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Atherosclerosis



Atherosclerosis
ÅProcessof changesof vascularelasticity and diameter by buildingup fatty acids, cholesterol and 
similarsubstancesin the vesselwall

ÅPhysiologicalprocesswith possiblepathologicalconsequences
ÅA part of metabolismof lipoproteins

ÅCumulativedamageover time in caseof regulatoryfailure

ÅOnsetςveryearly(hypothesisedevenin intrauterineperiod)

ÅLocation
ÅLarge elastic arteries (e.g., aorta, carotid, and iliac arteries) and large and medium-sized muscular 

arteries (e.g., coronary and popliteal arteries)

ÅTurbulentbloodflow presence



Atherosclerosis
ÅPossiblepathologicalconsequences
ÅDecreasedperfusionor obstructionof coronaryand brainvessels

ÅDeteriorationof peripheralarteries-> peripheralvasculardisease, critical(lower) limb ischemia

ÅPossiblecontributor to hypertensionestablishment
ÅDecreaseof bloodperfusionin renalartery -> RAAS activation-> atherosclerosisaggravation-> vitiouscircleestablished

ÅReasonof significantmorbidity and mortality
ÅCoronaryarterydisease

ÅAcutecoronarysyndrome
ÅMyocardialinfarction, unstableanginapectoris, suddencardiacdeath, coronarysyndromeX

ÅIschemicor hemorrhagicstroke

ÅEtc.



Risk factorsςnonmodifiable(?)
1. Geneticabnormalities
ÅFamilialhypercholesterolemia

Å(AD, 3 possiblemutatons-> LDL-R, ApoB-100, PCSK9 ςresponsiblefor degradationof LDL-R)

ÅApolipoprotein 4ʁ presence( 2ʁ maypresentboth increasedand decreasedrisk, ʁ 3 is
renderedas neutral)

2. Familyhistory
ÅPolyfactorialprocess

3. Increasingage
ÅDecreasedefficiencyof reparatorymechanisms-> reversiblelesionsturn to irreversible

4. Male genderςestradiolin womenposeprotectiveeffects(until menopause)



Risk factors- modifiable
1. Hyperlipidemia
ÅDyslipoproteinemiaismore important ->ҧ[5[Σ ҧox-[5[Σ ҨI5[ όΚ ox-HDL)

ÅLipoproteina as the mainfactorsfor atherosclerosis
ÅRange<0.2->200 mg/dl (<0.5-500 nmol/l), synthetisedin liver -> polymorfisms, isoforms

ÅPreferredcarrierof oxidisedphoshpolipids, alsocarriescholesterol; clearanceremainsunknown(LDL-R partiallyresponsible)

2. Hypertension
ÅStrongerpulsationsenhanceendothelialdamage

ÅTurbulentflow emergencepossibilityat locationsof laminarflow

3. Cigarettesmoking and tobaccoproductsused
ÅReactiveoxygensspeciesand toxicsubstancesin cigarettes; imperfectcombustion, pyrolysis



Cholesterol transport

https://cpb.iphy.ac.cn/article/2018/1924/cpb_27_2_028702/cpb_27_2_028702_f1.jpg



Risk factors- modifiable
4. Diabetes mellitus
ÅGlycationof proteins-> Schiffbase -> Amadoriproduct-> advancedglycationendproducts(AGEs) -> 

depositionin bloodvesselwalls
ÅLDL and HDL maybe oxidisedand glycatedas well

ÅOnlyeuglycemiapreventsextensiveglycation

5. Inflammation
ÅLow-gradeinflammationpresentat the site of atherosclerosisdevelopment
ÅStablevs. unstableplaque-> determinedalsoby intensityof inflammatoryreaction



https://www.amgen.com/stories/2023/02/-/media/Themes/Global/Global/Global/images/migration/stories/2023/02-07-8-things-to-know-about-lipoproteina/01_lipoprotein_1400x800.png
https:// www.mdpi.com/molecules/molecules-28-00969/article_deploy/html/images/molecules-28-00969-g001.png



https:// ars.els-cdn.com/content/image/1-s2.0-S0735109716372540-gr2.jpg
https://media.springernature.com/lw1200/springer-static/image/art%3A10.1007%2Fs40119-024-00353-

w/MediaObjects/40119_2024_353_Fig3_HTML.png



Atherosclerosis
overview

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRtG5-MROtCEMrzU8rsqzoZNyx0-1eObsKp7w&s



Atherosclerosismechanism
1. Reversiblelesions(0 ς10 years)
ÅLDL particlesand Lp(a) transportingcholesterol from liver to target tissues

ÅSomecholesterol escapestargettedregulation-> subendothelialdepositions

a) Initial lesionsemerging
ÅIsolatedapo-B particlesexposure(TG-rich-VLVL and Chol-rich-LDL)

ÅIsolatedmacrophagesand foamcells, M2 phenotypepreferred

ÅExtra cholesterol evacuatedby HDL particles

b) Fattystreaks
ÅIntracellularlipid accumulationprevailing



https:// www.researchgate.net/publication/352267490/figure/fig1/AS:1032980474654721@1623293145662/A-Aortic-artery-with-fatty-streaks-B-Aorta-with-atheromatous-plaques-C-Aorta-with.png
https://www.homepages.ucl.ac.uk/~zchab6a/v2/ssm_yr1_1/ath_1.jpg



Atherosclerosismechanism
2. Reversiblelesions(30+ yearsof age)
ÅFullyreversiblewhenintervenedaccordingly

ÅCurrenttreatment isnot preciseand often comeslate

a) Intermediatelesions

ÅIntracellularlipid accumulationenhanced

ÅSmallextracellularpoolsappear-> DANGER!

b) Atheroma

ÅLipid core(s) formation

ÅImmunecellsattraction -> DANGER!

ÅM1 macrophagetype startsto be preferredover M2



https://www.researchgate.net/publication/341283048/figure/fig1/AS:889813918048258@1589159578573/The-progression-of-a-complicated-atherosclerotic-lesion-Although-it-has-been-established.png



Atherosclerosismechanism
3. Irreversible(?) lesions(40/50+ yearsof age)
ÅImmunereactionstriggered-Ҕ αlow-gradeinflammationά

ÅSmoothmusclecellsstimulation-> multiplication, migration, extracellularmatrixsynthesis-> fibrosis

ÅFibrouscap established

a) Fibroatheroma

ÅFibrosisin attempt to stabiliselesion

ÅLesionmayαgrowά into neighbouringlesionevenafter dyslipidemiacorrection

b) Complicated/Advancedlesion

ÅMore intenseinflammation-> fibrouscap thinning-> risk of rupture

ÅPro-thrombogenicsurface-> risk of plateletsactivation

ÅBleedinginto coreand/or fat embolism



https:// www.researchgate.net/publication/354893849/figure/fig1/AS:11431281187169185@1694150588212/Pathological-characteristics-of-plaque-rupture-and-plaque-erosion-Ruptured-plaque-left.tif
https://www.ahajournals.org/cms/10.1161/CIRCRESAHA.114.302721/asset/45802127-f74b-4fdb-87ac-90ebc65fcf8b/assets/graphic/1852fig03.jpeg



https://www.mdpi.com/pharmaceutics/pharmaceutics-16-01037/article_deploy/html/images/pharmaceutics-16-01037-g001.png



https://media.springernature.com/full/springer-static/image/art%3A10.1038%2Fnature06803/MediaObjects/41586_2008_Article_BFnature06803_Fig1_HTML.jpg?as=webp



Atheroscleroticplaque

https://upload.medbullets.com/topic/108038/images/041218xwstep1cardasplaque_anatomy.jpg



Stableand unstableplaque
STABLELESION

ÅFibrouscap
ÅThick

ÅLipid core
ÅSmall

ÅUsuallysingle core

ÅImmunereactionand inflammation
ÅMacrophagesemigration

ÅαLow-gradeά intensity

ÅM2 macrophagespreferred

UNSTABLELESION

ÅFibrouscap
ÅThin

ÅLipid core
ÅLarge

ÅMultiple corespossible

ÅImmunereactionand inflammation
ÅMacrophagesretention

ÅNeutrophilesattracted-> NETsformations

ÅM1 macrophagesphenotypepreferred

ÅProneto rupture, thrombosis, embolism



https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQ-glv6NoIPqIt0q-Zvo-HSIX9jQOqzrS4WRQ&s



Atherosclerosispossibleconsequences
1. Stenosis
ÅNarrowingof bloodvessellumen
Å60-70 % decrease-> manifestationduringphysicalactivity

Å>90 % decrease-> symptomsduringrestingconditions

ÅAcutevs. chronic

2. Thrombosis
ÅRuptureof plaque

ÅPlaqueerosion-Ҕ αwhite thrombusά

3. Vasoconstriction-> Vasospasm
ÅDecreasein NO synthesis

ÅConstrictionmediatorsprevail-> endothelin-1, thromboxaneA2

4. Plaque/ lesioncalcification

Ischemia

Complications
heart attack, stroke, vascular 

dementia, erectile 
dysfunction, heart failure, 

limb loss



https://www.mdpi.com/ijms/ijms-25-06016/article_deploy/html/images/ijms-25-06016-g001.png



Canatherosclerosisbecured?
ÅOnlyreversiblelesionscanberevertedcurrently

ÅAdvancedlesionsare to bestabilised-> slowingof progression
ÅJUPITER trial -> 7.7 % risk of cardiovasculareventsevenwith statinstreatment in 10 years

ÅIMPROVE IT -> 32.7 % risk (ezetimib(PCSK9 inhibitor) + simvastatin)

ÅProbablecomplicationsof a residualplaque

ÅPCSK9 inhibitors-> LDL-c decreasein 50ς60 %

ÅStatinsςprotectiveeffect maylasteven20 years(evendiscontinued) -Ҕάlegacyά effect

ÅApoBexposureas the most prominent factor for progress(HDL protective)

ÅEvenadvancedlesionsmayrevert -> calcificationis the limit?

Suggestedreading: Wilkins, JT., Gidding, SS., Robinson, JG. CanAtherosclerosisBeCured? CurrOpinLipidol, 2020, 30 (6): 477ς484 (https://pmc.ncbi.nlm.nih.gov/articles/PMC7375463/#S8)
Goldberg, IJ., Sharma, G., Fisher, EA. Atherosclerosis: Making a U Turn. Annu Rev Med, 2020, 71: 191ς201 (https://pmc.ncbi.nlm.nih.gov/articles/PMC7112505/)



https://cdn.ncbi.nlm.nih.gov/pmc/blobs/4963/7375463/b37b545ff90c/nihm
s-1601666-f0001.jpg



Coronaryarterydisease
CHRONICFORMS, ACUTECORONARYSYNDROME(ACS)



Coronaryarteriescharacteristics
ÅAnend type circulation
ÅMinimalamountof anastomoses-> occlusionof anartery leadsto tissueischemiaand a possible

necrosis

ÅAortalsinuses
ÅLeftposteriorsinus-> left coronaryartery

ÅAnterioraorticsinus-> right coronaryartery

ÅCoronarycirculationis filled duringdiastole (systoliccontractioncompressesalsocoronary
arteries)



https://upload.wikimedia.org/wikipedia/commons/1/18/Coronary_arteries.svg



Causes and consequences of coronary
arteriesstenosis
ÅCausesof coronaryarteriesstenosis
ÅEnhancedatherosclerosis

ÅVasospasm(e.g. Prinzmetalanginapectoris)

ÅOcclusion/constrictionς> vasodilationmediatorsreleased(e.g. NO) -> 
ÅBack-up vesselsvasodilatation+ increasedoxygendemands-> deteriorationof oxygenreserves

ÅStealphenomenon ςblood redirected to dilatatedvessels
ÅEnhancedischemiaof the affectedregion

Å>60-70 % occlusion ςclinically significant during exercise

Å>90 % occlusion ςsymptoms appear even during the resting condition



https://media-us.amboss.com/media/thumbs/big_623c5416b931c2.25576717.jpg



Endothelialdysfunctionin coronary
arterydisease
ÅAtherosclerosis-> endothelialdysfunction
ÅҨbh synthesis-> Ҩvasodilation

ÅҨrelaxationof smoothmusclecells

ÅVasoconstriction-> vasospasm
ÅThromboxaneA2, serotonin, endothelin-1

ÅStealphenomenon-> bloodredirectionto unaffectedcirculation
ÅEnhancedduringphysicalactivity

ÅConsequence-Ҕ Ҩ!¢t ƛƴ cardiomyocytes-> earlychanges(ion dysbalance, contractibility
disorders)
ÅIrreversiblechangesafter approximately20 minutesof ischemia/hypoxia



Energy myocardial metabolism during 
oxygen shortage
ÅGENERAL CHARACTERISTICS

ÅIncreasedamountof mitochondrias
ÅApproximately1/3 of myocardialmass
ÅHigher amount of cytochroms than other tissues

ÅMain sourceof energyς̡ -oxidation
ÅFattyacids are the main substrate for oxidativephosphorylation(approx. 40ς44 ATPsper onefatty acid)
ÅConstantoxygensupplynecessary!

ÅGlucose and glycogene are additional substances for metabolism

ÅOXYGEN SHORTAGE (FETAL MYOCARDIUM)

ÅLimited ability to perform anaerobicglycolysis(approx. 2 ATPsper glucosemolecule)
ÅResult ςglycogenolysis, creatin phosphate degradation, lactate accumulation



Ischemiaand its consequences
ÅҨATP -> earlychangesin 6-10 seconds
ÅIon pumpsdysfunction(Na+/K+-ATPase)
ÅIntracellularK+ loss-> microcurrentsgenerationόαPardeewaveάύΣ arrhythmiaprone

ÅNa+ accumulationin cell -> cellularswelling

ÅIntracellularCa2+ overload
ÅIonexchangesto counterNa+ overload-> Ca2+ mobilisationfrom sarcoplasmicreticulum

Åҧ/ŀ2+Ҕмл ҡƳƻƭκƭ -> ryanodinereceptorsactivated-> effluxof Ca2+ from sarcoplasmicreticulumto cytosol-> activationof 
proteasese.g. calpain

ÅCAVE! ςCa2+-induced-Ca2+-overloadin reperfusion!

ÅContractibilitydisorders(actin-myosincomplexdysfunction)
ÅDiastolicrelaxationimpaired

ÅHypokinesis, akinesisor dyskinesis

ÅDecreasedresponseper Frank-Starlingmechanismόαincreasedend-diastolicvolume-> strongercontractionά mechanismbroken)



Ischemiaand its consequences
ÅAnaerobicmetabolism
ÅAnaerobicglycolysis-> 2 ATPsgenerated

ÅPyruvate-> lactate-> intracellularacidosis(protectiveagainstcelldeathtypes)

Åҧlactate, adenosin, serotonin-> anginouspain
ÅC7 ςTh4 irritation -> retrosternalpainmaystartǘƻ αirradiateά

ÅVon Hippel-Lindau(VHL) and hypoxiainduciblefactor (Hif) response
ÅAbundanceof oxygen-> modificationof VHL protein -> blockadeof Hif-м -hҔ α9±9w¸¢ILbD L{ hY!¸Ηά

ÅҨoxygen-> VHL not modified-> Hif-м ahnd Hif-1 d̡imerisation-> HRE triggered
ÅVEGF produces-> collateralvesselsformation(mild and/or chronicischemia)

ÅXanthinedehydrogenaseto xanthineoxidase-> ROS generateddruingreperfusion

HRE ςhypoxiaresponsibleelements



https://slideplayer.it/slide/12044440/69/images/38/Nabissi+16.jpg



https://www.seminarsinnephrology.org/cms/10.
1016/j.semnephrol.2011.08.007/asset/86292a9e

-c5b3-4da1-b154-
908c565206f1/main.assets/gr3_lrg.jpg

Allopurinol

Pro-survival
Reducesreperfusioninjury?

Radicalsscavenger?



General consequences of myocardial 
ischemia
ÅDecreasedejectionfraction
ÅLower pulsevolume

ÅIncreased end-diastolic pressure in ventricle
ÅIncreased venous pressure ςbody, lungs

Susceptibilityto arrhythmias
Dangerof ventricularfibrillation (15 minsto defibrillateor cardiacarrest)

ÅCardiogenic shock threat ςmore than 40 % of myocard disabled



General consequences of myocardial 
ischemia
ÅDiastolic pressure increased in the left ventricle
ÅPulmonal hyperemia, deteriorationof ventilation, dyspnoe, rumbles

ÅStronger contractibility of the left ventricle
ÅAnother hear beat auscultable (S4) ςαŀǘǊƛŀƭ ƎŀƭƭƻǇά

ÅPapillary muscles dysfunction
ÅTransient or permanent mitral regurgitation-> possiblevolumeoverload-> eccentrichypertrophy

imminent -> permanentsystolicdysfunction



Ferroptosisin cardiacinjury
ÅCelldeathtype manifestedby Fe2+ overloador 
glutathionperoxidase4 inactivation

ÅMarkedby
ÅROS generationviaFentonreaction

ÅMembranelipid peroxidation

ÅDensemitochondriaswithout cristae

ÅPrimarytype of celldeathfor cardiomyocytesin 
ischemic/ reperfusioninjury

ÅFerroptoticcardiomyocytesproduce
ÅPro-M2 cytokines-> macrophagesto M2 cells

ÅPro-angiogenicfactorse.g. VEGF

ÅFerroptosissuppressionimprovescardiacinjury
consequences, thoughmechanismsremain
uknown

https://media.springernature.com/m685/springer-static/image/art%3A10.1038%2Fs41420-022-01183-2/MediaObjects/41420_2022_1183_Fig1_HTML.png



Myocardial changes according to the 
length of ischemia

1. Adaptation ςpreconditioning

2. α{ǘǳƴƴŜŘά ƳȅƻŎŀǊŘƛǳƳ

3. αIƛōŜǊƴŀǘƛƴƎά myocardium

4. No-reflow phenomenon

5. Acute myocardialinfarction-> acutecoronarysyndrome



Adaptation ςαǇǊŜŎƻƴŘƛǘƛƻƴƛƴƎά
ÅShort hypoxia enable better survivability of longerischemiawhenfollowedby reperfusion
Å10ς40 minutesof ischemia

ÅClassification
ÅEarly (2ς3 hours) ςcelldeathprevention

ÅLate (3ς4 days) ςsignificantfor clinicaloutcome
ÅCellsmayundergostunningor hibernation

ÅGoals
ÅATP concentration is maintained longer ςpreventsarrhythmias

ÅCa2+ overloadpreventionand ROS generationdecreased

ÅMetabolical changes

ÅCapillary adaptation ςdense network of collaterals



α{ǘǳƴƴŜŘά ƳȅƻŎŀǊŘƛǳƳ
ÅAfter transient hypoxia, perfusion restored ςfully reversiblechanges

ÅDecreaseof ATP, Ca2+ overload(mediatedby Ca2+-ATPase/SERCA and RyR2)
ÅConductibilityand contractilitychanges

ÅTemporarydisorderof ATP utilisationafter reperfusion(maylastdays)

ÅFullyreversible

ÅAfter reperfusion ςCa2+ concentration get lower
ÅCAVE! ςCa2+-ƝƴŘǳŎŜŘ-Ca2+ overload(Ca2+ paradox) duringreperfusionpossible



αIƛōŜǊƴŀǘƛƴƎά ƳȅƻŎŀǊŘƛǳƳ
ÅAfter chronichypoxiaςmoderateor repeatednon-lethal ischemia

DecreasedmRNAexpression, damageto contractileand cytoskeletalproteins

ҨmyocardialphosphatesΣ Ҩmyofibrilsresponseto Ca2+

Anaerobicmetabolismpreferred

ÅLowered contractibility and diastolic relaxation
ÅGets better after by-pass ςpartial recovery possible

ÅStructural changes ςpatophysiology unclear
ÅCumulative hypoxia, reperfusion injury ςExercise? Stress?



No-reflowphenomenon
ÅRareconditionoccuringafter ischemiaduringreperfusionperiod

ÅIncompleteand unevenreperfusionof microcirculationdespitere-openingof coronaryartery

ÅFrequencyςcca 0.6-3.2 % of percutaneouscoronaryinterventions

ÅPathomechanism
ÅCumulativeeffect of endothelialinjury, leukocyte pluggingand mechanicalcompression
ÅEndothelialinjury intensifiedby acuteinflammatoryresponse, ROS generation, intracellularCa2+ overload

ÅMyocytesswelling-> mechanicalcompressionof microcirculation

ÅObservedin subendocardiallayer-> mayprogressto subepicardium

ÅCompromisedtissueperfusion-Ҕ αstabilisationά ƻŦ necrosis
ÅNecrosishas a tendencyǘƻ αgrowά ςcombinationof celldebrisand factorsfrom cytoplasm+ impaired

perfusion



Coronaryarterydisease

Chronicforms
(ischemicheart disease)

Acutecoronarysyndrome

Stableangina
pectoris

Prinzmetal
(variant) AP

UnstableAP Acutemyocardial
infarction

Coronary
syndromeX

Suddencardiacdeath

Å Stableplaque
Å Retrosternalpain
Å Painrelievedby 

nitroglycerinin <5 
mins

Å ST depression(type 
A, B)

Å Vasospasm
Å Youngwomen

(cca 30 yrs), 
smokers

Å Painrelieved<5 
mins

Å TransientST 
elevation

Å Unstableplaque
Å Irradiatingpain

(left arm, chin, 
back

Å Vegetative
symptoms

Å Painrelieved5-
20 mins

Å ST elevation, 
invertedT

Å Complete
obstruction

Å Irradiatingpain
Å Vegetative

symptoms
Å Painnot relieved

(>20 mins)
Å αgothicά ¢ wave, 

Pardeewave
Å Cardiomarkers

mayemerge(e.g. 
myoglobin)

Å Microcirculation
affected?

Å Coronaryarteries
normalon 
angiography

Å Menopausal
women

Å Exercise-induced, 
angina-like pain

Å ST depression
duringepisode

Å Death<1 h after
first symptoms

Å Malignant
arrhythmia

Å May be the first
and the last
αsymptomά



https://www.issuesandanswers.org/wp-
content/uploads/2020/02/88e646fa0b7c4b8b84105421119029fb.jpg



Acute myocardial infarction
ÅWhen perfusion interruption lasts longer than 20-40 minutes
ÅContractibility changes occur after 2 mins!

ÅApoptosis/Necrosis of cardiomyocytes ςlack of oxygen, acidosis, wastemetabolits

ÅTimecourseand macroscopicchanges
Å0-1 hrsςaffectedareaispale, slightlycyanotic

Å4-12 hrsςswellingoccurs

Å4 hrsςneutrophileinfiltration ςreactiveoxygenspeciesdamage

Å18-36 hrsςpurpure colours, coagulationnecrosis

Å48 hrsςgray colour

Å8-10 daysςresorption, scarformationbegins

Å2-3 monthsςscarcomplete(susceptibleto rupture!)





Predicted mechanism of ischemic injury 
leading to damage of myocardium
Lead change ςintracellular Ca2+ increase

Lack of ATP ςCa2+ changes -> enzymeactivation ςorganells or cytoplasmatic membrane damaged

Lactate + acidosis ςNa+/H+ and Na+/Ca2+ pump affected ςincrease of Ca2+

K+ depletion ςrepolarisation affected

Lowered metabolism of fatty acids ςlack of ATP

Result is apoptosis or necrosis



https://www.ecgbook.com/ekg-kniha/obr/700STEMI/nomenclature-acute-coronary-syndrome.png



Parameter ST elevations ST depressions

Mechanism Occlusion Stenosis

Location Subepicardial Subendocardial

Condition STEMI NSTEMI UnstableAP

Necrosis Yes Yes No

Necrosistype Transmural Subendocardial N/A

Troponinsrelease Yes, after 3-8 hours Yes, after 3-8 hours No

PathologicalQ Yes No No

https:// www.ecgbook.com/ekg-kniha/obr/700AKS/STEMI-infarction.png
https://www.ecgbook.com/ekg-kniha/obr/700AKS/NSTEMI-infarction.png



ECG changes during myocardial 
infarction
Early potential ςpermanent depolarisation - electriccurrents affecting healthy myocardium

Denivelisation of the whole segment (except Q-T)

α9ƭŜŎǘǊƛŎ ƘŜŀǊǘ ǿƛƴŘƻǿά
9ƭŜŎǘǊƻŘŜ ǎŜŜǎ αǘƘǊƻǳƎƘά ǘƘŜ ŘŀƳŀƎŜŘ ŀǊŜŀ

Q changes - ҔлΦлп ǎΣ ŘŜŜǇŜǊ ǘƘŀƴ ѻ ƻŦ w ǎǇƛƪŜΣ ƻǊ v{ ŎƻƳǇƭŜȄ όƴƻ wύ ςchanges are permanent!

Depolarisation changes ςQ spike pathological!



ECG alterationsduringMI
ST ELEVATIONS

ÁNeedto bepresentin at least2 leads

ÁTypicalfor acuteand subacuteSTEMI

ÁTypes
ÁConvex(frowny)

ÁHorizontal

ÁRarelydescendingor ascending

ÁSTEMI never creatingconcave(smiling) 
elevations

https:// www.ecgbook.com/ekg-kniha/obr/700STEMI/convex-frowny-ST-elevation.png
https:// www.ecgbook.com/ekg-kniha/obr/700STEMI/concave-smile-ST-elevation.png

https://www.ecgbook.com/ekg-kniha/obr/700STEMI/characteristics-ischemic-ST-elevations.png



ECG alterationsduringMI
PARDEEWAVE

ÅVeryhighelevationof ST segment

ÅαTombstoningά -> connectingR and T waves

ÅDueto proximalobstruction-> hugeMI area

ÅSignalizingpoor prognosis
ÅαTombstoning{¢9aLά

ÅTypicalin acutestage

https:// www.ecgbook.com/ekg-kniha/obr/700STEMI/pardee-wave-STEMI-infarction.png



https://www.ecgbook.com/ekg-kniha/obr/700STEMI/STEMI-reciprocal-changes.png
https:// www.ecgbook.com/ekg-kniha/obr/700STEMI/STEMI-reciprocal-ST-depression.png
https://www.ecgbook.com/ekg-kniha/obr/700STEMI/heart-artery-supply-ECG-lead.png



Timecourseof MI

https://www.ecgbook.com/ekg-kniha/obr/700STEMI/ECG-STEMI-infarction-evolution.png



Cardiacconsequences
ÅEnd-diastolicpressureincrease
ÅFourth heart-beat (auscultation, atrial gallop)

ÅSystolicmurmur
ÅRuptureof interventricularseptum

ÅMitral, aortic regurgitation

ÅFormation of thrombus-> systemic (or paradoxal) embolisation

ÅParadoxalmovementof affectedarea(hypokinesis, akinesis, dyskinesis)

ÅVentricleremodelling
ÅVentricle wall aneurysmformation

ÅFibrosisof myocardium-> sympatheticNS (̡ -receptors)



Systemic consequences
ÅOrganshypoperfusion
ÅFatigue, psychicchanges, tiredness

ÅEnd-diastolicpressureincrease-> backwardspropagation
ÅLunghyperemia ςjuxtacapillary receptors irritated ςfast, shallowbreathing

ÅSystemichyperemiaςrarelyseenin MI

ÅPain ςC7-Th4 ςirradiation to left arm

ÅPain + hypotensionς> autonomous nervous systemirritated
ÅNausea, sweating, tachycardia, cold and sweatyskin

ÅPeripheralresistance increased + increased contractibility ςcirculusvitiosus

ÅTNF- ahnd IL-1 f̡rom macrophages-> tissueresorption
ÅSubfebrilitiesΣ ҧsedimentation, leukocytosis(stressreaction, G-CSF)



Diagnostic markers from damaged 
myocardium
ÅInitial stressreaction(mins)
ÅCortisolincreased, glycemia increased, sedimentation increased, leucocytosis

ÅCardiomarkersςelevationmaynot reflect the sizeof damage! (circulationaroundthe area, etc.)

ÅSpecificmarkers
ÅTroponin(TnT)
ÅMyocardiumspecific

ÅReleasedduringinfarction(necrosis), not duringischemia

ÅCourseςrise2-4 hrs-> peak12-24 hours-> disappearafter 7-10 days



Diagnostic markers from damaged
myocardiumςnon-specific
Myoglobin (non-specific)

Hrs ς24 hrs ςeliminated by kidneys

Lactate-dehydrogenase (LDH, non-specific)
Slow increase, lasts 7-10 days

Also present during myocarditis, lung embolism, hemolytic anemia, malignant tumours, megaloblastic 
anemia, etc.

Aspartate-aminotransferase (AST, non-specific)
4-8 hrs ς16-48 hrs maximum ς3-6 days returns to normal

Also present during hepatopathy, congestive hepatopathy, right-heart failure

ÅCreatinkinaseςnon-specificςelevatesin 4-8 hours, 48-72 hrsreturn to normalvalues(skeletal
musclealsoincreasesCK)
ÅIsoenzymeCK-MB ismore specific



https://heart.bmj.com/content/heartjnl/90/1/99/F1.large.jpg



https://www.researchgate.net/profile/
Mustafa-Mohammed-

9/publication/362431545/figure/tbl2/
AS:1184932420436057@16595213124

48/Types-of-cardiac-markers-72.png



Cardiacremodelling
ÅDrop in bloodpressure

1. Renin-angiotensinII-aldosteronsystem(RAAS) activated
ÅGrowthof cardiomyocytesenhanced- mainlyviaangiotensinII receptors
ÅGq/11-1,2-diacylglycerol -> protein kinaseC -> MAPK, JNKs, JAK, STAT cascadesactivated

ÅGq/11-inositol 1,4,5-triphophate ς> calciumςcalcineurin-dependentactivationof MAPK

ÅG12/13 -> activationof RhoA-Rhokinase

ÅJAK/STAT -> activationof matrixmetalloproteinases

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

ÅIncreasedcontractility, frequency-> increasedoxygendemands

ÅVentriculardilation and fibrosispossible

MAPK ςmitogenactivatedproteinkinase, JNKsςc-JunN-terminalkinases, JAK ςJanuskinases, STAT ςactivatorsof transcription



Cardiacremodelling
ÅFunctionaland structuralremodelationς> cellhypertrophy

ÅMechanicalstress
ÅEndothelinI and angiotensinII released

ÅAntiport Na+/H+ activated

ÅPressureismediatedviac integrinsand cytoskeletonς> enzymesactivation

ÅPosttranslationprotein modificationς> cardiomyocyteshypertrophy, fibroblastsmultiplication

ÅSubendocardialangiogenesisnot properlyactivated!
ÅHypertrophycompensationwith limited effect -> subendocardialhypoxiapossible



Cardiacremodelling
ÅQualitative and quantitative collagen changes
ÅRigidity, diastolic dysfunction, dilatation cardiomyopathy

ÅMetabolic rate shift to glucose
ÅNormal 65 % fatty acids, 30 % glucose -> switch to glucose

ÅLowered carnitin, acetyl-CoA-synthetase, carnitine-palmitoyl-transferase, less VLDL receptors, 
lipoprotein lipase ceased

ÅPyruvate-dehydrogenasephosphorylation ςactivation of glycolysis

ÅNot compensated ςprogress to heart failure

ÅATP preferably delivered to Ca2+ pumps ςadaptation

ÅMimic fetal myocardium (glucose preferred) ςcongenitalmetabolicdiseases of fatty acids are 
associated with cardiomyopathies



https:// figures.semanticscholar.org/00c94ee8833ed8ddc300f9dfed9623f37c0ffa17/7-Figure3-1.png
https://i0.wp.com/thoracickey.com/wp-content/uploads/2019/08/f36-01-9780323359436.jpg?w=960



PersistentST elevationsand aneurysm
formation
ÅST elevationsshoulddisappearwithin 2 weeks

ÅPersistentST elevations-> necroticwall
expansion-> aneurysmformation
Å60 % after anteriorSTEMI

Å5 % after inferior STEMI

ÅST elevations
ÅDo not change (no dynamics)

ÅDurationof >2 weeks

ÅNo reciprocalST depressions(opposingleads)

https://www.ecgbook.com/ekg-kniha/obr/700STEMI/STEMI-aneurysm-ST-slevation.png



Hypertension
SYSTEMIC, PULMONARY



Physiologicalmechanimsof blood
pressureregulation
ÅIncreaseof systolicand/or diastolicbloodpressurein systemic/ lungcirculationmayoccurdueto 
(P = Q x R)
ÅIncreasedbloodflow (Q)

ÅIncreaseresistanceof bloodvessels(R)

ÅBoth mechanismsengaged(QxR)

ÅVasomotoriccentre in oblongatemedulla
ÅHigh-pressurebaroreceptors-> carotidsinuses, aorticarch

ÅLow-pressurebaroreceptors-> atria, ventricles, pulmonaryvessels

ÅBaroreceptorsreactto short-term changesonly -> reset within days-> possibleadaptation
(hypertensionprone)



https:// www.physio-pedia.com/images/thumb/a/af/Baroreceptor_reflex_block_diagram.png/450px-Baroreceptor_reflex_block_diagram.png
https://ars.els-cdn.com/content/image/3-s2.0-B9780124052062000144-f14-01-9780124052062.jpg



Factorsinfluencingbloodpressure(BP)
SYSTOLICBLOODPRESSURE(SBP)

ÅVenousreturn and ventriclespreload

ÅMyocardialcontractility

ÅPulsevolumeςamountof bloodexpulsedinto
vesselsduringonesystoliccontraction

ÅExpulsionvelocityof blood

ÅComplianceof largearteries

ÅArterial resistanceςde factodiastolicblood
pressure

ÅPeripheralresistanceworkingagainstblood
flowingfrom largearteries

DIASTOLICBLOODPRESSURE(DBP)

ÅSystolicBP

ÅPeripheralresistanceworkingagainstblood
flowingfrom largearteries

ÅTimeperiodbetweentwo systoles



Hypertensionςdefinitionand 
characteristics
ÅDefinition
ÅESH 2024 ςsBP>140 mmHgand/or dBP>90 mmHg(isolatedsystolichypertensionwhensBPelevated

only)
ÅαtǊŜ-hypertensionά cancelled-> optimalBP (<120/80 mmHgύ ŀƴŘ αnormalά .t όмнл-130/80-90 mmHg)

ÅAHA 2020 ςsBP>130 mmHgand/or dBP>80 mmHg

ÅClassification
ÅSystemicarterial vspulmonaryhypertension

ÅPrimary(essential) vs. secondary(knowncause)

ÅEpidemiology
ÅPrevalenceς1.3 billion worldwide(2023)
Å46 % patientsunaware, 42 % patientsdiagnosedand treated

ÅOnly21 % patienswith controlledhypertension



https:// pbs.twimg.com/media/FTCjdeUaMAAMOUX.jpg
https://media.springernature.com/full/springer-static/image/chp%3A10.1007%2F978-3-319-31107-4_31/MediaObjects/145541_4_En_31_Fig1_HTML.png?as=webp



Physiologysummaryand transitionto 
pathology
ÅConditionsleadingto arterial hypertension(HT)
ÅαHypercirculationά associatedconditions

ÅConditionsconnectedwith increasedperipheralresistance

ÅAmplitudebetweensystolicand diastolicBP maychange leadingto increaseto oneor both BP

ÅBP arisesdueto dysregulationof functionalrelationshipbetweenamountof circulatingblood
and resistanceto bloodflow
ÅCardiacoutput vs. peripheralresistance



https://www.acc.org/-/media/Non-Clinical/Images/Latest-in-
Cardiology/Articles/2024/02/PREV-EA-Vemu-Table1.png

https://blog.ohiohealth.com/wp-content/uploads/2022/02/Blood-Pressure-
Guidelines-Update_Infographic-2022.jpg

ACC/AHA 2020



SystemicarterialHT
ÅDefinitionςappliesfrom ESH 2024 or ACC/AHA 2020
ÅEuropeςsBP>140 mHgand/or dBP>90 mmHg

ÅOnlyarterial circulationaffected

ÅOrgansaffected
ÅHeart

ÅKidney

ÅBrain

ÅArteries

ÅClassification
Å95 % - essential(primary)

Å5 % - knownconditions(secondary)



Hypothesesof essentialBP development
1. αHypertensionby volumeincreaseά
ÅPrimarychange -> circulatingvolumeelevates

ÅResultςhypercirculatorystate -> peripheralresistancearises

2. Circulationcompensatingprimarykidneymalfunction
ÅLoweredexcretionof sodiumand water -> increasein BP -> pressurediuresis-> homeostasisachieved

(damageskidneyover a time!)

3. Increasedsympatheticactivity
ÅVasoconstriction-> hypertension

ÅLackof proof
ÅSympathetichyperactivityconditionsas heart failure, livercirrhosisare rarelyaccompaniedby HT



http:// www.nejm.org/na101/home/literatum/publisher/mms/journals/content/nejm/2002/nejm_2002.347.issue-16/nejmra020676/production/images/img_medium/nejmra020676_f1.jpeg
http:// hyper.ahajournals.org/content/hypertensionaha/49/5/977/F1.large.jpg



EssentialHT
ÅDyscrepancybetweencirculatingvolumeand peripheralvesselsresistance

ÅDysregulationbetweenperfusionof organsand peripheralresistance
ÅKidney(RAAS) and brainmostly
ÅAngiotensinII increasesperipheralresistance

ÅAldosterone-> Na+ retention -> hypervolemia

ÅDuringHT there isno hyperperfusionof organs
ÅAfter crossingcertainlimit (higherin HT than normal) -> reactionof peripheralcirculationin adjustingof 

bloodflow

ÅαStabilisationƻŦ I¢ά -> ҨBP -> ҨƻǊƎŀƴ perfusion(kidney, brain) -> tendencyto return back
hypertensionconditions

ÅArterialHT as a healthburdenand a risk factor for cardiovasculardiseases



EssentialHT
ÅIncreasein cardiacoutput + hypercirculationconditions

ÅChronicincreaseof tissueperfusion-> vasoconstrictionof peripheralvessels-> increasein 
peripheralresistance

ÅConsequences
ÅEndothelialdamage(strengthenedpulsations) -> atherosclerosisacceleration

ÅAfterloadincrease-> concentrichypertrophyof left heart ventricle

ÅIncreasein heartwork -> increasedoxygenconsumptionby myocard

ÅRisk of circulationdisruptionand arterialbleedingςepistaxis, strokeΣ αruptured vesselson scleraάΣ 
retinal bleedingetc.

ÅHyperfiltrationin kidney-> glomerulifibrotisation-> chronickidneyfailure (hypertensionnephropathy)



https://www.healthline.com/hlcmsresource/images/Effects_Hypertension/Hyp
ertension_Effects_Pinterest_crop.jpg


