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Atherosclerosis

/Proces®f changeof vascularlasticity and diameter bguildingup fatty acids cholesterol and
similarsubstancesn the vesselwall

/Physiologicaprocesswith possiblepathologicalconsequences
A A part ofmetabolismof lipoproteins

A Cumulativedamageovertime in caseof regulatoryfailure
/Onsetc veryearly (hypothesisedevenin intrauterine period)

A ocation

A Large elastic arteries (e.g., aorta, carotid, and iliac arteries) and large and msideormuscular
arteries (e.g., coronary and popliteal artenes

A Turbulentblood flow presence




Atherosclerosis

/Possiblepathologicakconsequences
A Decreasegerfusionor obstructionof coronaryand brain vessels
A Deteriorationof peripheralarteries-> peripheralvasculadiseasecritical (lower) limb ischemia

A Possiblecontributor to hypertensionestablishment
A Decreasef blood perfusionin renalartery -> RAASctivation-> atherosclerosisggravation> vitious circleestablished

/Reasorof significantmorbidity andmortality
A Coronaryartery disease

AAcutecoronarysyndrome
A Myocardialinfarction, unstableanginapectoris suddencardiacdeath, coronarysyndromex
Alschemioor hemorrhagicstroke

AEtc




Riskfactors¢ nonmodifiablg(?)

1. Geneticabnormalities
AFamilialhypercholesterolemia
A (AD, 3possiblemutatons-> LDIR, ApoBL00, PCSK®@responsibldor degradationof LDER)

AApolipoproteins4 presence(¥ 2 may presentboth increasedand decreasedisk, 3 is
renderedasneutral)

2. Familyhistory
APolyfactoriabrocess

3. Increasincage
ADecreasecfficiencyof reparatorymechanisms> reversiblelesionsturn to irreversible

4. Malegenderg estradiolin women poseprotective effects (until menopausé



Riskfactors- modifiable

1. Hyperlipidemia
A Dyslipoproteinemias moreimportant->ry[ 5 [ & B[ = QdxBDPL) 6 K
A Lipoproteina asthe mainfactorsfor atherosclerosis

A Range<0.2>200 mg/dl (<0.500nmolll), synthetisedin liver -> polymorfismsisoforms
A Preferredcarrierof oxidisedphoshpolipidsalsocarriescholesterol;clearancaemainsunknown(LDER partially responsiblé

2. Hypertension
A Strongerpulsationsenhanceendothelialdamage
A Turbulentflow emergencepossibilityat locationsof laminarflow

3. Cigarettesmoking andobaccoproductsused
A Reactiveoxygensspeciesand toxic substancesn cigarettes imperfectcombustion pyrolysis
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Riskfactors- modifiable

4. Diabetes mellitus

A Glycationof proteins-> Schiffbase-> Amadoriproduct-> advancedylycationendproducts(AGE}->
depositionin blood vesselwalls
A LDL and HDiaybe oxidisedand glycatedaswell
A Onlyeuglycemigreventsextensiveglycation

5. Inflammation

A Lowegradeinflammationpresentat the site ofatherosclerosisievelopment
A Stablevs unstableplague->determinedalsoby intensity of inflammatoryreaction
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Atherosclerosig
overview

ENDOTHEHELIAL DYSFUNCTION

v

NOMANCLATURE AND
MAIN HISTOLOGY

Initial lesion

¢ histologically "normal”
+ macrophage infiltration
¢ isolated foam cells

SEQUENCES IN PROGRESSION

Fatty streak

mainly intracellular lipid
accumulation

Intermediate lesion

e intracellular lipid accumulation
+ small extracellular lipid pools

Atheroma

¢ intracellular lipid accumulation

» core of extracellular lipid

Fibroatheroma

¢ single or multiple lipid cores

« fibrotic/calcific layers

Complicated lesion

¢ surface defect
* hematoma-hemorrhage
¢ thrombosis
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EARLIEST  MAIN GROWTH  CLINICAL
OF ATHEROSCLEROSIS ONSET MECHANISM COLLERLATION
from
first
decade
clinically
silent
growth
mainly by
lipid
addition
from
decade
increased
smooth | clinically
muscle silent
and or overt
collagen
o increase
fourth
decade
thrombosis
and/or
hematoma




Atherosclerosimmechanism

1. Reversibldesions(0¢ 10yeary
A LDLparticlesandLp (&) transportingcholesterolfrom liver to targettissues
A Somecholesterolescapesargetted regulation-> subendotheliadepositions

a) Initial lesionsemerging
A 1solatedapo-B particlesexposure(TGrich-VLVL an€hotrich-LDL)
A 1solatedmacrophagesindfoamcells M2 phenotypepreferred
A Extra cholesterobvacuatedoy HDLparticles

b) Fattystreaks

A Intracellularlipid accumulatiorprevailing




Longitudinal Section




Atherosclerosimmechanism

2. Reversibldesions(30+yearsof age
A Fullyreversiblewhenintervenedaccordingly
A Currenttreatmentis not preciseand often comeslate

a) Intermediatelesions
A Intracellularlipid accumulationenhanced
A Smallextracellularpoolsappear-> DANGER!

b) Atheroma

A Lipidcore(s)formation

Almmunecellsattraction -> DANGER!

A M1 macrophagdype startsto be preferredover M2




Coronary Atherosclerosis Progression
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Atherosclerosimmechanism

3. lrreversible(?)lesions(40/50+yearsof age
A lmmunereactionstriggered-p low-gradeinflammatiort

A Smoothmusclecellsstimulation-> multiplication, migration extracellularmatrix synthesis> fibrosis
A Fibrouscapestablished

a) Fibroatheroma
A Fibrosign attempt to stabiliselesion
A Lesionmay ogrowdtinto neighbouringesionevenafter dyslipidemiacorrection

b) ComplicatedAdvancedesion

A More intenseinflammation-> fibrous capthinning -> risk ofrupture
A Prothrombogenicsurface-> risk ofplateletsactivation

A Bleedinginto coreand/or fat embolism




Plaque rupture Plaque erosion

i i Lumen

White thrombus

Red thrombus
Discontinued endothelia cell layer
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Lipid core
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Thin cap fibroatheroma
(TCF)
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Atherosclerotiplague

Fibrous Cap

® Smooth muscle cells
® Macrophages

Necrotic Center

® Smooth muscle cells
® Macrophages
® Foam cells

® Lymphocytes

Media
® Smooth muscle cells

® Lymphocytes
® Collagen

® Cholesterol crystals
® Calcium
® Cell debris




Stableandunstableplaque

STABLEESION UNSTABLEESION
/Fibrouscap /Fibrouscap
A Thick A Thin
Alipidcore Alipidcore
A A Large
Small

_ A Multiple corespossible
A Usuallysinglecore

Ammunereactionandinflammation

Ammunereactionandinflammation A Macrophagesetention
A Macrophagegmigration A Neutrophilesattracted -> NETdormations
A oLowgradeiintensity A M1 macrophagephenotypepreferred
AM2 macrophagespreferred fProneto rupture, thrombosis embolism




Vulnerable plaque Stable plaque

Lipid core Fibrous cap




Atherosclerosipossibleconsequences

1. Stenosis
A Narrowingof blood vesselumen
A 60-70 %decrease> manifestationduring physicalactivity
A >90 %decrease> symptomsduringrestingconditions

A Acutevs. chronic

2. Thrombosis
A Ruptureof plaque
A Plagqueerosion-p witite thrombusi

3. Vasoconstriction>Vasospasm
A Decreasen NOsynthesis
A Constrictionmediatorsprevail-> endothelinl, thromboxaneA,

4. Plaquélesioncalcification

_/

T

— |Ischemia

l

Complications
heart attack, stroke, vascular
dementia, erectile

dysfunction, heart failure,
limb loss
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Canatherosclerosipe cured?

/Onlyreversiblelesionscanbe reverted currently

AAdvancedesionsare tobe stabilised-> slowingof progression
AJUPITER triab 7.7 % risk afardiovasculaeventsevenwith statinstreatmentin 10years
AIMPROVE 1B 32.7 % riskegetimib(PCSKhibitor) +simvastatir)
A Probablecomplicationsof aresidualplaque

AP CSKhibitors-> LDEc decreasdn 50c60 %
[Statinsc protective effect maylasteven20years(evendiscontinued -p k@gacyieffect
AApoBexposureasthe most prominentfactor for progresgHDLprotective)

/Evenadvancedesionsmayrevert -> calcificationis the limit?
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Coronaryarterydisease

CHRONIEORMSACUTECORONARSYNDRIOMEACS)




Coronaryarteriescharacteristics

AAnend typecirculation

A Minimal amountof anastomoses> occlusionof an artery leadsto tissueischemiaand apossible
necrosis

AAortal sinuses
A Left posteriorsinus-> left coronaryartery
A Anterior aortic sinus-> right coronaryartery

/Coronarycirculationisfilled duringdiastole 6ystoliccontractioncompressesisocoronary
arteries
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Causes and consequencesafonary
arteriesstenosis

/Cause®f coronaryarteriesstenosis
A Enhanceditherosclerosis

AVasospasn(e.g Prinzmetalanginapectoris

/Occlusioconstrictiong> vasodilationmediatorsreleased(e.g NO)->
A Backup vesselyasodilatation+ increasedoxygendemands-> deterioration of oxygenreserves

/Stealphenomenorc blood redirected tadilatated vessels
A Enhancedschemiaof the affectedregion

/6070 % occlusioq clinically significant during exercise

/90 % occlusiog symptoms appear even during the resting condition




Coronary artery disease With addition of vasodilator

Vasodilation

Dilated
arterioles

Dilated
arterioles

Normal
arteriolar
tone

Blood flow to Blood flow to Increased blood flow to  Reduced blood flow to
normal myocardium ischemic area normal myocardium ischemic area




Endotheliabysfunctionn coronary
arterydisease

AAtherosclerosis>endothelialdysfunction
A@ b hsynthesis> @ vasodilation
A @ relaxationof smoothmusclecells

A/asoconstriction>vasospasm
A ThromboxaneA2, serotonin endothelinl

/Stealphenomenon> bloodredirectionto unaffectedcirculation
A Enhancedluring physicalactivity

/Consequence @! d¢cardioinyocytes> earlychangegion dysbalancecontractibility
disorderg

A lrreversiblechangesafter approximately20 minutesof ischemidhypoxia




Energy myocardial metabolism during
oxygen shortage

/GENERAL CHARACTERISTICS

Ancreasecamountof mitochondrias
A Approximatelyl/3 of myocardiaimass

A Higher amount of cytochroms thasther tissues

AMain sourceof energyc i -oxidation
A Fattyacids are the main substrate foxidativephosphorylationapprox 40c44 ATPser one fatty acid)

A Constantoxygensupplynecessary

/Glucose and glycogene are additional substances for metabolism

JOXYGEN SHORTAGE (FETAL MYOCARDIUM)

ALimited ability to performanaerobicglycolysigapprox 2 ATPger glucosemoleculd
A Resultc glycogenolysiscreatin phosphate degradation, lactate accumulation




Ischemiaandits consequences

/@ ATP->earlychangesn 6-10seconds
A lon pumpsdysfunction(Na/K*-ATPask

A IntracellularK* loss->microcurrentsgenerationd Rardeewaved @rEhythmiaprone
A Na accumulationin cell-> cellularswelling

A IntracellularC&* overload
A lonexchangeso counterNat overload-> C&* mobilisationfrom sarcoplasmiceticulum

Am/ ¥Hmn x-¥rgahadibereceptorsactivated-> efflux of C&* from sarcoplasmiceticulumto cytosol-> activationof
proteasese.g calpain

A CAVEL C&*inducedCa*-overloadin reperfusion
A Contractibilitydisorders(actin-myosincomplexdysfunction
A Diastolicrelaxationimpaired
A Hypokinesisakinesisor dyskinesis
A Decreasedesponseper FrankStarlingmechanisno increasedend-diastolicvolume-> strongercontractiordmechanismbroken)




Ischemiaandits consequences

AAnaerobianetabolism
A Anaerobiaglycolysis> 2 ATPgyenerated

A Pyruvate-> lactate-> intracellularacidosigprotective againstcell death types)

A mplactate, adenosin serotonin->anginouspain
A C7¢ Thdirritation ->retrosternalpain maystart (i 2irradiated

A/onHippelLindau(VHL) andhypoxiainduciblefactor (Hif) response
A Abundanceof oxygen-> modificationof VHLprotein ->blockadeof Hif-M -5 a9 +9w, ¢ |1 Lb D L {
A @ oxygen-> VHLnot modified -> Hif-m hand Hifli dimerisation-> HREriggered

A VEGHRroduces-> collateralvesseldormation (mild and/or chronicischemid
A Xanthinedehydrogenaséo xanthineoxidase-> RO$jenerateddruingreperfusion
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General consequences of myocardial
Ischemia

/Decreaseajectionfraction
A Lowerpulsevolume

Alncreased endliastolic pressure in ventricle
A Increased venous pressucebody, lungs

Susceptibilityto arrhythmias

Dangerof ventricularfibrillation (15minsto defibrillate or cardiacarresf)

/Cardiogenic shock thregtmore than 40 % of myocard disabled



General consequences of myocardial
Ischemia

/Diastolic pressure increased in the left ventricle
A Pulmonal hyperemiajeteriorationof ventilation, dyspnoe, rumbles

/Stronger contractibility of the left ventricle
A Another hear beat auscultable (S I O NA F € 3 £ f 2 LJ&

MPapillary muscles dysfunction

A Transient or permanenitral regurgitation-> possiblevolumeoverload-> eccentrichypertrophy
imminent->permanentsystolicdysfunction




Ferroptosisn cardiaanjury

/Celldeathtype manifestedby Fé* overloador
glutathionperoxidase4 inactivation

Aarkedby " ....... st e
A ROSyenerationvia Fentonreaction G5 oo
A Membranelipid peroxidation :

A Densemitochondriaswithout cristae

Cystine Glutamate

Fet* 0 O Transferrin

Glutathione synthesis
GCSIGSS l

/Primarytype of celldeathfor cardiomyocytesn
ischemié¢reperfusioninjury

.
A0
11 »
o
— _~

/Ferroptoticcardiomyocytegproduce
A Pro-M2 cytokines-> macrophageso M2 cells

A Pro-angiogenidactorse.g VEGF

r OOO00 L)
<=L 000000000000

/Ferroptosissuppressionmprovescardiacinjury
consequenceghough mechanismgsemain
uknown




Myocardial changes according to the
length of ischemia

1. Adaptationg preconditioning

2. a{GdzyySR& Yeé2Ol NRA dzy
3. al A0 S Nyijodartliyha
4
5

. No-reflow phenomenon

. Acutemyocardiaiinfarction->acutecoronarysyndrome




Adaptationca LINSEO2 Y RAUA 2 Y

/Short hypoxia enable better survivabilitylohgerischemiawhen followed by reperfusion
A 10¢40 minutesof ischemia

/Classification
A Early (2¢3 hours) ¢ celldeathprevention

A Late (4 day3 ¢ significantfor clinicaloutcome
A Cellsmayundergostunningor hibernation

/Goals

A ATP concentration is maintained longgpreventsarrhythmias
A C&* overloadpreventionand RO$enerationdecreased

Metabolical changes

[Capillary adaptatioq dense network of collaterals




af{ Gdzy Y SRa Ye 20l NRA
AAfter transient hypoxia, perfusion restoredully reversiblechanges

/Decreasef ATP, Cdoverload(mediatedby C&*-ATPastSERCA and RyR2
A Conductibilityand contractility changes

ATemporarydisorderof ATRutilisation after reperfusion(maylastday9
IFullyreversible

AAfter reperfusionc C&* concentration getower
A CAVEL C&*N Yy R d@&Sokerload(C&* paradox)during reperfusionpossible



ol AOSNYFGAYy3Ia Yeéz2O0l

AAfter chronichypoxiac moderateor repeatednon-lethal ischemia
DecreaseanRNAexpressiondamageto contractileand cytoskeletalproteins

@ myocardialphosphated n@ofibrilsresponseo C&*
Anaerobiametabolismpreferred

Aowered contractibility and diastolic relaxation
A Gets better after bypassc partial recovery possible

/Structural changes patophysiology unclear
A Cumulative hypoxia, reperfusion injugyExercise? Stress?




No-reflow phenomenon

/Rareconditionoccuringafter ischemiaduringreperfusionperiod

Ancompleteand unevenreperfusionof microcirculationdespitere-openingof coronaryartery
/Frequency cca 0.63.2 % opercutaneousoronaryinterventions

/Pathomechanism
A Cumulativeeffect of endothelialinjury, leukocytepluggingand mechanicatompression

A Endothelialinjury intensifiedby acuteinflammatoryresponse RO$jeneration intracellularC&* overload
A Myocytesswelling->mechanicatompressiorof microcirculation

/Observedn subendocardialayer-> may progresso subepicardium

/Compromisedissueperfusion-p stabilisatiot r&drosis

A Necrosishas atendencyll 2gromc combinationof cell debrisandfactorsfrom cytoplasm+impaired
perfusion




Chronicforms
(ischemicheartdiseaség

/\

Coronaryartery disease

Acutecoronarysyndrome

Stableangina Prinzmetal UnstableAP Acutemyocardial Coronary
pectoris (variant) AP infarction syndromeX
A 4 A 4 A 4 A 4 A 4

A Stableplagque A Vasospasm A Unstableplaque | | A Complete Microcirculation

A Retrosternalpain A Youngwomen A Irradiatingpain obstruction affected?

A Painrelievedby (cca 30yr9), (left arm, chin, A Irradiatingpain Coronaryarteries
nitroglycerinin <5 smokers back A Vegetative normalon
mins A Painrelieved<5 A Vegetative symptoms angiography

A STdepressiontype mins symptoms A Painnot relieved Menopausal
A, B) A TransientST A Painrelieveds- (>20ming) women

elevation 20mins A ogothicd wéwve Exercisénduced
A STelevation Pardeewave anginalike pain
inverted T A Cardiomarkers STdepression

mayemerge(e.g
myoglobin

duringepisode

Suddencardiacdeath

A Death<1 hafter
first symptoms

Malignant
arrhythmia
May be the first
andthe last
osymptoni
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KEY FACTORS

WHAT TYPE OF
CORONARY
ARTERY
DISEASE?

Pathophysiology

Myocyte damage
and blood markers

Symptoms

ECG

STABLE DISEASE

Stable angina

« Stable atheromatous plaque narrows the
lumen

* Oxygen demand exceeds supply during
exertion or emotion

* No myocyte damage

« Blood troponin (Tn) levels normal

‘ Angina - constricting central chest pain/

discomfort brought on by physical exertion &

relieved quickly by rest or GTN

SLEEsELEEEELEs

* Normal at rest
« ST depression on exertion

UNSTABLE DISEASE (including acute coronary syndrome, unstable angina and myocardial infarction)

Unstable angina Type 1: Non-ST elevation Ml Type 1: ST elevation MI

* Plaque becomes unstable and ruptures * Thrombus causes intermittent occlusion * Thrombus causes complete occlusion
* Bleeding & thrombus causes partial * Blood and oxygen supply reduced
occlusion
* Clot/plaque micro-emboli block smaller
arteries downstream
* Minimal myocyte damage * Myocytes deprived of oxygen for more than 20 minutes die off, releasing Tn into the blood. Tn reaches a peak
« Tn usually normal but may be slightly level at 12h and stays elevated for up to 14 days
raised
Angina at rest or on minimal exertion, is Prolonged heavy central chest pain, which may spread to the throat, jaw, arms and back. Associated with pallor

prolonged or only short-lived relief with GTN and sweating, breathlessness, nausea and vomiting and not relieved by rest or GTN

Ll * N I kAl k=t == I ‘ -\ N
ErcEsmrTasExzes TN esCmespTesExzEE| 0 sENCERERSSCERSS

» ST segment : ' ' elevation or
* Normal or non-specific changes depression and T wave inversion development of new LBBB
* ST depression, T wave inversion * No ST segment elevation

A normal ECG does not exclude myocardial infarction

What do 1 do?

Specialist
treatment

* Refer to RACPC or cardiology OP for further
assessment

« |dentify risk factors: HBP, DM, high
cholesterol, smoking, family history

Further tests such as CT or catheter coronary

angiography, stress testing or nuclear perfusion
scans confirm the diagnosis and establish
those who might benefit from revascularisation

5 types of myocardial infarction

https://www.issuesandanswers.org/wp
loads/2020/02/88e646fa0b7c4b8b84105421119029fb.jpg

* Admit to hospital via 999
* Perform 12-lead ECG and fax ahead ~ but do not let this delay transfer to hospital
* Give aspirin 300 mg stat. Consider GTN, morphine + anti-emetic and monitored oxygen (aim for 0, sats 94-98%)

» Those at high risk have angiography within 96 hrs +/-revascularisation by PCI +/- stenting Key priority is to unblock the artery within 12 hours by:
« Those at low risk are treated conservatively Primary PCI or thrombolysis with clot-busting drugs
* Type 1: Ml associated with plaque rupture (STEMI & NSTEMI) * Type 3: Ml with ECG changes but troponin levels not done
* Type 2: Ml secondary to other conditions eg hypotension, anaemia, arrhythmia, * Type 4: Ml during PCI
infection * Type 5: Ml during coronary bypass surgery




Acute myocardial infarction

ANhen perfusion interruption lasts longer than-20 minutes
A Contractibility changes occur after 2 mins!
A Apoptosis/Necrosis of cardiomyocytesack ofoxygen acidosisywaste metabolits

ATimecourseand macroscopichanges
A 0-1 hrs ¢ affectedareais pale, slightlycyanotic
A 4-12 hrs ¢ swellingoccurs
A 4 hrs ¢ neutrophileinfiltration ¢ reactiveoxygenspeciesdlamage
A 18-36 hrs ¢ purpure colours coagulationnecrosis
A48 hrs ¢ graycolour
A 8-10daysc resorption, scarformation begins
A 2-3 months¢ scarcomplete(susceptibleo rupture!)




A. Changes in Anatomy

B 1schomia Evolutional Changes of an
B njury Acute Myocardial Infarction
B infarction

Time after onset Onset <20-40 min 30 min 1 hour 2hours 4hours 6hours 24 hours
'

Extent of infarction 0% 10% 30% 50% 70% 90% 100%

B. When Serum Markers Are
First Detectable (Hours)

» Myoglobin 12 ;! sk
* Troponins b
* CK-MB E -

s CK-MB isoforms E -




Predicted mechanism of ischemic injury
leading to damage of myocardium

Lead change intracellular C& increase
Lack of ATP C&* changes>enzymeactivationc organells or cytoplasmatic membrane damaged

Lactate + acidosisNat/H* and Na/Ca&* pump affectedg increase of Ca
K" depletion¢ repolarisation affected
Lowered metabolism of fatty acidslack of ATP

Result is apoptosis or necrosis




ACUTE CORONARY SYNDROME

\ .

No ST segment elevation ST segment elevation

Unstable N““‘ﬂ'l“’““ Q-wave MI
angina -

Myocardial Infarction




Mechanism
Location
Condition
Necrosis
Necrosigype
Troponinsrelease

Pathological

Occlusion Stenosis
Subepicardial Subendocardial
STEMI NSTEMI UnstableAP
Yes Yes No
Transmural Subendocardial N/A
Yesafter 3-8 hours  Yesafter 3-8 hours No
Yes No No

ST,
Y5 V5
_& ‘A&“



ECG changes during myocardial
Infarction

Early potentiak permanent depolarisation electriccurrents affecting healthy myocardium
Denivelisation of the whole segment (excepil)

a9f SOUNRO KSINﬁ GAYR26da
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Depolarisation changesQ spike pathological!




ECGlterationsduringMI

STELEVATIONS

ANeedto be presentin atleast2 leads

ATypicalfor acuteand subacuteSTEMI

D)

ATypeS Convex Concave
A Convexfrowny) ST elevation ST elevation
AHorizontal
A Rarelydescendingr ascending ConvexSTE  Horizontatal STE ~ Downsloping STE ~ Upsloping STE Concave STE

ASTEMI neverreatingconcave(smiling 7 — ~ / /
elevations




ECGlterationsduringMI

PARDEWAVE

A/eryhighelevationof ST segment
JdTombstoningt-> connectingR and Twaves
/Dueto proximalobstruction->hugeMI area

/Signalizingroor prognosis
Adrombstoning ¢ 9 a L &

ATypicaiin acutestage
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Timecourseof M|

Occlusion Acute STEMI Sub-acute STEMI Old STEMI

STEMI E}I\/L J/\/ Q Q

stage | Hyperacute Acute Sub-acute Post-acute Old Very old
>

STEMI sec - min min- hours hours < day day - weeks  month - years

duration




Cardiaconsequences

J/Enddiastolicpressureincrease
A Fourth heartbeat (auscultation, atriajallop)

/Systoliaomurmur
A Ruptureof interventricularseptum

A Mitral, aortic regurgitation
/Formation ofthrombus-> systemic (or paradoxadynbolisation
MParadoxamovementof affectedarea(hypokinesisakinesisdyskinesiy

Aentricleremodelling
A Ventricle wallaneurysmformation
A Fibrosisof myocardium-> sympatheticNS i -receptor9




Systemic consequences

/Organshypoperfusion
A Fatigue psychicchangestiredness

/Enddiastolicpressureincrease-> backwardgpropagation
A Lunghyperemiac juxtacapillary receptors irritated fast, shallowbreathing
A Systemidyperemiac rarelyseenin Ml

MPainc CZ%Th4c irradiation to left arm

/Pain +hypotensiong> autonomous nervousystemirritated
A Nausea sweating, tachycardia, cold asdeatyskin

A Peripherakesistance increased + increased contractibiigirculusvitiosus

ATNFh and I:1i from macrophages>tissueresorption
A Subfebrilitie€ seglimentation leukocytosigstressreaction GCSF)




Diagnostic markers from damaged
myocardium

Anitial stressreaction(mins)
A Cortisolincreased, glycemia increased, sedimentation increasemocytosis

/Cardiomarkerg, elevationmaynot reflect the sizeof damage (circulationaroundthe area etc.)

/Specifianarkers
A Troponin(TnT)
A Myocardiumspecific
A Releasediuringinfarction (necrosig, not duringischemia
A Courseg rise 2-4 hrs->peak12-24 hours-> disappearafter 7-10 days




Diagnostic markers froodamaged
myocardiunmg non-specific

Myoglobin (nonspecific)
Hrs¢ 24 hrsg eliminated by kidneys

Lactatedehydrogenase (LDH, napecific)
Slow increase, lasts10 days
Also present during myocarditis, lung embolism, hemolytic anemia, malignant tumours, megaloblastic
anemia, etc.

Aspartateaminotransferase (AST, napecific)
4-8 hrs¢ 16-48 hrs maximung 3-6 days returns to normal

Also present during hepatopathy, congestive hepatopatigiht-heart failure

/Creatinkinase non-specificc elevatesin 4-8 hours 4872 hrsreturn to normalvalues(skeletal
musclealsoincreasesCK)
AlsoenzymeCKMB is more specific
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Time to When
Marker Normal rise in detectable Peak
Value the blood in the blood
(hours) (Hours)
Creatine 22 to 198 510 8 6 to 8 24t0 36| 3to4
Kinase U/L hours days
Oto3
CK-MB | ng/mLor | Stol5 | 4106 | 21024 210
0to 3 pg/L Y
<0.35
Troponin I ng/mL or 4t06 3t08 lgotﬁr? 3 dt;) lSO
<0.35 pg/L y
: <0.2 10to24 | 5to 10
Troponin T n5 il ¢ 3to4 3t08 hoiis ds
Myoglobin | <55ng/mL | 1 to3 I to3 ﬁ;ﬁé  day
AST Adult male
(SGOT) 5040 | 3to5 6108 2%3;;8 ‘h;"f
U/L* y
140 to 280 2to4 | 8to 14
LDH U/L* 2to 4 8to 12 days days

*Troponin-T =>1.0 ng/mL indicates current myocardial injury.

XSGOT Slightly lower in the female.
*LDH = 300 to 800 U/L indicates myocardial infarction.




Cardiaacemodelling

/Drop inblood pressure

1. Reninangiotensinl-aldosteronsystem(RAASactivated

A Growth of cardiomyocytesnhanced mainlyviaangiotensinll receptors
A Gq11-1,2-diacylglycerot> protein kinaseC-> MAPKJNKsJAK, STARscadesctivated
A Gq11-inositol 1,4,5triphophate ¢> calciuntcalcineurindependentactivationof MAPK
A G12/13-> activationof RhoA-Rhokinase
A JAK/ISTAT activationof matrix metalloproteinases

2. Activationof sympatheticnervoussystem-> releaseof catecholamines>1 2-, h 1-receptors
stimulated

A Increasectontractility, frequency-> increasedxygendemands
A Ventriculardilation andfibrosispossible




Cardiaacemodelling

AFunctionaland structuralremodelationc> cell hypertrophy

MMechanicaktress
A Endothelinl andangiotensinll released

A Antiport Na*/H* activated
/Pressurds mediatedviacintegrinsand cytoskeletonc> enzymesactivation
/Posttranslatiomprotein modification¢> cardiomyocytesypertrophy fibroblastsmultiplication

/Subendocardisdngiogenesisiot properlyactivated
A Hypertrophycompensatiorwith limited effect -> subendocardiahypoxiapossible




Cardiaacemodelling

/MQualitative and quantitative collagen changes
A Rigidity, diastolic dysfunction, dilatation cardiomyopathy

MMetabolic rate shift to glucose
ANormal 65 % fatty acids, 30 % glucesewitch to glucose

ALowered carnitinacetylCoAsynthetase carnitinepalmitoytransferase less VLDL receptors,
lipoprotein lipase ceased

A Pyruvatedehydrogenas@hosphorylationc activation of glycolysis
A Not compensated;, progress to heart failure
A ATP preferably delivered to Cgfumps¢ adaptation

MMimic fetal myocardium (glucose preferredzongenitaimetabolicdiseases of fatty acids are
associated with cardiomyopathies




INFLAMMATION

macrophage deactivation
chemokine repression
cytokine suppression

REMODELING
A

TGF-B

/) A
fibroblast activation
ECM deposition
cardiomyocyte

hypertrophy
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PersistenGTelevationsandaneurysm
formation

/STelevationsshoulddisappeamwithin 2 weeks

/PersistentSTelevations-> necroticwall
expansion>aneurysmformation

A 60 %after anterior STEMI
A5 %after inferior STEMI

/STelevations
A Donot change (nalynamic3
A Durationof >2weeks
A NoreciprocalSTdepressiongopposingleads




Hypertension

SYSTEMIPULMONARY




Physiologicahechanimsf blood
pressureregulation

Ancreaseof systolicand/or diastolicblood pressurein systemi¢lungcirculationmayoccurdueto
(P=QxR)
Alncreasedlood flow (Q)
A Increaseesistanceof blood vessel{R)

A Bothmechanism&ngaged QxR

A/asomotoriccentre inoblongatemedulla
A Highpressurebaroreceptors-> carotid sinusesaortic arch
A Lowpressurebaroreceptors-> atria, ventricles pulmonaryvessels

A Baroreceptorseactto shortterm changesonly -> resetwithin days-> possibleadaptation
(hypertensionprone)




Imposed decrease in
arterial blood pressure

¥

Sensed by arterial baroreceptors
as decreased stretch

input

' Decreased baroreceptor
‘ afferent nerve activity l

¥
Signal processed by rii'e?l'iil'li—r?—"
cardiovascular control pathways |

=

' Increased sympathetic activity ]|
* Increased heart rate |
|

processing

output

Decreased pansympathotlc actmty
* Increased heart rate

!

* Increased force of heart contraction
* Arteriolar vasoconstriction

TN

[ Increased arterial blood pressure

Sympathetic
nervous
system
activation

}
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nerves to heart

g ]

Heart rate

Peripheral veins Blood
Venous pressure =  Jolume
y
Atrial pressure .
— plasma epinephrine
v
End-diastolic
ventricular volume Acﬁvltyof
nervea to heart
v
Cardiac muscle
ume
Cardiac output

Mean arterial pressure

Mean arterial pressure

Neural control

Vasoconstrictors
Sympathetic nerves

Vasodilators —_
Neurons that
release NO

Hormonal Control

Vasoconstrictors
Epinephrine
Angiotensin Il
Endothelin-1

Vasodilators
Epinephrine
Alrial Natriuretic
peptide

A
L Arteriolar smooth

muscle

Local control

RAS
ROS
NO
Growth factors
Cytokines
Stretch
Pressure
Myogenic tone

Hematocrit

Total peripheral resistance

Mean arterial pressure

Cardiac output

) X

Total peripheral
resistance




FactoranfluencingobloodpressurgBP)

SYSTOLELOODPRESSUREBFR DIASTOLIBLOODPRESSUREBR
A/enousreturn andventriclespreload /SystolidBP
MMyocardialcontractility /Peripherakesistancevorkingagainstblood

/Pulsevolumeg amountof blood expulsednto flowing from largearteries
vesselsluringone systoliccontraction Himeperiodbetweentwo systoles

/Expulsiorvelocityof blood
/Compliancef largearteries

HArterial resistance: de facto diastolicblood
pressure

/Peripheraresistancenvorkingagainstblood
flowing from largearteries



Hypertensiorg definitionand
characteristics

/Definition
A ESH 2024 sBP>140mmHgand/or dBP>90mmHg(isolatedsystolichypertensionwhen sBPelevated

only)
A a t -NyBertensioriicancelled> optimal BP (<120/80nmHg | nfifako . t -130/80:9GimmHg

A AHA 202@ sBP>130mmHgand/or dBP>80mmHg

/Classification
A Systemiarterial vs pulmonaryhypertension
A Primary(essentia) vs secondaryknown causg

/Epidemiology
A Prevalence 1.3billion worldwide (2023)

A 46 Ypatientsunaware 42 %patientsdiagnosedandtreated
A Only21 %patienswith controlledhypertension




Hypertension
prevalence (%)
[] =340

B 32.0-33.9
30.0-31.9
l 28.0-29.9
B <280

Mills et al. Nat Rev Nephrol. 2020 Apr;16(4):223-237

M Males ™ Females

35%

30%

25%

20%

15%

10%

5%

0%
AFR AMR SEAR EUR EMR  WPR

Low- Lower-: Upper- High-
income  middle- middle-  income
income income

% of population




Physiologgummaryandtransitionto
pathology

/Conditiondeadingto arterial hypertension(HT)
A oHypercirculatiodassociatecconditions
A Conditionsconnectedwith increasedperipheralresistance

AAmplitudebetweensystolicand diastolicBPmay changeeadingto increaseto one or both BP

/BParisesdueto dysregulatiorof functionalrelationshipbetweenamountof circulatingblood
andresistanceo bloodflow

A Cardiamutput vs. peripheralresistance




Guideline Similarities

2017 ACC/AHA

2023 ESH

Accurate Blood Pressure Measurement

Cardiovascular Risk Calculator for
Treatment Thresholds

Initial Pharmacotherapy
Recommendations

Office-based BP measurements and use of validated, cuffed devices and
home/ambulatory BP monitoring are recommended prior to diagnosing hypertension.

Pooled Cohort Equation and SCORE2/SCORE2-OP provide estimates for 10-year risk of
fatal and non-fatal cardiovascular events and should be used to guide treatment decisions.

Blood Pressure

Initial therapeutic choices include ACE inhibitors, angiotensin-receptor blockers, thiazide Category

or thiazide-like diuretics, and calcium channel blockers.

Single pill combination therapy is a first-line strategy for many patients. NORMAL

Guideline Differences 2017 ACC/AHA 2023 ESH ELEVATED

Hypertension Definition

Normal BP Ranges (mmHg)

Hypertensive BP Ranges (mmHg)

BP Targets for Treatment
18 — 64 years (mmHg)
65-79 years (mmHg)
= 80 years (mmHg)

Pharmacotherapy

* Target < 130/80 if tolerated

= 130/80 = 140/90

HIGH BLOOD PRESSURE
Optimal: < 120/80 (Hypertension) Stage 1
Normal: 120-129/80-84

High-Normal: 130-139/85-89

Normal: < 120/80

Elevated: 120-129/<80
HIGH BLOOD PRESSURE

(Hypertension) Stage 2

Hypertension Grade 1: 140-159/90-99
Hypertension Grade 2: 160-179/100-109
Hypertension Grade 3: = 180/110

HYPERTENSIVE CRISIS
(consult your
doctor immediately)

Hypertension Stage 1: 130-139/80-89
Hypertension Stage 2: = 140/90

<130/80 <130/80
<130/80 < 140/80*
<130/80 140-150/<80

Initial therapy with beta-blockers reserved
for specific conditions including ischemic
heart disease or heart failure

Beta blockers included as first-line therapy
for hypertension.

ACC/AHA 2020

Systolic mm Hg

Diastolic mm Hg

(upper number) (lower number)

LESS THAN 120 and LESS THAN 80
120-129 and LESS THAN 80
130-139 or 80 - 89

140 OR HIGHER or 90 OR HIGHER

and/or HIGHER THAN 120

HIGHER THAN 180

https://www.acc.orgt media/NonClinical/lImages/Latesnh-




SystemiarterialHT

/Definition¢ appliesfrom ESH 2024 or ACC/AHA 2020
A Europec sBP>140mHgand/or dBP>90mmHg

/Onlyarterial circulationaffected

/Organsaffected
A Heart

A Kidney
A Brain
A Arteries

/Classification
A 95 %- essentialprimary)
A5 %- known conditions(secondary



Hypothese®f essentiaBPdevelopment

1. oHypertensiorby volumeincreased
A Primarychange-> circulatingvolumeelevates
A Result¢ hypercirculatorystate -> peripheralresistancearises

2. Circulationcompensatingprimarykidneymalfunction

A Loweredexcretionof sodiumandwater ->increasein BP-> pressurediuresis->homeostasisichieved
(damageskidneyover atime!)

3. Increasedsympatheticactivity
A Vasoconstriction> hypertension
A Lackof proof

A Sympatheticyperactivityconditionsas heartfailure, liver cirrhosisare rarelyaccompaniedy HT




Intraglomerular Pressure

High 4 Chronic
hypertension
with chronic
renal disease
Chronic
Normal hypertension
-~ with normal
/.-‘/ renal function
Low
80 120 160

Mean Arterial Pressure (mm Hg)

CBF ml/100mg/min

100 -
90 -
80 -
70 - ’

60 - !
50' - m m m = mom
40- ¥ 4

Normotensive
= = "Hypertensive

30 -
20 -
10 A
0 T T T T T T T T T T T 1

L R O
MAP mm Hg

CBF=cerebral blood flow; MAP=mean arterial pressure



EssentiaHT

/Dyscrepancipetweencirculatingvolumeand peripheralvesselgesistance

/Dysregulatiorbetweenperfusionof organsand peripheralresistance
A Kidney(RAAS) anbrain mostly

A Angiotensinl increaseeripheralresistance
A Aldosterone-> N4 retention -> hypervolemia

/DuringHTthere is no hyperperfusiorof organs

A After crossingecertainlimit (higherin HTthan normal) -> reactionof peripheralcirculationin adjustingof
blood flow

/oStabilisatior2 T 4+ @ BP->@ 2 NJBokrffision(kidney brain) -> tendencyto return back
hypertensionconditions

Mrterial HT as doealthburdenand a riskactor for cardiovasculadiseases




EssentiaHT

Ancreasen cardiacoutput +hypercirculationconditions

/Chronidncreaseof tissueperfusion-> vasoconstrictiorof peripheralvessels>increasen
peripheralresistance

/Consequences
A Endothelialdamage(strengthenedpulsations -> atherosclerosigcceleration

A Afterloadincrease-> concentrichypertrophyof left heartventricle
A Increasen heartwork -> increasedoxygenconsumptionby myocard

A Risk ofcirculationdisruptionand arterial bleedingg epistaxis stroke> ruptured vesselon scleral S
retinal bleedingetc.

A Hyperfiltrationin kidney-> glomerulifibrotisation -> chronickidneyfailure (hypertensionnephropathy







