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Pathophysiology of hypertension
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m BP values are maintained within the relevant range by moment-to-moment
regulation of cardiac output and of peripheral vascular resistance exerted
primarily at the level of the arterioles, postcapillary venules and heart.

The most important dimensions of this regulation are as 2. CAPACITANCE

fO”OWS Verules 3. PUMP QUTPUT

Heart

— The heart contributes to the maintenance of BP via cardiac
output

— The kidney contributes by regulating the volume of the fluid
present in the vessels.

CNS~
Sympathetic nerves
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4. VOLUME

1. RESISTANCE \\ «# Kidneys

Artaricles

— The internal cellular lining of the walls of the blood >
vessels regulates vascular resistance via local release of /
hormones such as endothelin-1 and nitric oxide. |

Aldosterone -€— Angiotensin

— The baroreceptors are responsible for the rapid moment- \\ 7 h J
to-moment adjustments in blood pressure affected by postural

changes



Hypertension: a multifactorial disease
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Oparil S, et al. Ann Intern Med. 2003;139:761-776
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A man is as old
as his arteries

Thomas Sydenham (1624-1689)
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Function

Microcirculation: structure and function

Smooth muscle Arteriole

Precapillary
7 sphincters

Anastomosis

{shunt) True capillary

with single |ayer
of endothelium

Metarteriole

“~Venule
Transport and exchange of nutrients



-,
(. Microcirculation: major site of peripheral resistance
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40% to 90% of the BP iIs located in the microcirculation

Struijker Boudier HAJ. J Hypertens.1992;10(suppl 7):S147-S156
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Mechanisms of increase In peripheral
resistance

1. Arteriolar vasoconstriction
2. Increase in wall:lumen ratio

3. Rarefaction of microvessels



| Capillary rarefaction in HT humans

lypertension

Sullivan J. Hypertension. 1993;5:844-851.



Increase in peripheral
resistance
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Subclinical inflammatory reaction

TARGET ORGAN DAMAGE
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ZNZ ka1 AY: IoTopikn avadpopun
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Increased sympathetic tone
Impaired baroreflex control of
sympathetic activity

Decreased
parasympathetic
tone



MSNA and SSNA in healthy controls (C) and in patients with Hypertension
* (HT), Obesity (0), Obstructive sleep apnea (OSA) , Congestive Hear Failure
(CHF), Metabolic syndrome (MS) or renal failure (RF)

C HT O OSA CHE MS RE C HT O OSA CHF MS RFE

*p <0.05and ** p < 0.01 in'a comparison between-groups

Mancia and Grassi, Circ Res 2014; 114: 1804-1814
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Current therapeutic strategies for reducing excessive
central sympathetic nerve activity in hypertension

Changes in life style
Centrally acting drugs Weight loss

Imidazoline agonists Aerobic exercise training

a,-blockers R-blockers

Baroreflex Renal Sympathetic
Sensitisation Denervation

>

>
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HEART
PERIPHERAL RESISTANCE







Measurement of BP

* Quiet room, comfortable temperature

« No smoking, coffee, exercise for 30min
= Empty bladder

* Relax for 3—5 min

+ Take 3 measurements at 1 min intervals

Back + Use the average of the last 2 measurements
supported , <+ No talking during
l , ™~ and between measurements
Cuff to fit arm size

(small, usual, large)*

Arm bare and resting.
Mid-arm at heart level

Validated
electronic
upper-arm cuff2
or manual
auscultatory

1 For manual auscultatory
devices the inflatable bladder
of the cuff must cover
75100 % of the individual's
arm circumference.

For electronic devices use
cuffs according to device
instructions.

2 See validated electronic
devices lists at
www.stridebp.org

ISH 2020

4.1 Conventional office blood pressure
measurement

1Auscultatory 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 shoul-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 mmHeg) 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.

3 Inolder 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,”’ 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

ESH 2018
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& HTN Management: Historical perspectives

m In a patient with mild benign hypertension—/defined G
as aj blood pressure <200/<100 mm Hg, there is no e
/ndication for use of hypotensive drugs. Continued
observation is desirable and conservative treatrment
consisting of reassurance, mild sedatives, and weight
reduction is indicated.

Friedberg C. Diseases of the Heart 1949.

ESH

Diastolic and Systolic Arterial Pressure of Franklin D.

Roosevelt from 1935 until His Death on April 12, 1945
2013 ESH/ESC Hypertension
Guidelines
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Doubles with each 20/10 mm Hg BP
increment

Cv
mortality risk

|

120/80 140/90 160/100 180/110
SBP/DBP (mm Hg)

Individuals aged 40-70 years, starting at BP 120/80 mm Hg

Lewington S, et al. Lancet 2002; 60: 1903-1913



Table 3 Classification of office blood pressure® and definitions of hypertension gr‘.e\deb

Category Systolic (mmHg) Diastolic (mmHg)
Optimal <120 and <80
Normal 120-129 and/or 8084
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 E
Grade 3 hypertension >180 and/or >110 %
Isolated systolic h)-r|:1u:.-rta=.-nsicmb =140 and <90 g:
4.9 Confirming the diagnosis of
hypertension Table 6. Categories of BP in Adults*
BP can be highly variable, thus the diagnosis of hypertension should
BP Category SBP DBP

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) Normal <120 mm Hg and <80 mm Hg
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 Hypertension
at repeat office visits have been a long-standing strategy to confirm a

Elevated 120-129 mm Hg and <80 mm Hg

Stage 1 130-139 mm H or 80-89 mm H
persistent elevation in BP, as well as for the classification of the hyper- g g J

tension status in clinical practice and RCTs. The number of visits and Stage 2 =140 mm Hg or =90 mm Hg
the time interval between visits varies according to the severity of the
hypertension, and is inversely related to the severity of hypertension.




Very high risk

People with any of the following:
Documented CVD, either clinical or unequivocal on imaging.

+ Clinical CVD includes acute myocardial infarction, acute coronary syndrome, coronary or other arterial
revascularization, stroke, TIA, aortic aneurysm and PAD.

+ 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.

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

+ Severe CKD (eGFR < 30 mL/min/1.73 m?)
+ A calculated 10-year SCORE of = 10%

High risk

People with any of the following:

+ Marked elevation of a single risk factor, particularly cholesterol > 8 mmol/L (> 310 mg/dL) e.qg.
familial hypercholesterolaemia, grade 3 hypertension (BP = 180/110 mmHQ)

+ Most other people with diabetes mellitus (except some young people with type 1 diabetes mellitus
and without major risk factors, that may be moderate risk)

+ Hypertensive LVH

+ Moderate CKD (eGFR 30-59 mL/min/1.73 m?2)

+ A calculated 10-year SCORE of 5-10%

Moderate risk

People with:

+ A calculated 10-year SCORE of 1% to < 5%

+ Grade 2 hypertension

+ Many middle-aged people belong to this category

) People with:
Low risk + A calculated 10-year SCORE of < 1%
ESC European
@ EnEgaean Sty Williams, Mancia et al., J Hypertens 2018,;36:1953-2041 and Eur Heart J 2018;39:3021-3104 ESHpy Society of

of Cardiology

15
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»i - 2018 ESC/ESH Hypertension Guidelines

®

Correction factors for the SCORE CV risk estimates

@ESC

European Society
of Cardiology

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 1.2
Northern Africa 0.9
Eastern Asia 0.7
South America 0.7

European

Hypertension

Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart J 2018,;39:3021-3104 “ESH,, Society of



Classification of hypertension stages according to BP levels,
presence of CV risk factors, HMOD, or comorbidities

BP (mmHg) grading

> 3 risk factors

moderate risk

Stage 2
(asymptomatic
disease)

HMOD, CKD grade 3, or
diabetes mellitus
without organ damage

Stage 3
(established
disease)

Established CVD,
CKD grade = 4, or
diabetes mellitus
with organ damage

Moderate

Very high risk

Moderate to

High risk

Very high risk

Hypertension Other risk factors, High-normal Grade 1 Grade 2
disease staging HMOD, or disease SBP 130—139 SBP 140-159 SBP 160179
DBP 85-89 DBP 90-99 DBP 100-109
No other risk factors Low risk Low risk Moderate risk
Stagg 1 1 or 2 risk factors Low risk Moderate risk Moderate ke
(uncomplicated) hig
Low to

High risk

High risk

Very high risk

Grade 3
SBP = 180
DBP = 110

High risk

High risk

High risk

High to
very high risk

Very high risk

18

@ESC

European Society
of Cardiology

European

Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart J 2018;39:3021-3104 “ESH,, Society of

Hypertension



~_Systolic Blood Pressure

Diastolic Blood Pressure

Grade 3 HTN
=180 mm Hg
—180
Stage 2 HTN Grade 2 HTN
2140 mm Hg 160-179 mm Hg
—160—
Grade 1 HTN
140-159 mm Hg
—140—
Stage 1 HTN High normal
130-139 mm Hg 130-139 mm Hg
Elevated Normal

120-129 mm Hg 120 120-129 mm Hg

Normal Optimal
<120 mm Hg <120 mm Hg

—100—

mm Hg

AHA/ACC ESC

Grade 3 HTN

2110 mm Hg

—110

Stage 2 HTN Grade 2 HTN
=90 mm Hg 100-109 mm Hg
—100—
Grade 1 HTN
90-99 mm Hg
High normal
Stage 1 HTN 85-89 mm Hg
80-89 mm Hg
Normal
80-84 mm Hg
Normal Optimal
<80 mm Hg <80 mm Hg
mm Hg
AHA/ACC ESC



< Unattended office blood pressure measurement

v ‘White-coat effect’ can be substantially
reduced or eliminated.

v Improve the reproducibility of BP
measurement.

v' BP values are lower than those obtained by
conventional OBP measurement and are
similar to, or even less than, those provided
by daytime ABPM or HBPM.

v Office SBP readings may be at least 5-15 ~ Upperarm

Cuff at heart level

mmHg higher. ~
% Controversy about its quantitative 8 J Back supported

A rted
relationship to conventional OBP i sugBQis

measurement (which has been the basis for
all previous epidemiological and clinical trial
data)

» Limited evidence on the prognostic value.
Fea5|b|I|ty in routine clinical practice has
been questioned.

00 00

Feet flat on floor



. Out of office BP

measurement
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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 =130 and/or >80
Home BP mean =135 and/or >85

®ESC/ESH 2018

CENTRAL ILLUSTRATION: Clinic, Home, and Ambulatory Blood Press!

Measurements

Clinic Measurements

Home BP Monitoring

Description

Ambulatory BP
Monitoring

« BP measured in a medical setting

« Patient should be seated, resting
quietly with their back supported
and feet flat on the floor

 BP measured while seated at home,
resting quietly with back supported
and feet flat on the floor

» BP readings obtained in the morning
and evening

« BP measured during routine activities

* 48 to 72 readings obtained over
24 hours

« Associated with cardiovascular
outcomes

» Only method that has been used
to guide treatment in large
outcome trials

« Strong association with cardiovascular
outcomes

» Detects white coat and masked
hypertension

Weaknesses

« Strong association with
cardiovascular outcomes

« Detects white coat and masked
hypertension

» BP measured at work and at night
(i.e., during sleep)

« Less precise as only 1or 2 BP
measurements typically obtained

» Many factors affect the accuracy
of readings

« Requires training and frequent
re-training of staff

« Patients may not correctly measure
and report their BP

* Requires patient training and
re-training

« Many home devices are not validated

Muntner, P. et al. J Am Coll Cardiol. 2019;73(3):317-35.

«+ Not tolerated by some patients
« Equipment is not widely available

+ Requires two clinic visits: to set
up and return the device




Out-of-office BP (mmHg)

Home 135/85
24-hour  130/80
Daytime  135/85

Nighttime ~120/70

—

Classification of hypertension subtypes

Sustained
hypertension

White-coat
hypertension

Office BP (mmHg)
140/90



Screening and diagnosis of hypertension

Hypertension
=140/90

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

Optimal B> | (  Normal BP Y (" High-normal BP |
<120/80 VA 120-129/80-84 VAN 130-139/85-89
Consider masked »
hypertension
\J \ \J
Repeat BP at least Repeat BP at least Repeat BP at least
every 5 years every 3 years annually

Use
either to
confirm

diagnosis

Repeated visits

for office BP
measurement

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

©ESC/ESH 2018
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Clinical evaluation

A. Medical history Table 14 Routine workup for evaluation of hyperten-
1. Risk factors ive patien®
2. History and symptoms of HMOD, CVD, stroke, and Routine laboratory tests
renal disease Haemoglobin and/or haematocrit
3. History of possible secondary hypertension Fastingblood glucose and glycated HbAsc
4. Antihypertensive Drug Treatment i e el

B. Physical examination and clinical investigations
1.
2.
3.

1.

Blood triglycerides

Blood potassium and sodium

Body habitus
Signs of HMOD
Secondary hypertension

Blood uric acid

Blood creatinine and e GFR

Blood liver function tests

©ESC/ESH 2018

C. Assessment of hypertension mediated organ damage | ... son e 0o
12-lead ECG 12-lead ECG
Labs (ACR, Creatinine, eGFR)
Fundoscopy (Grade II or III and all diabetes) raamogabin e o ek = locordogrm: Hifhe

2.
3.
4

More specific (EchoCardio, Carotid U/S, Abdominal U/S
and Doppler, PWV, ABI, Brain imaging)



Secondary hypertension

The prevalence of secondary hypertension is reported to be 5-15%

Cause Prevalence in Suggestive symptoms and signs Screening Investigations
hypertensive
patients

Obstructive sleep apnoea 5-10% Snoring; cbesity (@n be present in non- Epworth score and ambulatory
obese); moming headache; daytime potygraphy
somno lence

Feral parenchymal disease 2-10% Mostly asymptomatic; diabetes; haematu- Plasma creatinine and electrolytes,
ria, proteinuria, nocturia; anagmia, renal e 5FR; urine dipstick for blood and pro-
massin adult polyoystic CKD tein, urinary albumin:creatinine ratio;

rerdl ultrascund

Renovascular disease

Atherosclerotic renovascular disease 1-10% Older; widespread atheroeclerosis (espe- Duplex reral artery Doppleror CT
cially PAD; diabetes; smoking; recurrent angiography or MR angiography
flash pulmonary cedema; abdominal bruit

Fibromuscular dysplasia Y ounger; more commeon in womert
abdominal bruit




Endocrine causes
Primary Aldostercnism 5-15% Mostly asymptomatic; musde weakness Plasma aldosterone and renin, and
(rare) aldosterocnecrenin ratic; hypokabemia
(in 2 minority): note hypolalasmia can
depress aldostercne levels
Phaeochromocytoma <1% Episcdic symptoms (the 5 *Ps’): paroxysmal | Plasma or 24 b urinary fracticrated
hypertension, pounding headache, perspi- metanephrines
ration, palpitations, and pallor; labile BP: BP
surges precipiated by drugs (eg. beta-
blockers, metoclopramide, syrmpathomi-
metics, opicids, and tricydic
antidepressants)
Cushing's syndrome <1% Moon face, central cbesity, skin atrophy, 24 h urinary-free cortisol
striae and bruising; diabetes; chronic ste-
roid use
Thyroid disease (hyper- or 1- 3% Signs and symptom of hyper- or Thyroid function tests
hypothyroidism) hypothyroidism
Hyperparathyroidism 1% Hypercalcaemia, hypophosphataemia Parathyroid hormone, Ca®*
Other causes
Coarctation of the aorta <1% Usually detected in children or adoles- Echocardiogram

cence; different BP (>20/10 mmHg)
between upper—lower extremities andlor
between right—left am and delayed radial-
fernoral femoral pulsation; low AR inter-
scapular gjection murmur; rib notching on
chest X-ray

DESC/ESH 2018
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Treatment of Hypertension

Identify & reverse contributing factors

Decrease

Increase

« Physical activity
 Fiber intake

e K+

- Salt intake
 Alcohol use

* Obesity/OSAS

ifestyle Factors

Interfering Substances = "°¢°"

— NSAIDs, stimulants,
sympathomimetics,

oral contraceptives,

licorice, ephedra

NSAID=nonsteroidal anti-inflamatory drug.

C. Tsioufis Calhoun DA et al. Circulation. 2008;117:e510-e526.



m Appropriate treatment of hypertension

= When to start, what BP to target

C. Tsioufis



Category

Systolic BP
(mmHg)

Diastolic BP
(mmHg)

Office BP
Ambulatory BP

Daytime (or awake)

Nighttime (or asleep)
24-h

140

>135
>[20
>[30

‘ and/or

and/or
and/or

and/or

90

>85
>70
>80

Home BP

>135

‘ and/or

85




2018 ESH/ESC Hypertension Guidelines

Initiation of lifestyle changes and
antihypertensive drug treatment

Grade 1

High normal BP ‘ s

BP 130-139/85-89 mmHg

Lifestyle advice Lifestyle advice

' Consider drug treatment in

very high risk patients with in high or very high risk

VD, ially CAD patients with CVD,
s espacially € @ renal disease or HMOD

l

Drug treatment in
low moderate risk patients
without CVD, renal disease
or HMOD after
3-6 months of lifestyle
intervention | no
controlled

BP 140-159/90-99 mmHg

" Immediate drug treatment

Grade 2
Hypertension

BP 160-179/100-109 mmHg

(| Lifestyle advice

Immediate drug

treatment in all patients

l

Aim for BP control
within 3 months

Grade 3
Hypertension
BP =180/110 mmHg

Lifestyle advice

Immediate drug

treatment in all patients

l

Aim for BP control
within 3 months

@ESC/ESH 2018




BP targets in 2020

2014 INC 8:
If age<60 yrs: OBP<140/90 mmHg
If age=60 yrs: OBP<150/90 mmHg

2015 SPRINT: OBP<120mmHg for selected individuals
increased CV risk with BP >130 mmHg and >50 yrs old

2016 Meta-analysis: OBP<130 mmHg

C. Tsioufis



2018 ESH/ESC Hypertension Guideline

Office blood pressure treatment target range

Office SBP treatment target ranges (mmHg)

Office DBP
treatment
targetrange
(mmHg)

Hypertension

+ Diabetes

+ CKD

+ CAD

+ Stroke™/ TIA

18 - 65 years

Target to 130
or lower if tolerated
Not <120

Target to 130
or lower if tolerated
Not <120

Target to <140 to
130 if tolerated

Target to 130
or lower if tolerated
Not <120

Target to 130
or lower if tolerated
Not <120

65-79 )f»aarsb

Target to 130-139
if tolerated

Target to 130-139
if tolerated

Target to 130-139
if tolerated

Target to 130-139
if tolerated

Target to 130-139
if tolerated

>80 yearsb

Target to 130-139
if tolerated

Target to 130-139
if tolerated

Target to 130-139
if tolerated

Targetto 130-139
if tolerated

Target to 130-139
if tolerated

Office DBP
treatment

target range

(mmHg)

70-79

70-79

70-79

70-79

70-79




How to achieve the BP targets —
Antihypertensive drugs



= Treatment strategies and choice

of drugs




& BP Reductions as Little as 2 mm Hg
~ Reduce the Risk of CV Events by Up to 10%

e Meta-analysis of 61 prospective, observational studies

e 1 million adults

e 12.7 million person-years

decrease in *
mean SBP

7% reduction in
risk of ischemic
heart disease
mortality

10% reduction in
risk of stroke
mortality

Lewington S et al. Lancet 2002;360:1903-1913.



& Treatment strategies and choice

of drugs | |

Recommendations Class Level

Among all antinypertensive drugs ACE inhibitors, ARBs, beta-
blockers, CCBs, and diuretics (thiazides and thiazide-like such as
chlortalidone and indapamide) have demonstrated effective
reduction of BP and CV events in RCTs, and thus are indicated as
the basis of antihypertensive treatment strategies.

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.

ESH Guidelines 2018



Drug selection - Mosaic theory

’ .
Page’s mosaic
Chemical
Neural /fy, A ~———4 « Reactivity
E"’“‘"“’-,:‘“’ pn.:s‘a.n?::?:t':r?u ":"f*v"""“’
S
\'fnczsi&

Page IH. The mosaic theory. In: Page IH, ed.
Hypertension Mechanisms. New York, NY:
Grune & Stratton: 1987:910-916 (chapter

160)



Selection of
antihypertensive drugs

[

¢ Individualized treatment

Based on the plasma renin levels?

Based on the haemodynamic profile - HOTMAN?

Based on salt sensitivity?

Based on patient’s characteristics (age, BMI, gender)?
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& Selection of antihypertensive drugs

/
i

Based on the presence of

> Subclinical TOD (ie RAS blockers for LVH,
microalbuminuria),

> Clinical status (ie beta blockers post MI),

> and/or metabolic profile (RAS blockers for MS)




; ' @, 2013 ESH/ESC Hypertension GUidelines

Drugs te be preferred in' Specific conditions

Condition Drug

Asymptomatic organ damage

LVH

ACE inhibitor, calcium antagonist, ARB

Asymptomatic atherosclerosis

Calcium antagonist, ACE inhibitor

Microalbuminuria

ACE inhibitor, ARB

Renal dysfunction

ACE inhibitor, ARB

Clinical CV event

Previous stroke

Any agent effectively lowering BP

Previous myocardial infarction

BB, ACE inhibitor, ARB

Angina pectoris

BB, calcium antagonist

Heart failure

Diuretic, BB, ACE inhibitor, ARB, mineralocorticoid receptor antagonists

Aortic aneurysm

BB

Atrial fibrillation, prevention

Consider ARB, ACE inhibitor, BB or mineralocorticoid receptor antagonist

Atrial fibrillation, ventricular rate control

BB, non-dihydropyridine calcium antagonist

ESRD/proteinuria

ACE inhibitor, ARB

Peripheral artery disease

ACE inhibitor, calcium antagonist

Other

ISH (elderly)

Diuretic, calcium antagonist

Metabolic syndrome

ACE inhibitor, ARB, calcium antagonist

Diabetes mellitus

ACE inhibitor, ARB

Pregnancy

Methyldopa, BB, calcium antagonist

Blacks

Diuretic, calcium antagonist




Contraindications for major

antihypertensive drugs

Contraindications

| |

Conditions that require careful use

Ca channel blockers

ARB

ACE inhibitors

Diuretics

(thiazide)

B-Blockers

Bradycardia
(non-dihydropyridines)
Pregnancy
Hyperkalemia
Pregnancy
Angioneurotic edema
Hyperkalemia
Hypokalemia

Asthma
Marked bradycardia

Heart failure

Renal artery stenosis®

Renal artery stenosis®

Gout

Pregnancy

Impaired glucose tolerance
Impaired glucose tolerance
Obstructive pulmonary disease
Peripheral artery disease

Hypertension Research (2014) 37, 291-300



@ Multiple Antihypertensive Agents

are Needed to Reach BP Goal

Trial (SBP achieved) [ ]

MDRD (132 mmHg)
HOT (138 mmHg) | S
RENAAL (141 mmHg)
AASK (128 mmiig) |
ABCD (132 mmHg)
DNT (138 mmig) | S
UKPDS (144 mmHg)
ASCOT-BPLA (136.9 mmHg) —
ALLHAT (138 mmHg)
R

ACCOMPLISH (132 mmHg)

Initial 2-drug combination therapy 1 2 3 4
Average no. of antihypertensive medications
Bakris et al. Am J Med 2004,116(5A):30S-8
Dahlof et al. Lancet 2005;366:895-906
Jamerson et al. Blood Press 2007;16:80-6
Jamerson et al. N Engl J Med 2008;359:2417-28
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Pill

Initial therapy ‘ ACEi or ARB + CCB or diuretic

Dual combination

\ !
" J

Consider monotherapy in

low risk grade 1 hypertension
(systolic BP <150mmHg), or in
very old (=80 years) or frailer patients

i

Step 2

Triple combination

- ACEi or ARB + CCB + diuretic

i

Step 3
Triple combination +
spironolactone or

other drug \

Resistant hypertension
Add spironolactone (25-50 mg o.d.)

or other diuretic, alpha-blocker or beta-blocker |

Consider referral to a specialist centre

for further investigation

Beta-blockers

or younger women with, or planning, pregnancy

Consider beta-blockers at any treatment step, when there is a specific
indication for their use, e.qg. heart failure, angina, post-Ml, atrial fibrillation,

©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; M| = myocardial infarction; o.d. = omni die (every day); PAD = peripheral

artery disease.

ESH Guidelines 2018



Advantages of combinations

m Efficacy
m Safety/Tolerability

m Compliance (Fixed formulations)



Ratio of observed to expected incremental BP-lowering effects* of
adding a drug or doubling the dose according to the class of drug
(n = 11000, 42 studies)

1.16
(0.93-1.39)

.
g

1.00

" 818-?;‘ ) (0.76-1.24) [

o2 o, [ Adding a drug from
T I another class (on
[ average standard
doses)
Doubling dose of same
drug (from standard
0.37 -
(0.29-0.45) dose to twice

0.23 T standard)

0.19 (0.12-0.34)
(0.08-0.30) 0.20 0.22

T T (0.14-0.26) (0.1:-0.25)
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of observed to expected additive effects

* The expected incremental effect is the incremental blood pressure reduction of the added (or doubled drug),
assuming an additive effect and allowing for the smaller reduction from 1 drug (or dose of 1 drug) given the lower
pretreatment blood pressure because of the other

Wald DS et al., Am J Med 2009; 122: 290
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Rationale of Common Combinations

Rationale of Combination of RAAS blocker with Diuretic/CCB

RAAS blocker | + (" Diuretic | L.CCB_ |+ RAASblocker |

"

Intravascular volume 7 [ Vasodilation ]
depletion and Na* loss )
=) [ Reflex activation of RAAS ] 4

potentiated

[ Action of RAAS blocker J




- @
& The CCB-ARB combination targets
two key pathways:

synergy for decreasing oedema

Afferent arteriole

Fogari R et al. J Hum Hypertens. 2007;21:220-4.
Gustafsson D. J Cardiovasc Pharmacol. 198710 Suppl 1:5121-31.



Predictors of Non-adherence to
Antihypertensive Medications

o , 80 -
United Kingdom Czech Republic

Adjusted OR (95% Adjusted OR
Phenotype Cl) PValue (95% CI) PValue

Age 0.67 (0.59-0.77) | <0.001 | 0.69 (0.59-0.80

Black: UK; Gray: Czech Rep
60 -
( ) ) | <0.001
Women 1.65(1.16-2.33) | 0.005 | 1.55(1.09-2.20) | 0.014 40 -
| No.of med. | 185(1.58-2.16) | <0.001 | 1.77 (1.47-212) | <0.001 ]
Prescribed | 1.65(1.01-2.70) | 0.047 | 1.18(0.76-1.83) | 0.457 20
diuretics . I
0_
T T T T 1 1
1 2 3 4 5 6+

Number of prescribed antihypertensive medications

% of nonadherent individuals

Gupta P, et al. Hypertension. 2017;69:1113-1120
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Possible combinations offantinypertensive drug classes

Green/continuous: preferred

Green/dashed: useful (with some limitations)
Black/dashed: possible but less well tested
Red/continuous: not recommended

Thiazide diuretics

[-blockers Angiotensin-receptor
blockers

Other - Calcium
Antihypertensives ~ antagonists

ACE inhibitors

Only dihydropyridines to be combined with 3-blockers (except for verapamil or diltiazem for rate control in AF)
Thiazides + B-blockers increase risk of new onset DM
ACEI + ARB combination discouraged (l11A)




Selecting Patients Suitable for RAS
Blockade with CCB or Diuretic

CCB

|

> Metabolic syndrome

'RAS blocker

-

Thiazide diuretic

> No metabolic problems

» Impaired fasting glucose > Low risk of developing diabetes

> Lipid profile alterations

> Need to avoid hypokalemia

¢



Three Drug Combinations

In no less than 15-20% of HTs BP control cannot
be achieved by a two drug combination

When three drugs are required, the most
rational combination appears to be

a RAS blocker,
a calcium antagonist and

a diuretic at effective doses

ESH/ESC 2013 Hypertension Guidelines
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2018 ESC/ESH Hypertension Guidelines
Drug-treatment strategies

Hypertension and CAD

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

Consider monotherapy in low-risk
grade 1 hypertension or in very old
(2 80 years) or frailer patients

‘ Triple combination of above

&>

Consider initiating therapy
when systolic BP is > 130 mmHg
in these very high-risk patients
with established CVD

Resistant hypertension

Step 3
Add spironolactone (25-50 mg o.d.)

Triple combination +
spironolactone or

060

Consider referral to a specialist
centre for further investigation

or other diuretic, alpha-blocker or beta-blocker

other drug

Hypertension and HRrEF

Core drug-treatment strategy for uncomplicated hypertension

Hypertension and CKD

75

- Initial therapy
Dual combination
= |
Triple combination

Step 3
Triple combination + |
spironolactone ©
or other drug

ACEi or ARB + CCB
or ACEi or ARB + diuretic (or loop ‘
diuretic)®

O

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

ACEi or ARB + CCB + diuretic (or loop
diuretic)®

<
Resistant hypertension

Add spironolactone (25-50 mg o.d.)

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

Consider monotherapy in low-risk
grade 1 hypertension or in very old
(2 80 years) or frailer patients

‘ ACEi or ARB + CCB or diuretic

v 48
‘ ACEi or ARB + CCB + diuretic

L g

Step 3

Triple combination +
spironolactone or
other drug

Add spironolactone (25-50 mg o.d.)

Consider referral to a specialist
centre for further investigation

Resistant hypertension ‘ ‘

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-MI, atrial fibrillation, or
younger women with, or planning, pregnancy

Hypertension and AF

ACEi or ARB? + diuretic® (or loop
diuretic) + beta-blocker

Initial therapy ‘
A 84

‘ ACEi or ARB? + diuretic® (or loop

diuretic) + beta-blocker + MRA®

ESC Heart Failure Guidelines.!3

When antihypertensive therapy is not required in HFrEF, treatment should be prescribed according to the

@ESC

European Society
of Cardiology

- . ; ACEi or ARB + beta-blocker
Initial therapy ‘ ‘ or non-DHP-CCB?,
Oual conbination” | or beta-blocker + CCB
2

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

Step 2 ‘
or beta-blocker + DHP CCB + di

Triple combination

recommended due to a potential marked reduction in heart rate.

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

Routine combination of beta-blockers with non-dihydropyridine CCBs (e.g. verapamil or diltiazem) is not

Williams, Mancia et al., J Hypertens 2018,;36:1953-2041 and Eur Heart J 2018,;39:3021-3104

European
Society of

ESH
Hypertension
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L Patterns of RHT and CV events

1911 treated hypertensive patients for a mean period of 3.9 years follow up

18.1
el events
18 13.2

16 events
14 9.1

12
1.0 6.4 events
events

=N - Rl

1 1 1
MNewver Resolved Incident Persistent
RHAT RHT RHT RHT

Events per 1000 person-years

Tsioufis C, et al. J Hypertens. 2013, November
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Diagnostic algorithm for uncontrolled HTN

Confirm treatment resistance
Office BP =140/90
receiving 3 antihypertensive drugs (incl. diuretic)
EEWBB Pharmacologic approach:
(2 PM, home BP) #mm alig'gma
' # recheck drug combination
ldentify and reverse # optimise dose reg
contributing lifestyle factors
{e.g. sleep apnoea syndrome,
obesity, high salt intake)
3 o ol |
Discontinue or minimise anatyse e I rena
- - I I m’ n
h%w] # discuss other interventional
1" options (e.g. baroflex stimulation)
Screen for secondary causes
of HT

Updated ESH position paper on interventional therapy of
resistant hypertension
MD: Sverre E. Kjeldsen®. MD:

Roland E. Schmieder!*. MD: Josep Redon”.
Giuseppe Mancia® MD: Krzysztof Narkiewicz’, MD: Gianfranco Parati®, MD: Luis Ruilope®, MD:

Philippe van de Borne!?, MD:; Costas Tsioufis!!, MD

MD: Guido Grassi®*,



SIZE OF THE PROBLEM-EPIDEMIOLOGY

» 456,259 hospitalizations hypertensive emergency occurred from 2000 to 2007
» In 2025, more than 47 million patients will develop a hypertensive emer-
» 1-2% of hypertensive patients will have an episode of hypertensive

Hypertens
ive crisis

© . i
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~sertensive or|Coronary heart disease

> Large number of antihypertensive drugs

» Non-adherence Deshmukh A, et al. Am J Cardiol. 2011 Nov 1;108(9):1277-82
Zampaglione B, et al. Hypertension 1996; 27:144—-147

Pinna G, et al. PLoS One. 2014 Apr 2;9(4):e93542

Lane DA, et al. Am J Hypertens 2009; 22:1199-1204

Saguner AM, et al. Am J Hypertens 2010; 23:775-780
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Diagnostic work-up for patients
with a suspected hypertension emergency

Common tests for all potential causes

Fundoscopy is a critical part of the diagnostic work-up

12-lead ECG

Haemoglobin, platelet count, fibrinogen

Creatinine, eGFR, electrolytes, LDH, haptoglobin

Urine albumin:creatinine ratio, urine microscopy for red cells, leucocytes, and casts

Pregnancy test in women of child-bearing age

Specific tests by indication

Troponin, CK-MB (in suspected cardiac involvement, e.g. acute chest pain or acute heart failure) and NT-proBNP

Chest X-ray (fluid overload)

Echocardiography (aortic dissection, heart failure, or ischaemia)

CT angiography of thorax and/or abdomen in suspected acute aortic disease (e.g. aortic dissection)

CT or MRI brain (nervous system involvement)

Renal ultrasound (renal impairment or suspected renal artery stenosis)

Urine drug screen (suspected methamphetamine or cocaine use)

@ ES C European
Euircpsan Socisly Williams, Mancia et al., J Hypertens 2018,;36:1953-2041 and Eur Heart J 2018;39:3021-3104 ESHp)y Society of

H rtension
of Cardiology ypertensio
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Hypertensive emergencies requiring

immediate BP lowering with i.v. drug therapy

Clinical presentation

Time line and target for

BP reduction

First-line treatment

Alternative

Malignant hypertension with Several hours Labetalol Nitroprusside

or without acute renal failure | Reduce MAP by 20-25% Nicardipine Urapidil
Immediately reduce MAP by Labetalol

Hypertensive encephalopathy Nitroprusside
20-25% Nicardipine

Acute coronary event

Immediate reduce SBP to

< 140 mmHg

Nitroglycerine

Labetalol

Urapidil

Acute cardiogenic pulmonary

oedema

Immediately reduce SBP to

< 140 mmHg

Nitroprusside or nitroglycerine

(with loop diuretic)

Urapidil
(with loop diuretic)

Acute aortic dissection

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

Esmolol AND nitroprusside or

nitroglycerine or nicardipine

Labetalol OR

metoprolol

Eclampsia and severe pre-
eclampsia/HELLP

Immediately reduce SBP to
< 160 mmHg and DBP to
< 105 mmHg

Labetalol or nicardipine and

magnesium sulphate

Consider delivery

European
ESH]y Society of
Hypertension

@ESC

European Society
of Cardiology

Williams, Mancia et al., J Hypertens 2018,;36:1953-2041 and Eur Heart J 2018;39:3021-3104
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Vasoconstriction

Increased peripheral vascular resistance
Vascular hypertrophy/remodeling
Arterial stiffness

Endothelial dysfunction Oxygen consumption

Myocardial ischemia
Arrhythmias

Left ventricular hypertrophy
Diastolic dysfunction

Heart failure

Sudden death

Insulin resistance

Impaired glucose metabolism Enhanced renin secretion

RAS activation

Increased sodium reabsorption
Increased water reabsorption
Decreased renal blood flow
Decreased glomerular filtration rate
Albuminuria

- Efferent sympathetic nerves Glomerulosclerosis

- Afferent sympathetic nerves

Papademetriou V, Tsioufis C, Doumas M. Circulation 2014



Symplicity HTN 1
Symplicity HTN 2

RONis back on track

2020

RADIANCE-HTN SOLO
Spyral HTN ON-MED

Spyral HTN OFF-MED

Proof-of-Concept
Studies

DENER-HTN

al

Symplicity HTN 3
Mahfoud F, et al. Eur Heart J. 2018 Dec 14;39(4 4-4149
\ |

Fig 1. The NephroBlate™ device with its helical probe.

Fig. 2. CGinematography of the NephroBlate™ device in the swine renal pelvis.

Patel NJ, et al. Cardiovasc Revasc Med. 2018 Oct 11

\ |

Ye E, et al. Int J Hyperthermia. 2018:35(1):9-18



Efficacy of catheter-based renal denervation in the absence 3@y ®
of antihypertensive medications (SPYRALHTN-OFF MED
Pivotal): a multicentre, randomised, sham-controlled trial

CrossMark

Michael Bshm, KazuomiKario, David E Kandzari, Felix Mahfoud, Michael A Weber, Roland E Schmieder, Konstantinos Tsioufis, Stuart Pocock,
Dimitris Konstantinidis, James W Choi, Cara East, David P Lee, Adrian Ma, Sebastian Ewen, Debbie L Cohen, Robert Wilensky, Chandan M Devireddy,
Janice Lea, Axel Schmid, Joachim Weil, Tolga Agdirlioglu, Denise Reedus, Brian K Jefferson, David Reyes, Richard D’Souza, Andrew S P Sharp,

Faisal Sharif, Martin Fahy, Vanessa DeBruin, Sidney A Cohen, Sandeep Brar, Raymond R Townsend, on behalf of the SPYRAL HTN-OFF MED Pivotal
Investigators™

Blood pressure change at 3 months (mm Hg)

24-hsystolic
blood pressure

| n=140 [ n=134 |

-0-6
(-2-1t0 0-0)

-47

| (6410-2.9)

1 Renal denervation
[ Sham procedure

24-h diastolic
blood pressure

[ n=140 | | n=134 |"
-0-8
(1.7t0 0-1)
-37
(-4-810-2-6)

Office systolic Office diastolic
blood pressure blood pressure
[ n=156 [ n=150 "'"'n'='17;'5"""'n'=1§ﬁ_"| '
-1.0
(-23t003)
25
(-4-6 t0-0-4)

-51
-6-4t0-3-8)

-0-2 (-11-6 10-6-9)

|
Change -4-0 mm Hg

(-6-2t0-1.8)
p=0-0005

Change-3-1mm Hg
(-4-6t0-17)
p<0-0001

| |
Change -6-6 mm Hg Change -4-4 mm Hg

(-9-6 to-35) (-6-2t0-2-6)
p<0-0001 p<0-0001

Lancet. 2020 Mar 27;50140-6736(20)30554-7



- The burden of RDN potential effects @
....beyond BP lowering

LVH
Arterial Stiffness
Albuminuria
Renal hemodynamics

Hypertension
Arrhythmias
Glucose Impairme
Sleep Apne

Heart Failure
ronic Kidney Disease

Intermediate
Surrogates

Cardio-Renal

Risk Di
Factors I Isease

Ukena C, et al. Int J Cardiol 2013. [Epub ahed of print]
Brandt MC, et al. 7 Am Coll Cardiol. 2012;59:901-909
Mahfoud F, et al. Circulation. 2011; 123:1940-1946
Mahfoud F, et al. Hypertension. 2012;60:419-424.
Mahfoud F, et al. Eur Heart J 2014

Tsioufis C, et al, JHH 2014
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