially above 3000 m and possibly above 2000 m."® This
is due to a number of factors including sympathetic activation.
Patients with grade 2 hypertension and increased CV risk should
check their BP values before and during high altitude (>2500 m)
exposure. Patients with grade 1 hypertension may reach very high
altitude (>4000 m) with adequate medical therapy; uncontrolled
severe hypertensive patients (grade 3) should avoid exposure to
very high altitude.'®®

4.12 Central aortic pressure

Various techniques allow aortic BP (central BP) to be derived from
peripheral BP measurements using dedicated algorithms.m‘"107
Some studies and meta-analyses have shown that in hypertensive
patients, central BP predicts CV events and that there is a differen-
tial effect of antihypertensive drugs on central compared with bra-
chial BP."® The incremental prognostic value of central vs.
conventional clinic BP measurement remains unclear.'®” An excep-
tion may be isolated systolic hypertension in the young, in whom
peripheral BP may be disproportionately elevated relative to a nor-
mal central BP. This occurs in a small fraction of younger people,
mainly men with isolated systolic hypertension, and it remains
unclear whether such patients are at lower risk than suggested by
their brachial office BP."'%""!

BP measurement

Recommendations Class® | Level®

Screening programmes for hypertension are
recommended. All adults (18 years or
older) should have their office BP measured
and recorded in their medical file, and be
aware of their BP.'>”8

e Further BP recording is indicated, at least
every 5 years if BP remains optimal.

e Further BP recording is indicated, at least
every 3 years if BP remains normal.

e [f BP remains high—normal, further BP
recording, at least annually, is
recommended.

® In older patients (>50 years), more fre-
quent screening of office BP should be
considered for each BP category because
of the steeper rise in SBP with ageing.

It is recommended that office BP should be
measured in both arms at least at the first
visit because a between-arm SBP difference
of >15 mmHg is suggestive of atheromatous
disease and is associated with an increased
CV risk.*

If a between-arm difference in BP is
recorded, then it is recommended that all
subsequent BP readings use the arm with
the higher BP reading.

It is recommended that the diagnosis of

hypertension should be based on:

® Repeated office BP measurements on
more than one visit, except when hyper-
tension is severe (e.g. grade 3 and espe-
cially in high-risk patients). At each visit,
three BP measurements should be
recorded, 1-2 min apart, and additional
measurements should be performed if
the first two readings differ by >10
mmHg. The patient’s BP is the average of
the last two BP readings.

Or

e Out-of-office BP measurement with

ABPM and/or HBPM, provided that

these measurements are logistically and

economically feasible.

Continued
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Out-of-office BP (i.e. ABPM or HBPM) is
specifically recommended for a number of
clinical indications, such as identifying white-
coat and masked hypertension, quantifying
the effects of treatment, and identifying pos-
sible causes of side effects'>**%¢872 (e g.

symptomatic hypotension).

It is recommended that all hypertensive
patients undergo pulse palpation at rest to
determine heart rate and search for

arrhythmias such as AF.2%%

Other BP measures and indices (pulse pres-
sure, BP variability, exercise BP, and central
BP) may be considered but are not often
used for routine clinical use at present.
They may provide useful additional informa-

tion in some circumstances and are valuable

tools for research.

ABPM = ambulatory blood pressure monitoring; AF = atrial fibrillation; BP =
blood pressure; CV = cardiovascular; HBPM = home blood pressure monitoring;
SBP = systolic blood pressure.

?Class of recommendation.

®Level of evidence.

5 Clinical evaluation and
assessment of hypertension-
mediated organ damage in
patients with hypertension

5.1 Clinical evaluation

©ESC/ESH 2018

The purpose of the clinical evaluation is to establish the diagnosis and

grade of hypertension, screen for potential secondary causes of

hypertension, identify factors potentially contributing to the develop-

ment of hypertension (lifestyle, concomitant medications, or fami

ly

history), identify concomitant CV risk factors (including lifestyle and

family history), identify concomitant diseases, and establish whether

there is evidence of HMOD or existing CV, cerebrovascular, or ren
disease.

5.2 Medical history

A thorough medical history (Table 12) should address in particular:

e Time of the first diagnosis of hypertension, including records of

any previous medical screening, hospitalization, etc.

Record any current and past BP values

Record current and past antihypertensive medications
Record other medications

Family history of hypertension, CVD, stroke, or renal disease

al

Lifestyle evaluation, including exercise levels, body weight

changes, diet history, smoking history, alcohol use, recreational
drug use, sleep history, and impact of any treatments on sexual

function
e History of any concomitant CV risk factors
e Details and symptoms of past and present comorbidities

Table 12 Key information to be collected in personal
and family medical history

Risk factors

Family and personal history of hypertension, CVD, stroke, or renal
disease

Family and personal history of associated risk factors (e.g. familial
hypercholesterolaemia)

Smoking history

Dietary history and salt intake

Alcohol consumption

Lack of physical exercise/sedentary lifestyle

History of erectile dysfunction

Sleep history, snoring, sleep apnoea (information also from partner)

Previous hypertension in pregnancy/pre-eclampsia

History and symptoms of HMOD, CVD, stroke, and renal
disease

Brain and eyes: headache, vertigo, syncope, impaired vision, TIA,
sensory or motor deficit, stroke, carotid revascularization, cognitive
impairment, dementia (in the elderly)

Heart: chest pain, shortness of breath, oedema, myocardial infarc-
tion, coronary revascularization, syncope, history of palpitations,
arrhythmias (especially AF), heart failure

Kidney: thirst, polyuria, nocturia, haematuria, urinary tract infections

Peripheral arteries: cold extremities, intermittent claudication, pain-
free walking distance, pain at rest, peripheral revascularization

Patient or family history of CKD (e.g. polycystic kidney disease)

History of possible secondary hypertension

Young onset of grade 2 or 3 hypertension (<40 years), or sudden
development of hypertension or rapidly worsening BP in older
patients

History of renal/urinary tract disease

Recreational drug/substance abuse/concurrent therapies: corticoste-
roids, nasal vasoconstrictor, chemotherapy, yohimbine, liquorice

Repetitive episodes of sweating, headache, anxiety, or palpitations,
suggestive of Phaeochromocytoma

History of spontaneous or diuretic-provoked hypokalaemia, epi-
sodes of muscle weakness, and tetany (hyperaldosteronism)

Symptoms suggestive of thyroid disease or hyperparathyroidism

History of or current pregnancy and oral contraceptive use

History of sleep apnoea

Antihypertensive Drug Treatment

Current/past antihypertensive medication including effectiveness
and intolerance to previous medications

Adherence to therapy

©ESC/ESH 2018

AF = atrial fibrillation; BP = blood pressure; CKD = chronic kidney disease; CVD
= cardiovascular disease; HMOD = hypertension-mediated organ damage; TIA =
transient ischaemic attack.
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e Specific history of potential secondary causes of hypertension
(see section 8.2)

e History of past pregnancies and oral contraceptive use

e History of menopause and hormone replacement therapy

e Use of liquorice

e Use of drugs that may have a pressor effect.

5.3 Physical examination and clinical
investigations
Physical examination provides important indications of potential
causes of secondary hypertension, signs of comorbidities, and
HMOD. Office BP and heart rate should be measured as summarized
in section 4. Measurements of office BP on more than one occasion
are usually required to confirm the diagnosis of hypertension unless
HBPM or ABPM is used to confirm the diagnosis (see section 4).
Details of the requirements for a comprehensive clinical examina-
tion are outlined in Table 13, and this should be adapted according to
the severity of hypertension and clinical circumstances. Suggested
routine clinical investigations are outlined in Table 14.

Table I3 Key steps in physical examination

Body habitus

Weight and height measured on a calibrated scale, with calcula-
tion of BMI

Waist circumference

Signs of HMOD

Neurological examination and cognitive status

Fundoscopic examination for hypertensive retinopathy

Palpation and auscultation of heart and carotid arteries

Palpation of peripheral arteries

Comparison of BP in both arms (at least once)

Secondary hypertension

Skin inspection: cafe-au-lait patches of neurofibromatosis
(phaeochromocytoma)

Kidney palpation for signs of renal enlargement in polycystic kid-
ney disease

Auscultation of heart and renal arteries for murmurs or bruits

indicative of aortic coarctation, or renovascular hypertension

Comparison of radial with femoral pulse: to detect radio-femo-
ral delay in aortic coarctation

Signs of Cushing’s disease or acromegaly

Signs of thyroid disease

©ESC/ESH 2018

BMI = body mass index; BP = blood pressure; HMOD = hypertension-mediated
organ damage.

5.4 Assessment of hypertension-
mediated organ damage

HMOD refers to structural or functional changes in arteries or end
organs (heart, blood vessels, brain, eyes, and kidney) caused by an
elevated BP, and is a marker of pre-clinical or asymptomatic CVD.""?
HMOD is common in severe or long-standing hypertension, but can
also be found in less severe hypertension. With wider use of imaging,
HMOD is becoming increasingly apparent in asymptomatic
patients.*® CV risk increases with the presence of HMOD, and more
so when damage affects multiple organs.'®'"*'™ Some types of
HMOD can be reversed by antihypertensive treatment, especially
when used early, but with long-standing hypertension, HMOD may
become irreversible despite improved BP  control.'"®""
Nevertheless, BP-lowering treatment is still important as it may delay
the further progression of HMOD and will reduce the elevated CV
risk of these patients.'"® Although poor technical provision and cost
may limit the search for HMOD in some countries, it is recom-
mended that basic screening for HMOD is performed in all hyperten-
sive patients and more detailed assessment is performed when the
presence of HMOD might influence treatment decisions. The various

investigations to establish HMOD are shown in Table 15.

5.4.1 Using hypertension-mediated organ damage to help
stratify risk in hypertensive patients

As discussed in section 3, hypertensive patients with documented
CVD, diabetes, CKD, grade 3 hypertension, or marked cholesterol
elevation (e.g. familial hypercholesterolaemia) are already at high or
very high CV risk (>10% risk of a fatal event). Thus, the presence of
HMOD is unlikely to influence treatment, as these patients should

Table 14 Routine workup for evaluation of hyperten-
sive patients

Routine laboratory tests

Haemoglobin and/or haematocrit

Fasting blood glucose and glycated HbA4.

Blood lipids: total cholesterol, LDL cholesterol, HDL
cholesterol

Blood triglycerides

Blood potassium and sodium

Blood uric acid

Blood creatinine and eGFR

Blood liver function tests

Urine analysis: microscopic examination; urinary protein by dip-

stick test or, ideally, albumin:creatinine ratio

12-lead ECG

©ESC/ESH 2018

eGFR = estimated glomerular filtration rate; ECG = electrocardiogram; HbA;. =
haemoglobin Aflc.
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Table 15 Assessment of hypertension-mediated organ damage

Basic screening tests for HMOD

Indication and interpretation

12-lead ECG

Screen for LVH and other possible cardiac abnormalities, and to document heart rate and cardiac
rhythm

Urine albumin:creatinine ratio

To detect elevations in albumin excretion indicative of possible renal disease

Blood creatinine and eGFR

To detect possible renal disease

Fundoscopy

To detect hypertensive retinopathy, especially in patients with grade 2 or 3 hypertension

More detailed screening for HMOD

Echocardiography

To evaluate cardiac structure and function, when this information will influence treatment

decisions

Carotid ultrasound

To determine the presence of carotid plaque or stenosis, particularly in patients with cerebrovas-

cular disease or vascular disease elsewhere

Abdominal ultrasound and Doppler studies

e To evaluate renal size and structure (e.g. scarring) and exclude renal tract obstruction as pos-
sible underlying causes of CKD and hypertension

e Evaluate abdominal aorta for evidence of aneurysmal dilatation and vascular disease

e Examine adrenal glands for evidence of adenoma or phaeochromocytoma (CT or MRI pre-
ferred for detailed examination); see section 8.2 regarding screening for secondary
hypertension

e Renal artery Doppler studies to screen for the presence of renovascular disease, especially in

the presence of asymmetric renal size

PWV

An index of aortic stiffness and underlying arteriosclerosis

ABI

Screen for evidence of LEAD

Cognitive function testing

To evaluate cognition in patients with symptoms suggestive of cognitive impairment

Brain imaging

To evaluate the presence of ischaemic or haemorrhagic brain injury, especially in patients with a
history of cerebrovascular disease or cognitive decline

©ESC/ESH 2018

ABI = ankle-brachial index; CKD = chronic kidney disease; CT = computed tomography; ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; HMOD =
hypertension-mediated organ damage; LEAD = lower extremity artery disease; LVH = left ventricular hypertrophy; MRI = magnetic resonance imaging; PWV = pulse wave

velocity.

already receive lifestyle interventions, BP-lowering medications, sta-
tins, and in some cases antiplatelet therapy, to reduce their risk®
(see section 9).

The main advantage of detecting HMOD s that it may reclassify a
patient’s SCORE risk assessment from low to moderate or from
moderate to high risk.""” The specific impact of HMOD"™* with
regard to the reclassification of risk estimation according to the
SCORE system has not been clearly defined. The SCORE system
already takes account of the grade of hypertension as SBP is included
in the risk calculation. Moreover, CKD and the presence of vascular
disease on imaging are already specified as high or very high risk
(Table 5). Conditioning of the risk score by the presence of HMOD
will be most important in middle-aged patients with hypertension,
many of whom will be at moderate-risk and at higher risk if HMOD is
detected. Moreover, a risk-conditioning effect of HMOD will also be
important in younger hypertensive patients who are invariably classi-
fied as low risk according to the SCORE system. In addition, detecting

HMOD in younger patients with grade 1 hypertension provides
unequivocal evidence of hypertension-mediated damage and indi-
cates a clear need for BP-lowering treatment in patients who may be
reluctant to be treated. For the same reason, the presence of
HMOD in a patient with high—normal BP would also provide a
rationale to consider BP-lowering treatment.

Another important consideration is whether the presence of a
specific manifestation of HMOD (e.g. LVH or CKD) might influence
the selection of drug treatment for hypertension. This was consid-
ered important in the previous guidelines,'” but is now considered
less important. In patients more likely to have HMOD (i.e. those with
high grade 1 or grade 2—3 hypertension), we now recommend initial
treatment with a combination of two drugs, usually an angiotensin-
converting enzyme (ACE) inhibitor or angiotensin receptor blocker
(ARB) in combination with a calcium channel blocker (CCB) or
thiazide-type diuretic, which would be the optimal treatment for all
manifestations of HMOD (see section 7).
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5.5 Characteristics of hypertension-
mediated organ damage

5.5.1 The heart in hypertension

Chronically increased left ventricular (LV) workload in hypertensive
patients can result in LVH, impaired LV relaxation, left atrial enlarge-
ment, an increased risk of arrhythmias, especially AF, and an
increased risk of heart failure with preserved ejection fraction
(HFpEF) and heart failure with reduced ejection fraction (HFrEF).

5.5.1.1 Electrocardiogram

A 12-lead electrocardiogram (ECG) should be part of the routine
assessment in all hypertensive patients. The ECG is not a particularly
sensitive method of detecting LVH and its sensitivity varies according
to body weight. ECG LVH provides independent prognostic informa-
tion, even after adjusting for other CV risk factors and echocardio-
graphic LV mass."™ In addition to LVH, the presence of a ‘strain
pattern’ on an ECG is associated with increased risk.""” The preva-
lence of ECG LVH increases with the severity of hypertension.'*
The most commonly used criteria to define ECG LVH are shown in
Table 16.

The ECG cannot exclude LVH because it has poor sensitivity.
When detailed information on cardiac structure and function will
influence treatment decisions, echocardiography is recommended.
When LVH is present on the ECG, it can be used to detect changes

in LVH during follow-up in untreated and treated patients.'*"'*

5.5.1.2 Transthoracic echocardiography in hypertension
Echocardiographic LVH is a potent predictor of mortality in both

123124 and regres-

hypertensive patients and the general population,
sion of echocardiographic LVH due to treatment of hypertension
predicts an improved prognosis."*® Two-dimensional transthoracic
echocardiography (TTE) also provides information about LV geome-
try, left atrial volume, aortic root dimensions, LV systolic and diastolic
function, pump performance, and output impedance.'?"2¢1%
Whether additional parameters other than evidence of increased LV
mass and left atrial dilatation are useful to help stratify CV risk is
uncertain.'*'?¢128 The partition values recommended for the defini-

tion of LVH by echocardiography are shown in Table 17.

Table 16 The most commonly used simple criteria
and recognised cut-off points for definitions of electro-
cardiogram left ventricular hypertrophy

ECG voltage criteria Criteria for LVH
Sv1+Rys (Sokolow—Lyon criterion) >35 mm
R wave in aVL >11 mm

Svz+RavL (Cornell voltage)® >28 mm (men)

Cornell duration product®
>20 mm (women)

JESC/ESH 2018

>2440 mm.ms

ECG = electrocardiogram; LVH = left ventricular hypertrophy.
?Sum of limb and precordial lead voltage.
®Product of Cornell voltage x QRS duration (mm.ms).

Three-dimensional TTE is a more reliable method for quantitative
analysis,129 specifically for LV mass,130 volumes, and ejection fraction,
and has superior reproducibility to two-dimensional TTE but much
less prognostic validation.”' More detailed information on the use of
echocardiography to assess the hypertensive heart is available.*?
Cardiac magnetic resonance is the gold standard for cardiac anatomi-
cal and functional quantification.'3%~"3*

Abnormal LV geometry in hypertensive patients is frequently asso-

127135 \which can be further eval-

ciated with diastolic dysfunction,
uated by a combination of transmitral flow and tissue Doppler
studies.”® Left atrial size is also frequently increased in hypertensive

128137 and incident

patients and is associated with adverse CV events
AF," and is related to diastolic dysfunction.”>*'* During the diag-
nostic workup for secondary hypertension, a suprasternal view
should also be performed for the identification of aortic

coarctation."!

5.5.2 The blood vessels in hypertension

5.5.2.1 Carotid artery

Carotid intima-media thickness (IMT) quantified by carotid ultra-
sound, and/or the presence of plaques, predicts CV risk.**"** This
holds true both for the IMT value at the carotid bifurcations (reflect-
ing primarily atherosclerosis) and for the IMT value at the level of the
common carotid artery (reflecting primarily hypertension-related
hypertrophy). A carotid IMT >0.9 mm is considered abnormal,'*
but the upper limit of normality varies with age. The presence of a
plague can be identified by an IMT >1.5 mm, or by a focal increase in
thickness of 0.5 mm or 50% of the surrounding carotid IMT value."**
Stenotic carotid plaques have a strong predictive value for both

Table 17 Echocardiographic definitions of left ventric-
ular hypertrophy, concentric geometry, left ventricular
chamber size, and left atrial dilatation

Parameter Measure Abnormality
threshold
LVH LV mass/height®” (g/m?7) | >50 (men)
>47 (women)
LVH? LV mass/BSA (g/mz) >115 (men)
>95 (women)
LV concentric RWT >0.43
geometry

LV chamber size | LV end-diastolic >34 (men)

diameter/height (cm/m) >33 )
.3 (women

Left atrial size
(elliptical)

Left atrial volume/height?
(mL/m?)

>18.5 (men)

>16.5 (women)
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BSA = body surface area; LV = left ventricular; LVH = left ventricular hypertro-
phy; RWT = relative wall thickness.
?BSA normalization may be used in normal weight patients.
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stroke and myocardial infarction, independent of traditional CV risk

92,142

factors, and confer superior prognostic accuracy for future myo-

cardial infarction compared with IMT."#

The presence of carotid pla-
ques will automatically reclassify patients from intermediate to high
risk;Me”147 however, routine carotid imaging is not recommended
unless clinically indicated (i.e. presence of carotid bruit, previous TIA
or cerebrovascular disease, or as part of the assessment of patients

with evidence of vascular disease).

5.5.2.2 Pulse wave velocity

Large artery stiffening is the most important pathophysiological
determinant of isolated systolic hypertension and age-dependent
increase in pulse pressure."*® Carotid-femoral pulse wave velocity
(PWV) is the gold standard for measuring large artery stiffness.’*
Reference values for PWV are available in healthy populations and
patients at increased CV risk."*® A PWV >10 m/s is considered a con-
servative estimate of significant alterations of aortic function in
middle-aged hypertensive patients.'* The additive value of PWV
above and beyond traditional risk factors, including SCORE and the
Framingham risk score, has been suggested by several studies.””
However, routine use of PWV measurement is not practical and is

not recommended for routine practice.

5.5.2.3 Ankle—brachial index

Ankle-brachial index (ABI) may be measured either with automated
devices, or with a continuous wave Doppler unit and a BP sphyg-
momanometer. A low ABI (i.e. <0.9) indicates lower extremity artery
disease (LEAD), is usually indicative of advanced atherosclerosis,'>
and has predictive value for CV events,'? being associated with an
almost two-fold greater 10 year CV mortality and major coronary
event rate, compared with the overall rate in each Framingham cate-
gory."® Even asymptomatic LEAD, detected by a low ABI, is associ-
ated in men with a high incidence of CV morbid and fatal events,
approaching 20% in 10 years."*">* Routine use of ABI is not recom-
mended in hypertensive patients, but should be considered in
patients with symptoms or signs of LEAD, or in moderate-risk
patients in whom a positive test would reclassify the patient as high-
risk.

5.5.3 The kidney in hypertension
Hypertension is the second most important cause of CKD after dia-
betes. Hypertension may also be the presenting feature of asympto-
matic primary renal disease. An alteration of renal function is most
commonly detected by an increase in serum creatinine. This is an
insensitive marker of renal impairment because a major reduction in
renal function is needed before serum creatinine rises. Furthermore,
BP reduction by antihypertensive treatment often leads to an acute
increase in serum creatinine by as much as 20-30%, especially with
renin-angiotensin system (RAS) blockers, which has a functional basis
and does not usually reflect manifest renal injury, but the long-term
clinical significance is unclear."'*® The diagnosis of hypertension-
induced renal damage is based on the finding of reduced renal func-
tion and/or the detection of albuminuria. CKD is classified according
to estimated glomerular filtration rate (eGFR), calculated by the 2009
CKD-Epidemiology Collaboration formula.'>’

The albumin:creatinine ratio (ACR) is measured from a spot urine
sample (preferably early morning urine), and is the preferred method

to quantify urinary albumin excretion. A progressive reduction in
eGFR and increased albuminuria indicate progressive loss of renal
function, and are both independent and additive predictors of
increased CV risk and progression of renal disease.'*®

Serum creatinine, eGFR, and ACR should be documented in all
hypertensive patients, and if CKD is diagnosed, repeated at least
annually."” One negative urinary dipstick test does not rule out albu-

L 160
minuria, in contrast to a normal ACR.

5.5.4 Hypertensive retinopathy

The prognostic significance of hypertensive retinopathy by fundo-
scopy has been well documented.'®! Detection of retinal haemor-
rhages, microaneurysms, hard exudates, cotton wool spots, and
papilloedema is highly reproducible, indicates severe hypertensive
retinopathy, and is highly predictive of mortality.'®""* In contrast,
evidence of arteriolar narrowing, either focal or general, and arterio-
venous nicking at early stages of hypertensive retinopathy have less
predictive value,'®® and limited interobserver and intraobserver
reproducibility, even with experienced observers.'®* Fundoscopy
should be performed in patients with grade 2 or 3 hypertension or
hypertensive patients with diabetes, in whom significant retinopathy
is more likely. Fundoscopy may be considered in other hypertensive
patients. The increasing emergence of new techniques to visualize
the fundus through smartphone technologies should increase the fea-

sibility of more routine fundoscopy.®®

5.5.5 The brain in hypertension

Hypertension increases the prevalence of brain damage, of which
transient ischaemic attack (TIA) and stroke are the most dramatic
acute clinical manifestations. In the asymptomatic phase, brain dam-
age can be detected by magnetic resonance imaging (MRI) as white
matter hyperintensities, silent microinfarcts, (most of which are small
and deep, i.e. lacunar infarctions), microbleeds, and brain atro-
phy."¢"%” White matter hyperintensities and silent infarcts are asso-
ciated with an increased risk of stroke and cognitive decline due to
degenerative and vascular dementia."®*™"*” Availability and cost do
not permit the widespread use of brain MRI for the evaluation of
hypertensive patients, but white matter hyperintensity and silent
brain infarcts should be sought in all hypertensive patients with neu-
rological disturbances, cognitive decline, and, particularly, memory
loss."®1” A family history of cerebral haemorrhage at middle age
and early-onset dementia should prompt MRI. Cognitive impairment
in older patients is, at least in part, hypertension-related, and cogni-
tive evaluation tests should be considered in the clinical assessment
of hypertensive patients with a history suggestive of early cognitive
impairment. The Mini-Mental State Examination has been the most
widely used method in clinical trials, but is now being superseded by
more sophisticated cognitive tests that are more suitable for routine

clinic visits."”®

5.6 Hypertension-mediated organ
damage regression and cardiovascular
risk reduction with antihypertensive
treatment

As discussed above, HMOD assessment may play a role in stratifying
the risk of patients with hypertension. In post hoc analyses, BP
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treatment-induced regression of some (but not all) manifestations of
asymptomatic HMOD, as a consequence of treatment, is associated
with a reduction in CV risk, thereby providing additional information
on the effectiveness of treatment in individual patients.'®'**""" This
has been best illustrated for the treatment-induced regression of
LVH measured by either ECG or echocardiography.'*"7>173 A
reduced incidence of CV events and slower progression of renal dis-
ease has been reported with a treatment-induced reduction in uri-
nary protein excretion in both diabetic and non-diabetic patients,
especially for microalbuminuria,’”* but results are discordant.'”>~""?
There is also evidence that treatment-induced changes in eGFR pre-
dict CV events'® and progression to end-stage renal disease.'®"'®
Two meta-analyses'®*'®* failed to document any predictive value of
treatment-induced reductions in carotid IMT for CV events.
Evidence on the predictive power of treatment-induced changes on
other measures of HMOD (PWV and ABI) are either limited or
absent. Regression of HMOD might not be possible even when BP is
controlled, particularly when HMOD is advanced, because some of
the changes become irreversible.

The information available on the sensitivity and timing of changes
in HMOD during antihypertensive treatment is summarized in
Table 18. If, when, and how often the assessment of HMOD should
be performed has not been validated in follow-up studies. HMOD

can also develop during the course of antihypertensive treatment,'®

and this may be accompanied by increased risk, 186188

5.7 When to refer a patient with

hypertension for hospital-based care
Hypertension is a very common condition and most patients with
hypertension, in most healthcare systems, will be managed in the pri-
mary care setting. However, there are circumstances in which a
referral for routine hospital-based evaluation and treatment may be
required, keeping in mind that in some instances out-of-office or
office-based care of hypertensive patients depends on the healthcare
organization of a given country:

e Patients in whom secondary hypertension is suspected (see sec-
tion 8.2)

e Younger patients (<40 years) with grade 2 or more severe
hypertension in whom secondary hypertension should be
excluded

e Patients with treatment-resistant hypertension (see section 8.1)

e Patients in whom more detailed assessment of HMOD would
influence treatment decisions

e Patients with sudden onset of hypertension when BP has previ-
ously been normal

e Other clinical circumstances in which the referring doctor feels
more specialist evaluation is required.

There are also rarer circumstances in which a patient with hyper-
tension should be referred to hospital for emergency care, which will
often require inpatient care (see section 8.3).

Table 18 Sensitivity to detect treatment-induced changes, reproducibility and operator independence, time to
changes, and prognostic value of changes provided by markers of hypertension-mediated organ damage

Marker of HMOD Sensitivity to changes

LVH by ECG

LVH by

. Moderate
echocardiogram

LVH by CMR

eGFR Moderate

Urinary protein
excretion

Carotid IMT Very low

PWV

Ankle-brachial
index

Reproducibility and
operator independence

Moderate

Prognostic value of the
change

Time to changes

Moderate
(>6 months)

Moderate
(>6 months)

Moderate
(>6 months)

No data

Very slow
(years)

Moderate

Slow
(>12 months)

Limited data

Slow

(>12 months) Moderate
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CMR = cardiac magnetic resonance; ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; HMOD = hypertension-mediated organ damage; IMT = intima-

media thickness; LVH = left ventricular hypertrophy; PWV = pulse wave velocity.
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Clinical evaluation and HMOD assessment

Recommendations

12-lead ECG is recommended for all hypertensive patients.' >’

Echocardiography:
® |s recommended in hypertensive patients when there are ECG abnormalities or signs or symptoms of LV
dysfunction.“z‘134

e May be considered when the detection of LVH may influence treatment decisions.*>'**

Ultrasound examination of the carotid arteries:

® May be considered for the detection of asymptomatic atherosclerotic plaques or carotid stenosis in patients with docu-

mented vascular disease elsewhere.*?

Measurement of PWV may be considered for measuring arterial stiffness.'%%'®’

Measurement of ABI may be considered for the detection of advanced LEAD."**"?°

Measurement of serum creatinine and eGFR is recommended in all hypertensive patients.'®

Measurement of urine albumin:creatinine ratio is recommended in all hypertensive patients.

43,180

suspected secondary hypertension.

Renal ultrasound and Doppler examination should be considered in patients with impaired renal function, albuminuria, or for

Is recommended in patients with grades 2 or 3 hypertension and all hypertensive patients with diabetes.

May be considered in other hypertensive patients.

detecting brain infarctions, microbleeds, and white matter lesions. %817

In hypertensive patients with neurological symptoms and/or cognitive decline, brain MRI or CT should be considered for

©OESC/ESH 2018

ABI = ankle—brachial index; CT = computed tomography; ECG = electrocardiogram; eGFR = estimated glomerular filtration rate; HMOD = hypertension-mediated organ dam-
age; LEAD = lower extremity arterial disease; LV = left ventricular; LVH = left ventricular hypertrophy; MRI = magnetic resonance imaging; PWV = pulse wave velocity; TIA =

transient ischaemic attack.
Class of recommendation.
®Level of evidence.

6 Genetics and hypertension

A positive family history is a frequent feature in hypertensive
patients, with the heritability estimated to vary between 35 and
50% in most studies.’”"'”? However, hypertension is a highly heter-
ogeneous disorder with a multifactorial aetiology. Several genome-
wide association studies and their meta-analyses have identified
120 loci that are associated with BP regulation, but together these
only explain about 3.5% of the trait variance.'”® Several rare,

monogenic forms of hypertension have been described such as
glucocorticoid-remediable aldosteronism, Liddle’s syndrome, and
others, where a single gene mutation fully explains the pathogenesis
of hypertension and dictates the best treatment modality.'”*~7
There are also inherited forms of phaeochromocytoma and para-
ganglioma, which are also rare causes of hypertension.'”” %
Outside of specialist clinics evaluating patients for these rare causes
of secondary hypertension, there is no role for genetic testing in

hypertension in routine clinical care.
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Genetic testing and hypertension

Recommendations

Genetic testing should be considered in spe-
cialist centres for patients suspected to have
rare monogenic causes of secondary hyper-
tension or for those with

198
phaeochromocytoma.

Routine genetic testing for hypertensive

OESC/ESH 2018

patients is not recommended.

*Class of recommendation.
®Level of evidence.

7 Treatment of hypertension

7.1 Beneficial effects of blood pressure-

lowering therapy in hypertension

There are two well-established strategies to lower BP: lifestyle inter-
ventions and drug treatment. Device-based therapy is also emerging,
but is not yet proven as an effective treatment option. Lifestyle inter-
ventions can undoubtedly lower BP and in some cases CV risk (see
section 7.4.1), but most patients with hypertension will also require
drug treatment. The drug treatment of hypertension is founded on
very solid evidence, underpinned by the largest number of outcome-
based RCTs in clinical medicine. Meta-analyses of RCTs including
several hundred thousand patients have shown that a 10 mmHg
reduction in SBP or a 5 mmHg reduction in DBP is associated with
significant reductions in all major CV events by ~20%, all-cause mor-
tality by 10-15%, stroke by ~35%, coronary events by ~20%, and
heart failure by ~40%.2® These relative risk reductions are consis-
tent, irrespective of baseline BP within the hypertensive range, the
level of CV risk, comorbidities (e.g. diabetes and CKD), age, sex, and
ethnicity. >’

Relative outcome reductions calculated by two recent meta-
analyses are similar to those provided by the original meta-analysis of
the effects of BP lowering on outcomes in 1994202 Thus, the benefits
of antihypertensive treatment have not been attenuated by the wide-
spread concomitant prescription of lipid-lowering and antiplatelet
therapies in contemporary medicine.

Another important objective of antihypertensive therapy is to
reduce the development of CKD; however, the slow rate of decline
in renal function in most hypertensive patients makes the demonstra-
tion of potential benefits of BP lowering difficult. Consequently, the
protective effect of BP reduction on kidney function can be less
obvious and has been restricted to patients with diabetes or CKD, in
whom there is a faster rate of disease progression.””* Some, but not
all, RCTs have also shown a protective effective of BP lowering on
the progression of CKD towards end-stage renal disease in both dia-
betic and non-diabetic nephropathy.”

The recommendations that follow are based on outcome evidence
from RCTs; however, it must be acknowledged that RCTs based on
clinical outcomes have limitations, the most important of which are
that the data are largely limited to older and high-risk patients, prefer-
entially recruited to increase statistical power, and over a relatively
short duration of follow-up, rarely beyond 5 years. This means that
recommendations for life-long treatment for younger and lower risk
patients are necessarily based on considerable extrapolation. Big
data, now being collected by national health system registries, health
insurance companies, and prolonged observational follow-up of
RCTs, are becoming an important source of long-term information
on the effects of chronic treatrnent,204 which adds to that provided
by observational studies over several decades.”*>~*%’ Such evidence
suggests that the benefit of continued treatment is maintained over

206
decades.

7.2. When to initiate antihypertensive
treatment

7.2.1 Recommendations in previous guidelines

All guidelines agree that patients with grade 2 or 3 hypertension
should receive antihypertensive drug treatment alongside lifestyle
interventions.’®® Guidelines are also consistent in recommending
that patients with grade 1 hypertension and high CV risk or HMOD
should be treated with BP-lowering drugs. There has been less con-
sistency about whether BP-lowering drugs should be offered to
patients with grade 1 hypertension and low—moderate CV risk or
grade 1 hypertension in older patients (>60 years), or the need for
BP-lowering drug treatment in patients with high—normal BP lev-
els."”?9%21% This uncertainty relates to the fact that low-risk patients
with high—normal BP or grade 1 hypertension have rarely been
included in RCTs, and that in older patients, RCTs have invariably
recruited patients with at least grade 2 hypertension. New analyses
and RCT data have become available in these important areas and
are discussed below.

7.2.2 Drug treatment for patients with grade 1
hypertension at lowmoderate cardiovascular risk

Recent meta-analyses show significant treatment-induced reductions
in CV events and mortality in patients with grade 1 hyperten-
sion. 22721 However, the first of these analyses included a substan-
tial number of patients who had grade 1 hypertension despite
existing treatment, and were therefore likely to have had initial BPs
above the grade 1 range. Furthermore, many of the patients had dia-
betes and were therefore at high CV risk2"" The second meta-
analysis, limited to RCTs in patients with grade 1 hypertension and
low—moderate-risk (five RCTs, 8974 patients), demonstrated a signif-
icant reduction in all major CV events by BP-lowering drug treatment
[combined stroke and coronary artery disease (CAD) reduced by
34%, and all-cause mortality by 19% for an SBP reduction of ~7
mmHg].2 A third analysis demonstrated a benefit of BP lowering in
reducing death and CVD in patients with a baseline BP 140/90 mmHg
or higher, but not when baseline BP was lower.*®" These findings
have been supported by the results of a subgroup analysis of the

Downl oaded from https://academni c. oup. conf eur heartj/advance-articl e-abstract/doi/10. 1093/ eur heartj/ehy339/5079119

by guest

on 25 August 2018



ESC/ESH Guidelines

29

Heart Outcomes Prevention Evaluation (HOPE)-3 trial, showing a
significant 27% reduction in major CV outcomes in patients at inter-
mediate CV risk and baseline SBP values in the grade 1 hypertensive
range [i.e. >143.5 mmHg (mean 154 mmHg)] when SBP was lowered
by drug treatment by a mean of 6 mmHg.2">

Based on these new data, this Task Force now recommends that
lifestyle advice should be accompanied by BP-lowering drug treat-
ment in patients with grade 1 hypertension at low—moderate CV
risk.

7.2.3 Initiation of blood pressure-lowering drug treat-
ment in older people with grade 1 hypertension
Discussion about the treatment of ‘the elderly’ or ‘older’ people has
been complicated by the various definitions of older age used in
RCTs. For example, older was defined as >60 years in the earliest tri-
als, then as 65, 70, and finally 75°" or 80 years®™ in later trials.
Chronological age is often a poor surrogate for biological age, with
consideration of frailty and independence influencing the likely toler-
ability of BP-lowering medications. For the purposes of this guideline,
the ‘old’ are defined as >65 years and the ‘very old’ as >80 years. The
previous Guidelines'” noted that all available evidence on CV event
reduction by BP lowering in older patients was obtained in patients
whose baseline SBP was >160 mmHg, and there is strong evidence
that these patients should be offered BP-lowering drug
treatment.”'%?"
Undoubtedly, there are RCTs showing outcome benefits with BP-
lowering treatment in older patients whose baseline BP was in a
lower SBP range, but these patients were often on background anti-
hypertensive treatment, thus they cannot be defined as having true
grade 1 hypertension. This is also the case for the data recently pub-
lished from the SPRINT trial, which included a cohort of patients
older than 75 years, in whom more intense BP lowering reduced the
risk of major CV events and mor't:elli'cy.m’215 However, in most RCTs
showing a protective effect of BP-lowering treatment in patients with
an untreated baseline BP in the grade 1 hypertension range, older
patients were well represented. This was further supported by the
recent HOPE-3 trial, which showed beneficial effects of BP lowering
on CV outcomes in patients, many with grade 1 hypertension (SBP
>143 mmHg and mean BP = 154 mmHg), whose mean age was ~66
years, and in whom only 22% had prior treatment of hypelr‘cension.212
The evidence supports the recommendation that older patients
(>65 years, including patients over 80 years) should be offered BP-
lowering treatment if their SBP is >160 mmHg. There is also justifica-
tion to now recommend BP-lowering treatment for old patients
(aged >65 but not >80 years) at a lower BP (i.e. grade 1 hypertension;
SBP = 140-159 mmHg).201 BP-lowering drugs should not be with-
drawn on the basis of age alone. It is well established that BP-
lowering treatment withdrawal leads to a marked increase in CV risk.
This was exemplified in older patients by a recent subgroup analysis
of the Hypertension in the Very Elderly Trial (HYVET),>" reporting
that in patients aged >80 years, CV risk reduction was greatest in
those who continued treatment rather than in those whose treat-

21
4.1

ment was discontinue As stated above, all of the above recom-

mendations relate to relatively fit and independent older patients,

because physically and mentally frail and institutionalized patients
have been excluded in most RCTs of patients with hypertension.”"
Further details of the treatment of hypertension in older patients and

very old patients is provided in section 8.8.

7.2.4 Initiation of blood pressure-lowering drug
treatment in patients with highnormal blood pressure
The previous (2013) Guidelines'” recommended not to initiate anti-
hypertensive treatment in people with high—normal BP and
low—moderate CV risk. This recommendation is further supported
by new evidence:

(1) In all RCTs (including SPRINT)®" and meta-analyses® that have
reported reduced major outcomes by lowering ‘baseline’ BP in the
high—normal range, the ‘baseline’ BP was commonly measured on a
background of antihypertensive treatment. Therefore, these studies
do not provide evidence to support treatment initiation in patients
without hypertension.®

(2) The HOPE-3 trial,>"? in which only 22% of the patients at intermedi-
ate CV risk had background antihypertensive treatment, showed
that BP-lowering treatment did not reduce the risk of major CV
events in patients with baseline SBP values in the high—normal
range.

(3) A meta-analysis of 13 RCTs or RCT subgroups (involving 21 128
individuals) in patients at low—moderate CV risk and untreated
baseline BP in the high—normal and normal range, showed no effect
of BP-lowering treatment on any CV outcomes.>'”

(4) Another recent analysis, including patients with high—normal BP,
concluded that primary preventive BP lowering was associated with
reduced risk for death and incident CVD if baseline SBP was 140
mmHg or higher, but at lower BP levels [i.e. high—normal BP (<140/
90 mmHg)], treatment was not associated with any benefit in pri-

mary preventionA201

(5) The situation may be different in very high-risk patients with a
high—normal BP and established CVD. In a meta-analysis of 10
RCTs or RCT subgroups that also included individuals at high or
very high CV risk, mostly with previous CVD and untreated
high—normal and normal BP (n = 26 863), BP-lowering drug treat-
ment, achieving an SBP reduction of 4 mmHg, reduced the risk of
stroke but not any other CV events.”'” In another analysis of trials
including people with previous CAD and a mean baseline SBP of
138 mmHg, treatment was associated with reduced risk for major
CV events (relative risk 0.90; 95% confidence interval 0.84-0.97),
but was not associated with an increased survival (relative risk 0.98;
95% confidence interval 0.89—1.07).2°" Thus, the benefit for treating
people with high—normal BP appears marginal and, if present,
appears to be restricted to those at very high CV risk and estab-
lished CVD, especially CAD.

We recommend that patients with high—normal BP and
low—moderate CV risk should be offered lifestyle advice, because this
reduces their risk of progressing to established hypertension and may
further reduce their CV risk. These patients should not be offered BP-
lowering drug treatment. Nevertheless, based on the data from the
HOPE-3 trial, drug treatment may be considered in these patients if
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their BP is close to the hypertension diagnostic threshold of 140/90
mmHeg, after a prolonged attempt to control BP with lifestyle changes.

BP-lowering drugs may be considered for patients with
high—normal BP and established CVD, especially CAD. In these
patients, monotherapy may be sufficient.

7.2.5 Should blood pressure-lowering drug treatment be
initiated on the basis of blood pressure values or the level
of total cardiovascular risk?

Two recent meta-analyses of RCTs®*'® have shown that when BP-
lowering data are stratified according to CV risk, the relative risk reduc-
tions do not differ across the various risk strata; not surprisingly, the
absolute risk reduction is greater with increasing baseline CV risk.
These data have been taken as support for the hypothesis that BP-
lowering treatment should be based on CV risk and target those at
greatest CV risk, irrespective of their BP.2'"® However, it has recently
been made that whereas patients at high or very high CV risk exhibit
the greatest absolute reduction in CV outcomes with BP-lowering
treatment, they also have the highest residual risk, which means failure
of treatment to exert full protection? It is the opinion of this Task
Force that these data support earlier treatment of patients with SBP or
DBP values >140/90 mmHg when their CV risk is still low—moderate,
to prevent the accumulation of HMOD and a high incidence of late
treatment failure (residual risk), which would otherwise occur if treat-
ment was delayed by a purely CV risk-based approach. The most

effective strategy to reduce risk is to prevent the development of high
CV-risk situations with earlier intervention. The assessment of CV risk
is at the core of the treatment strategy recommended by these
Guidelines because of the frequent coexistence of multiple CV risk fac-
tors in hypertensive patients, and to inform the use of concomitant
medications (e.g. statins, antiplatelet therapies, etc., see section 9) to
reduce CV risk. We conclude that, in general, the decision to use BP-
lowering treatment should not be based solely on the level of CV risk
because even in patients at the highest risk (with established CVD),
when baseline BP is below 140/90 mmHg, the benefits of BP-lowering
treatment are at best marginal and most evident in patients with CAD

at the upper end of the high—normal BP range.””’

7.2.6 Initiation of blood pressure-lowering drug
treatment

In patients with grade 2 or 3 hypertension, it is recommended that
BP-lowering drug treatment should be initiated alongside lifestyle
interventions. In patients with grade 1 hypertension at high risk or
with HMOD, drug treatment should also be initiated simultaneously
with lifestyle interventions. In lower-risk patients with grade 1 hyper-
tension, BP-lowering drug treatment should be initiated after 3—6
months if BP is not controlled by lifestyle interventions alone
(Figure 3). Recommended BP thresholds for the initiation of antihy-
pertensive drug treatment are shown in Table 19.

e

( e el ( Grade 1 ( Grade 2 ( Grade 3
8P 132_139/85_89 Y Hypertension Hypertension Hypertension
MM BP140-159/90-99 mmHg BP 160-179/100-109 mmHg BP=18O/MOmmHg
Lifestyle advice Lifestyle advice Lifestyle advice Lifestyle advice
Consider drug treatment in | | Immediate drug treatment |~ N ([ )
very high risk patients with in high or very high risk Immed.iate druq Immed.iate druq
CVD, espacially CAD patle'nts with CVD, treatment in all patients treatment in all patients
\ )| renal disease or HMOD \ \
(S J (S l l (S l J
4 Drug treatment in 4 4
low moderate risk patients Aim for BP control Aim for BP control
without CVD, renal disease within 3 months within 3 months
or HMOD after \ % ) |2
3-6 months of lifestyle I
intervention if BP not %
controlled S
&

Figure 3 Initiation of blood pressure-lowering treatment (lifestyle changes and medication) at different initial office blood pressure levels. BP =
blood pressure; CAD = coronary artery disease; CVD = cardiovascular disease; HMOD = hypertension-mediated organ damage.
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Initiation of hypertension treatment according to office BP

Recommendations

Prompt initiation of BP-lowering drug treatment is recommended in patients with grade 2 or 3 hypertension at any level of CV

risk, simultaneous with the initiation of lifestyle changes.*®

In patients with grade 1 hypertension:

e Lifestyle interventions are recommended to determine if this will normalize B

e In patients with grade 1 hypertension at low—moderate-risk and without evidence of HMOD, BP-lowering drug treatment is
recommended if the patient remains hypertensive after a period of lifestyle intervention.
e In patients with grade 1 hypertension and at high risk or with evidence of HMOD, prompt initiation of drug treatment is rec-

ommended simultaneously with lifestyle interventions.

211,212

P.219

211,212

In fit older patients with hypertension (even if aged >80 years), BP-lowering drug treatment and lifestyle intervention are rec-
210,220,221

ommended when SBP is >160 mmHg.

BP-lowering drug treatment and lifestyle intervention are recommended for fit older patients (>65 years but not >80 years)

when SBP is in the grade 1 range (140—159 mmHg), provided that treatment is well tolerated.

Antihypertensive treatment may also be considered in frail older patients if tolerated.”™

Withdrawal of BP-lowering drug treatment on the basis of age, even when patients attain an age of >80 years, is not recom-

mended, provided that treatment is well tolerated.?"®

In patients with high—normal BP (130-139/85-89 mmHg):

o Lifestyle changes are recommende

17,35
d.17

e Drug treatment may be considered when their CV is very high due to established CVD, especially CAD.>"”

©ESC/ESH 2018

BP = blood pressure; CAD = coronary artery disease; CV = cardiovascular; CVD = cardiovascular disease; HMOD = hypertension-mediated organ damage; SBP = systolic
blood pressure.

Class of recommendation.
®Level of evidence.

“In patients with grade 1 hypertension and at low—moderate-risk, drug treatment may be preceded by a prolonged period of lifestyle intervention to determine if this approach
will normalize BP. The duration of the lifestyle intervention alone will depend on the level of BP within the grade 1 range, i.e. the likelihood of achieving BP control with lifestyle

intervention alone, and the opportunities for significant lifestyle change in individual patients.

Table 19 Summary of office blood pressure thresholds for treatment

Age group Office SBP treatment threshold (mmHg) Office DBP treatment
threshold (mmHg)
Hypertension + Diabetes + CKD + CAD | + Stroke/TIA

18- 65 years >140 >140 >140 >140" >140" >90

65-79 years >140 >140 >140 >140" >140* >90

>80 years >160 >160 >160 >160 >160 >90

Office DBP treatment >90 >90 >90 >90 >90

threshold (mmHg)

DESC/ESH 2018

BP = blood pressure; CAD = coronary artery disease; CKD = chronic kidney disease; DBP = diastolic blood pressure; SBP = systolic blood pressure; TIA = transient
ischaemic attack.
“Treatment may be considered in these very high-risk patients with high—normal SBP (i.e. SBP 130—140 mmHg).
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7.3 Blood pressure treatment targets

7.3.1 New evidence on systolic blood pressure and
diastolic blood pressure treatment targets

The 2013 ESH/ESC hypertension Guidelines'” recommended an
office BP treatment target of <140/90 mmHg, regardless of the num-
ber of comorbidities and level of CV risk. The Guidelines specifically
stated that evidence from RCTs, meta-analyses, and post hoc analysis
of large-scale RCTs all showed no obvious incremental benefit of
lowering BP to <130/80 mmHg. Since then, new information has
emerged from post hoc analyses of large outcome trials in patients at
high CV risk, 222724 registries in patients with coronary disease, and,
more importantly, new RCTs and meta-analyses of all available RCT
evidence. In the post hoc RCT analyses and registry data, compared
with a target SBP of between 130 mmHg and 139 mmHg, lowering
SBP to <130 mmHg was, in general, associated with no further bene-
fit on major CV events, except perhaps for further reductions in the
risk of stroke. A consistent finding was that reducing SBP to <120
mmHg increased the incidence of CV events and death.

A recent RCT relevant to the issue of target BP is SPRINT, which
compared two different SBP targets (<140 or <120 mmHg) in
>9000 patients at high CV risk, but excluded patients with diabetes
or previous stroke. More intensive BP-lowering treatment (achieved
SBP 121 vs. 136 mmHg) was associated with a 25% reduction in
major CV events and a 27% reduction in all-cause death (but no sig-
nificant reduction in stroke or myocardial infarction).>* This outcome
unquestionably provides strong support for the beneficial effects of
more vs. less intensive BP-lowering treatment strategies in higher risk
patients. However, this RCT does not clarify the optimal BP target
because the method used for office BP measurement in SPRINT
(unattended automatic measurement) had not been used in any pre-
vious RCTs that provide the evidence base for the treatment of
hy|:>ertension.225 This is because unattended automated office BP
measurement results in lower BP values, relative to conventional
office BP measurement, due to the absence of the white-coat
effect.>>>* Thus, it has been suggested that the BP values reported in
SPRINT may correspond to conventional office SBPs in the 130 —140
and 140-150 mmHg ranges in the more vs. less intensive BP-
lowering groups, respectively.

Some new information on SBP and DBP targets for drug treatment
has been provided by two recent, large meta-analyses of RCTs of BP
lowering. In the first of these meta-analyses, achieved SBP was strati-
fied according to three SBP target ranges (149—140 mmHg, 139-130
mmHg, and <130 mmHg).*** Lowering SBP to <140 mmHg reduced
the relative risk of all major CV outcomes (including mortality); simi-
lar benefits were seen when SBP was lowered to <130 mmHg (aver-
age 126 mmHg). Importantly, the latter was also true when the
achieved SBP in the comparator group was 130-139 mmHg.
Stratification of RCTs for achieved DBP, to either 89 -80 mmHg or
<80 mmHg, also showed a reduction in all types of CV outcomes
compared with higher DBP values.?*®

The second meta-analysis, which also included the SPRINT trial,>
noted that every 10 mmHg reduction in SBP reduced the rate of
major CV events and death for baseline SBP values >160 mmHg to

baseline values between 130 and 139 mmHg, implying benefit at
achieved SBP values of <130 mmHg. Furthermore, a benefit of a 10
mmHg reduction in SBP was also reported for patients with a base-
line SBP of <130 mmHg, thereby achieving values <120 mmHg.
However, there were far fewer patients in these subgroups, and this
last set of data will have been heavily influenced by the unusually low
BP values in the SPRINT trial, due to the method of BP measurement
(see above). Importantly, this analysis showed consistent benefit
from intensive BP lowering in patients at all levels of risk, including
those with and without existing CVD, stroke, diabetes, and CKD.

Finally, in the first meta-analysis,226 the incremental benefit of BP
lowering on events progressively decreased as the target BP was low-
ered. Furthermore, an additional meta-analysis by the same group
found that permanent treatment discontinuation because of
treatment-related adverse effects was significantly higher in those tar-
geted to lower BP values.””” Therefore, advocating more intensive
BP-lowering targets for all has to be viewed in the context of an
increased risk of treatment discontinuation due to adverse events,
which might offset, in part or completely, the limited incremental
reduction in CV risk.

Whilst considering BP targets, it is important to acknowledge that
<50% of patients treated for hypertension currently achieve a target
office SBP of <140 mmHg."""? This is a major missed opportunity for
CVD prevention in millions of people across the world.

This Task Force recommends that when BP-lowering drugs are
used, the first objective should be to lower BP to <140/90 mmHg in
all patients. Provided that the treatment is well tolerated, treated BP
values should be targeted to 130/80 mmHg or lower in most patients,
although in some groups the evidence is less compelling. In older
patients (>65 years), SBP should be targeted to between 130 and
140 mmHg, and DPB to <80 mmHg. Treated SBP should not be tar-
geted to <120 mmHg.

Importantly, we specify a target range because the lower safety
boundary assumes greater importance when BP is targeted to lower
levels. Furthermore, in general, when SBP is lowered to <120 mmHg
in patients included in RCTs (i.e. older and higher-risk patients, often
with comorbidities and CVD), the risk of harm appears to increase
and outweigh the benefits.>*>

7.3.2 Blood pressure targets in specific subgroups of
hypertensive patients

7.3.2.1. Diabetes mellitus

RCTs in type 1 diabetes mellitus demonstrate that BP-lowering treat-
ment has a renoprotective effect,**® but because these patients tend
to be younger, previous RCTs have had inadequate power to study
CV outcomes and to establish optimal BP targets.

In contrast, there have been many BP-lowering treatment RCTs,
either exclusively dedicated to patients with type 2 diabetes or
hypertension trials that have included a large cohort of patients with
type 2 diabetes.” Most of these RCTs have shown that BP lowering
to <140/85 mmHg is beneficial in patients with type 2 diabetes and
hypertension. However, the results have been less clear about
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whether a lower BP target is associated with further benefits. The evi-
dence can be summarized as follows:

i. A large RCT in patients with type 2 diabetes has shown that an
achieved SBP of <135 mmHg, compared with ~140 mmHg, was
associated with a significant reduction in cardiovascular and all-cause
mortality.”*’

ii. Evidence from another large RCT in patients with type 2 diabetes
showed that, compared with patients with an on-treatment SBP of
~135 mmHg, reducing SBP to 121 mmHg did not reduce CV mor-
bidity and mortality or all-cause death, but substantially reduced the
risk of stroke.2*°

ii. Although one recent meta-analysis concluded that most of the bene-
fit associated with BP lowering was obtained at higher BP targets (i.e.
<150 mmHg but not <140 mmHg),”>" other large meta-analyses
have confirmed that in type 2 diabetes, lowering SBP to <140 mmHg
is associated with reductions in all major CV events, 32234

iv. Two of the meta-analyses concluded that the overall benefit of low-
ering BP in patients with type 2 diabetes (unlike patients without
type 2 diabetes) largely disappears when SBP is lowered to <130/80

ﬁWanle

except for the continuing incremental benefit on stroke.

v. Similar evidence for stroke benefit from lower achieved SBP has also
been reported from post hoc analysis of diabetic patients in the
ONTARGET (Ongoing Telmisartan Alone and in combination with
Ramipril Global Endpoint Trial) study. In addition, reanalysis of the
Action to Control Cardiovascular Risk in Diabetes (ACCORD)?*
trial in type 2 diabetes, after removing the interaction from the inten-
sive glucose-lowering arm and thereby limiting the analysis to BP-
lowering effects, showed an overall reduction in CV events with
intensive SBP lowering to <130 mmHg.**®

vi. Further recent analysis of the ACCORD trial has shown that reduc-
ing SBP to <120 mmHg was associated with increased risk of major
CV events.*

vii. With regard to DBP, earlier evidence suggested a benefit on major
CV events when DBP was lowered to <85 mmHg>*">*® More
recently, in the Action in Diabetes and Vascular Disease: Preterax
and Diamicron — MR Controlled Evaluation (ADVANCE) trial,**
the benefits on CV outcomes was observed at diastolic pressures of
75 mmHg. This is consistent with evidence from the meta-analyses
cited above, that it is safe and effective to lower DBP to <80 mmHg
in patients with type 2 diabetes.

In summary, In patients with diabetes receiving BP-lowering drugs,
it is recommended that office BP should be targeted to an SBP of 130
mmHg,>* and lower if tolerated. In older patients (aged >65 years)
the SBP target range should be 130—140 mmHg*'? if tolerated. SBP
should not be lowered to <120 mmHg and DBP should be lowered
to <80 mmHg. Attention should also be given to the consistency of
BP control, because visit-to-visit BP variability is associated with
increased CV and renal disease risk. Furthermore, CV protection has
been found to be greater when BP control is accompanied by fewer

visit-to-visit BP variations.237 24"

7.3.2.2. Older patients

The definition of ‘older’ is complex. As populations age, there is
increasingly wide variation between a patient’s chronological age and
their functional status, ranging from fit, active, and independent,
through to frail and dependent. The anticipated benefits vs. potential
harm of BP treatment in older patients will be influenced by the
patient’s ability to tolerate treatment and their health and functional
status. For the purposes of these Guidelines, ‘older’ patients are
defined as those aged >65 years.

In the 2013 ESH/ESC hypertension Guidelines, the target SBP for
older hypertensive patients was set at 140—150 mmHg because this
was the range of systolic values achieved by major outcome trials
demonstrating a beneficial effect of antihypertensive treatment in
these patients. A similar SBP target was suggested by the HYVET trial,
in which treating to an SBP target of <150 mmHg (achieving a mean
SBP of 144 mmHg) in the very old (>80 years) demonstrated signifi-
cant reductions in mortality, fatal stroke, and heart failure, with the
caveat that the ‘very old’ patients in this study were active and inde-
pendent.””® More recent evidence supports a lower SBP target for
older patients (>65 years):

(1) The SPRINT trial included a high proportion of patients over
the age of 75 years (n = 2636) and demonstrated that more inten-
sive BP-lowering treatment (mean achieved BP = 124/62 mmHg)
significantly reduced the risk of major CV events, heart failure, and
all-cause death (all by >30%) compared with standard treatment
(mean achieved BP = 135/67 mmHg).>"® It has been noted above
that the BP measurement technique used in SPRINT generated
lower values than those provided by the conventional office
BP measurement.”>>*** Consequently, the SBP of 124 mmHg
achieved in the intensively treated older patients in the SPRINT
trial most probably reflects a conventional office SBP range of
130-139 mmHg.

(2) Although HYVET and most other RCTs in older patients have
recruited relatively fit and independent patients, the SPRINT study
also suggested that there are benefits of more intensive treatment
being extended to older patients who are at the frailer end of the
spectrum of patients meeting the recruitment criteria, with reduced
gait speed.”'®

Based on the new data, the targets suggested by the previous
Guidelines now appear too conservative for many old and very old
patients, especially those who are active and independent.
Consequently, we recommend that in older patients treated for
hypertension, BP should be lowered to <140/80 mmHg, but not
below an SBP of 130 mmHg. Importantly, the impact of BP-lowering
on the well-being of the patient should be closely monitored, because
the increased risk of adverse events (e.g. injurious falls) with lower BP
values could be more pronounced in older patients in the real-life
setting than in the closely monitored conditions of RCTs. Further
details on the approach to treatment of the frail older patient are dis-
cussed in section 8.8.
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7.3.2.3 Office vs. home and ambulatory blood pressure targets

No outcome-based RCT has used ABPM or HBPM to guide the
treatment of hypertension. Thus, ABPM and HBPM BP targets are
based on extrapolation from observational data rather than on out-
come trials. Although we do not provide formal ABPM or HBPM BP
targets for treated patients, it should be noted that:

(1) In population studies, the difference between office and out-of-
office BP levels decreases as office BP decreases, to a point of
around 115 -120/70 mmHg, at which office and 24 h ABPM mean
BP values are usually similar.>*

(2) This convergence has also been confirmed in treated patients®** in
whom the difference between office BP and ambulatory BP
values diminishes and becomes negligible at an SBP of approxi-
mately 120 mmHg.

(3) Intreated patients, a target office SBP of 130 mmHg might therefore
correspond to a slightly lower mean 24 h SBP, i.e. approximately
125 mmHg.

(4) Although there are no available data, the home SBP target, to be
equivalent to an office SBP target of 130 mmHg, might also be lower
than 130 mmHg.

Office BP treatment targets in hypertensive patients

Recommendations

It is recommended that the first objective of
treatment should be to lower BP to <140/
90 mmHg in all patients and, provided that
the treatment is well tolerated, treated BP
values should be targeted to 130/80 mmHg
or lower in most patien‘cs.z‘8

In patients <65 years receiving BP-lowering
drugs, it is recommended that SBP should
be lowered to a BP range of 120-129

mmHg in most patients. 221>22?

In older patients (aged >65 years) receiving

BP-lowering drugs:

® |t is recommended that SBP should be
targeted to a BP range of 130-139

2,235,244

mmHg.

e Close monitoring of adverse effects is
recommended.

® These BP targets are recommended for
patients at any level of CV risk and in patients
with and without established CVD.*®

A DBP target of <80 mmHg should be consid-

ered for all hypertensive patients, independent

of the level of risk and comorbidities.?2%?*>

©ESC/ESH 2018

BP = blood pressure; CV = cardiovascular; CVD = cardiovascular disease; DBP =
diastolic blood pressure; SBP = systolic blood pressure.

?Class of recommendation.

®Level of evidence.

“Less evidence is available for this target in low—moderate-risk patients.

7.4 Treatment of hypertension

7.4.1 Lifestyle changes

Heathy lifestyle choices can prevent or delay the onset of hyperten-
sion and can reduce CV risk.!”** Effective lifestyle changes may be
sufficient to delay or prevent the need for drug therapy in patients
with grade 1 hypertension. They can also augment the effects of BP-
lowering therapy, but they should never delay the initiation of drug
therapy in patients with HMOD or at a high level of CV risk. A major
drawback of lifestyle modification is the poor persistence over
time.***?* The recommended lifestyle measures that have been
shown to reduce BP are salt restriction, moderation of alcohol con-
sumption, high consumption of vegetables and fruits, weight reduc-
tion and maintaining an ideal body weight, and regular physical
activity.17 In addition, tobacco smoking has an acute prolonged
pressor effect that may raise daytime ambulatory BP, but smoking
cessation and other lifestyle measures are also important beyond BP
(i.e. for CVD and cancer prevention).®

7.4.2 Dietary sodium restriction
There is evidence of a causal relationship between sodium intake and
BP, and excessive sodium consumption (>5 g sodium per day, e.g.
one small teaspoon of salt per day) has been shown to have a pressor
effect and be associated with an increased prevalence of hyperten-
sion and the rise in SBP with age.**’ Conversely, sodium restriction
has been shown to have a BP-lowering effect in many trials. A recent
meta-analysis of these trials showed that a reduction of ~1.75 g
sodium per day (4.4 g salt/day) was associated with a mean 4.2/2.1
mmHg reduction in SBP/DBP, with a more pronounced effect (-5.4/
-2.8 mmHg) in people with hypertension.**® The beneficial effect of a
reduced sodium intake on BP tends to diminish with time, in part due
to poor dietary persistence. The BP-lowering effect of sodium
restriction is greater in black people, in older patients, and in patients
with diabetes, metabolic syndrome, or CKD.** In people with
treated hypertension, effective sodium restriction may reduce the
number or dose of BP-lowering drugs that are necessary to control
Rp 250251

The effect of reduced dietary sodium on CV events remains
unclear.”>>7%>> Prospective cohort studies have reported an over-
allincreased risk of mortality and CV events on high sodium intake.
However, they also reported that reducing sodium intake below a
certain level (about 3 g of sodium per day) further reduced BP, but
paradoxically was associated with an increased risk of all-cause and
CV mortalities in both the general population and in hypertensive
people, suggesting a J-curve phenomenon.”*® The mechanism of
this apparent increased risk at low sodium intake is not well under-
stood and might be confounded by reverse causality. There is no
evidence from epidemiological studies that very low sodium intake
may cause harm.”>’ Although a few trials and meta-analyses sug-
gest that reducing salt intake from high to moderate is accompa-
nied by a lower risk of CV events,”**>>>*8 to date, no prospective
RCT has provided definitive evidence about the optimal sodium
intake to minimize CV events and mortality. Increased potassium
intake is associated with BP reduction and may have a protective
effect, thereby modifying the association between sodium intake,
BP, and CVD.>’
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Globally, usual sodium intake is between 3.5-5.5 g per day (which
corresponds to 9-12 g of salt per day), with marked differences
between countries and even between regions within countries. We
recommend sodium intake to be limited to approximately 2.0 g per
day (equivalent to approximately 5.0 g salt per day) in the general
population and to try to achieve this goal in all hypertensive
patients. Effective salt reduction is not easy and there is often poor
appreciation of which foods contain high salt levels. Advice should
be given to avoid added salt and high-salt foods. A reduction in pop-
ulation salt intake remains a public health priority but requires a
combined effort between the food industry, governments, and the
public in general, as 80% of salt consumption involves hidden salt in
processed foods.

7.4.3 Moderation of alcohol consumption

There is a long-established positive linear association between alco-
hol consumption, BP, the prevalence of hypertension, and CVD risk.
Binge drinking can have a strong pressor effect.”” The Prevention and
Treatment of Hypertension Study (PATHS) investigated the effects
of alcohol reduction on BP; the intervention group had a modest 1.2/
0.7 mmHg lower BP than the control group at the end of the 6 month
period.”®® A Mendelian randomization meta-analysis of 56 epidemio-
logical studies suggested that reduction of alcohol consumption, even
for light-moderate drinkers, might be beneficial for CV health.?"
Hypertensive men who drink alcohol should be advised to limit their
consumption to 14 units per week and women to 8 units per week
(1 unit is equal to 125 mL of wine or 250 mL of beer). Alcohol-free
days during the week and avoidance of binge drinking®® are also
advised.

7.4.4 Other dietary changes

Hypertensive patients should be advised to eat a healthy balanced
diet containing vegetables, legumes, fresh fruits, low-fat dairy prod-
ucts, wholegrains, fish, and unsaturated fatty acids (especially olive
oil), and to have a low consumption of red meat and saturated fatty
acids.**>~2** The Mediterranean diet includes many of these nutrients
and foods, with a moderate consumption of alcohol (mostly wine
with meals). A number of studies and meta-analyses”*>™>*> have
shown that the Mediterranean diet is associated with a reduction in
CV events and all-cause mortality. An RCT in high-risk individuals on
the Mediterranean diet over 5 years showed a 29% CV risk reduction
compared with a low-fat control diet, and a 39% reduction in
stroke.**® The Mediterranean diet also significantly reduced ambula-
tory BP, blood glucose, and lipid levels.”*® The diet should be

accompanied by other lifestyle changes such as physical exercise and
weight loss.>®
With regard to coffee consumption, caffeine has been shown to

267
have an acute pressor effect.

Nevertheless, coffee consumption is
associated with CV benefits, as highlighted by a recent systematic
review of prospective cohort studies including more than 1 million
participants and 36 352 CV events.**” Moreover, green or black tea
consumption may also have a small but significant BP-lowering
effect. 2¢82¢

Regular consumption of sugar-sweetened soft drinks has been
associated with overweight, metabolic syndrome, type 2 diabetes,
and higher CV risk. The consumption of these drinks should be
discouraged.®®

Thus, adopting a healthy and balanced diet may assist in BP reduc-
tion and also reduce CV risk.

7.4.5 Weight reduction

Excessive weight gain is associated with hypertension, and reducing
weight towards an ideal body weight decreases BP.*”® In a meta-
analysis, the mean SBP and DBP reductions associated with an aver-
age weight loss of 5.1 kg were 4.4 and 3.6 mmHg, respectively.””’
Both overweight and obesity are associated with an increased risk of
CV death and all-cause mortality. Weight reduction is recommended
in overweight and obese hypertensive patients for control of meta-
bolic risk factors, but weight stabilization may be a reasonable goal
for many. The Prospective Studies Collaboration®”* concluded that
mortality was lowest at a body mass index (BMI) of approximately
22.5-25 kg/m?, whereas a more recent meta-analysis concluded that
mortality was lowest in subjects with overweight.””>*”* Although the
optimal BMl is unclear, maintenance of a healthy body weight (BMI of
approximately 20-25 kg/m* in people <60 years of age; higher in
older patients) and waist circumference (<94 cm for men and <80
cm for women) is recommended for non-hypertensive individuals to
prevent hypertension, and for hypertensive patients to reduce BP.*®
Weight loss can also improve the efficacy of antihypertensive medica-
tions and the CV risk profile. Weight loss should employ a multidisci-
plinary approach that includes dietary advice, regular exercise, and
motivational counselling.35‘275 Furthermore, short-term results are
often not maintained over the long-term. Weight loss can also be
promoted by anti-obesity drugs and, to a greater degree, bariatric
surgery, which appears to decrease CV risk in severely obese
patients. Further details are available in a recent document of the
ESH and the European Association for the Study of Obesity.”’®
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7.4.6 Regular physical activity

Physical activity induces an acute rise in BP, especially SBP, followed
by a short-lived decline in BP below baseline. Epidemiological studies
suggest that regular aerobic physical activity may be beneficial for
both the prevention and treatment of hypertension, and to lower CV
risk and mortality. A meta-analysis of RCTs, which rely on self-
reported exercise and are by necessity unblinded, has shown that
aerobic endurance training, dynamic resistance training, and isometric
training reduce resting SBP and DBP by 3.5/2.5, 1.8/3.2, and 10.9/6.2
mmHg, respectively, in general populations.”’” Endurance training,
but not other types of training, reduces BP more in hypertensive par-
ticipants (8.3/5.2 mmHg). Regular physical activity of lower intensity
and duration lowers BP less than moderate- or high-intensity training,
but is associated with at least a 15% decrease in mortality in cohort
studies.”’®*”? This evidence suggests that hypertensive patients
should be advised to participate in at least 30 min of moderate-
intensity dynamic aerobic exercise (walking, jogging, cycling, or swim-
ming) on 5—7 days per week. Performance of resistance exercises on
2-3 days per week can also be advised. For additional benefit in
healthy adults, a gradual increase in aerobic physical activity to 300
min a week of moderate intensity or 150 min a week of vigorous-
intensity aerobic physical activity, or an equivalent combination
thereof, is recommended.®® The impact of isometric exercises on BP
and CV risk is less well established.*®°

7.4.7 Smoking cessation

Smoking is a major risk factor for CVD and cancer. Although the
rate of smoking is declining in most European countries, especially
in men, it is still common in many regions and age groups, and over-
all the prevalence remains high at 20-35% in Europe.”®! There is
also evidence suggesting ill-health effects of passive smoking.282
Studies using ABPM have shown that both normotensive subjects
and untreated hypertensive smokers present higher daily BP values
than non-smokers.”®> No chronic effect of smoking has been

reported for office BP,?%*

which is not lowered by smoking cessa-
tion. Smoking is second only to BP in contributing risk to the global
burden of disease, and smoking cessation is probably the single
most effective lifestyle measure for the prevention of CVD, includ-
ing stroke, myocardial infarction, and PAD.?#>28 Therefore, the
history of tobacco use should be established at each patient visit
and hypertensive smokers should be counselled regarding smoking
cessation.

Brief advice from a physician has a small but significant effect of
1- 3% over and above the unassisted 12 month quit rate.”®” This can
be improved by the use of pharmacological measures, with vareni-
cline and combination nicotine replacement therapy being superior
to bupropion or single nicotine replacement therapy.288 In compari-
son with placebo, nicotine replacement therapy or treatment with
buproprion doubles the chance of quitting, whilst varenicline or
combination nicotine replacement therapy triples the chance of
quitting. Combining behavioural support with pharmacotherapy
increases the chance of success by 70-100% compared with brief

advice alone.”®

Lifestyle interventions for patients with hypertension or
high-normal BP

Level®

Class®

Recommendations

Salt restriction to <5 g per day is

recommended.?8:2°0255:258

It is recommended to restrict alcohol con-
sumption to:
@ Less than 14 units per week for men.

o Less than 8 units per week for women.>

It is recommended to avoid binge drinking.

Increased consumption of vegetables, fresh
fruits, fish, nuts, and unsaturated fatty acids
(olive oil); low consumption of red meat;

and consumption of low-fat dairy products

are recommended.?¢2%°

Body-weight control is indicated to avoid
obesity (BMI >30 kg/m? or waist circumfer-
ence >102 cm in men and >88 cm in
women), as is aiming at healthy BMI (about
20-25 kg/m?) and waist circumference val-
ues (<94 cm in men and <80 cm in women)
to reduce BP and CV risk,26%271273:270

Regular aerobic exercise (e.g. at least 30

min of moderate dynamic exercise on 5-7

) 262278279
days per week) is recommended.

Smoking cessation, supportive care, and

referral to smoking cessation programs are
(286288291
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recommende

BMI = body mass index; BP = blood pressure; CV = cardiovascular.
*Class of recommendation.
PLevel of evidence mostly based on the effect on BP and/or CV risk profile.

1.5. Pharmacological therapy for
hypertension

7.5.1 Drugs for the treatment of hypertension

Most patients will require drug therapy in addition to lifestyle meas-
ures to achieve optimal BP control. In the previous Guidelines, five
major drug classes were recommended for the treatment of hyper-
tension: ACE inhibitors, ARBs, beta-blockers, CCBs, and diuretics
(thiazides and thiazide-like diuretics such as chlortalidone and indapa-
mide), based on: (i) proven ability to reduce BP; (ii) evidence from
placebo-controlled studies that they reduce CV events; and (i) evi-
dence of broad equivalence on overall CV morbidity and mortality,
with the conclusion that benefit from their use predominantly derives
from BP lowering. These conclusions have since been confirmed by
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recent meta-analyses."**'**? These meta-analyses have reported
cause-specific differences on outcomes between some drugs (e.g.
less stroke prevention with beta-blockers, and less heart failure pre-
vention with CCBs); however, overall, major CV outcomes and mor-
tality were similar with treatment based on initial therapy with all five
major classes of treatment. These Guidelines thus recommend that
the same five major classes of drugs should form the basis of antihy-
pertensive therapy. There are compelling or possible contraindica-
tions for each class of drug (Table 20) and preferential use of some
drugs for some conditions, as discussed below. There is also evidence
that there are differences in the persistence and discontinuation rates
of the major drug classes.””>*%*

Other classes of drugs have been less widely studied in event-
based RCTs or are known to be associated with a higher risk of
adverse effects [e.g. alpha-blockers, centrally acting agents, and min-
eralocorticoid receptor antagonists (MRAs)]. These are useful addi-
tions to the antihypertensive armamentarium in patients whose BP
cannot be controlled by proven combinations of the aforementioned
major drug classes.

7.5.1.1. Blockers of the renin—angiotensin system (angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers)
Both ACE inhibitors and ARBs are among the most widely used
classes of antihypertensive drugs. They have similar effective-
ness>”>?? as each other and other major drug classes on major CV
events and mortality outcomes.>>”*> ARBs are associated with signifi-
cantly lower treatment discontinuation rates for adverse events than
those of all other antihypertensive therapies,””” and similar rates to
placebo.*”* ACE inhibitors and ARBs should not be combined for the
treatment of hypertension because there is no added benefit on out-
comes and an excess of renal adverse events2*®**” Dual combina-
tion of RAS blockers also led to the premature cessation of another
trial due to adverse events,291 when a renin inhibitor, aliskiren, was
combined with either an ACE inhibitor or an ARB in people with dia-
betes. This result halted further research into the clinical utility of alis-
kiren for BP treatment.

Both ACE inhibitors and ARBs reduce albuminuria more than
other BP-lowering drugs and are effective at delaying the progression
of diabetic and non-diabetic CKD.?'” A recent meta-analysis shows

Table 20 Compelling and possible contraindications to the use of specific antihypertensive drugs

Drug

Contraindications

Compelling

Possible

Diuretics (thiazides/thiazide-like, e.g. chlortha- | e Gout
lidone and indapamide)

Metabolic syndrome
Glucose intolerance
Pregnancy

Hypercalcaemia

Hypokalaemia

Beta-blockers ® Asthma

® Any high-grade sinoatrial or atrioventricular block
e Bradycardia (heart rate <60 beats per min)

Metabolic syndrome
Glucose intolerance

o Athletes and physically active patients

Calcium antagonists (dihydropyridines)

® Tachyarrhythmia
e Heart failure (HFrEF, class Il or V)
® Pre-existing severe leg oedema

Calcium antagonists (verapamil, diltiazem)

® Any high-grade sinoatrial or atrioventricular block e Constipation

® Severe LV dysfunction (LV ejection fraction <40%)
e Bradycardia (heart rate <60 beats per min)

ACE inhibitors ® Pregnancy ® Women of child-bearing potential
e Previous angioneurotic oedema without reliable contraception
o Hyperkalaemia (potassium >5.5 mmol/L)
o Bilateral renal artery stenosis

ARBs ® Pregnancy ® Women of child-bearing potential
® Hyperkalaemia (potassium >5.5 mmol/L) without reliable contraception

o Bilateral renal artery stenosis

O©ESC/ESH 2018

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; HFrEF = heart failure with reduced ejection fraction; LV = left ventricular.
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that RAS blockers are the only antihypertensive agents for which evi-
dence is available of a reduced risk of end-stage renal disease.”"’

ACE inhibitors and ARBs also appear effective in preventing or
regressing HMOD, such as LVH and small artery remodelling, for an
equivalent reduction in BP.2*> Both drugs reduce incident AF, which
may be related to improved LV function and more effective LV struc-
tural regression.””* ACE inhibitors and ARBs are also indicated post-
myocardial infarction and in patients with chronic HFrEF, which are
frequent complications of hypertension.

ACE inhibitors are associated with a small increased risk of angio-
neurotic oedema, especially in people of black African origin and, in
such patients, when RAS blockers are used, an ARB may be preferred.

7.5.1.2. Calcium channel blockers
CCBs are widely used for the treatment of hypertension and have
similar effectiveness as other major drug classes on BP, major CV
events, and mortality outcomes.”**> CCBs have a greater effect on
stroke reduction than expected for the BP reduction achieved, but
may also be less effective at preventing HFrEF.>*”> However, in anti-
hypertensive treatment trials, emergent heart failure is the event con-
sidered. Though clinically a very relevant event, it is a difficult
endpoint to quantify precisely, either because symptoms and signs
are relatively non-specific or because oedema due to CCBs may
result in misdiagnosis. Comparison with diuretics may also be difficult
because fluid loss may mask signs and symptoms of incipient heart
failure rather than preventing it. CCBs have also been compared with
other antihypertensive agents in HMOD-based trials, and are
reported to be more effective than beta-blockers in slowing the pro-
gression of carotid atherosclerosis, and in reducing LVH and
pro‘ceinuria.17

CCBs are a heterogeneous class of agents. Most RCTs demon-
strating the benefits of CCBs on outcomes have used dihydropyri-
dines (especially amlodipine). A smaller number of RCTs have
compared non-dihydropyridines (verapamil and diltiazem) with other
drugs, and meta-analyses evaluating the two subclasses (vs. other

drugs) have not shown substantial differences in effectiveness.””

7.5.1.3. Thiazidelthiazide-like diuretics (e.g. chlorthalidone and
indapamide)

Diuretics have remained the cornerstone of antihypertensive treat-
ment since their introduction in the 1960s. Their effectiveness in pre-
venting all types of CV morbidities and mortality has been confirmed
in RCTs and meta-analyses.>® Diuretics also appear to be more
effective than other drug classes in preventing heart failure.””> There
has been debate about whether thiazide-like diuretics such as chlor-
thalidone and indapamide should be given preference over classical
thiazide diuretics (e.g. hydrochlorothiazide and bendrofluazide), but
their superiority on outcomes has never been tested in head-to-head
RCTs. Chlorthalidone and indapamide have been used in a number
of RCTs showing CV benefits, and these agents are more potent per
milligram than hydrochlorothiazide in lowering BP, with a longer
duration of action compared with hydrochlorothiazide and no evi-
dence of a greater incidence of side effects.>*" Lower dose thiazide-
like diuretics (typical of modern antihypertensive treatment regi-
mens) also have more evidence from RCTs demonstrating reduc-
tions in CV events and mortality, when compared with lower dose
thiazide diuretics.>®? That said, hydrochlorothiazide, alone or in

combination with a potassium-sparing agent, has also been used in
BP-lowering RCTs, with positive results.*®® A recent meta-analysis of
placebo-controlled studies based on thiazides, chlorthalidone, and
indapamide reported similar effects on CV outcomes of the three
types of diuretics.’® Therefore, in the absence of evidence from
direct comparator trials and recognizing that many of the approved
single-pill combinations (SPCs) are based on hydrochlorothiazide
(see below), we recommend that thiazides, chlorthalidone, and inda-
pamide can all be considered suitable antihypertensive agents. Both
thiazide and thiazide-like diuretics can reduce serum potassium and
have a side effect profile that is less favourable than RAS blockers,
which may account for their association with a higher rate of treat-
ment discontinuation.?”>*% They also exhibit dysmetabolic effects
that increase insulin resistance and the risk of new-onset diabetes.
Potassium may attenuate these effects,*® and a recent study has
shown that the adverse effect of thiazides on glucose metabolism
may be reduced by the addition of a potassium-sparing diuretic.>®
Both thiazides and thiazide-like agents are less effective antihyperten-
sive agents in patients with a reduced GFR (eGFR <45 mL/min) and
become ineffective when the eGFR is <30 mL/min. In such circum-
stances, loop diuretics such as furosemide (or torasemide) should
replace thiazides and thiazide-like diuretics to achieve an antihyper-
tensive effect.

7.5.1.4. Beta-blockers

RCTs and meta-analyses demonstrate that when compared with pla-
cebo, beta-blockers significantly reduce the risk of stroke, heart fail-
ure, and major CV events in hypertensive patients.>®® When
compared with other BP-lowering drugs, beta-blockers are usually
equivalent in preventing major CV events, except for less effective
prevention of stroke, which has been a consistent finding."**" It is
possible that the difference originated from small differences in
achieved BP (including central SBP'® between different drug treat-
ments), to which cerebrovascular events may be especially sensitive.
RCTs based on HMOD have also indicated that beta-blockers are
somewhat less effective than RAS blockers and CCBs in preventing
or regressing LVH, carotid IMT, aortic stiffness, and small artery
remodelling."” In addition, a mortality benefit post-myocardial infarc-
tion is uncertain in patients without LV dysfunction.’*® Beta-blockers,
as well as diuretics, and particularly their combination, are also associ-
ated with increased risk of new-onset diabetes in predisposed sub-
jects (mostly those with the metabolic syndrome). They also exhibit
a somewhat less favourable side effect profile than that of RAS block-
ers, with a higher rate of treatment discontinuation when assessed in
real-life conditions.””® Beta-blockers have been shown to be particu-
larly useful for the treatment of hypertension in specific situations
such as symptomatic angina, for heart rate control, post-myocardial
infarction, HFrEF, and as an alternative to ACE inhibitors or ARBs in
younger hypertensive women planning pregnancy or of child-bearing
potential.

Finally, beta-blockers are not a homogeneous class. In recent years,
the use of vasodilating beta-blockers—such as labetalol, nebivolol,
celiprolol, and carvedilol—has increased. Studies on nebivolol have
shown that it has more favourable effects on central BP, aortic stiff-
ness, endothelial dysfunction, etc. It has no adverse effect on the risk
of new-onset diabetes and a more favourable side effect profile than

307,308

classical beta-blockers, including less adverse effects on sexual

Downl oaded from https://academ c. oup. conl eur heartj/advance-articl e-abstract/doi/10. 1093/ eur heartj/ehy339/5079119

by guest

on 25 August 2018



ESC/ESH Guidelines

39

function. Bisoprolol, carvedilol, and nebivolol have been shown to
improve outcomes in RCTs in heart failure;136 however, there are no
RCTs reporting patient outcomes with these beta-blockers in hyper-
tensive patients.

7.5.1.5. Other antihypertensive drugs

Centrally active drugs were widely used in the earliest decades of anti-
hypertensive treatment when other treatments were not available,
but are less frequently used now, principally because of their poorer
tolerability relative to the newer major classes of drugs. The alpha-
blocker doxazosin was effective in the Anglo-Scandinavian Cardiac
Outcomes Trial (ASCOT) as third-line therapy (with no increase in
the risk of heart failure),**” and was more effective than placebo but
less effective than spironolactone at lowering BP in resistant hyperten-
sion in the Prevention And Treatment of Hypertension With
Algorithm-based therapY-2 (PATHWAY-2) study.>'® Alpha-blockers
may also be required in specific indications (e.g. the treatment of
symptomatic prostatic hypertrophy). Antihypertensive drugs, other
than the major classes already discussed above, are no longer recom-
mended for the routine treatment of hypertension, and are primarily
reserved for add-on therapy in rare cases of drug-resistant hyperten-
sion where all other treatment options have failed.

7.5.2 Drug treatment strategy for hypertension
Guidelines have generated a variety of different strategies to initiate
and escalate BP-lowering medication to improve BP control rates. In
previous Guidelines, the emphasis was on initial use of different
monotherapies, increasing their dose, or substituting for another
monotherapy. However, increasing the dose of monotherapy produ-
ces little additional BP lowering and may increase the risk of adverse
effects, whilst switching from one monotherapy to another is frus-
trating, time consuming, and often ineffective. For these reasons,
more recent Guidelines have increasingly focused on the stepped-
care approach, initiating treatment with different monotherapies and
then sequentially adding other drugs until BP control is achieved.
Despite this, BP control rates have remained poor worldwide. As
shown by recent observations, irrespective of the world region,
whether high- or low-income economies, or the level of sophistica-
tion of healthcare provision, only ~40% of patients with hyperten-
sion are treated; of these, only ~35% are controlled to a BP of <140/
90 mmHg."? This failure to achieve BP control in most hypertensive
patients, despite numerous iterations of previous Guidelines, suggests
that these treatment strategies are not working and that a different
approach is needed. This Task Force believes that one of the most
important issues to address in these Guidelines is ‘how do we
improve BP control in treated patients?. This has become an even
more pressing matter because, based on new evidence, current
Guidelines are recommending more stringent BP targets (on-treat-
ment values of < 130/80 mmHg in the general population and < 140/
90mmHg in older hypertensive people), which will make the achieve-
ment of BP control even more challenging.

Several reasons need to be considered to identify why the current
treatment strategy has failed to achieve better BP control rates:

(1) Efficacy of pharmacological therapies. Are the best available
treatments, in whatever combination, incapable of controlling BP in
most patients? The evidence from RCTs demonstrating that BP

control can be achieved in most recruited patients, and that no
more than 5-10% of these patients exhibit resistance to the
selected treatment regimen, suggests that ineffective drug therapy is
not the source of the problem.

(2) Physician or treatment inertia. (i.e. failure to adequately upti-
trate treatment). Evidence suggests that inertia®'! contributes to
suboptimal BP control, with many patients remaining on monother-
apy and/or suboptimal doses, despite inadequate BP control.'

(3) Patient adherence to treatment. Evidence is accumulating that
adherence is a much more important factor than previously recog-
nised. Studies using urine or blood assays for the presence or
absence of medication have shown that adherence to treatment is
low. This is supported by studies in the general population in which
adherence to treatment, based on prescription refilling, was <50%
of the treatment in half of the patients.>'? Poor adherence has also
be shown to be associated with increased CV risk in various stud-
ies®" (see section 10).

(4) Insufficient use of combination treatment. BP is a multiregu-
lated variable depending on many compensating pathways.
Consequently, combinations of drugs, working through different
mechanisms, are required to reduce BP in most people with hyper-
tension. Thus, monotherapy is likely to be inadequate therapy in
most patients. Indeed, almost all patients in RCTs have required
combinations of drugs to control their BP.3"*

(5) Complexity of current treatment strategies. There is also
evidence that adherence to treatment is adversely affected by the
complexity of the prescribed treatment regimen. In a recent study,
adherence to treatment was strongly influenced by the number of
pills that a patient was prescribed for the treatment of hyperten-
sion.>"® Non-adherence was usually <10% with a single pill, rising to
~20% with two pills, ~40% with three pills, and very high rates of
partial or complete non-adherence in patients receiving five or
more pills.>"

The above considerations suggest that the most effective
evidence-based treatment strategy to improve BP control is one that:
(i) encourages the use of combination treatment in most patients,
especially in the context of lower BP targets; (i) enables the use of
SPC therapy for most patients, to improve adherence to treatment;
and (iii) follows a treatment algorithm that is simple, applies to all
patients, and is pragmatic, with the use of SPC therapy as initial ther-
apy for most patients, except those with BP in the high—normal range
and in frail older patients (see below).

7.5.2.1. Drug combinations for hypertension treatment

Among the large number of RCTs of antihypertensive therapy, only a
few have directly compared different two-drug combinations, with
systematic use of the two combinations in both arms. In other trials,
treatment was initiated using monotherapy in either arm and another
drug (and sometimes more than one drug) was added, usually in a
non-randomized fashion, according to a pre-specified treatment algo-
rithm. In a few trials, the design precluded the use of what might be
considered optimal combinations because multiple monotherapies
were being evaluated [e.g. the Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT), where the add-
on therapy to either a diuretic, CCB, ACE inhibitor, or alpha-blocker
was a beta-blocker, clonidine, or reserpine].>'¢
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With this caveat, Table 21 shows that a variety of drug combina-
tions have been used in at least one active arm of placebo-controlled
trials and have been associated with significant benefit on major CV
events. In trials comparing different regimens (Table 22), all combina-
tions have been used in a larger or smaller proportion of patients,
without major differences in benefits. The only exceptions are two
trials in which a large proportion of the patients received either an
ARB—diuretic combination®'” or CCB-ACE inhibitor combina-

tion,"® with both regimens being superior to a beta-blocker—diuretic
combination in reducing CV outcomes. However, in six other trials

(with seven comparisons), beta-blockers followed by diuretics or

Table 21

diuretics followed by beta-blockers were not associated with a signifi-
233234316319-321 4 1o

beta-blocker diuretic combination was significantly more effective
322732 1t should be mentioned that the

beta-blocker—diuretic combination may result in more cases of new-

cantly different risk of any CV outcome,
than placebo in three trials.

onset diabetes in susceptible individuals compared with other combi-
nations.’”® A rarely used combination of thiazide and potassium-
sparing diuretic (amiloride) has also been shown to be equivalent to
CCB-based treatment,mo‘326

ated with fewer metabolic adverse effects compared with thiazide
305

and was recently reported to be associ-

alone (less hypokalaemia and glucose intolerance).

Major drug combinations used in trials of antihypertensive treatment in a stepped approach or as a random-
ized combination (combinations vs. placebo or monotherapy)

Trial Comparator Type of patients SBP difference | Outcomes [change in relative risk (%)]
(mmHg)
ACE inhibitor and diuretic combination
PROGRESS*’ Placebo Previous stroke or TIA -9 —28% strokes (P <0.001)
ADVANCE** Placebo Diabetes =56 —9% micro/macrovascular events (P = 0.04)
HYVET?%0 Placebo Hypertensive; >80 years | —15 —34% CV events (P <0.001)

ARB and diuretic combination

SCOPE** Diuretic + placebo

Hypertensive; >70 years | —3.2

—28% non-fatal strokes (P = 0.04)

CCB and diuretic combination

conventional

antihypertensive

FEVER®®! Diuretic + placebo | Hypertensive -4 —27% CV events (P <0.001)
ACE inhibitor and CCB combination

Syst-Eur®*? Placebo Older with ISH -10 —31% CV events (P <0.001)
Syst-China®* Placebo Older with ISH =9 —37% CV events (P <0.004)
Beta-blocker and diuretic combination

Coope and Warrender®*> Placebo Older hypertensive -18 —42% strokes (P <0.03)
SHEP*?? Placebo Older with ISH -13 —36% strokes (P <0.001)
STOP-H*** Placebo Older hypertensive -23 —40% CV events (P = 0.003)
STOP-H 2734 ACE inhibitor or Hypertensive 0 NS difference in CV events

Combination of two RAS blockers/ACE inhibitor + ARB or RAS blocker + renin inhibitor)
ONTARGET*? ACE inhibitor or ARB | High-risk patients More renal events
ALTITUDE*”! ACE inhibitor or ARB | High-risk diabetic patients More renal events
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ACE = angiotensin-converting enzyme; ADVANCE = Action in Diabetes and Vascular Disease: Preterax and Diamicron — MR Controlled Evaluation; ALTITUDE = Aliskiren
Trial in Type 2 Diabetes Using Cardiovascular and Renal Disease Endpoints; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; CV = cardiovascular; FEVER
= Felodipine Event Reduction; HYVET = Hypertension in the Very Elderly Trial; ISH = isolated systolic hypertension; NS = non-significant; ONTARGET = Ongoing Telmisartan
Alone and in combination with Ramipril Global Endpoint trial; PROGRESS = perindopril protection against recurrent stroke study; RAS = renin-angiotensin system; SBP = sys-
tolic blood pressure; SCOPE = Study on Cognition and Prognosis in the Elderly; SHEP = Systolic Hypertension in the Elderly Program; STOP-H = Swedish Trial in Old Patients
with Hypertension; Syst-China = Systolic Hypertension in China; Syst-Eur = Systolic Hypertension in Europe; TIA = transient ischaemic attack.
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Table 22 Major drug combinations used in trials of antihypertensive treatment in a stepped approach or as a random-
ized combination (combinations vs. other combinations)

Trial Comparator Type of patients SBP difference Outcomes [change in

(mmHg) relative risk (%)]

ACE inhibitor and diuretic combination

CAPPP33* BB + diuretic Hypertensive +3 +5% CV events (NS)

ACCOMPLISH??’ ACE inhibitor + CCB Hypertensive with risk factors +1 +21% CV events (P <0.001)

ARB and diuretic combination

LIFE?" BB + diuretic Hypertensive with LVH ~1 —26% stroke (P <0.001)

CCB and diuretic combination

ELSA* BB + diuretic Hypertensive 0 NS difference in CV events

CONVINCE?*? BB + diuretic Hypertensive with risk factors 0 NS difference in CV events

VALUE* ARB + diuretic High-risk hypertensive -22 —3% CV events (P = NS)

COPE** CCB + BB Hypertensive +0.7 NS difference in CV events or stroke

ACE inhibitor and CCB combination

NORDIL** BB + diuretic Hypertensive +3 NS difference in CV events

INVEST?* BB + diuretic Hypertensive with CAD 0 NS difference in CV events

ASCOT?'® BB + diuretic Hypertensive with risk factors -3 —16% CV events (P <0.001)

ACCOMPLISH?*” ACE inhibitor + diuretic Hypertensive with risk factors -1 —21% CV events (P <0.001)

Beta-blocker and diuretic combination

CAPPP33 ACE inhibitor + diuretic Hypertensive -3 —5% CV events (P = NS)

LIFE®" ARB + diuretic Hypertensive with LVH +1 +26% stroke (P <0.001)

ALLHAT?'® ACE inhibitor + BB Hypertensive with risk factors -2 NS difference in CV events

ALLHAT?'® CCB + BB Hypertensive with risk factors =il NS difference in CV events

CONVINCE** CCB + diuretic Hypertensive with risk factors 0 NS difference in CV events

NORDIL** ACE inhibitor + CCB Hypertensive =3 NS difference in CV events

INVEST>% ACE inhibitor + CCB Hypertensive with CAD 0 NS difference in CV events

ASCOT"® ACE inhibitor + CCB Hypertensive with risk factors +3 +16% CV events (P <0.001)

Beta-blocker and CCB combination

COPE*® ARB + CCB Hypertensive +0.8 NS difference in CV events or stroke

ARB and CCB combination

COPE®* CCB + diuretic Hypertensive -0.7 NS difference in CV events or stroke

COPE** CCB + BB Hypertensive -0.8 NS difference in CV events or stroke

coLm®*® ARB -+ diuretic Older hypertensive 0 NS difference in CV events

OESC/ESH 2018

ACCOMPLISH = Avoiding Cardiovascular Events Through Combination Therapy in Patients Living With Systolic Hypertension; ACE = angiotensin-converting enzyme;
ALLHAT = Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; ARB = angiotensin receptor blocker; ASCOT = Anglo-Scandinavian Cardiac
Outcomes Trial; BB = beta-blocker; CAD = coronary artery disease; CAPPP = Captopril Prevention Project; CCB = calcium channel blocker; COLM = Combination of
OLMesartan and a calcium channel blocker or diuretic in Japanese elderly hypertensive patients; CONVINCE = Controlled Onset Verapamil Investigation of Cardiovascular
End Points; COPE = Combination Therapy of Hypertension to Prevent Cardiovascular Events; CV = cardiovascular; ELSA = European Lacidipine Study on Atherosclerosis;
INVEST = International Verapamil-Trandolapril Study; LIFE = Losartan Intervention For Endpoint reduction in hypertension; LVH = left ventricular hypertrophy; NORDIL =
Nordic Diltiazem; NS = non-significant; SBP = systolic blood pressure; VALUE = Valsartan Antihypertensive Long-term Use Evaluation.
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Three outcome trials directly compared two different combina-
tions, each involving a combination of a RAS blocker (ACE inhibitor
or ARB) and a CCB with other combinations. In the Avoiding
Cardiovascular Events Through Combination Therapy in Patients
Living With Systolic Hypertension (ACCOMPLISH) trial, the ACE
inhibitor—CCB combination was superior to the same ACE inhibitor
in combination with a thiazide diuretic at preventing major CV out-
comes, despite no apparent BP difference between the two arms.**’
This finding was not confirmed in the Combination of OLMesartan
and a CCB or diuretic in Japanese older hypertensive patients
(COLM)*?® and Combination Therapy of Hypertension to Prevent
Cardiovascular Events (COPE) trials,**

differences in CV events when a RAS blocker-CCB combination was

which reported no significant

compared with a RAS blocker—thiazide diuretic combination, but
both of these trials had insufficient statistical power.

Based on the results of outcome RCTs and recent meta-analyses,
and evidence of BP-lowering effectiveness, all five major drug classes
can, in principle, be combined with one another, except for ACE
inhibitors and ARBs, whose concomitant use may lead to no addi-
tional benefit but increased adverse effects and is thus discouraged.
We recommend that the treatment of hypertension should be pref-
erentially based on combinations of an ACE inhibitor or ARB with a
CCB and/or a thiazide/thiazide-like diuretic. These combinations are
now widely available in a single pill and in a range of doses, facilitating
simplification of treatment, flexible prescribing, and uptitration from
lower to higher doses. Combination therapy that includes an ACE
inhibitor or ARB with either a CCB or thiazide/thiazide-like diuretic
are complementary because both CCBs or diuretics activate the
RAS, which will be counteracted by their combination with an ACE
inhibitor or ARB. These combinations will also limit potential adverse
effects associated with diuretic or CCB monotherapy, reducing the
risk of hypokalaemia due to diuretics and reducing the prevalence of
peripheral oedema due to CCBs. These combinations also ensure
that the RAS is inhibited as part of the treatment strategy, which is an
important consideration for many patient groups (e.g. diabetes, LVH,
proteinuria).

Other combinations, such as CCB 4 diuretic, also have evidence
from RCTs supporting their use.*>*?’ These are much less widely
available as SPCs and do not include blockade of the RAS, which may
be desirable in many patient groups.

Beta-blockers in combination should be preferentially used when
there is a specific clinical indication for their use (e.g. in patients with
symptomatic angina, for patients requiring heart rate control, post-
myocardial infarction, chronic HFrEF, and as an alternative to ACE
inhibitors or ARBs in younger hypertensive women planning preg-
nancy or of child-bearing potential). SPCs of beta-blockers with an
ACE inhibitor, CCB, or diuretic are available.

7.5.2.2 Rationale for initial two-drug combination therapy for most
patients

As discussed above and with the emphasis in these Guidelines on
achieving a BP target in most patients of <130/80 mmHg, the majority
of patients will require combination therapy. Initial combination ther-
apy is invariably more effective at BP lowering than monotherapy,
indeed even low-dose combination therapy is usually more effective
than maximal dose monotherapy.®* Furthermore, the combination
of medications targeting multiple mechanisms, such as blocking the

RAS as well as inducing vasodilatation and/or diuresis, reduces the
heterogeneity of the BP response to initial treatment and provides a
steeper dose response than is observed with escalating doses of
monotherapy.>*? Finally, two-drug combinations as initial therapy
have been shown to be safe and well tolerated, with no or only a
small increase in the risk of hypotensive episodes,**! even when given

in which adverse events
294

to patients with grade 1 hypertension,**?
leading to treatment discontinuation are infrequent.

Although no RCT has compared major CV outcomes between ini-
tial combination therapy and monotherapy, observational evidence
suggests that the time taken to achieve BP control is an important
determinant of clinical outcomes, especially in higher risk patients,
with a shorter time to control associated with lower risk.>*
Furthermore, there is evidence from the more general hypertensive
population that, compared with patients on initial monotherapy,
those who start treatment with a two-drug combination exhibit
more frequent BP control after 1 year.>*"** This is probably because
initial combination treatment is associated with a better long-term

346 and because initial

adherence to the prescribed treatment regimen
two-drug administration prevents therapeutic inertia (i.e. reluctance
or failure to upgrade treatment from one to more drugs when BP is
uncontrolled).**’ Studies from very large hypertension cohorts in
usual care have shown that initial combination treatment results in
reduced treatment discontinuation and a lower risk of CV events
than initial monotherapy followed by the traditional stepped-care
approach.2'>** The usual-care settings for these studies may be
especially relevant to study the true impact of treatment strategies
on adherence and therapeutic inertia, because this can be difficult to
replicate in a conventional RCT in which the motivation of the clinical
staff and patients, and the monitoring of treatment, are very different
from usual care. In this regard, the outcome of these real-life studies
of the impact of initial combination therapy on adherence, BP control,
and CV outcomes may be especially relevant.**?

A consideration in the current Guidelines was to persist with the
current stepped-care approach to BP treatment, which has been
interpreted as recommending monotherapy as initial therapy for
most patients, reflecting current practice. In fact, the previous
Guidelines did acknowledge the possibility of initial combination ther-
apy for patients with grade 2 or 3 hypertension, or patients at high or
very high risk. In other words, initial monotherapy was only recom-
mended for grade 1 hypertension and low- or moderate-risk
patients. Thus, in reality, the shift in emphasis in this new guidance is
subtle. However, normalizing the concept of initiating therapy with a
two-drug combination for most patients with hypertension is likely
to have a major effect on clinical practice and the speed and quality of
BP control. We acknowledge that some low- or moderate-risk
patients with grade 1 hypertension may achieve their BP target with
monotherapy, but this is unlikely in patients with an initial SBP >150
mmHg who would require a BP reduction of >20 mmHg. Moreover,
the possibility of starting with a low-dose combination of two antihy-
pertensive drugs, even in grade 1 hypertensive patients with
low—moderate-risk, is supported by the reduction of CV events
obtained by combination therapy in the upper tertile (grade 1 hyper-
tension) in the HOPE-3 trial*'? In patients with high—normal BP and
a high CV risk or in frail older patients, treatment initiation with
monotherapy may be appropriate in the former because only a small
BP reduction may be required to achieve the BP target, and in the
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latter because in older patients baroreflex sensitivity is frequently
impaired and the risk of hypotension is greater.

7.5.2.3 Uptitration of treatment to three-drug combination therapy
Studies suggest that two-drug combination therapy will control BP in
approximately two-thirds of patients.>*' For patients whose BP is not
controlled by two-drug combination therapy, the logical option is to
increase treatment to three-drug combination therapy: usually a RAS
blocker, a CCB, and a diuretic. Studies suggest that a three-drug com-
bination should control BP in >80% of patients.>****° This rate of BP
control is much greater than the current rate of BP control across
Europe in treated hypertensive patients. We do not recommend
three-drug combinations as initial therapy.

7.5.2.4 Rationale for single-pill combination therapy as usual therapy for
hypertension

The 2013 ESH/ESC Guidelines" favoured the use of combinations of
two antihypertensive drugs in a single pill, because reducing the num-
ber of pills to be taken daily improves adherence and increases the
rate of BP control>*¢**" This recommendation is endorsed by the
current Guidelines. It is further supported by data from recent stud-
ies using various methods to assess adherence to treatment, including
the quantification of antihypertensive drugs in urine and blood,**>*>3
and estimates such as pill counting or prescription refills, which,
although indirect, allow the measurement of adherence on a pro-
longed basis, thereby accounting for its time-variable nature3*3>*
These studies have unequivocally shown a direct inverse relationship
between the number of pills and the likelihood of adherence. This
approach is now facilitated by the availability of several SPCs with a
range of dosages, which eliminates the often-stated disadvantage of
SPC therapy (i.e. the inability to increase the dose of one drug inde-
pendently of the other). It is also convenient that the most widely
available SPCs mirror the major drug class combinations recom-
mended by these Guidelines. The major advantage of an SPC as the
usual therapeutic approach for hypertension is that patients can
progress from 1, 2, or 3 drug treatments whilst remaining on a simple
treatment regimen with a single pill throughout, increasing the likeli-
hood of adherence to therapy and achieving BP control. Such an
approach has the potential to double BP control rates in treated
patients from the present low level of ~40%. Although, at present,
the availability of two-drug SPCs is largely limited to a RAS blocker
with either a CCB or diuretic, it would be desirable to see the devel-
opment of an expanded range of low-cost SPCs in different drug for-
mulations, tailored to different clinical requirements.

Polypills have also emerged as SPCs (i.e. a fixed-dose combination
of one or more antihypertensive agents with a statin and low-dose
aspirin), with the rationale that hypertensive patients are often at suffi-
cient CV risk to benefit from statin therapy. Studies of bioequivalence
suggest that when combined in the polypill, different agents maintain
all or most of their expected effect.®*> Furthermore, studies per-
formed in the setting of secondary prevention, particularly in patients
with a previous myocardial infarction, have shown that use of the pol-
ypill is accompanied by a better adherence to treatment compared
with separate medications.*** The ESC Guidelines for the manage-
ment of myocardial infarction have recommended polypill use to
improve long-term adherence to prescribed therapy (class lla, level
B).>** No data are available for primary prevention in patients with

hypertension. Nevertheless, the advantage of treatment simplification
and adherence suggests that use of the polypill may be considered in
patients with hypertension as substitution therapy, when the need and
effectiveness of each polypill component has been previously estab-

lished by their administration in separate tablets.*>®

7.5.2.5 Further uptitration of antihypertensive therapy

When BP remains uncontrolled with three-drug combination therapy,
the patient is classified as having resistant hypertension, assuming that
secondary causes of hypertension and poor adherence to treatment
have been excluded, and that the elevation in BP has been confirmed
by repeated office BP measurement, ABPM, or HBPM (see section 8.1).
Such patients should be considered for specialist evaluation. Additional
treatment options include the addition of low-dose spironolactone
(25-50 mg daily)*"® or another additional diuretic therapy [higher-
dose amiloride 10 - 20 mg daily,*” higher dose thiazide or thiazide-like
diuretics, loop diuretics in patients with significant renal impairment
(eGFR <45 mL/min/m?), beta-blockers, alpha-blockers, centrally acting
agents (e.g. clonidine), or, rarely, minoxidil] (see section 8.1).

7.5.3 The drug treatment algorithm for hypertension
Reflecting on the evidence above, and recognizing the urgent need to
address the factors contributing to the poor control of BP in treated
hypertensive patients (see section 7.5.1), this drug treatment algo-
rithm has been developed to provide a simple and pragmatic treat-
ment recommendation for the treatment of hypertension, based on
a few key recommendations:

(1) Theinitiation of treatment in most patients with an SPC comprising
two drugs, to improve the speed, efficiency, and predictability of BP
control.

(2) Preferred two-drug combinations are a RAS blocker with a CCB or
a diuretic. A beta-blocker in combination with a diuretic or any drug
from the other major classes is an alternative when there is a spe-
cific indication for a beta-blocker, e.g. angina, post-myocardial infarc-
tion, heart failure, or heart rate control.

(3) Use monotherapy for low-risk patients with stage 1 hypertension
whose SBP is <150 mmHg, very high-risk patients with high—normal
BP, or frail older patients.

(4) The use of a three-drug SPC comprising a RAS blocker, a CCB, and
a diuretic if BP is not controlled by a two-drug SPC.

(5) The addition of spironolactone for the treatment of resistant hyper-
tension, unless contraindicated (see section 8.1.4).

(6) The use of other classes of antihypertensive drugs in the rare cir-
cumstances in which BP is not controlled by the above treatments.

(7) Information on availability and recommended doses of individual
drugs, as well as SPCs and free combinations, can be found in
national formularies.

This treatment algorithm focuses on the five major classes of
drugs: ACE inhibitors, ARBs, CCBs, thiazide or thiazide-like diuretics,
and beta-blockers. The algorithm recommends initial therapy for
most patients with a two drug-combination, ideally as an SPC.
Variations from the core drug treatment algorithm for uncomplicated
hypertension shown in Figure 4 are specified in Figures 5 to 8.
Recommended BP target ranges for treated hypertension are shown
in Table 23.
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ACEi or ARB + CCB + diuretic

Step 2

Triple combination

1 Pill

Initial th Consider monotherapy in

¢ nitia erapy . . . low risk grade 1 hypertension

Pill Dual combination ACEi or ARB + CCB or diuretic (€Ystolic BP =I5 0w g orin
very old (=80 years) or frailer patients

l

Step 3 . A
- Triple combination + Resistant hypertenswn Consider referral to a specialist centre
Pills spironolactone or Add spironolactone (25-50 mg o.d.) for further investigation
other drug or other diuretic, alpha-blocker or beta-blocker

Beta-blockers
Consider beta-blockers at any treatment step, when there is a specific
indication for their use, e.g. heart failure, angina, post-Ml, atrial fibrillation,
or younger women with, or planning, pregnancy

©ESC/ESH 2018

Figure 4 Core drug treatment strategy for uncomplicated hypertension. The core algorithm is also appropriate for most patients with
HMOD, cerebrovascular disease, diabetes, or PAD. ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CCB =
calcium channel blocker; HMOD = hypertension-mediated organ damage; Ml = myocardial infarction; o.d. = omni die (every day); PAD = peripheral
artery disease.

Dual combination . . (systolic BP <150mmHg), or in
or CCB + diuretic or beta-blocker very old (=80 years) or frailer patients

or beta-blocker + diuretic

— Consider monotherapy in low risk
w Initial therapy ACEi or ARB + beta-blocker or CCB grade 1 hypertension

Consider initiating therapy
Step 2 when systolic BP is
1Pill Triple combination Triple combination of above =130 mmHg in these very
high risk patients with
l established CVD

Step 3 . . ©
p Triple combination + Re;lstant hypertenswn Consider referral to a specialist centre é
ills spironolactone or Add ;pqunolactone (25-50 mg o.d.) for further investigation b=
other drug or other diuretic, alpha-blocker or beta-blocker 9
2
)

Figure 5 Drug treatment strategy for hypertension and coronary artery disease. ACEi = angiotensin-converting enzyme inhibitor;
ARB = angiotensin receptor blocker; BP = blood pressure; CCB = calcium channel blocker; CVD = cardiovascular disease; o.d. = omni die (every day).
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Initial th Al Cr LG B2 Conside e ot
: nitial thera . . . onsider beta-blockers at any
Pill Py or ACEi or ARB + diuretic (or loop treatment step, when there is a

Dual combination

diuretic)® specific indication for their use,
e.g. heart failure, angina,
post-MI, atrial fibrillation, or
younger women with, or

planning, pregnancy

il Step 2 ACEi or ARB + CCB + diuretic (or
1Pi Triple combination |OOP diuretic)b

l

Resistant hypertension
Add spironolactone (25-50 mg o.d.)
or other diuretic, alpha-blocker or beta-blocker

Step 3
Triple combination +
spironolactonec or
other drug

A reduction in eGFR and rise in serum creatinine is expected in patients with CKD"who receive BP-lowering therapy, especially in those
treated with an ACEi or ARB but arise in serum creatinine of >30% should prompt evaluation of the patient for possible renovascular disease.

©ESC/ESH 2018

Figure 6 Drug treatment strategy for hypertension and chronic kidney disease. ACEi = angiotensin-converting enzyme inhibitor;
ARB = angiotensin receptor blocker; BP = blood pressure; CCB = calcium channel blocker; CKD = chronic kidney disease; eGFR = estimated
glomerular filtration rate; Ml = myocardial infarction; o.d. = omni die (every day).

3CKD is defined as an eGFR <60 mL/min/1.72 m? with or without proteinuria.

bUse loop diuretics when eGFR is <30 mL/min/1.72 mz, because thiazide/thiazide-like diuretics are much less effective/ineffective when
eGFR is reduced to this level.

“Caution: risk of hyperkalaemia with spironolactone, especially when eGFR is <45 mL/min/1.72 m? or baseline K™ >4.5 mmol/L.

Initial therapy ACEi or ARB? + diuretic® (or loop diuretic) +

beta-blocker

l

Step 2 ‘ ACEi or ARB:? + diuretic® (or loop diuretic) + ‘

beta-blocker + MRA®

When antihypertensive therapy is not required in HFrEF, treatment should be precribed according to the ESC Heart Failure Guidelines.*®

©ESC/ESH 2018

Figure 7 Drug treatment strategy for hypertension and hear failure with reduced ejection fraction. Do not use non-dihydropyridine
CCBs (e.g. verapamil or diltiazem). ACEi = angjotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel
blocker; ESC = European Society of Cardiology; HFrEF = heart failure with reduced ejection fraction; MRA = mineralocorticoid receptor antagonist.
*Consider an angiotensin receptor/neprilysin inhibitor instead of ACEi or ARB per ESC Heart Failure Guidelines.'*®

PDiuretic refers to thiazide/thiazide-like diuretic. Consider a loop diuretic as an alternative in patients with oedema.

“MRA (spironolactone or eplerenone).
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Initial therapy

Dual combination

Step 2

Triple combination

ACEi or ARB + beta-blocker
or non-DHP CCB?,

!

or beta-blocker + CCB

ACEi or ARB + beta-blocker
+ DHP CCB or diuretic
or beta-blocker + DHP CCB + diuretic

Add oral anticoagulation when indicated according to the CHA2DS2-VASc score, unless contraindicated.

®Routine combination of beta-blockers with non-dihydropyridine CCBs (e.g. verapamil or diltiazem) is not recommended due to a potential
marked reduction in heart rate.

©ESC/ESH 2018

Figure 8 Drug treatment strategy for hypertension and atrial fibrillation. ACEi = angiotensin-converting enzyme inhibitor; AF = atrial
fibrillation; ARB = angiotensin receptor blocker; CCB = calcium channel blocker; CHA,DS,-VASc = CHA,DS,-VASc = Cardiac failure,
Hypertension, Age >75 (Doubled), Diabetes, Stroke (Doubled) — Vascular disease, Age 65—74 and Sex category (Female); DHP = dihydropyridine.

*Non-DHP CCB (non-DHP CCB, e.g. verapamil or diltiazem).

Table 23  Office blood pressure treatment target range
Age group Office SBP treatment target ranges (mmHg) Office DBP
treatment
targetrange
(mmHg)
Hypertension + Diabetes + CKD + CAD + Stroke®/TIA
18- 65 years Target to 130 Target to 130 Target to <140 to Target to 130 Target to 130 70-79
or lower if tolerated or lower if tolerated 130 if tolerated or lower if tolerated or lower if tolerated
Not <120 Not <120 Not <120 Not <120
65-79 years® Target to 130-139 | Target to 130-139 | Target to 130-139 | Target to 130-139 | Target to 130-139 70-79
if tolerated if tolerated if tolerated if tolerated if tolerated
>80 years® Target to 130-139 | Target to 130-139 | Target to 130-139 | Target to 130-139 | Target to 130-139 70-79
if tolerated if tolerated if tolerated if tolerated if tolerated
[s0)
Office DBP 70-79 70-79 70-79 70-79 70-79 é
treatment =
Ll
target range )
1%}
(mmHg) 6

CAD = coronary artery disease; CKD = chronic kidney disease (includes diabetic and non-diabetic CKD); DBP = diastolic blood pressure; SBP = systolic blood pressure; TIA =

transient ischaemic attack.

“Refers to patients with previous stroke and does not refer to blood pressure targets immediately after acute stroke.
®Treatment decisions and blood pressure targets may need to be modified in older patients who are frail and independent.

The drug treatment strategy for patients with hypertension
should be based on the algorithm shown (Figures 4 to 8),
unless there are contraindications to these drugs (Table 20), or

below.
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Drug treatment strategy for hypertension

Recommendations

Level®

Class®

are indicated as the basis of antihypertensive treatment strategies.”

Among all antihypertensive drugs, ACE inhibitors, ARBs, beta-blockers, CCBs, and diuretics (thiazides and thiazide-like

drugs such as chlorthalidone and indapamide) have demonstrated effective reduction of BP and CV events in RCTs, and thus

233,318,327,329,341-345
classes can be used.

Combination treatment is recommended for most hypertensive patients as initial therapy. Preferred combinations should
comprise a RAS blocker (either an ACE inhibitor or an ARB) with a CCB or diuretic. Other combinations of the five major

It is recommended that beta-blockers are combined with any of the other major drug classes when there

are specific clinical situations, e.g. angina, post-myocardial infarction, heart failure, or heart rate control.**®*!

<150 mmHg).342‘346’351

It is recommended to initiate an antihypertensive treatment with a two-drug combination, preferably in an SPC.

Exceptions are frail older patients and those at low risk and with grade 1 hypertension (particularly if SBP is

as an SPC.3493%0

It is recommended that if BP is not controlled® with a two-drug combination, treatment should be increased to a

three-drug combination, usually a RAS blocker with a CCB and a thiazide/thiazide-like diuretic, preferably

an alpha-blocker.>'

It is recommended that if BP is not controlled® with a three-drug combination, treatment should be increased by the addition

of spironolactone or, if not tolerated, other diuretics such as amiloride or higher doses of other diuretics, a beta-blocker, or

The combination of two RAS blockers is not recommended.??"2%8:2%?

OESC/ESH 2018

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BP = blood pressure; CCB = calcium channel blocker; CV = cardiovascular; RAS =
renin-angiotensin system; RCT = randomized controlled trial; SBP = systolic blood pressure; SPC = single-pill combination.

*Class of recommendation.
®Level of evidence.
“Adherence should be checked.

1.6 Device-based hypertension
treatment

Various device-based therapies have emerged, principally targeted at
the treatment of resistant hypertension. These are discussed below.

7.6.1 Carotid baroreceptor stimulation (pacemaker and
stent)

Carotid baroreceptor stimulation or baroreflex amplification
therapy—externally via an implantable pulse generator or internally
via an implantable device designed to increase the strain on the caro-
tid bulb—can lower BP in patients with resistant hypertension. An
RCT with the first generation of an implantable pulse generator
showed sustained BP-lowering efficacy (and sympathetic nervous sys-
tem inhibition), but with some concerns about procedural and longer
term safety.?*® A second-generation unilateral device has been devel-
oped to improve safety and sustained efficacy. A propensity score-
matched comparison of the first- and second-generation systems
revealed that BP at 12 months post-implantation was similar, with a
better safety profile for the second-generation device.**® However,
no RCT is currently available with this second-generation device.
Another consideration is that implantation is costly and requires a

complex surgical intervention. This has led to the development of an
endovascular carotid baroreflex amplification device using a dedi-
cated stent-like device designed to stretch the carotid bulb and
increase baroreflex sensitivity. Preliminary data in humans have
shown evidence of BP-lowering efficacy of this new approach,**° but
data from ongoing RCTs are needed to definitively understand its
longer-term efficacy and safety.

7.6.2 Renal denervation

The rationale for renal denervation lay with the importance of sym-
pathetic nervous system influences on renal vascular resistance, renin
release, and sodium reabsorption,*®’ the increased sympathetic tone
to the kidney and other organs in hypertensive patients,*®' and the
pressor effect of renal afferent fibres documented in experimental
animals.*®* Catheter-based renal denervation using radiofrequency,
ultrasound, or perivascular injection of neurotoxic agents such as
alcohol has been introduced as a minimally invasive treatment option
for patients with resistant hypertension.**> However, the clinical evi-
dence in support of renal denervation as an effective BP-lowering
technique is conflicting. Several observational studies and national
and international registries>®* support the BP-lowering efficacy of
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renal denervation originally reported in the Symplicity HTN-1 and
HTN-2 trials.>*> A reduction in sympathetic activity following renal
denervation has also been observed.>¢® However, two RCTs with a
sham procedure control**”>¢® failed to document the superiority of
renal denervation compared with the sham procedure in reducing
BP, but did confirm the safety of the procedure. Another RCT, the
Renal Denervation for Hypertension (DENERHTN) trial,**? showed
the superiority of renal denervation in combination with optimized
pharmacotherapy compared with pharmacotherapy alone. The
PRAGUE-15 study®”® documented similar effects between renal
denervation and optimized pharmacotherapy (mainly by adding spi-
ronolactone) with respect to BP-lowering efficacy; however, the lat-
ter was associated with more side effects and high discontinuation
rates. Beyond resistant hypertension, interim data in the first 80
patients treated with renal denervation but with no background anti-
hypertensive therapy showed a modest effect of renal denervation
vs. sham control on 24 h ambulatory BP after 3 months.>*® This study
is ongoing.

Evaluating the efficacy of renal denervation has been challenging
because the procedure needs to be applied to a population with a
high probability of BP response. This is complicated by (i) the com-
plex pathophysiology of hypertension, (i) the lack of clinically applica-
ble measures of sympathetic activity, (iii) the absence of predictors of
the long-term BP response following renal denervation, and (iv) the
absence of reliable markers of procedural success to immediately
establish whether denervation has been achieved.?”" There is evi-
dence indicating that isolated systolic hypertension, characterized by
increased aortic stiffness, is associated with a limited response to

renal denervation®’%373

and baroreceptor stimulation (see above).
Except for rare problems related to the catheterization procedure
(access site complications, vessel dissection, etc.), no major complica-
tions or deterioration of renal function have been reported.

Major uncertainties remain as to the clinical role of renal denerva-
tion outside of clinical studies, which should be performed in carefully
selected patients at specialist hypertension centres and by experi-

enced operators.

7.6.3 Creation of an arteriovenous fistula

The central iliac arteriovenous anastomosis creates a fixed-calibre (4
mm) conduit between the external iliac artery and vein using a stent-
like nitinol device (ROX arteriovenous coupler).’**”® Device
deployment can be verified and is reversible, resulting in the diversion
of arterial blood (0.8—1 L/min) into the venous circuit with immedi-
ate, verifiable reductions in BP.>”*3”° The BP-lowering effect of 