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“The greatest danger to a man with high blood pressure lies in its
discovery, because then some fool is certain to try and reduce it !!1”.

Hay, BMJ 1931;2:43-47
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Cardiovascular Mortality

Odds Ratio (experimental/reference)

1.50 -

1.25

1.00 -

0.75

0.50

0.25 -

Lowering BP and CV mortality

@ MIDAS/NICS/VHAS

@ UKPDS Cvs A P=0.002
~. -
NORDIL ~ "INSIGHT
[ @ HOT Lvs H
S
STOP2/ACEls S HOTMvs H MRCL
S~ MRC2
STOP2/CCBs
-~ S~ ~o .SHEP HEP

—

—

—
-—

o actively controlled trials.

placebo-controlled studies or
trials with an untreated control
group.

Negative values indicate tighter
BP control on reference
treatment.
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Difference (reference treatment minus experimental treatment) in Systolic BP (mmHg)

Greater differences in SBP reduction = greater reductions in CV mortality

Staessen JA et al. Hypertension Research. 2005;28:385-407.
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Definitions and Classification
of BP Levels (mmHg)

Category Systolic Diastolic

High Normal 130-139 and/or 85-89
Grade 1 -159 and/or -99
Hypertension

Grade 2 160-179 and/or 100-109
Hypertension

Grade 3 > 180 and/or > 110
Hypertension

Isolated Systolic | > 140 and <90
Hypertension




Stratification of CV risk in four categories

Blood pressure (mmHg)

Other risk
factors, TOD 237 90129 spp130-139  sep1do-159 237 10077 sgp 180
or disease or " orDBP85-89 or DBP90-99 °F " or DBP 2110

84 109

High added

risk

1-2 Very high
added risk
3 or more risk
factors, High added High added High added Very high
risk risk risk added risk
Eselilipnze Very high Very high Very high Very high Very high

added risk added risk added risk added risk added risk



Risk factors

» Systolic and diastolic BP levels

e Levels of pulse pressure (in the elderly)
e Age (M = 55 years; W = 65 years)
e Smoking
» Dyslipidaemia
- TC = 5.0 mmol/l (190 mg/dl) or:
- LDL-C = 3.0 mmol/l (115 mg/dl) or:
- HDL-C: M << 1.0 mmol/l (40 mg/dl), W <<1.2 mmol/l
(46 mg/dl) or:
-TG = 1.7 mmol/l (150 mg/dl)

» Fasting plasma glucose 5.6-6.9 mmol/L (102-125 mg/dl)

» Abnormal glucose tolerance test

+ Abdominal obesity (Waist circumference =102 cm (M),
=88 cm (W))

o Family history of premature CV disease (M at age <55 years;
W at age <65 years)




Established CV or renal disease

+ Cerebrovascular disease: ischaemic stroke; cerebral
haemorrhage; transient ischaemic attack

* Heart disease: myocardial infarction; angina; coronary
revascularization; heart failure

* Renal disease: diabetic nephropathy; renal impairment (serum
creatinine M =133, W =1 24 mmol/l); proteinuria (= 300 mg/
24 h)

» Peripheral artery disease

+ Advanced retinopathy: haemorrhages or exudates, papilloedema




Subclinical organ damage

» Electrocardiographic LVH (Sokolow-Lyon =38 mm; Cornell
=>2440 mm*ms) or:
» Echocardiographic LVH® (LVMI M > 125 g/m?, W > 110 g/m?)
» Carotid wall thickening (IMT = 0.9 mm) or plague
» Carotid-femoral pulse wave velocity =12 m/s
» Ankle/brachial BP index <0.9
 Slight increase in plasma creatinine:
M: 115-133 pmol/1 (1.3-1.5 mg/dl);
W: 107-124 pmol/l (1.2-1.4 mg/dl)

e Low estimated glomerular filtration rate’ (<60 ml/min/1.73 m?)
or creatinine clearance® (<60 ml/min)

» Microalbuminuria 30-300 mg/24 h or albumin-creatinine ratio:
=22 (M); or =31 (W) mg/g creatinine




High/Very High Risk Subjects

SBP 2180 mmHg and/or DBP 2 110 mmHg

High SBP > 160 mmHg with low DBP (< 70 mmHg)
> 3 cardiovascular risk factors

Diabetes mellitus or Metabolic syndrome
Target Organ Damage

Established CV or renal disease



High/Very High Risk Subjects

e subclinical organ damage:

— Heart: LVH, EKG (particularly with strain) or Echo
(particularly concentric)

— CNS: Carotid artery wall thickening or plaque (U/S)
— Vessels: Increased arterial stiffness
— Kidneys: Slight increase in serum creatinine

— Kidneys: Reduced estimated GFR or creat. clearance
— Kidneys: Microalbuminuria or proteinuria



High/Very High Risk Subjects

 Established CV disease

* Heart
- Cerebrovascular
- Renadl
* Peripheral artery
» Ophthalmic disease
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Home BP measurements -

e Self-measurement of BP at home should be

encouraged in order to:

= provide information on effect of tfreatment, therapeutic
coverage throughout the dose-to-dose time interval

= improve patient's adherence to treatment regimens

« On the contrary, Self-measurement of BP

should be discouraged when:

= it causes anxiety to the patient
= it induces self-modification of the tfreatment regimen



Ambulatory BP measurements

» Indications:
= Marked variability of office BP

= Marked discrepancy between office and home BP
values

= treament resistance

= possible hypotensive episodes are suspected
(elderly and DM)

= when pre-eclampsia is suspected



BP thresholds (mmHg) for definition of
Hypertension with different types of measurement

SBP DBP
Office or clinic 140 90
Home 130-135 85
24-hour 125-130 80
Day 130-135 85
Night 120 70




Particular conditions \ ¥

Isolated office hypertension (White coat hypertension)

e Office BP per'sis’ren‘rlY > 140/90 mmH%
* Normal daytime ambulatory or home BP < 130-135/85

Due to stress and SNS stimulation. CV r'lisl1§ is less than by rqgised office and
ambulatory or home %ly%u’r may be slig Tfy greater Tt%naby nor'rfnfo’rensmn

Isolated ambulatory hypertension (Masked hypertension)

e Office BP per'sis‘ren’rlel normal (< 140/90 mmHgR
. % v/cgg%%m'_?g%la’rory 2 125-130/80 mmHg) or home BP (2 130-

CV risk is close to that of hypertension.

Due to «normal» variation of circadian rhythm, autonomic nervous syste
dx‘sfunc‘ﬁ\on, ah sical orfssyc oﬁ‘og?calé’rr'eés, mg?‘u‘r consump’Hon Yﬁ: argohol,
smoking and'sleep apnea. _
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Es> mAr
Goals of treatment o i

 Primary goal: maximum reduction in the long-term
total risk of CV disease

« This requires not only the treatment of raised BP
per se, but also of all associated reversible CV
risk factors



Goals of treatment

« <140/90 mmHg



Treatment of hypertension

1. Non pharmacological

2. Pharmacological
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Lifestyle changes

smoking cessation

weight reduction (and stabilization)
physical exercise

reduction of salt intake

reduction of excessive alcohol intake

increase in fruit and vegetable intake and decrease in
saturated and total fat intake (Mediterranean diet)



Adoption of lifesoyle changes

Recommendations | Class® | Level®™ | Lewe] b= Ref ©

Salt restriction o 139

Lifestyle changes ZIlh i

Moderation of
akohol corsumption

(21 g of ettanol
per day in women is
recoim mended.

Increased
consumpiion of
vegetubles, fnuits, and
et dairy
oroducts is
recommended.

Reduction of weight
i BMI of 15 kg'm’
and of waist
circumference to

< |02 omi i men and
“BH om in women &
recommended,
unless
contramdicyted,

at feast 30
moderate dyramic
exercise on 5o 7
days per week is
recommended.

k is recommended

i give all smolers

adwios o quit
Eur Heart J 2013 smoking and to offer

assisnce.




Initiation of antihypertensive treatment

Other risk
factors, Target
Organ Damage or ~ SBP 120-129 or SBP 130-139 or SBP 140-159 or SBP 160-179 or SBP 2180 or
disease DBP 80-84 DBP 85-89 DBP 90-99 DBP 100-109 DBP 2110
N h <k Lifestyle
& e (1 No BP intervention No BP intervention ghanggs .
factors immediate drug
treatment
Lifestyle
1-2 changes +
immediate drug
treatment
>3
Lifestyle changes
or ‘ and consider drug Lifestyle
treatment changes +
immediate drug
- -
Lifestyle changes + Lifestyle changes +  Lifestyle changes + Lifestyle changes + t;fae:ﬁzsli
or immediate drug immediate drug immediate drug immediate drug 9

immediate drug

treatment freatment treatment treatment el T



Initiation of antihypertensive treatment

Other risk
factors, Target
Organ Damage or
disease

SBP 120-129 or
DBP 80-84

No other risk

No BP intervention

factors
1-2
>3
or
Lifestyle changes +
or immediate drug

treatment

SBP 130-139 or
DBP 85-89

No BP intervention

Lifestyle changes
and consider drug
treatment

Lifestyle changes +

immediate drug
treatment

SBP 140-159 or
DBP 90-99

Lifestyle changes +

immediate drug
treatment

SBP 160-179 or
DBP 100-109

Lifestyle changes +

immediate drug
treatment

SBP 2180 or
DBP >110

Lifestyle
changes +
immediate drug
treatment

Lifestyle
changes +
immediate drug
treatment

Lifestyle
changes +
immediate drug
treatment

Lifestyle
changes +
immediate drug
treatment



Other risk
factors, Target
Organ Damage or
disease

No other risk
factors

1-2

or

or

Initiation of antihypertensive treatment

SBP 120-129 or
DBP 80-84

No BP intervention

immediate drug
treatment

Lifestyle changes

SBP 130-139 or
DBP 85-89

No BP intervention

Lifestyle changes
and consider drug

treatment

Lifestyle changes +

immediate drug
treatment

SBP 140-159 or
DBP 90-99

Lifestyle changes +

immediate drug
treatment

SBP 160-179 or
DBP 100-109

Lifestyle changes +

immediate drug
treatment

SBP 2180 or
DBP >110

Lifestyle
changes +
immediate drug
treatment

Lifestyle
changes +
immediate drug
treatment

Lifestyle
changes +
immediate drug
treatment

Lifestyle
changes +
immediate drug
treatment



Drug therapy

ALCE inhibltors

ACE = anplotengin-conyariing encyma.

Figure 4 Possible combinations of cbeses of antihyperiemive drugs Green continuous lines prefemred combinations; preen dashed line: useful
combination (with some limitations); blsdk deshed lines: pomsible but less well -tested combination:; red continuous line: not recommended oom-
bination Althoug h verapamil and Ol tarem am sometimes used with a bets- blacker to mprove ventriculsr rate contral in penmanent strisl fibril-
buticn, anly diydropyridine ¢ sldum antsgon = should normally becombined with beta-blockers.

Eur Heart J 2013




Aged over 55 years or
black person of African
or Caribbean family
origin of any age

Aged under
55 years

Resistant hypertension

A + C + D + low-dose spironolactone,

higher-dose diuretic, or alpha- or
beta-blocker

Consider seeking expert advice

National Institute for
ritish Hypertension Society Health and Clinical Excellence

BHS

Summary of
antihypertensive
drug treatment

Key

A — ACE inhibitor or low-cost
angiotensin Il receptor
blocker (ARB)?!

C — Calcium-channel blocker
(CCB)

D — Thiazide-like diuretic



Basic algorithm
(NICE Guidelines 2011)

Step 1
<55 years, ACEi (or ARB)

e>55 years, CCB (or thiazide, if CCD not tolerated or HF)

Step 2
*ACEi (or ARB) + CCB (or thiazide)

Step 3
*ACEi (or ARB) + CCB + thiazide

*Evaluation every 3-4 weeks



Basic algorithm
(NICE Guidelines 2011)

Step 4 (Resistant):
eLow-dose spironolactone (25 mg) if K<4.5 mmol/L

*Higher dose thiazide-like diuretic if K>4.5 mmol/L.
e 3 blocker

e & blocker

*Evaluation every 3-4 weeks



JNC 7 Treatment Guidelines

e Consider initiating therapy with in patients whose BP
is above goal (Stage 2 and Stage 1 patients at high
risk)

will require two or more agents

Chobanian et al., JAMA 2003; 289:2560-72,



Multiple Agents to Achieve Target BP

Number of antihypertensive agents

Trial Target BP (mm Hg) 1 2 3 4
ALLHAT SBP <140/DBP <90
UKPDS DBP <85
ABCD DBP <75
MDRD MAP <92
HOT DBP <80
JAVARS] ¢ MAP <92

IDNT SBP <135/DBP <85

Bakris GL et al. Am J Kidney Dis. 2000;36:646-661.
Lewis EJ et al. N Engl J Med. 2001;345:851-860.
Cushman WC et al. J Clin Hypertens. 2002;4:393-405.



Combination therapy

If BP>20 mmHgq above target
1.ACEi (or ARB) + CCB (or thiazide)
2.ACEi (or ARB) + CCB + thiazide
3.+ spironolactone or 8 blocker

**Evaluation every 3-4 weeks

Sarafidis & Bakris, ] Am Coll Cardiol 2008



Combination therapy

Mild BP elevaiion
Lowmoderate OV risk

N

Choose between

Marked 8P elevaticn
Hightvery high OV risk

e

+ Two—drug combination

Single zgent

N

Switch
to different agent

Previous agent

at full dose

Full dose

N

Add z third drug

Previous combination

at full dose

Switch

Two drug
combinztion
at full doses

monactherapy

EP = blood pressere OV = @rdiovasouar:

Threa drug
combination
at full doses

to different two—drug

combination




Combinations Tested or Widely Used in Outcome
(CV-renal events) Trials

<D ca/BB
PROGRESS Syst-Eur HOT (2nd used)
ADVANCE Syst-China
HYVET INVEST
ASCOT
HOT

ACCOMPLISH

LIFE RENAAL
SCOPE (with D as well)
RENAAL FEVER

ELSA
VALUE



Potential 2-Drug



CCB + ACE Inhibitol

Opie LH et al. In: Drugs for the Heart. 3rd ed. 1991:100-129.
Neutel JM, Smith DHG. Hospital Med. Oct. 1998,

Kloner RA et al. Am J Cardiol. 1996,77:713-722.

Fogari R et al. Clin Drug Invest. 1997;13(suppl 1):50-33.



Effect of CCB/ACE Inhibitor Combination
Therapy on Capillary Pressure

Hypertension
Constriction < > Constriction

Capillary

Calcium-channel
blocker (CCB)

Dilation Constriction

Capillary pressure Edema

CCB + ACE inhibitor

Dilation e Dilation

¥ Capillary pressure — No edema



Fixed-dose (or Single Tablet) Combinations

e Guidelines have long favoured the use of two-drug
combinations in a single tablet (improvement in compliance
which is low in hypertension)

e Single tablet combination can be the first treatment step
when high CV risk makes early BP control desirable



Drug choice in certain conditions

Table 15 Drugs to be preferred in specific conditions

Condition

Dirug

Asymptomatic organ damage

LvH

ACE inhibitor, alcum antagonist, AR

Asymptomatic atherosclercss

Calgum ardagonist, ALCE inhibitor

Microzlbuminura

ALCE inhibitor, ARS

Reral dysfunction

ALCE inhibitor, ARE

Clinical OV event

Previous siroke

Any agent effectively lovering BF

Previous myocardial infarction

BB, ACE infabstor, ARB

Angira pactoris

B, calcium antagonist

Heart failure

Dhiuredc, B8, ACE inhibitor, ARE, mineralocorgooid receptor an@gonists

Aaortic amearysm

BA

#arial fibrillation, prevention

Caonsider ARE, ACE inhibitor, BE or mineralocorticoid receptor amagonist

firial fibnlltion, vertricubr rate ooedrol

88, non-dihydropyridine calcium antagonist

ESRDWproteinuria

ALCE inhibitor, ARE

Peripheral artery disease

ALCE inhibitor, caldum aragonist

Oither

ISH [elderiy)

Dliuredic, calcium anGgonist

Metabalic syndrome

ACE inhibitor, AREB, calcium armgonist

Diabetes medlitus

ALCE inhibitor, ARE

Pregrancy

Methyldopa, BB, cakium antagonist

Blacies

Diuredic, cakium an@gonist




Main contraindications

Table 14 Compeling and possible contra-indic ations to the use of antihypertensive drugs

Drug

Compelling

Possibl=

Diuretics |thiazides)

Gout

Metabolic symdrome
Glucose intoderance
Pregnamcy
Hypermalaemia
Hypokabemia

#sthma
#~Y block {grade I or 3)

Metabolic syndrome
Glucose intolerance

Athletes and physically active patients
Chiroriic cbstructive pulmomry disease (exoept
for vasodiktor beta-blockers)

Caldum antagonists [difyd ropyridines)

Tachyarrhythmia

Heart Rilur=

Caldum antagonists
[verapamil, dildazem)

A=Y block (grade I or 3, trifascicular block)
Severe LY dysfunciion
Heart faiure

ALCE inhibitors

Pregnancy
Anpioneurodic pedema

Hyperkalaemia
Bilateral renal arbery shenosis

¥Women with child bearing potential

Angiotensin receptor blockers

Fregnancy
Hyperkalaemia

Bilateral renal arbery stenosis

¥yomen with child bearing potential

Mineralooorticoid receptor antagonisis

#cute or severs renal Gilure (=& <30 mLimin)
Hyperkalaemia




BP therapy in the elderly

Antihy pertensive treatment strategies in the eldery

Recommendations Clasg® Lewal ® Ref. ©

In elderty hypertensives with

S8F =150 mmHg there is solid
evidence to racommend reducing
S0F to betwemen |50 and |40
mmHg.




Resistant hypertension

e failure to achieve goal BP* when a patient adheres to
adequate doses of 3 antihypertensive drugs including
a diuretic

* <140/90 mmHg or 130/80 mmHg in DM or CKD

Chobanian, Bakris, Black, et al. Hypertension 2003



Resistant hypertension

e failure to achieve goal BP* when a patient adheres to
adequate doses of 3 antihypertensive drugs including
a diuretic

# Uncontrolled hypertension

e failure to achieve goal BP while on treatment

* <140/90 mmHg or 130/80 mmHg in DM or CKD

Chobanian, Bakris, Black, et al. Hypertension 2003



Data on 13375 pts with hypertension
between 1988-2008

Untreated 36%
Treated & controlled 33%
Treated & uncontrolled 31%
e 1-2 drugs * 24%
e 3 or more drugs (Resistant) |[* 7%

U/ 1/3

1 - i“' f()a.'
I il‘,jd - Treated &
UJ’JSUH[J‘U”Q[J Con.tro”ed

1/3
Untreated

Egan et al, Circulation 2011



Causes of resistant hypertension

Poor adherence to therapeutic plan
Failure to modify lifestyle including:

weight gain

heavy alcohol intake (NB: binge drinking)
Continued intake of drugs that raise blood pressure
(liquorice, cocaine, glucocorticoids, non-steroid anti-
inflammatory drugs, etc.)
Obstructive sleep apnoea
Unsuspected secondary cause
Irreversible or scarcely reversible organ damage
Volume overload due to:

inadequate diuretic therapy

progressive renal insufficiency

high sodium intake

hyperaldosteronism

Causes of spurious resistant hypertension:
e |solated office (white-coat) hypertension
e Failure to use large cuff on large arm

e Pseudohypertension




Secondary hypertension

Renal: reno-parechymal, reno-vascular

Endocrine: aldosteronism, phoecromocytoma
Cushing hyperthyroidism

Sleep apnea
Aortic coarctation
Intracranial tumors

Check for secondary HT in young!



Novel approaches to
hypertension treatment

1. New drugs
— targeting traditional pathways (e.g. RAAS)

— targeting less-well studied pathways (e.g.
endothelin)

— fixed combinations
2. Gene and vaccine therapies

3. Device-based therapies:
— renal sympathetic denervation
— baroreflex activation

Unger et al. Eur Heart J 2011



The RAAS

Angiotensinogen

Renin — O

Angiotensin I

ACE o= O

\II
Angiotensin II [ ) Vasoconstrictor

¢

U

Aldosterone Argenine Vasopressin (ADH)
J L JL

Na & Water Vasoconstrictor
Retention Water Retention

... Once upon a time



N y

Angiotensin Il
(2-8)

Vasoddation Irflmrmrmas e
Al D Vasotonshiu:lion

Matniresis R £
Anl-Inflamimabion Mt and waler relandion

Unger et al. Eur Heart J 2011



New drugs: RAAS |

e Renin inhibitors
(aliskiren)

* Prorenin receptor
antagonists
(controversial
data)

e Vasopeptidase |
inhibitors
(AT1R/NEP
antagonists)

Anlilibrozs Vasoconsiriclion

Apoplosis Caollagen synthesis

MdatriLiresis RO genaration
Anl-infiammation M and waled relantion

Unger et al. Eur Heart J 2011



New drugs: RAAS Il

e Aldosterone
receptor
antagonists (CCB
with dual action) e

Vasopresin == s — ENaC (Na* and water retention) Sexual function
Seratanin Non-epithelial effects: Breast growth

MAPKs activation
Protein and collagen synthesis
ROS formation
Cardiac and arterial remodelling

Aldosterone Splronolactone

7\

e Aldosterone
synthase inhibitors

Epithelial effects:
ENaC (Na* and water retention)
Non-epithelial effects:
MAPKSs activation
Protein and collagen synthesis
ROS formation
Cardiac and arterial remodelling

Vascular and myocardial effects:
Peripheral vasoconstriction
Coronary vasoconstriction

Cardiac and arterial remadelling

Paositive inotropy
4

Unger et al. Eur Heart J 2011




Vaccines & gene therapy

e \/accines
— against Angiotensin | & |l

e Gene therapy
— Gene transfer (AT,R, ACE2 etc)
— Antisense cDNA (AT,R, ACE etc)

Unger et al. Eur Heart J 2011



Device-based therapies

— Renal sympathetic denervation
— Baroreflex activation



Renal sympathetic ablation




MULTIPLE DISCRETE TREATMENTS MAXIMIZE NERVE
COVERAGE WITHOUT APPLYING CIRCUMFERENTIAL ENERGY IN
A SINGLE SEGMENT.
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Baroreflex Activation Therapy (BAT)

The 1st Generation Rheos® System
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