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V=IxR
Blood Pressure = Cardiac Output x Peripheral Vascular Resistance

=

Beevers G et al. BMJ 2001; 322:912-916



Mala Na ..
SLOYKOLLLLOL

Mala No T

O=EQ2

VITEPOYKOLULOL
VTTOOYKOLUL

[ieon evopnvwoewg



Central nervous system

Nucleus tractus Stress
solitarius
Cardiac ‘ \ D I I
output
Atrial Parasympathetic  Vascular
natriuretic efferents resistance
peptide Na, K, Ca
Cardiopul o <o B
barore¢eptors - <
Sympathetic
efferents Endothelial-

WA S =

Sympathetic

'----->

derived factors
Aldosterone < Angiotensin |l

Renal efferents

efferents  ~___TTT.A Renal afferents
' Plasma renin-
Preload angiotensin Il

(NaCl and H,0)

Prostaglandins

Kinins




T

sympathetic stimulation
Hyperosmaolanty
Hypovolemia
Pituitary « Hypotension
VagForessin
/Y Renal Fluid
Vasoconstriction AT
# Reabsorption
Increased ‘o Increased

Artenal Pressure Blood Volume




Arteries

Ang | Ang Il

RAAS

Adrenal

’ngiotensinogéﬁ

Aldosterone




Sympathetic Nervous System
e Sympathetic system activation produces

— vasoconstriction
— reflex tachycardia
— increased cardiac output

* The actions of the sympathetic system are rapid
and account for second® second blood pressure
control

YOU CAN FIGHT..
ME UM FLIGHT!..




GOLDBLATT HYPERTENSION

Experimental Models
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In this short paper, I have tried to explain the elation that we felt when we first realized that

the kidney-fluid mechanism for controlling the arterial pressure has an infinite feedback
gain property. Because of this, all the other pressure control mechanisms, none of which has

ever been shown to have a similar infinite gain property, must themselves alter the
kidnex-ﬂuid mechanism if thez are to succeed in causlng long-term changes in the arterial

pressure. We have not been able to refute this principle despite many experiments over the

— TG




Hypertension travels along with the kidney!
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Most Sodium Comes from
Processed and Restaurant Foods
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Average daily NaCl intake (gm)
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Denton D et al. The effect of increased salt intake on

blood pressure in chimpanzees.
Nat Med 1995;1:1009-16.

* Humans share 98.4% genetic identity with
chimpanzees

* By adding up to 15 g of NaCl daily, SBP
increased by 33 mm Hg-and DBP by 10 mm
Hg

* The increases were reversed after

withdrawal of the sodium chloride
supplement.




Relatively salt-sensitive groups of people

* |Individuals > 50-60 yo
* Blacks
* Hypertensive patienls

* Obese people with metabolic syndrome
and DM

e Patients with CKD



Prevalence of Hypertension in US by Obesity Class and Sex
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Office BP measurement - 1

Patients should be seated comfortably in a quiet environment for 5 min before
beginning BP measurements.

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

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

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

The cuff should be positioned at the level of the heart with the back and arm
supported, to avoid muscle contraction and isometric-exercise dependent
increases in BP.

When using auscultatory methods, use phase I and V (sudden
reduction/disappearance) Korotkoff sounds to identify SBP and DBP, respectively.
Measure BP in both arms at the first visit to detect possible between-arm
differences.

Use the arm with the higher value as the reference.




2018 ESC/ESH Hypertension Guidelines

Classification of office BP and
definitions of hypertension grade

Category Systolic (mmHg) Diastolic {(mmHag)
Optimal < 120 and < 80
Mormal 120-129 and/or 80-84

High normal Bél-139 and/or 85-89
Grade 1 hypertension 140-159 and/or a0-99
Grade 2 hypertension 160-179 and/or 100-109
Grade 3 hypertension = 180 and/or = 110
Isolated systolic hypertension = 140 and < 90

Eurapaan

@ EEE e Williams, Mancia et al_, ] Hypertens 2018;36:1953-2041 and Eur Heart J 2018;39:3021-3104 @ Society of

Hiypertersios
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2018 ESC/ESH Hypertension Guidelines

Definitions of hypertension according to
office, ambulatory, and home BP levels

Category Systolic (mmHg) Diastolic (mmHg)
Office BP = 140 and/or = a0
Ambulatory BP
Daytime (or awake) mean 2‘1\515 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

WESC

Eurcpean Society
at Lardialogy

Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104

®

Europaan
Society of
Hypertension



2018 ESC/ESH Hypertension Guidelines

Routine work-up for evaluation of hypertensive patients

Routine laboratory tests

Haemoglobin and/or haematocrit

Fasting blood glucose and glycated HbA,.

Blood lipids: total cholesterol, LDL cholesterol, HDL cholesterol

Blood triglycerides

Blood potassium and sodium

Blood uric acid

Blood creatinine and eGFR

Blood liver function tests

Urine analysis: microscopic examination; urinary protein by dipstick test or,
ideally, albumin:creatinine ratio

12-lead ECG

WESC

Eurcpean Soclety
of Cardinlogy

Williams, Mancia et al., 1 Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104 @

Europaan
Society of
Hypertensior



2018 ESC/ESH Hypertension Guidelines

10-year CV risk categories (SCORE system)

AT LR " - Unequivocal documented CVD on imaging includes cignificant plague (i.e. = 50% stenosiz) on

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.

angiography or ultrasound. It does not include increase in carotid intima-media thickness.

 Diabetes mellitus with target organ damage, e.g9. proteinuria or a with a major risk factor such as
grade 3 hypertension or hypercholesterclaemia

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

People with any of the following:
» Marked elevation of a single risk factor. particularly cholesteral = 8 mmaol/L (> 310 mg/dL) e.qg.
familial hypercholesterolaemia, grade 3 Yywertension (BP = 180/110 mmHg)

» 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?)
+ A calculated 10-year SCORE of 5-10%

People with:
« A calculated 10-year SCORE of 1% to < 5%

Moderate risk |, Grade 2 hypertension
+ Many middle-aged people belong to this category
People with:
Low risk

+ A calculated 10-year SCORE of < 1%

@ESC

Eurcpean Society
of Cardialogy

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

15

Hypertension




118 ESC/ESH Hypertension Guidelines

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

Hypertension
disease staging

Other risk factors,
HMOD, or disease

BP (mmHg) grading

High-normal
SBP 130-139
DBP B5—-89

Grade 1
SEP 140-159
DBP 90-99

Grade 2
5BF 160-179
DEP 100-109

Stage 1
{uncomplicated)

Ma other risk factors

Low risk

Law risk

Moderate risk

1 or 2 risk factors

= 3 risk factors

Stage 2 HMOD, CKD grade 3, or
{asymiptomatic diabetes mellitus
dizease) without argan damaga
Established CvD,
{é::&:;h:‘;d CKD grade = 4, or
disease) diabetes mellitus

with organ damage

) ESC

Eurcgpean Soclety
af Cardlogy

Very high risk

High risk

Very high risk

High risk

High risk

Very high risk

Grade 3
SBP = 18O
DBEP = 114

High risk

High risk

High risk

High to

very high risk

Very high risk

Williams, Mancia et al., 1 Hypertens 2018;36:1953-2041 and Eur Heart 1 2018,;39:3021-3104 @

Europaan
Society of
Hypertensior




Hypertension Treatment Effect
Mirrors Observational Data

Incidence of
cardiovascular disease
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Deaths per 100,000 people

Risk Factors for Death Worldwide (2010)

120

B High blood pressure
B Smoking
. Diet low in fruit
I Household air pollution
- Diabetes

Outdoor air pollution
B Physical inactivity
~ Diet high in sodium
. Obesity

I Diet low in nuts and seeds

]
=

40

Source: GBD 2010 wia the Institute for Reaith Metnice and Evaiwation

FRI's The Warld/Angilee Shah

Apart antibiotics, anti-hypertensives are the single most
important therapy contributing to rising life
expectancies.



=L L Rty e 1 D Ll LR Pl AT A LT Rl P

Summary of office BP thresholds for treatment
[ Age ] { Age ] [ Age ] [ Very high J
18-65 years 65-79 years = 80 years risk factors

[ = 140/90 mmHg ] ( = 140/90 mmHg ] [ > 160/90 mmHg ] > 135/85 mmHg
can be considered

N\

IA IA IA IIbA
@ESC purep
European Soclety Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart 7 2018;39:3021-3104 SH:':]::
of Cardialogy



2018 ESC/ESH Hypertension Guidelines

Office BP treatment target range

Age Age Age
18-65 years >65-79 years* = 80 years*
|

First SBP <140 mmHg
Aim for SBP 130 mmHg or
lower if tolerated

DBP <80-70 mmHg

Do not go <120/70 mmHg

First SBP < NI mmHg
Aim for SBP 130 mmHg

First SEP <140 mmHg
Aim for SBP 130 mmHg

DBP <80-70 mmHg
Do not go <130/70 mmHg

DBP <80-70 mmHg
Do not go <130/70 mmHg

IA IA IA

* Consider frailty/independence/tolerability of treatment

@ E S'C Europaan
European Soclety Williams, Mancia et al., 1 Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104 ey
al Cardialogy Hypertension



2018 ESC/ESH Hypertension Guidelines

Initiation of BP-lowering treatment
(lifestyle changes and medication) at different initial office BP levels

High normal BP Grade 1 hypertension Grade 2 hypertension Grade 3 hypertension

BP 130-139 / 85-89 BP 140-159 / 90-99 BP 160-179 / 100-109 BP = 180/ 110

[ Lifestyle advice ] [ Lifestyle advice J [ Lifestyle advice ] ( Lifestyle advice j

4 $ N l’ \ § N 7 & N

treatment in very verv hiah I‘ISgk [ Immediate drug Immediate drug
high risk patients ry g y treatment in all treatment in all
with CVD, especially patients with CVD, patients patients
y renal disease or
CAD HMDD ) L
A AN AN ¥ /
f/_Dr'u-_:,l treatment in\
low-moderate risk Aim for BP control Aim for BP control
patients without within 3 months within 3 months
CVD, renal disease
or HMOD
after 3-6 months of
lifestyle intervention

'\thf BP not controlled _/

@ E SC Europaan
European Soclety Williams, Mancia et al., ] Hypertens 2018;36:1953-2041 and Eur Heart ] 2018;39:3021-3104 @ Saciety of

H rtensi
al Cardlogy ype l



2018 ESC/ESH Hypertension Guidelines

Adoption of lifestyle changes in patients with hypertensior

Recommendations

Salt restriction to < 5 g per day is recommended.

It is recommended to restrict alcohol consumption to:
+« Less than 14 units per week for men.
+« Less than 8 units per week for women.

It is recommended to avoid binge drinking.

Increased consumption of vegetables, fresh fruits; W'I nuts, unsaturated fatty acids
(olive oil), low consumption of red meat, and cnn5umptmn of low-fat dairy products

are recommended.

Body-weight control is indicated to avoid obesity (BMI > 30 kg/m? or WC > 102 cm

in men and > 88 cm in women) and aim at a healthy BMI (about 20-25 kg/m?) and

WC values (< 94 cm in men and < 80 em in women) to reduce BP and CV risk.

Regular aerobic exercise (e.g. at least 30 min of moderate dynamic exercise on
5-7 days per week) is recommended.

Smoking cessation and supportive care and referral to smoking cessation programs
are recommended.

@ESC €urope
Eurcpean Soclety Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104 !
af Cardialpgy Hypertes
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1. Hemmiteucn apiotng pubpiong £xel HEyYaAUTEPN
onuaacia otn JEiwaon Tou Kivouvou
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PApUOAKO
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1"s ypauung .
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To &dtaPfntoyovo duva ko Twv cuvduaopwy Belalltdikov TUToU
dloupnTLkoUL Kol B-ammoKAELOTH 0 aoBeveic ue uTtEPTOON

Me cvvovacpod B-amokierot Kal Oe1aldoov
-2 RR =1.19 (1.14-1.23) ywa owafijtn T2 cvykprrikd pe dAAeC
AVTIWTEPTACIKEC Oepameiec TOL OEV YPTNGLUOTOLOVV AVTO TO GLVOLAGLO

Trial PYr
ALLHAT 2002
CAPPP 1999
INSIGHT 2000
INVEST 2003
LIFE 2002
NORDIL 2000

STOP-H2 1999

Overall effect”

N
21,294
10,413

5,019
16,176
1,998
10,154
5,895

FU Age Risk Seq TNB RR (95% CI)
49 67 29 T 41% —Ii 0.77 (0.71t0 0.84)
6.1 53 6 TorB 7% - 0.89 (0.78 to 1.03)
35 65 14 T 40% . 0.70 (0.54 to 0.90)
27 66 29 B 60% —Il— 0.85 (0.77 to 0.95)
48 67 18 B 58% —'—i— 0.75 (0.64 to 0.88)
45 60 9 TorB 48% —:"— 0.87 (0.73to 1.03)
50 76 33 TorB 29% — 0.97 (0.76to 1.23)
<> 0.81 (0.7 to 0.86)
[ T ! T T 1
0.5 06 08 1 125 167 2
Favours newer Risk Ratio Favours older
<+ -»>
drug first drug first

Mason JM, J Hypertens. 2005
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Compelling and possible contraindications
to the use of specific antihypertensive drugs

Eurcpean Society
at Cardalogy

Contraindications
Drug
Compelling Possible
Diuretics « Gout « Metabolic syndrome
(thiazides/thiazide- « Glucose intolerance
type, e.q. « Pregnancy
chlorthalidone and * Hypercalcemia
indapamide) + Hypokalemia
Beta-blockers « Asthma « Metabolic syndrome
= Any high-grade sino-atrial or atrioventricular |« Glucose intolerance
block = Athletes and physically active
« Bradycardia (heart rate < §l) heats per min} patients
Calcium antagonists =N « Tachyarrhythmia
. o « Heart failure (HFrEF, class III or IV)
[dihydropyridines) » _ Pre-existing severe leg oedema
Calcium antagonists = Any high-grade sino-atrial or AV block = Constipation
R « Severe LV dysfunction (LV EF <= 40%)
(verapamil, diltiazem) |, pradycardia (heart rate < 60 beats per min)
ACE inhibitors » Pregnancy « Women of child-bearing potential
= Previous angioneurotic oedema without reliable contraception
» Hyperkalemia (potassium > 5.5 mmaol/L)
L = Bilateral renal artery stenosis
ARBs » Pregnancy = Women of child-bearing potential
» Hyperkalemia (potassium > 5.5 mmaol/L) without reliable contraception
« Bilateral renal artery stenosis
D ESC Eurcpean

Hyperten

Williams, Mancia et al., 1 Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104 @ Sociaty o



Abbreviations:

A = ACE inhibitor

(consider angiotensin-ll receptor
antagonist if ACE intolerant)

C = caldum-channel blocker

D = thiadde-type diuretic

Black patients are those of African or
Caribbean descent, and not mixed-
race, Asian or Chinese patients

‘ Younger than

55 years or older

55 years ' ( or black patients of any age

N

' ‘ CorD . Step 1

' Step 2

C
(
C

' Step 3

A+CorA+D
A+C+D

1 \\ \1/

Add

e further diuretic therapy

or

@ alpha-blocker

or

e beta-blocker

Consider seeking specialist
advice

Step 4



2018 ESC/ESH Hypertension Guidelines 70

Core drug-treatment strategy for
uncomplicated hypertension

Consider monatherapy in

itial ther . . . low risk grade 1 hypertensi
::,nu';liomﬁn‘:ﬁgn ACEi or ARB + CCB or diuretic (evotolic BP <t5hemHa. of In
wery old =80 years) or frailer patients

Step 2 ACEi or ARB + CCB + diuretic

Triple combination

W

N

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

Step 3
Triple combination +
spironolactone or
other drug

Consider referral to a spacialist centre
for further investigation

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

The core algorithm is also appropriate for most patients with HMOD, cerebrovascular disease, diabetes, or PAD

@ESC Eurapean
Ei oy Bty Williams, Mancia et al., J Hypertens 2018;36:1953-2041 and Eur Heart ] 2018;39:3021-3104 Sacaby ol
af Cardialpgy Hypertension
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Sensitivity to detect treatment-induced changes,
reproducibility and operator independence, time to changes,
and prognostic value of changes provided by markers of HMOD

Marker of HMOD

Moderate
LWH by ECG
Y (> & months)
LWVH by

Moderate
echocardicgram [ > & months)

. Moderate
LWH by CMR High
¥ & [ > & months)

Very slow
eGFR Moderate , . Yes
(vears)
Urinary albumin . Fast
. High Moderate Moderate
excretion - _ (weeks to months) _

Slow

Carotid IMT Very low = (> 12 months) =
: Fast L
P"l'i""-lr H h L: W IJ tEd d tﬂ
g o [(weeks to maonths) m a
_ - C. l.l,ll
Ankle—brachial  ow ~ Slow Moderate
index (= 12 months)
@ E SC Europaan
Eurcpean Saclety Williams, Mancia et al., 1 Hypertens 2018;36:1953-2041 and Eur Heart 1 2018;39:3021-3104 e Al
af Cardialogy i "




2018 ESC/ESH Hypertension Guidelines

Resistant hypertension characteristics,
secondary causes, and contributing factors

Drugs and substances that may cause
raised BP

« Jlder age {especially = 75 years)
« Jbesity

« More common in black people

¢ Excess dietary sodium intake

# High baseline BPF and chronicity of

uncontrolled hypertension

Characteristics of patients with Causes of secondary resistant
 resistant hypertension hypertension
Demographics More common cCauses

# Primary hyperaldosterocnism

» Atherosclerotic renovascular
disease

s Sleep apnoea

« CKD

Prescribed drugs

« Jral contraceptives

« Sympathomimetic agents (e.qg.
decongestants in proprietary cold remedies)

« Mon-steroidal anti-inflammatory drugs

# CyClosporin

« Erythropoietin

« Steroids (e.g. prednisolone, hydrocortisone)

» Some cancer therapies

Concomitant disease

«HMOD: LVH and/or CKD
= Diabetes

= Atherosclerotic vascular disease

= Aortic stiffening and isolated systolic

Uncommon Causes

= Phaeochromocytoma
= Fibromuscular dysplasia

= Aortic coarctation

#_ushing’'s disease

Mon-prescription drugs

=Recreational drugs (e.g. cocaine,
amphetamines, anabolic steroids)

=Excess liguorice ingestion

=Herbal remedies (e.g. ephedra, ma huang)

hypertension = Hyperparathyroidism
@ E SC Europaan
El s Bty Williams, Mancia et al., ] Hypertens 2018;36:1953-2041 and Eur Heart J 2018;39:3021-3104 fl?r:':'-‘!" el

at Lardalogy




Primary hyperaldosteronism

2/3 bilateral hyperplasia,
1/3 adenoma (Conn’ syndrome)
M:F=>1:2,30-50 yo

-Hypertension
-Hypokalemia (95%)

n K+ 3.4-3.7 meqg/L
-Metabolic Alkalosis
-Low Renin - High Aldo




Pheochromocytoma

0.01-0.1% of HTN population

* Foundin 0.5% of those screened

M=F
3rd to 5t decades of life
Rare, investigate only if citwically suspicionT 1

* Signs or Symptoms

 Severe HTN, HTN crisis

* Refractory HTN (> 3 drugs)

e HTN present @ age <20 or>50"7



Pheo: Signs & Symptoms

e The five P’s:

Pressure (HTN) 90%
Pain (Headache)
Perspiration
Palpitation

Pallor

» Paroxysms (the sixth P!)

e The Classical Triad:

80%
71%
64%

42%

________________________________________

* Pain (Headache), Perspiration, Palpitations

21,0000 patients



Pheo: ‘Rule of 10’

10% extra-adrenal (closer to 15%)

10% occur in children

10% familial (closer to 20%)

10% bilateral or multipie (more if familial)
10% recur (more if extra-adrenal)

10% malignant

10% discovered incidentally



Localization: Imaging

e CT abdomen

* Adrenal pheo SEN 93-100%
e Extra-adrenal pheo SEN 90%

* MRI
e > SEN than CT for extra-adrenal pheo



Pheo Management

* Prior to 1951, reported mortality for excision of

pheochromoyctoma 24 - 50 %

* HTN crisis, arrhythmia, M, stroke
* Hypotensive shock

* Currently, mortality: 0 +2.7 %
* Preoperative preperation, a-blockade?

* New anesthetic techniques?
» Anesthetic agents

» Intraoperative monitoring: arterial line, EKG monitor, CVP line,
Swan-Ganz

 Experienced & Coordinated team:
* Endocrinologist, Anesthesiologist and Surgeon



Main complications of persistent

High blood pressure

Brain:
- Cerebrovascular
accident (strokes) Retina of eye:
- Hypertensive - Hypertensive retinopathy
encephalopathy:
-confusion
-headache Heart:
-convulsion - Myocardial infarction
(heart attack)
Blood: - Hypgrtensive
- Elevated cardlomyopathy:
sugar levels heart failure

Kidneys:

- Hypertensive
nephropathy:

chronic renal failure
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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 wo"
< 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 SBF to
< 160 mmHg and DBP to

Labetalol or nicardipine and

magnesium sulphate

Consider delivery

< 105 mmHg
@ E SC Europaamn
European Soclety Williams, Mancia et al., ] Hypertens 2018;36:1953-2041 and Eur Heart J 2018;39:3021-3104 Society of
of Cardiology Hypertens
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