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Aptnplakn YrEptaon

> Primary (Essential) Hypertension

» Secondary Hypertension (identifiable
causes)

> Small fraction (<10%) of the overall
hypertension prevalence



Mechanisms involved in BP regulation and
the pathophysiology of hypertension

-

Complex
interaction
between a genetic
background, a
large number of
environmental
factors and the
aging process

eﬂ\l“onmenta' faCtOrs
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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
Grade 3 hypertension =180 and/or =110

Isolated systolic hypertension” =140 and <90

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.




Recommendations for BP measurements in
the office and at home

Use validated automated electronic
upper-arm cuff device®

Home: take 2 readings with
1 min interval between and

Quiet room with comfortable
use average*©

temperature

Cuff to fit arm size®
Office: take 3 readings with

1 min interval between
readings use average of the
last 2¢

Mid-arm at heart level Mo smoking, caffeine, food,
drug intake or exercise 30
min before measurement

w

Conditions

Remain seated and relaxed

Bare arm resting on table for 3-5 min

mid-arm at heart level

ye!
o
)
fu’e

Legs uncrossed, feet flat on floor 7. 5 Mo talking during or between

measurements

6.
ESH Guide“nes 2023 Sitting with back supported by chair




MeTpnoeic

MéEBodoc¢ 2 ToIXEia

Larpeio 3 HETPAOEIC,HECOC OpOoC 2" Kkal 3NS
5 min kaBioTo¢, 2 Ppaxioveg

AY Aeuknc pmAoudac.

Holter ATmouacia 10-20% mTwong oTtov
umtvo>auénuévoc KA kivéuvoc
AGOEVAC BonBda pévoc¢ Tou atnh puBuion TnG
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NORMAL “WHITE COAT”
VARIABILITY EFFECT
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FIGURE e43-6 Twenty-four-hour ambulatory blood pressure (BP) monitor trac-
ings in two different patients. Left, Optimal blood pressure in a healthy 37-year-old
woman. Note the normal variability in blood pressure, the nocturnal dip in blood
pressure during sleep, and the sharp increase in blood pressure on awakening.
Right, Pronounced white coat effect in an 80-year-old woman referred for evalu-
ation of medically refractory hypertension. Documentation of the white coat effect
prevented overtreatment of the patient’s isolated systolic hypertension. (Left, Cour-
tesy Dr. Ronald G. Victor, Heart Institute/Hypertension Center, Cedars-Sinai Medical
Center, Los Angeles. Right, Provided by Dr. Wanpen Viongpatanasin, Hypertension
Division, Department of Internal Medicine, University of Texas Southwestern
Medical Center, Dallas.)




Mati tpemnel va Bspamnevetotl n HTN;

> BAaPpn opydvwv otoxwv péow aOnpookAnpuvong
> 2.0Ppapoc kai avedpTnTo¢ Ttapdyovrac Kapdiayyeiakou
KivOUvou
> arti mpodyel Tnv aBnpookAnpuvon

>H aBnpookAnpuvon/adbnpoBpoppwaon TTPoKaAEsi
o éa oTepaviaia ouvdpopa, AEE & mepipepikn
ayyelomadeia

> BAapn opyavwv otoxwv pe dAAouc¢ pnxaviopouc
(LVH, veppomtd®eia KTA)
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Hypertension Treatment Effect
Mirrors Observational Data

Incidence of

cardiovascular disease
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Relative Risk for Coronary Heart Disease

odds ratios and
4504 confidence nterials
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Table 5 Ten year cardiovascular risk categories (Systematic COronary Risk Evaluation system)

Yery high risk People with any of the following:

Documented CVD, either clinical or unequivocal on imaging.

® Clinical C¥D includes acute myocardial infarction, acute coronary syndrome. coronary or other arterial revascula-
rization, stroke, TIA, aortic aneurysm, and PAD
Unequivecal documented CYD on imaging includes significant plague (ie. =50% stenosis) on angiography or
ultrasound: it does not include increase in carotid intima-media thickness
Diabetes mellitus with target organ damage. eg. proteinuria or a with a major risk factor such as grade 3
hypertension or hypercholesterolaemia

® Severe CKD (eGFR <30 mLUimin/1.73 rnlj

* A calculated 10 year SCORE of =10%

People with any of the following:
» Marlked elevation of a single risk factor, particularly cholesteral =8 mmolL (=310 mg/dL). eg. familial hyper-
cholesteralaemia or grade 3 hypertension (BF =180/110 mmHg)
Most other people with diabetes mellitus (except some young people with type 1 diabetes mellitus and with-
ot major risk factors, who may be at moderate-risk)

Hypertensive LVH

Moderate CKD ¢GFR 30-59 mL/min/1.73 rnz}

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:
o A calculated 10 year SCORE of <1%

SESC/ESH 2008

BF = blood pressure; CED = chronic kidney disease; CVD = cardiovascular disease; aGFR = estimated glomerular filtration rate; LVH = left ventricular hypertrophy; TIA =
transient ischaemic attack; PAD = peripheral artery disease; 500RE = Systematic COronary Risk Bvaluation.
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Risk regions
B Low risk

Moderate risk

| High risk
B Very high risk

SCORE2 and SCORE2-OP interactive version

European Heart Journal, ehab312, https://doi.org/10.1093/eurheartj/ehab312
European Heart Journal, ehab309, https://doi.org/10.1093/eurheartj/ehab309
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Cardiovascular risk according to grade and stage of hypertension

Hypertension
disease
staging

Other risk factors,
HMOD, CVD
or CKD

BP (mmHg) grading

High-normal
SBP 130-139
DBP 85-89

Grade 1
SBP 140-159
DBP 90-99

Grade 2
SBP 160-179
DBP 100-109

Grade 3
SBP = 180
DBP =110

No other risk factors?®

Lowv risk

Low risk

Moderate risk

High risk

1 or 2 risk factors

Low risk

Moderate risk

Moderate to
high risk

High risk

=3 risk factors

Low 1o
moderate risk

Moderate to
high risk

High risk

HMOD, CKD grade 3,
or diabetes mellitus

Established CVD
or CKD grade =4

<50 years
<2.5%

2.510<7.5%

B %

ESH Guidelines 2023

60-69 years

<5% <7.5%

=70 years

5 to <10%

=10% =15%

7.510<15%

Moderate to
high risk

Very high risk

Complementary
risk estimation in Stage 1
with SCORE2/SCOR2-0OP

High risk

Very high risk

High risk

Very high risk

Recommendations and statements

CV risk assessment with the SCORE2 and SCOR2-0OP system is
recommended for hypertensive patients who are not already at high or
very high risk due to established CVD or CKD, long-lasting or
complicated diabetes, severe HMOD (e.g. LVH) or a markedly elevated

single risk factor (e.g. cholesterol, albuminuria).

High risk

Very high risk

Very high risk




Demographic characteristics and laboratory parameters ‘

Sex” (men >women)
. 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) ‘
n a é OVT 8 OU Family or parental history of early-onset hypertension

p Y C " Early-onset menopause ‘
4 Sedentary lifestyle

8" np 8 a Zo Uv Tov . Psychosocial and socioeconomic factors ‘

Heart rate (resting values >80 beats/min)

KapOlayyeiako Pr— |

y) Arterial stiffening:
Kl V6uvo Ka l T v 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

Tpoyvwon Twv S

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

0Bevu AY
a evwv u 8 Microalbuminuria (30300 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*®

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

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.

ES H G u i d e | i n es 202 3 *CV risk factors included in the SCORE System.

°Proteinuria and reduced eGFR are independent risk factors.




QNpehoc and peiwon ATT

% Mceiwon
AEE 35-40%
Euppayua 20-25%
Kapdiakr) avetrapkela 50%




QNpehoc and peiwon ATT

2 ¢ otadiou 1 HTN &
ouvodouc CVD risk factors,
Heiwon katd 12 mmHg tng SBP via
10 years => amogpuyn 1 BavaTou ava 11
acgOeveic



BP Control Rates

Trends in awareness, treatment, and control of high
blood pressure in adults ages 18-74

National Health and Nutrition Examination Survey,

Percent
IT IT
II (Phase 1) (Phase 2)
1976-80 1988-91 1991-94 1999-2000
Awareness b1 73 68 70
Treatment 31 55 b4 59

Control 10 29 27 34

Sources: Unpublished data for 1999-2000 computed by M. Wolz, National Heart, Lung, and Blood Institute; JNC 6.
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Apxikn EkTipnon - Aigpeivnon
AocOevouc
Tpeic oToxot:

1. 'EAeyxoc ouvnBeiwv & £€swyv, avayvwpion dAAwv
TTdpayovTwy KivoUvou Kdi cuvodwyv VOowv

2. Nidyvwon deutepoyevolc HTN

3. Aidyvwon Umtapénc PAAPnc ota 6pyava oToéxXouc Kai
uTtapnc kapdilayyeiakng vooou



AY: IZTOPIKO

Personal history
e Time of the first diagnosis of hypertension, including records of any previous medical screening, hospitalization
» Stable or rapidly increasing BP
» Recordings of current and past BP values by self BP measurements
e Current/past antihypertensive medications including their effectiveness and intolerance
¢ Adherence to therapy
e Previous hypertension in pregnancy/preeclampsia
Risk factors®
e Family histary of hypertension, CVD, stroke or kidney disease
¢ Smoking history
e Dietary history, alcohol consumption
e Lack of physical exercise/sedentary lifestyle
¢ \Weight gain or loss in the past
e History of erectile dysfunction
e Sleep history, snoring, sleep apnea (information also from partner)
e Distress or eustress with job or at home (subjective stress level)
e Long-term cancer survivor
History and symptoms of HMOD, CVD, stroke and kidney disease
e Brain and eyes: headache, vertigo, syncope, impaired vision, TIA, sensory or motor deficit, stroke, carotid revascularization, cognitive impairment, memory loss,
dementia (in older people)
» Heart: chest pain, shortness of breath, edema, myocardial infarction, coronary revascularization, syncope, history of palpitations, arrhythmias (especially AF),
heart failure
 Kidney: thirst, polyuria, nocturia, hematuria, urinary tract infections
e Peripheral arteries: cold extremities, intermittent claudication, pain-free walking distance, pain at rest, ulcer or necrosis, peripheral revascularization
e Patient or family history of CKD (e.g. polycystic kidney disease)
History of possible secondary hypertension
e Young onset of grade 2 or 3 hypertension (<40 years), or sudden development of hypertension or rapidly worsening BP in older patients
 History of repetitive renal/urinary tract disease
¢ Repetitive episodes of sweating, headache, anxiety or palpitations, suggestive of pheochromocytoma
e History of spontaneous or diuretic-provoked hypokalemia, episodes of muscle weakness and tetany (hyperaldosteronism)
¢ Symptoms suggestive of thyroid disease or hyperparathyroidism
e History of or current pregnancy, postmenopausal status and oral contraceptive use or hormonal substitution
Drug treatments or use (other than antihypertensive drugs)
» Recreational drug/substance abuse, concurrent therapies including nonprescription drugs, e.g. glucocorticoids, NSAIDs/COX-2 inhibitors, paracetamol
(acetaminophen), immunosuppressive drugs, anticancer drugs, nasal vasoconstrictors

ESH Guidelines 2023




AY: Y2 IKH EZETAZH

Body habitus
Weight and height measured on a calibrated scale, with calculation of BMI
C ||rr|f|—-r{-1ru_|:-

e Palpation of ca

e Ankle—brachial ir'l'JP\
5|gn5 af secondary hypertension (Section 6)
nection: cafe-au-lait patches of neurofibromatosis Ip

on for signs of ren .-|| er

ESH Guidelines 2023



TTapayovrec KA kivdUvou

» Ymépraon™
= Kamnvioua
= [ayuoapkia® (BMI >30 kg/m?)
= KaBioTikn {wn
= AuoAhimidaiyia*
= AiaPrAmng’
= MikpaABoupivoupia r} GFR <60 ml/min
= HAikia (> 95 A, 65T)
= Qikoyevelako 1aTopikd CVD
(A< 5511 [<65)

*MetaBoAikd auvdpouo



Acuteporadne AY

= Sleep apnea
" Mapeyyvpatikn vooog vedpwv (XNA, ToOAUKUOTLKN VOOOC)

* NedppayyeLlakrn voooc (abnpookAnpwaon, vopuwdng
dumAaoia)

" [MpwtomaBnc aAbooTEPOVIOUOC

" QolloXpwHOKUTWHUOL

" Ytepoeldn Kat Cushing’s syndrome
" YTEVWON LoBpol aoptnc

" Qupeo/mapaBupeo-eLONC

» Qappoka (ovtiovAAnmtikd, M2A®, SNRI: Serotonin and
norepinephrine reuptake inhibitors, otepoeldn)



Cause Prevalence in Suggestive symptoms and signs Screening Investigations

hypertensive
patients

Obstructive sleep apnoea 5-10% Snoring; obesity (can be present in non- Epworth score and ambulatory
obese); morning headache; daytime polygraphy
somnolence

Renal parenchymal disease 2-10% Mostly asymptomatic; diabetes; haematu- | Plasma creatinine and electrolytes,
ria, proteinuria, nocturia; anaemia, renal eGFR; urine dipstick for blood and pro-
mass in adult polycystic CKD tein, urinary albumin:creatinine ratio;

renal ultrasound

Renovascular disease

Atherosclerotic renovascular disease 1-10% Older; widespread atherosclerosis (espe- | Duplex renal artery Doppler or CT
cially PAD); diabetes; smoking; recurrent | angiography or MR angiography
flash pulmonary cedema; abdominal bruit

Fibromuseular dysplasia Younger; more common in women;

abdominal bruit

K 4 A 4 Endocrine causes
o | va ' l ' a Primary Aldosteronism 5-15% Mostly asymptomatic; muscle weakness Plasma aldosterone and renin, and
Acutepora®olc

(rare) aldosteroneirenin ratio; hypokalaemia
(in a minority): note hypokalaemia can

depress aldosterane levels
Phaeochromocytoma <1% Episodic symptoms (the 5 ‘Ps’): paroxysmal | Plasma or 24 h urinary fractionated
hypertension, pounding headache, perspi- | metanephrines
Ay ration, palpitations, and pallor; labile BP; BP
surges precipitated by drugs (e.g. beta-

blockers, metoclopramide, sympathomi-
metics, opioids, and tricyclic

antidepressants)
Cushing's syndrome <1% Moon face, central obesity, skin atrophy, 24 h urinary-free cortisol
striae and bruising; diabetes; chronic ste-
roid use
Thyroid disease (hyper- or 1-2% 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 and/or

018

between right—left arm and delayed radial-

femoral femoral pulsation; low ABI inter-

SDESC/ESH

scapular ejection murmur; rib notching on
chest X-ray

AB| = ankle-brachial index; BP = blood pressure; CKD = chronic kidney disease; CT = computed tomography: eGFR = estimated glomerular filtration rate; MR = magnetic res-
onance; PAD = peripheral artery disease.




XapakTnpioTika AcOBevwyv Kai

TTi@avn 2naBnc AY

Younger patients (<40 years) with grade 2 or 3 hypertension or hypertension of any grade in childhood
Sudden onset of hypertension in individuals with previously documented normotension

Acute worsening of BP control in patients with previously well controlled by treatment

True resistant hypertension hypertension

Hypertensive emergency

Severe (grade 3) or malignant hypertension

Severe and/or extensive HMOD, particularly if disproportionate for the duration and severity of the BP elevation
Clinical or biochemical features suggestive of endocrine causes of hypertension

Clinical features suggestive of atherosclerotic renovascular disease or fibromuscular dysplasia

Clinical features suggestive of obstructive sleep apnea

Severe hypertension in pregnancy (>160/110 mmHg) or acute worsening of BP control in pregnant women with preexisting hypertension

Coarctation of aorta

Renal parenchymal disease

Ai.tl.a Renovascular hypertension — Fibromuscular dysplasia

2nta®ouc AY

Renovascular hypertension — Atherosclerotic disease

Kot HALkila
o.o0evouc

13-18 yrs 19-40 yrs 41-65 yrs > 65 yrs

Monogenic disorders Cushing's syndrome
Pheochromocytoma and paraganglioma

Primary aldosteronism




‘EAeyxoc via Aitia 2waBolc AY

DIAGNOSIS

Coarctation
Primary aldosteronism

ing syndrome

Pheochromocy

Initial
Urinalysis, serum creatinine, renal sor

Renal sonography (atrophic kidney)

Blood pressure in legs
Plasma renin, serum aldosterone

1-mg dexamethasone suppre

Plasma-free metanephrines

DIAGNOSTIC PROCEDURE(S)
Additional
ic renography, renal biops)

Magnetic resonance or computed tomography (CT) angiography,
Duplex Doppler sonography, digital subtraction renal angiography

Echocardiography, magnetic resonance imaging, aortography

Salt loading, adrenal vein sampling

Urinary cortisol after variable doses of dexamethasone, adrenal CT,
scans

24-hour urinary metanephrines and catecholamines, adrenal CT

Braunwald 10th Edition



ABnpookAnpuvTikn Neppayyeiakn Nooog

Prevalence: Cardiovascular
6-14%:? phenotype

Suggestive symptoms, 24h ABPM - resistant hypertension,
signs and findings frequent non-dipping

Resistant hypertension
Flash pulmonary edema _
Rapidly declining kidney function e [VH

Acute renal function degradation ® Decreased diastolic function
on ACEi or ARB

e Decreased systolic function
Generalized atherosclerosis®

) ) Increased CV Risk and mortality
1st choice screening test

Renal artery duplex ultrasound;
otherwise angio-CT or angio-MR

aThe prevalence of ARVD differs
considerably between studied
populations —in a population-
Angio-CT or angio-MR based cohort >65
Invasive catheter angiography years of age, ARVD (defined as
>60% stenosis) was identified in
6.8%. Among hypertensives, the
Treatment<d prevalence of ARVD is probably
around 1% in patients with mild
hypertension, but may be as high
as 14%—24% in patients with

ESH Guidelines 2023 severe or resistant hypertension.

Further work-up

Antihypertensive treatment
Strict control of CV risk factors
Revascularization (selected cases)




Ivopuwdne AvorAaocia -
Negppayyeiakn Noooc

Prevalence:
<1 to 6%?

Suggestive symptoms,
signs and findings

Early-onset/ severe hypertension
Migraine
Pulsatile tinnitus

1st choice screening test®

Renal artery duplex ultrasound;
otherwise angio-CT or angio-MR

Treatment

Antihypertensive treatment
Angioplasty without stenting®¢

Follow-up

® \Whole body angio-CT or angio-MR
at diagnosis®

o [ndefinite follow-up

ESH Guidelines 2023

Cardiovascular
phenotype

24h ABPM — early onset or resistant
hypertension

Frequent in patients with
Spontaneous Coronary Artery
Dissection (SCAD)

May affect all medium sized
arteries (most frequent: renal and
cervical arteries)

Often associated with arterial
dissections and aneurysms

Cardiovascular phenotype:

From asymptomatic to resistant
hypertension, stroke, renal,

mesenteric or myocardial infarction




Negppayyeiakn Noooc

Atherosclerotic Fibromuscular
renal artery stenosis dysplasia
r g m’t 2
h"' ; - :
Stanacic ‘ ! String of beads

Vilre o8
WA LM
Segmented

g a severe
the classic

“string-of-beads” lesion of fibrom ar atch, Radiol-
ogy Department, u.rwe .'.*1 m‘ Tﬁm_ Soutf

Brauwald 10th Ed.
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Prevalence:
6-20%?°

Suggestive symptoms,
signs and findings

Resistant hypertension
Grade 2 or 3 hypertension
Hypokalemia/Patassium
in the low-normal range
Atrial fibrillation
OSA
Adrenal incidentaloma®
Family history of PA/early stroke

1st choice screening test¢

Plasma aldosterone to renin
ratio (ARR)

Further work-up®

CT scanning
IV saline infusion test (SIT)
Fludrocortisone suppression test (FST)
Oral sodium loading test (SLT)
Captopril challenge test (CCT)
Adrenal vein sampling
Genetic testing in selected cases®

Treatment
Surgical treatment (laparoscopic
adrenalectomy) — unilateral PA

Medical treatment — bilateral adrenal
diseasef

ESH Guidelines 2023

Cardiovascular
phenotype

24 ABPM — true resistant
hypertension, frequent non-dipping

e [WVH
® Decreased diastolic function
e Myocardial fibrosis (MRI)

Increased CV Risk and mortality

NAGODYZIOAOTIA

J_l Hyperaldosteronism }—¢
Y

Hypertension / t Sodium reabsorption

A

Hypernatremia

| 1 Plasma volume |/
v

Suppressed
renin-angiotensin

l

v

Hypokalemia
|

tPotassium excretion

v
Brauwald 10th Ed. ‘s

v

Metabolic
alkalosis

v

Polyuria




PaioxpwpokUTWHA

Prevalence:
<1%:?

Suggestive symptoms
and signs®

e paroxysmal symptoms
{such as headache, sweating,
palpitation, increased HR)

® large BP variation

e CV manifestations
(e.g. M, arrhythmias, Takotsubo
cardiomyopathy)

1st choice screening test

Plasma or urinary free metanephrines

Further work-up

Contrast enchanced CT or MRI
Functional imaging
Genetic testing®

Treatment!

Surgical resection

(Pheochromocytoma: minimally
invasive laparoscopic adrenalectomy)

Follow-up*

In most cases = 10 yrs

ESH Guidelines 2023; Braunwald 10th Ed.

& TlapayayyAiwpa

Cardiovascular
phenotype

24h ABPM — frequent non-dipping

e [VH
® Decreased systolic function
o Myocardial fibrosis (MRI)

Increased CV Risk and mortality

Hypertension, Persistent or Paroxysmal

Markedly variable blood pressures (+orthostatic hypotension)
Sudden paroxysms (subsequent hypertension) in relation to:
Stress: anesthesia, angiography, parturition
Pharmacologic provocation: histamine, nicotine, caffeine, beta blockers,
glucocorticoids, tricyclic antidepressants
Manipulation of tumors: abdominal palpation, urination
Rare patients persistently normotensive
Unusual settings
Childhood, pregnancy, familial
Multiple endocrine adenomas: medullary carcinoma of the thyroid
(MEN-2), mucosal neuromas (MEN-2B)
Von Hippel-Lindau syndrome
Neurocutaneous lesions: neurofibromatosis

Associated Symptoms

Sudden spells with headache, sweating, palpitations, nervousness,
nausea, vomiting
Pain in chest or abdomen

Associated Signs

Sweating, tachycardia, arrhythmia, pallor, weight loss




Prevalence: 2-5%?2

Suggestive symptoms
and signs

Resistant hypertension

Easy bruising, facial plethora,
,moon’ face, skin thinning

Proximal myopathy

Weight gain with centripetal
distribution of body fat

Diabetes mellitus

1st choice screening test®

Overnight 1 mg dexamethasone
suppression test

24-h urinary free cortisol
Late-night salivary cortisol

Further work-up

Morning plasma ACTH

ACTH stimulation by CRH
or desmopressin

CcT

Treatment

Medical — normalization of cortisol
levels

Surgical — first line treatment for

Cushing's disease , ectopic Cushing's

syndrome and ACTH-independent
hypercortisolism

2 Uvdpopo Cushing

ESH Guidelines 2023

Cardiovascular
phenotype

24h ABPM — frequent non-dipping
Short-term BP variability

e |VH
® Decreased systolic function
e Decreased diastolic function

Increased CV Risk and mortality




2navia [eveTika Aitia 2naBougc AY

Condition

Liddle syndrome

Phenotype

Hypokalaemia, metabolic alkalosis, low PRA or
PRC, low PAC

Mechanism and effect

Increased renal tubular ENaC activity:

responds to treatment with amiloride

Apparent mineralocorticoid

excess

Hypokalaemia, metabolic alkalosis, low PRA or
PRC, low PAC

Decreased 11B-dehydrogenase isoenzyme 2

Gordon syndrome

Geller syndrome

Hyperkalaemia, metabolic acidosis, low PRA or
PRC, low PAC

Pregnancy-exacerbated hypertension, low PRA or

PRC, low PAC

Overactivity of sodium chloride co-

transporter

Agonist effect of progesterone on the min-

eralocorticoid receptor

Glucocorticoid remediable

hypertension

Hypokalaemia, metabolic alkalosis, low PRC or

PRA, and increased PAC

Chimeric CYP11p1 to CYP11p2 gene:

response to treatment with glucocorticoids

ENaC = epithelial sodium channel; PAC = plasma aldosterone concentration; PRA = plasma renin activity; PRC = plasma renin concentration.

©ESC/ESH 2018
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Medication/substance

Oral contraceptive pill
Diet pills
Nasal decongestants

Stimulant drugs

Liquorice

Immunosuppressive medications
Antiangiogenic cancer therapies

Other drugs and substances
that may raise BP

Especially oestrogen containing; cause hypertension in ~5% of women, usually mild but can be severe
For example, phenylpropanolamine and sibutramine
For example, phenylephrine hydrochloride and naphazoline hydrochloride

Amphetamine, cocaine, and ecstasy, these substances usually cause acute rather than chronic

hypertension

Chronic excessive liquorice use mimics hyperaldosteronism by stimulating the mineralocorticoid recep-

tor and inhibiting cortisol metabolism

For example, cyclosporin A (tacrolimus has less effect on BP and rapamycin has almost no effect on BP)

and steroids (e.g. corticosteroids and hydrocortisone)

Antiangiogenic drugs such as VEGF inhibitors (e.g. bevacizumab), tyrosine kinase inhibitors (e.g. suniti-

nib), and sorafenib have been reported to increase BP

Anabolic steroids, erythropoietin, non-steroidal anti-inflammatory drugs, and herbal remedies (e.g. ephe-

dra and ma huang)

BP = blood pressure; VEGF = vascular endothelial growth factor.




BAapn opyavwv otoxwv

= KapdLa
e |[VH

* 2tnBayxn-eudppaypa
e Kapdlakn avenapkeLa

= EykepaAoc
e AEE

= XNA

" MepldepPLkn apTNPLAKA VOCOC
= AudLBAnotposidbonabela



KpiTnpia yia Tov kaBopiopo pAapng
OpYAVWYV OTOXWYV

Abnormality threshold

Measurement

ECG
LVH

LVvH

ECHO
LVH

RWT
LV chamber size
LV diastolic dysfunction

LV filling pressure

LV systolic dysfunction
Kidney

Function

Albuminuria

Renal resistive index
Large artery stiffness

Pulse pressure

Pulse wave velocity

Carotid atherosclerosis

Coronary atherosclerosis
LEAD

Eye

Microvascular changes

Parameter

Syv1 + Rys (Sokolow—Lyon)
R wave aVL
Svs + Raw (Cornell voltage)

Cornell voltage (+6 mm in W) x QRS duration
(Cornell duration product)

LVM/BSA (g/m?)
LVM/height (g/m*)
LV conc. Remodeling
LVDDiam/height

e’ velocity septal

e’ velocity lateral
E/e' average ratio
LAV/BSA
LAV/height?

GLS

eGFR
UACR
RRI

Brachial PP (=60 years)
baPWV (in people 60-70 years)
cfPWV (in people 50-60 years)

Plaque
IMT

CAC
ABI

KWB score

Wall-to-lumen ratio

>35 mm

=11 mm

=28mm (M), =20mm (W)
>2440mms

=115 (M), =95 (W)

=50 (M), =47 (W)

>0.43

>3.4 (M), >3.3 (W) cm/m
<7cm/s

<10cm/s

>14

>34 ml/m?*

>18.5 (M) or >16.5 (W) ml/m?
<20%

<60 ml/min/1.73 m?
>30mag/g
=0.7

=60 mmHg
=18 m/s
>10m/s

IMT >1.5mm, or focal increase in thickness >0.5mm, or 50% of surrounding IMT

>0.9mm
Age-specific and sex-specific reference value

<0.9

Grade lll (hemorrhages, microaneurysms, hard exudates and cotton wool spots) and

grade IV (papilledema and/or macula edema)
no established reference value




HKI: Yreptpowia AP koiAiac (LVH)

LV strain
pattern: ST
depression and

Markedly increased LV
voltages: huge precordial R and
S waves that overlap with the

mm)
R-wave peak time > 50 ms in V5-

LV strain pattern with ST
depression and T-wave inversions
in I, aVL and V5-6

Prominent U waves in V1-3

Left axis deviation




Echo: YwepTpowia AP koiAiac

PLAX Viewe ° PSAX Views -




2.7a01a YmepTATIKAC
AppipAnoTpocidorradeiac
| ™

Retinal photographs showing the stages of hypertension
retinopathy. A. Mild diffuse arteriolar narrowing. B. Arterial-venous

nicking. C. Hemorrhages and exudates. D. Papilledema.

Braunwald 10th Edition
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 Hemoglobin and/or hematocrit

* Fasting blood glucose and HbA1c

* Blood lipids: total cholesterol, LDL cholesterol, HDL cholesteral,
triglycerides

* Blood potassium and sodium

e Blood uric acid

* Blood creatinine (and/or cystatin C) for estimating GFR with
eGFRa formulas

* Blood calcium

e Urine analysis (first voided urine in the morning),
multicomponent dipstick test in all patients, urinary
albumin/creatinine ratio, microscopic examination in selected
patients

ESH Guidelines 2023



NapoakAwvikog EAgyyoc:
TumikoG Kot EKTETOMEVOC

Basic screening tests for HMOD Aim
recommended for all hypertensive patients

12 lead ECG Measure HR and AV conduction, detect cardiac arrhythmias, myocardial ischemia and infarction, screen
for LVH
Urine albumin : creatinine ratio (UACR) Detect and class
reatinine and eGFR
for HMOD

and left atrium, detect valvular disease, aortic root

ss, plaque and stenosis

d extent of coronary calcium to predict CAD events

, determine RRI

ESH Guidelines 2023



Clinical evaluation and HMOD assessment

Recommendations

Heart

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

Echocardiography:
e |s recommended in hypertensive patients when there are ECG abnormalities or signs or symptoms of LV

Khlv l K ﬁ dysfunction>134

® May be considered when the detection of LVH may influence treatment decisions.

Ektipnon m——

Ultrasound examination of the carotid arteries:

14
BAa B n c ® May be considered for the detection of asymptomatic atherosclerotic plaques or carotid stenosis in patients with docu-

) 42
mented vascular disease elsewhere.

[ 4
O pv av wv Measurement of PWWV may be considered for measuring arterial stiffness.’*18%

’ Measurement of ABl may be considered for the detection of advanced LEAD."31%°
2TOXWV v

Measurement of serum creatinine and eGFR is recommended in all hypertensive patien‘rj.'w

41,134

i i . o - . : 43,180
Measurement of urine albumin:creatinine ratio is recommended in all hypertensive patients.

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

suspected secondary hypertension.

Fundoscopy

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

May be considered in other hypertensive patients.

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

detecting brain infarctions, microbleeds, and white matter lesions.'**'%*

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 =

ESC Guidelines. pap il
. Bl evel of evidence.
Hypertension 2018
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Katnyopiec Tappakwv

ACEi or ARB
Prescribing patterns:

e Start with dual combination therapy
In most patients
® Uptitrate to maximum well tolerated
doses and to triple therapy if needed
e Once daily (preferred in the morning)
e Add further drugs if needed
e Preferred use of SPCs at any step

. Diuretic?

Additional drug classes

General antihypertensive therapy:
Steroidal MRA
Loop Diuretic
Alpha-1 Blocker
Centrally acting agent
Vasodilator

Special comorbidities:
® ARN]

® SGLTZI

e Non-Steroidal MRA

ESH Guidelines 2023




Avti-unteptaotka Qapupaka

> NioupnTikd: Ocialidec,ivdamapidn,xAwpBOaAidovn,
aykuAng, K-ouvtnpnTtika

> P-amokAeloTEC: MeToTtpoAOAN, ATEVOAOAN, KTA

> ACE-I/ARBs: KamtompiAn, PapimpiAn, AioivoTipiAn,
Tpumeoaptavn, TeAgioapTtdvn, KTA

> CCBs: MH-Awvdpomupidivec (BepamapiAn, AiAtialépn),
AiUdpomupidiveg (apAodimtivn, AekapvidiTivn)

> Apeoa dpwvra ayyelodiaoTtaATikd: YdpaAalivn, pivo10iAn
> a+p-amokAeioTEC: AapeTaAdAn, KappevTiAdAn

> Kevtpikweg dpwvta: MeBuAvtona, KAovidivn
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Beta-blockers Centrally acting drugs

Decrease heart rate, stroke volume, cardiac =yl b —receptor agonists

output, central sympathetic outflow . f.\f’;.ﬁ_:‘ = 2 l,-imidazoline-receptor agonists
- _‘.)‘_/. \g;_.’)"
~Z M l
"l Norepinephrine
Central sympathetic outflow

e P

oy
Ay ; AT,- receptors a —TGCEPTOFS * K+ channel
"""""""""" Ca?* cq hannel openers
ARNI “ cium channe p
o (via sacubitﬁl NEP %/ (L-type) » Alpha-blockers
_ i - 7 +CCBs
~ .. - sGC* - ACEi
. . \ Inactive K*channel e ET,-/ ETg-receptors* +ARBs
Angiotensinogen : wt =TE .
g 9 metabolites Vascular smooth muscle cell *Diuretics
l Renin<
. e Na*
Bradykinin Ang | Thiazides i oF D

ACE“_ ACEI —{((ace l ) Non-AcE g \ \.DCT ~

¢ (e.g. chymase) | ENaC antagonists , —
Inactive Ang Il MRA ' >/
peptide 5o ! Na?‘\( Loop diureti
S —] AT -receptor mp e
ARNI /
(via valsartan) . ! Nat
Aldosterone e — -K_ ey l/ i ZCI

Site of action of different classes of antihypertensive drugs. Antihypertensive drugs are directed against a varlety of pharmacological targets in
various cell types in different organs involved in blood pressure control. The most important targets in the brain, heart, vasculature (vascular
smooth muscle cells), and the kidney (nephron) are shown. Non-ACE-dependent conversion of angiotensin | (Ang I) to angiotensin Il (Ang Il) may
occur independent from ACE due to the activity of other enzymes in different tissues such as chymase in the heart; (=) indicates inhibition. ACEi

ACE inhibitors, ANP atrial natriuretic peptide, ARB angiotensin receptor blocker, ARNI angiotensin receptor—neprilysin inhibitor, BNP B-type
natriuretic peptide, CCBs, calcium channel blockers, CCT cortical collecting duct, DCT distal convoluted tubule, ENaC epithelial sodium channel,
MR mineralocorticoid receptor, MRA mineralocorticoid receptor antagonist, NEP neprilysin, TAL thick ascending limb of the loop of Henle, sGC

soluble guanylate cyclase. *Indicates targets for novel antihypertensive drug development
https://link.springer.com/referenceworkentry/10.1007/978-3-030-57401-7_11
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]_UASCULAH SMOOTH MUSCLE
Hydralazine
Minoxidil

Mitroprusside
Ca channel blockers
Thiazides

5

VASCULAR oy
RECEPTORS

1

BRAINSTEM

Clonidine
Methyldopa

\ 2

Preganglionic |
sympathetic nerve |SYMPATHETIC GANGLIA

Mecamylamings®

Postganglionic
sympathetic nerve

L

-

—

3
ADRENERGIC

Prazosin
Terazosin
Laetalol

=

REMAL TUEULES}

Thiazide diuretics
Furosemide
K*-sparing diuretics

TERMINALS
Reserpine

| CARDIAC §, RECEPTORS |
Propranolol
Metaprolol
Other § blockers

3
COMPONENTS OF THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM
8a 8b 8c 8d ge N\
[i; RECEPTORS ON ANGIOTENSIN-
1 AMNGIOTENSIN Il ALDOSTERONME
JUXTAGLOMERULAR RENIN CONVERTING HECE%TDRS REC{EJETDH{SJ
CELLS ENZYME
Propranolol Aliskiren Captopril Losartan Eplerencne
Metoprolol Enalapril Valsartan
Other B blockers

Other ACE inhibitors Other ARBs

Spironolactone
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FIGURE 43-10 The renin-angiotensin-aldosterane system. AT,R = angiotensin receptor type 1; CNS = central nervous
system.




BRADYKININ SYSTEM
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retention hormone release Vasoconstriction

Physiology, Renin Angiotensin System
John H. Fountain; Jasleen Kaur; Sarah L. Lappin
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H £ Selective oG, Lt
£ inhibition of Mo
[ calcium influx HC  H 4
o = > B AV Conduction
Nifedipine o Verapamil .
(dihydropyridine derivative) | | | (cationic amphiphilic) Little effect
Nifedipine
| Inhibition of cardiac functions | Verapamil |
Diftiazem
Decreased | Increased
e
W\ e
WL P Heart rate §
/|1 Sinus node &\ . L;n;ﬁg‘rziteion Reflex tachy-
e \\ = ‘\\\ cardia with nifedipine
N IR
/SR S AN Frequency of
Z oA |\ Impulse AV adverse effects
‘//\ \ \ '\ conduction conduction}
g ® W - e .
N — L ‘.‘ ".‘ Nerd.lpme[ | 18%
| \\ \\ o Verapamil 9%
e — Diftiazem [ ] 2%
|| \ ~ Ventricul / Electro- Inf. E
\ ~_ Ven r||cu ar [————— e . nfrequent requent
s coupling —
Actions of calcium-channel blockers.

Heart muscle cell

Manual of Medicine

Vasodilators: calcium antagonists
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SGLT-2 Inhibitors

Glucosa
Aming acids
Prabain
Vikarmins
Laciate
Urea

Uiric: acid

S1 segment proximal tubule:
~90% of renal glucose reabsorption

Liric acid
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MECHANISMS BY WHICH CHRONIC DIURETIC THERAPY
- MAY LEAD TO VARIOUS COMPLICATIONS

Diuretic therapy

+Renal reabsorption of Na (and Mg)—— Hypomagnesemia

Hyponatremia-—— Saluresis and diuresis

|

tPlasma volume
|

d | t

tCardiac output i Renal blood flow ‘PRA

l |

Postural i GFR 'Aldosterone
hypotension / .

Pre-renal  !Proximal ‘Distal Ca™ ™ Kaliuresis
azotemia reabsorption reabsorption l

)/ \ ;/ Hypokalemis— Hyper-

Cluric acid Clealeium l cholesterclemia

| |

Hyperuricemia Hypercalcemia Glucose tolerance




B-BLOCKADE
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NE release
inhibited
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= renin 4,

SVR: systemic vascular
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Papuaka AY:

Drug class

ACEI

Beta-blocker

DHP-CCB

Non-DHP-CCB
(verapamil, diltiazem)

Thiazide/Thiazide-like diuretics

Contraindications

e Pregnancy
+ Women planning pregnancy
¢ Previous angioneurotic edema

e Severe hyperkalemia (e.g. potassium >5.5 mmol/l)
e Bilateral renal artery stenosis or stenosis in solitary
(functional) kidney

e Pregnancy
e \Women planning pregnancy

¢ Severe hyperkalemia (e.g. potassium >5.5 mmol/l)
e Bilateral renal artery stenosis or stenosis in solitary
{functional) kidney

e Severe asihma

e Any high-grade sino-atrial or atrioventricular block
e Bradycardia (e.g. heart rate <60bpm)

e Any high-grade sino-atrial or AV block
e Severe LV dysfunction (LVEF <40%), HFrEF
e Bradycardia (e.g. heart rate <60bpm)

o Co-medications susceptible to significant drug
interactions mediated by P-gp or CYP3A4

¢ Hyponatremia

o CKD due to obstructive uropathy

¢ Sulfonamide allergies

e Severe hyperkalemia (e.g. potassium =>5.5 mmol/l)
e eGFR <30 ml/min/1.73m*

& TTpowuAaeic

Cautious use

» Women of child-bearing potential without reliable
contraception

» Women of child-bearing potential without reliable
contraception

s Asthma

¢ Glucose intolerance

e Athletes and physically active patients
e Tachyarrhythmia

e Heart failure (HFrEF, class Il or IV)

e Preexisting severe leg edema

« Constipation

e« Gout

¢ Glucose intolerance

» Pregnancy

* Hypercalcemia

¢ Hypokalemia

e Cancer patients with bone metastasis

¢ Co-medications susceptible to significant drug
interactions mediated by P-gp or CYP3A4 for eplerenone




If
=150/95

Initiate
drug
treatment
if BP is not
controlled

Aiayvwon & Apxikn Aiaxeipion AY

=150/95

ESH Guidelines 2023

Use HBPM
and/or
ABPM

whenever
possible




Lifestyle Tpomomoinon : Aiaita

o CDpOUTG Dietary Sodium

° /\GXGVl K(’X Restrict to target range of 65-100 mmol/day
L . (Most of the salt in food is hidden and comes

o Xq“ n AQ )\|'|'|'r] ; from processed food)

* DASH diet

Dietary Potassium
If required, daily dietary intake

>80 mmol

DASH DUETT

6-8 Servings per day 4-5 Servings per week
whole gra nu

Less than 6

4-5 Servings
servings per day
ean o

Less than 5
servings per

http://www.hc-sc.gc.ca/hpfb-dgpsa/onpp-bppn/food _guide rainbow_e.html

2-3 Servings per day 2-3 Servings per day
fat-free/ low fat dairy fat, oils

DASH diet:
Dietary Approaches to Stop Hypertension

+ Filling low calorie vegetables « Salt
+ Fruits x + Added sugars

+ Lean proteins




Lifestyle Tpomomoinon : @uoikn dpaocTnpidTNTA

AtrapaitnTtn yia peiwon Al

F Frequency - 3-4 pépeg Tnv Bdoudda

B Intensity - MéTpia

Il Time - 30-45 min
Auvapikn

T - NeptdTnua, jogging

- [TodnAarto
- KoAupuTtri

For patients who are prescribed pharmacological therapy: Exercise should be prescribed as adjunctive therapy



Lifestyle Tpomomoinon : AAKOOA

XapnAn KatavaAwon

e 0-2 TToTa/NUEPQ

* Avdpec: max 14 / eBdouada

 ['uvaikec: max 8 / efdouada

1 moté = 1 pumoupa,1 TorApl Kpaci, 1 TToTAP1 40% AAKOOA



Lifestyle Tpomomoinon : Stress

O¢partreia

TpOTTOTTOTT0INCN CUUTTEPIPOPAC

TexviKEC xaAapwaong




Lifestyle Tpormowoinon : ArwAeia Papoug

BMI > 25 e1ri HTN

- EvBapuvon
- 216X0G BMI: 18.5-24.9 kg/m?

Exktraidsuon, doknon, CUdTTEPIPOPA




Lifestyle Tpomomoinon : AwoTeAéopara

TMapéupaon MeTaPpoAn SBP/DBP

AANTI 100 mmol/day -58/-25
ATiwAg1a pdpouc - 4.5 kg -7.2/-5.9
AAKOOA - 2.7 motd/nuépa -46/-2.3
Aoknon 3 popéc/epdoudda -10.3/-75
Aiaita DASH diet -114/-55
DASH diet:

Dietary Approaches
to Stop Hypertension
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Initiate
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treatment
if BP is not
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Aiayvwon & Apxikn Aiaxeipion AY

=150/95

ESH Guidelines 2023

Use HBPM
and/or
ABPM

whenever
possible




2.T0X0!1 O¢cpanceiac

Office BP targets in the general adult
hypertensive population.

aThe first objective of antihypertensive
treatment should be to lower BP to <140/80
mmHg in most patients, because this
accounts for the major portion of the
protective effect of BP-lowering.

2lf drug treatment is well tolerated, treated
SBP values should be targeted to 130 mmHg
or lower in most patients up to 79 years old.
aDespite the smaller incremental benefit, an
effort should be made to reach a BP range of
120-129/70-79 mmHg in patients up to 79
years old, but only if treatment is well
tolerated. Evidence on the advantages of this
lower BP target range is not available or
unequivocal in a number of clinically
important subgroups of patients (e.g.
patients with LVH, CKD, or ISH). These issues

are discussed in the sections on special mmHg

conditions (see Sections 17 to 20).

3n patients at least 80 years old who are not
frail, the first objective of antihypertensive
treatment is to lower BP below 150 mmHg.
However, a SBP target range between 130-
139 mmHg may be considered, if well
tolerated.

2n very frail patients, treatment targets
should be individualized.

Systolic BP target Diastolic BP target

I mmHg I
1 |
1 |

Most patients? Most patients?

ESH Guidelines 2023




Mevikn ZTparTnyikn AvnusTwman AY

Prefer SPCs
at any step

Step 1

Dual combination

Step 2

lriple combination

Step 3

Add further drugs

ESH Guidelines 2023

Start with Dual Combination
Therapy in most patients

4

ACEi or ARB + CCB or , Diuretic®

T Increase to full-dose if well tolerated

— up to ~ 60% controlled®

¥

ACEi or ARB + CCB + /4 Diuretic

Increase to full-dose if well tolerated

— up to ~ 90% controlled

L4

True resistant Hypertension®
— up to ~ 5%

4

Consider to consult hypertension
specialist in patients who are still
not controlled

Start with Monotherapy only in selected patients:
e Low risk hypertension and BP =150/95 mmHg

® or high-normal BP and very high CV risk

e or frail patients and/or advanced age

BBb

Can be used
as monotherapy
or at any step
of combination
therapy

aUse of Diuretics:

-Consider transition to Loop Diuretic if eGFR
is between 30 to 45 ml/min/1.73 m2

-If eGFR <30 ml/min/1.73 m2 use Loop
Diuretic

bBB should be used as guideline directed
medical therapy in respective indications or
considered in several other conditions (Table
16)

¢Controlled below 140/90 mmHg




AmoTuxia duo pappakwv

Tp1TAN A TETPATTAR aywyn

AVUTIAKOR?

Acutepoyeviic HTN;
Pdppaka/ouvhOelec;
Aeukn pmtAoula;
AvOekTIKA HTN;




AvOeKkTIKN YTépTaon

Otav dgv entuyyavetat o otoxos (AN ypadeiov <140/90 mmHg) petd and aAlayeg lifestyle ko BEAtiotn
aywyn He 3 N neploocotepa dpapuaka (Thiazide/Thiazide-like diuretic, RAS blocker kat CCB)

ium and fluid retention ctivation o an mpaired vascular function
AITIA Sod 1 fluid retent Activat f SNS and RAAS I | lar funct
. /4 14
Eod)aAuEVn HETp n Gn Apparent resistant hypertension
- AAdTL up to 10-20%
] Avenap Kr'] 6 l.O U p I']TLKd Confirm true resistant hypertension
= Qappoka
° AVET[ap KE i,q 6608 l,q True res_i’st:i:tt:{p;;:ension

e AAAnAemidpaoelg (my., e
nonsteroidal anti-inflammatory TETETSEE R
drugs (NSAIDs), illicit drugs,
sympathomimetics, oral
contraceptives)

Consider to consult hypertension specialist
in patients who are still not controlled

e Over-the-counter (OTC) drugs
& herbal supplements

= AAKOOA
= Aeutepoyevic HTN



TABLE 7. Drug/substance exacerbators and inducers of hypertension

Drug/substance [32-43] Comments on spe drugs and substances®
Nonsteroidal No difference or an increase of up to 3/1 mmHg with celecoxib
Antiinflammatory 3/1 mmHg increase with nonselective NSAIDs
Drugs (NSAIDs) No increase in blood pressure with aspirin
NSAIDs can antagonize the effects of RAAS inhibitors and beta blockers
Combined oral 6/3 mmHg increase with high doses of estrogen (>50 pg of estrogen and 1-4 g progestin)
Contraceptive pill
Antidepressants 2/1 mmHg increase with SNRI (selective norepinephrine and serotonin reuptake inhibitors)

Increased odds ratio of 3.19 of hypertension with tricyclic antidepressant use
No increases in blood pressure with SSRI (selective serotonin reuptake inhibitors)
Acetaminophen Increased relative risk of 1.34 of hypertension with almost daily acetaminophen use

Other medications Steroids
Antiretroviral therapy: inconsistent study findings for increased blood pressure
Sympathomimetics: pseudoephedrine, cocaine, amphetamines
Antimigraine serotonergics
Recombinant human erythropoeitin
Calcineurin inhibitors
Antiangiogenesis and kinase inhibitors
11p-hydroxysteroid dehydrogenase type 2 inhibitors
Herbal and other Alcohol, Ma-huang, Ginseng at high doses, Liquorice, St. John's Wort, Yohimbine
Substances [44,45]

“Average increase in blood pressure or risk of hypertension. However, the effect of these medications/substances on blood pressure may highly vary between individuals.




AvTigeTwrion AvOekTIKNG YréEpTaonc

~
BP-lowering therapy in true resistant hypertension® /I

If eGFR =30 ml/min/1.73 m? “ " If eGFR <30 ml/min/1.73 m?
(not on dialysis)

Patients not controlled with Patients not controlled with

. ACEi or ARB + CCB + 17, Diuretic” ‘ ‘ ACEi or ARB + CCB + Loop Diuretic®

Add | Add©
) Spironolactone? (preferred) ) Chlorthalidone (preferred)
or other MRA® or other 1, Diuretic
or or
I1) BB® or Alpha1-blocker I1) BB€ or Alpha-1 Blocker
or or
l1l) Centrally acting agent | ll) Centrally acting agent
or consider -
Renal Denervation
If eGFR =40 mI/min/1.73 m?




Afferent Renal Sympathetics

Renal
Nerves 3

Renin release > RAAS The kidney is a source of central sympathetic
Na absorption activity, sending signals to the CNS

Renal blood flow (TPR)

Adapted from Schiaich MP, et al. Hypertension. 2009;54:11985-1201.

Nerves arise from T10-L2
The nerves arborize around the artery and
primarily lie within the adventitia

Vessel r
Lumen .




T Renal sympathetic
nerve activity

l

Stimulates renin

\ J

Enhances renal
sodium and water

l

Causes renal

release resorption vasoconstriction
Juxtaglomerular 9 0/o Tubule // Vessel
cell ° N M (V)
(JGC) Na-+o |
&+-H.0 S \
O \
0/0\8 N
TRSR L UnaV L RBF Py
B1-AR a1g-AR aq1a-AR 'q LVH
FIGURE 43-6 Effects of increased renal sympathetic nerve activity on the three renal neuroeffectors: .‘_JJ .'; ) Arrhythmias

the juxtaglomerular granular cells with increased renin secretion rate (RSR) via stimulation of the beta-1
adrenoceptors (B,-AR); the renal tubular epithelial cells (T) with increased renal tubular sodium reabsorp-
tion and decreased urinary sodium excretion (UNaV) via stimulation of alpha-1B adrenoceptors —(o;:-AR);
and the renal vasculature (V) with decreased renal blood flow (RBF) via stimulation of a,.-AR. (From
DiBona GF: Physiology in perspective: The wisdom of the body. Neural control of the kidney. Am J Physiol
Regul Integr Comp Physiol 289:R633, 2005.)

T Oz consumption

Cardiac SNA ) \ \“S

Renal
afferents

S Insulin

= \ resistance
e >

\ y

Activated O
Salt-sensitive T cell Vascular
hypertension ‘ inflammation,

atherosclerosis

FIGURE 43-7 Conceptual framework by which denervation of renal afferents explains ancillary
benefits of catheter-based renal denervation. In patients with drug-resistant hypertension, overactiv-
ity of efferent renal sympathetic nerve activity (SNA) contributes to salt-sensitive hypertension,
whereas overactivity of renal sensory (afferent) nerves triggers sustained reflex increases in cardiac
SNA (leading to left ventricular hypertrophy, arrhythmias, and increased oxygen consumption), in
skeletal muscle SNA (leading to insulin resistance), and in splenic SNA (activating T cells, which are
honed to vascular smooth muscle, stimulating reactive oxygen species [ROS] that promote vascular
inflammation and atherosclerosis).

Braunwald 10th Edition




apyation

Standard interventional technique
4-6 two-minute treatments per artery
Proprietary RF generator

— Automated

— Low power, 8W maximum

— Built-in safety algorithms




Table 1: Summary of Sham-controlled Renal Denervation Trials and Real-world Evidence to Date

SPYRAL HTN-

SPYRAL HTN-ON MED*

RADIANCE-HTN SOLO'

RADIANCE HTN-TRIO®

RADIANCE Il (PIVOTAL)®

Global SYMPLICITY Registry*

OFF MED*

Design Randomised Randomised sham-controlled trial Mulicentre international Multicentre international Randomised shamecontrolled trial Prospective open-label single-arm
sham-controlled trial single-blind randomised single-blind randomised multicentre all-comer observational study

sham-controlled trial sham-contraolled trial

No. sites/ A sites 25 sites 21 sites 28 sites 224 patients =3,000 patients

patients

Aim To assess the efficacy To assess the efficacy of RON in patients To assess the effect of ultrasound  To assess the effed of To demonstrate the effectiveness To evaluate the impact of medication
of RON in patients not continuing to take antihypertznsive RONon BP reduction in patients ultrasound ROM on BP and safety of the Paradise System burden on the EP-lowering effect of RON
taking antihypertensive  medications with mild-to-moderate HTN reduction in a drug-resistant in subjects with stage 2
medications controlled on -2 antihypertensive  population on =3 hypertension on 0-2 medications

medications or uncontrolled on antihypertensive medications
0-2 medications
Primary Baseline-adjusted Change in BP from baseline to 6 months in Mean change in daytime Mean change in daytime 1 Incidence of MAE from baseline A
endp oint change in 24-h SBP the ROM versus sham control group ambulatory SBP from baseline to ambulatory SBP from baseline to 30 days after the procedure
2 monthsin the RON versus sham 1o 2 months in the RDNversus 2 Change in mean daytime
control group sham contral group ambulatory SBP from baseline to
2 months after the procedure,

Results Primary endpoint was 1. AtE months, the primary efficacy Primary endpaoint was met: there Frimary endpoint was met: Primary endpaint was met: RON resulted in significant and clinically
met with posterior endpoint was met mean baseline- was a greater reduction in there was a greater reduction meaningful reductions in both office and
probability of superiority adjusted treatment difference in 24-h daytime ambulatory SBP at 2 indaytime ambulatory SBP at 1. The Paradise system had a mean  24-h BP thatwere sustained out to 3 years
=0.999 SBP was—7.0 mmHg (95% CI[-12.0, -21]; monthsin the RON than sham 2 months with the RDM than change in daytime ambulatory after the procedure

p=0-0058) and in 24-h DBP was —4.3 control group {mean [+5D] -85+ sham procedure (median [I0R] SBP of —7.89 mmHg, compared
mmHg (95% CI[-78, 0.8 p=0.0174) 9.3 versus —2.2 £10.0 mmHg, 2.0 [-16.4, 0.0) versus 3.0 with —1.8 mmHg in the sham arm

2. At 36 months, treatment differences for respectively) [-10.3,1.8] mmHg, [significant between-grou p
mean ambulatory were: -5.9 mmHg (95% respectively; median difference of —6.2 mmHg;
CI[-10, <18]; p=0.0055) for DEP, <11.0 between-group difference p<0.0001)
mmHg (95% CI[-19.8, - 21); p=0-018) far —4.5 mmHg, 95% CI [-8.5, 2. No MAEs from baseline to
morning SBP; and <11.8 mmHg (95% CI -0.3], baseline-adjusted 30 days
[-19.0, -4 7] p=0.0017) for night-time SBP p=0.022)

Key findings ~ RDNwas superior to Asignificant decrease in 24-h ambulatory BP Ultrasound RDN of main renal arteries and accessory arteries Results consistent with the prior The reduction in BP achieved after RON

asham procedure
to safely lower BP in
the absence of
artiby pertensive
medications

from baseline to 6 months was achieved in
the ROM group and was sustained within the
TTR aver the longterm follow-up of 3 years

Further, RON decreased BP independent of
the baseline antihypertensive medication
burden and without increasing the
medication burden over time

=4 mm in diameter achieved a similar significant drop in daytime
ambulatory SBP at 2 months in patient populations with: HTN with
no medications; and with HTN resistant to a standardised triple

combination of medications

SOLO (eff-medication) and TRIO {on
triple antihypertensive treatment)
trials

treatment was independent of baseline
antihypertensive medications and did not
resultin increased medication burden over
time

The benefit of RON on BP throughto 3 years
was consistent within patients with and
without CKD

Asubgroup analysis of the Global
SYMPLICITY Register showed similar office
SBP reductions at 3 years in patients with
054, diabetes or current smokers®

BP = blaod pressure; CKD = chronic kidney disease; DBP = diastolic Blood pressure; MAE = major adverse events; 054 = obstructive Seep apnoea; RON = renal denenvation; SBP = systolic blood pressure TTR = target treatment range,




Figure 1: Considerations in Patient Selection to Predict a Better Response to Renal Denervation

Cause of hypertension

«  Primary hypertension

«  Secondary hypertension
=+ Obstructive sleep apnoea
= Renal disease

Hypertension severity

«  The higher pretreatment B, the larger the
response

«  May be night-time systolic BP and varlability

Renal dysfunction
«  Motan exclusion criterion
«  RDM has positive Impace on renal function

T~
/

BP = blood pressure; RON = renal denanation. A dapted from: Ui and Phillips 2022 Lised with permission from Dove Medical Press,

| BRAERAE

Hypertenslon treatment
+  RDM works on or off treatment

—
N

Accessory renal artery

«  Denervation beneficial

«  Abnormal renal anatomy possibly
confounding (e.g. diameters =2 or =8 mm)

Sympathetic activity

«  Difficult to assess In clinical practice

«  Baseline levels not predictive of response

«  Acute RDN-induced physiological changes
in BP may be predictive




YrepTaoikéc Kpioegic

= > opaph HTN ME ouvodo ocia PAdPn opydvwy otoxwyv (Tr.X.
EvkepahomdOeia, épgppaypa, OTTO, ekAapyia, AEE, aipoppayia,
diaxwplopog aopThg) => eicaywyn kai IV Bepameia.

= Yopaph HTN XIPIZ ouvodé ofcia PAAPN opydvwy oTOXWV => dueon
évapin aywync P.O.

Tumnou KAwikwv Meplotatikwy

e AcOeveic pe Kakonon Ynéptaon (ocoPfapn uneptaon ouvnOwc grade 3) oxetl{lOUEVN UE
gupnuata otnv Bubookomnon, ofeia kKapdLakn avemapkeLa, Kat ofeia emdeivwon
VEDPLKIC AeLToupylag = Kakn mPoyvwon

* AcOeveic pe ocoPapn uneptaon oXxeT{OUevVn Le AANEC KALVIKEC TtaBnoeLc ou Xprnlouv
enelyovooc peiwong tng All, rty o€0C alopTLKOG SLaXWPLOUOG, ofela puokapdlakn
Loxatpia n ofeia kapdlokn avenapkeLa

e AcBeveic pe amotoun coBapn uneptacn Aoyw GaloXpwWHUOKUTWUOATOG OXETL(OUEVN HE
BAABn opyavou

* EYKUEG YUVOILKEC pe coPBapn uTtEptaon ) tpo-ekAapia



Common tests for all potential causes

Fundoscopy is a critical part of the diagnostic workup

12-lead ECG

[ 4
A ' avvwaT ' Kog Haemoglobin, platelet count, fibrinogen
’ Creatinine, eGFR, electrolytes, LDH, haptoglobin
EAeyxoc oc :

: e 4
A evs | g u 8 Pregnancy test in women of child-bearing age
YrepTaoikn

Troponin, CK-MB (in suspected cardiac involvement, e.g. acute

Kp ion chest pain or acute heart failure) and NT-proBNP

Chest X-ray (fluid overload)

Urine albumin:creatinine ratio, urine microscopy for red cells,

leucocytes, casts

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)

CK-MB = creatinine kinase-muscle/brain; CT = computed tomography; ECG =
electrocardiogram; eGFR = estimated glomerular filtration rate; LDH = lactate
dehydroger MRI = magnetic resonance imaging; NT-preBNP = N-terminal
pro-B natriuretic peptide.




TABLE 12. Hypertensive Emergencies Requiring Immediate blood pressure lowering
Clinical presentation Timeline and target BP First line treatment Alternative

Malignant hypertension with or without TMA or acute renal failure Several hours, MAP —20% to —25% Labetalol Nitraprusside
Nicardipine Urapidil

Hypertensive encephalopathy mmediate, MAP -2 g —2 Lahetalol Nitroprusside
Nicardipine

Acute ischaemic stroke and BP =220 mmHg systolic or >120mmHg diastolic 1h, MAP —15% Labetalol Nitroprusside
Nicardipine

thrombolytic therapy and BP Th, MAP —15% Labetalol Nitroprusside
olic or == {g diastolic Nicardipine

troke and sy »180mmHg Immediate, systolic 130 < BP < 180 mmHg Labetalol Urapidil
Nicardipine
Acute coronary event Immediate, SBP <140 mmHg Nit ine Urapidil
L

Acute cardiogenic pulmonary edema Immediate, SBP <140 mmHg Nitroprusside or Nitroglycerine (with loop Urapidil (with loop diuretic)
diuret
Acute aortic disease mmediate, '0mmHg and heart smolol and Nitroprusside or Labetalol or Metoprolal
bpm e or nicardipine
Eclampsia and severe pre-eclampsia/HELLP Immediate, SBP < 160mmHg and DBP  Labetalol or nicardipine and magnesium
<105mmHg sulphate

BP = blood pressure; bpm = beats per min; DBP = diastolic blood pressure; HELLP = haemolysis, elevated liver
enzymes, and low platelets; i.v. = intravenous; MAP = mean arterial pressure; SBP = systolic blood pressure
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