Response of the ventricles to loading

conditions




| I
EDV EoV

T Preload — T SV (T EDV)

™ Afterload — 4 SV (T ESV)
T Inotropy — T SV (4 ESV)




Kapdlakr TTpocapuoyn oTny voaoo...

H kapdid «TTpocapuoleTal» 0EEWG KAl XPOVIWG OTIC AANQYEG TOU TTPOPOPTIOU,

METAPOPTIOU KOl CUCTAATIKOTNTAG, WOTE va dlarnpnBei o SV, o KAOA ka1 n MAP.

O1 KapdIaKESG VOO oI, AAAA KAl VOOOI AAAWV CUCTNPATWY, ETTIPEPOUV AAAAYEC OTNV

Kapdlakn Asitoupyia aAAG Kal avaTtouia (1), pEow aAAaywyv OTIC 3 TTAPATTAVW

TTapapéTpouc. MN.x. éuppayua = | CUCTAATIKOTNTA, AVETTAPKEI GOPTHS/VEPPIKN
aveTrapkeia/aAdoaTepoviopdc/utroBupeoeidioudc =& T mpogoprtio, oTévwon Ao,
utréptacn = T petagoprio.

AvaAoya pe TO TToIa TTAPAUETPOS AAAACLEL, N KAPDIA «avTIOPA» UE DIAPOPETIKO TPOTTO
AEITOUPYIKA Kal avaTouika (1)...

To ZNZ ka1 o a§ovag RAAS ouvelo@EPOUV OTNV «KAPOIOKA TTPOCAPHOYR» > @) ﬁi'




Kapdlako popTio

PépTIoN OYKOU (TTPpo@opPTio): O1 KoIANieC uTTodEXOVTAI HEYAAUTEPO OYKO

aipaTog (TTPOPOPTIO) ATTO TO PUCIOAOYIKO TT.X. AVETTAPKEIEC BAABiIdWY,
apIoTEPA-OEEIA DIaPuUYT), ABANTEC, KUNON, VEPPIKNA av/Kela,

aADOOTEPOVIOUOGS, UTTEPKOPTICOAQIMIa, UTTOBUPEOEIDICHOG, KTA

DopT1ion TTieong (LETAPOPTIO): OI KOINIEG «AVTIMETWTTICOUV» UYPNAS

METAQOPTIO. I1.X. ZUCTNUATIKA UTTEPTACN, TTVEUPOVIKN uttépTtacn (PH),

oTéEvwon PNVoeIdwvY BaABidwv/xwpou €COO0U KOIAIWV...




Alataon — Ytreptpopia: Opiopoi

= Alataon: Aucnon Pey£EBOUG KOIAOTANTWV

= YITepTpO@ia: AUcnon TTAXOUC TOIXWHATWY




= AvOAOYWC TOU KaPOIaKOU «(popPTiou» Ol KOIAiEC uTTopOoUV va

UTTOOTOUV avadIauoppwan...

= PopT1IoN TTiEoNnG: YTepTpoPia TNG KOIAIag Xwpic d1dTtaon

TNG KOIAOTNTAC

= PopT1ion 6ykou: Aiatacn kal (GAAoTe GAAou BaBuou)

UTTEPTPOPIA KOIAIOC




Alataon — YTreptpoia: Mnxaviouog

AidTaon: H koiNia KaAeiTal va SIaxeIpIoTel pEYEAC GyKo Uypiv >

®opTioNn dyKoUu

Ytmreprpowia: (A) H kolAia kaAgital va dlaxeipioTei MEYAAN TTieon oTav

£€wOei To aipa = PoépTion Trieong kai/f (B) PoépTIon 6yKou
(MIKPOTEPN UTTEPTPOYIO O OXEON ME TO A)
2.evapla

DopTion dykou: Avettdpkela BaABidag, BAGRN TNG GUCOTOANG TNG KOIAIQG TT.X.
‘Epgpayua, KUnaon, avaiuia, xoprynon uypwyv...




2 UYKEVTPIKN UTTEPTPOMIO

= YTrepTpo®ia AOyw QOPTIONG TTiIEONC => ZUYKEVTPIKA

UTTEPTPOYIa

= MeydaAn au¢non padlac puokapdiou




2. UYKEVTPIKN UTTEPTPOMIA

Left ventricular geometry
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Hypertension and Stenotic Lesions
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The Stiff LV (LVH)...




)

1
>
S
>
%

The St




The Stiff Ventricle...
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the slope of the relationship is the reciprocal of the compliance, which
is sometimes referred to as ventricular "stiffness”




Meiwon TNG EVOOTIKOTNTAC TWV TOIXWHATWY => aug¢non




The Stiff LV & LA (Left Atrium)

MNormal atrioventricle Stiff atrioventricle

A stuff ventricle must be transmitting its loss of compliance to the
atrium during diastole when the AV wvalves open.




2UVETTEIEG HEIWONG TNG evooTikotnTag HFPEF. .

Meiwaon evdoTiKOTNTAC TT.X. YTTEQTPOPIa

Aucnon TMECEWY OTA TOIXWHATA TNS KOIAia¢ (avévdoTta) =»
aucnuévn EDP

Meiwon Tou TTpoopTiou (EDV) = Meiwon tou SV

duoioloyik6 KE pe T EDP = HpEF (Heart Failure with
preserved EF)
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PopTion Oykou

dopTiIon 6ykou (aucnon TTPOYOoPTIoU) =>
‘ExKeVTPN UTTEPTPOPIA

MeyaAn augnon padac puokapoiou
>nuavTikn didtaon (T EDV)




doption Oykou

Left ventricular geometry
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Mormal heart
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Mormal
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The Volume Overloaded Ventricle...

- HDHMA;‘ : PHESSUHE--E : 3
- & | OVERLOAD L OVERLGAD.

b




do6pTion Oykou
1. BoABLOIKEG aveTIdpKELEG

2. Aplotepd mtpog ta de&La dtaduyn aipatog (Try.

 NORM AL MEGOKOATILKT)/HECOKOLALAKT| ETILKOLVWVIA, AVOLYTOG

BottdAelog mopog, AV-fistula)
. ABANTEG, KUNON, vOoOL AAWVY CUCTNUATWY UE

aENoM OYKOU LUYPWV TL.Y. VEDPLKY] AVETIOPKELOEEE: )




The Compliant Ventricle...
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2 UVETTEIEG (POPTIONG OYKOU

dopTion Gykou (augnon TTPoPoPTiou) => 'EKKEVTPN UTTEPTPOPIa
MeyaAn augnon padlag puokapdiou

>nuavtiki diatacn (T EDV)

duoioloyikl EDP, n otroia katroia oTiyur apyotepa oTnV TTOPEia TNG
vooou Ba |

AlatApnon KE = apxika xwpic KA, aAAd 6tav T n EDP = HFpEF




PbpTion Oykou: Avettdpkeia aopThc (AR)

This illustration represents ventricu-
lar diastole in a patient with AR. The .

e F : . Regurgitant

reason for the large volume in dias- flow into

tole in AR is obvious, since the LV LV in
fills from two sources. As long as diastole

the LV is healthy, it will eject the

usual 60-75% of its increased end-

diastolic volume, i.e.. its ejection Normal
L g ) _1‘ TR flow into
raction will remain normal. Thus, LV in

the aorta will receive a large stroke diastole
volume with each systole.




PdopTion Oykou: Avettapkeia pirpogidous (MR)

This depicts the extra diastolic flow through the

mitral valve that takes place when MR occurs

during the previous ventricular systole. In MR, Normal
the normal pulmonary venous return to the LV pulmonary
venous
flow into
L. atrium

is added to the returning regurgitant flow to
increase the volume in the LV beyond normal.
Thus. in MR, the left artrium is volume-over-
loaded during ventricular systole and the LV is Regurgitated

volume-overloaded during ventricular diastole. blood flowing
back into LV

P
o
L

Note that the arrows rep-
resenting ejection into the
aorta are equal, i.e., the
forward stroke volume in
MR is not reduced unless
the MR is very severe or Incompetent

there is cardiac damage. mitral
valve

MNormal systole Systole with MR
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£ Sarcomere

Mormal heart

Sarcomeres added in parallel

Sarcomeres

added in series

Left ventricular geometry

-

Mormal

Eccentric hypertrophy




Kapolakn YTrepTpoQia

H utrepTpo@ia putropei va givail 101010010 G
(Y1repTpo@ikn HUOKOPOIOTTAOEIO)
‘H va gival dgutepoTrafng Adyw
dopTiong TTieonc (AugnUEVO UETAPOPTIO)
PopTIoNG Gykou (AUENUEVO TTPOYOPTIO)




Left ventricular geometry Normal




¥YnAdagnon lNpokapdiou




Right 2nd
interspace—
Aortic area

Epigastric
{subxiphoid)

Left 2nd
interspace—
FPulmonic area

Right
~“wentricular
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Left stermnal

border

. Left
ventricular
area—Apex




Traditionally, the term apical impulse refers to the

left ventricular (LV) impulse

DDx: point of maximal impulse (PMI)

It occurs at the onset of LV ejection and is
normally located within the left midclavicular line

in the fifth intercostal space




Apex beat...

Counterclockwise
rotation

strikes
chest wall
'\.‘

Diastole - _\& Svystole

This counterclockwise rotation occurs during isovolumic contrac-
tion, 1.e., before blood is ejected from the ventricles.




The apex beat
The coin s over the apex. The intercostal spaces are
numbered. Vertical lines show right and left midclavicular
and left anterior axillary lines. Care must be taken in

identifying the midclavicular line; the inter-cbsarver vanability
can be as much as 10 centimetres!
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Note that the apex beat is palpable in only
about 50% of adults




A posterior in addition to an anterior
approach may allow you to feel more

subtle movements. especially if your left
hand i1s more sensitive than your right.




In this patient with mitral stenosis, the phy-
sician is palpating the movement of a large
RV, which was producing a right ventricu-
lar rock, i.e., a sustained left parasternal
impulse and lateral retraction.

If your fingernails are long enough to cause
discomfort when you push up into the epi-
gastrium with your fingers, you may use the
pad of your thumb to test for RV pulsations
during a deeply held inspiration.




Poiloc (thrill) vs. Epywodnc won (heave)

Localized
pulsations

Although small localized move-
ments are best perceived by the
distal finger pads, thrills are best
felt with the distal palm.

Thrills

Heaves or
lifts




It is worth noting that the palpable
apex beat is not the anatomical

apex of the heart but a point above

it.
At the time the apex beat is palpable, the
heart is assuming a more spherical

shape and the apex is twisting away

from the chest wall.

Electrocardiogram

The area above the apex, however,

is moving closer to the chest and is

palpable




Maormal

ducloloyiko kopudoypadpnuo: Kopa a < 15 % cuvoAikov UPouc.
>npeio E => apyr] ouotoAn LV. AkoAouBei oTadLoKr uttoxwpenon
w¢ To onpeio O (dlavolén MV).

Ta dakTUAA «volwBouv» oTiypLaia won Kal katoTiy tnv E-O



Apex:

« Palpable in 1 of 5 adults < age 40

» Best felt with fingertips or finger pads
Normal Location:

 NoO more than 10 cm from mid-sternal line 1n the
supine position

» Left decubitus position not reliable for apical
location

Normal Size:
= No larger than 3 cm (about 2 finger breadths)

=LA




AIOTOPAXEG TNE KOPUPAIAE WoNG...

Evromion: Metartomion = Aiaraon kai/ LVH

AlapeTpog: Eupeia = Aiataon LV

Aiapkeia: Maparetapévn = LVH, HFrEF
Ywog: YTrepKIvNTIK = POpTIoN OYKOU




Aldtaon LV:

The normal apex beat is not felt in two - i : | ) 4
interspaces during the same phase of ’ 1 METGTOT[LGY] > 10 Cm

respiration.

mAayiwg, evaicOnto

AAAQ Un €LOLKO oNElo

>tV left lateral

A normal apical impulse is no larger than
about 1'/z fingertip widths (3 cm).

decubitus B¢om),

SLAUETPOG > 3 Cmiglon,



Dilatation
with
proportionate LVH




AlaTapaxeg TG Kopugaiag wane...

=  NMaparerapévn => Poption mrieong (Yreprpoia)

S, S, s, S,

Normal Sustained

Left
sternal
border

LV impulse
A sustained low-amplitude (hypo- (supine)
kinetic) impulse is seen in dilated

cardmmyoparhy. Sustained apex host




AlaTapaxeg TG Kopugaiag wane...

= YITEPKIVNTIKA => POpPTION OYKOU

- 11A |

Mormal Hyperkinetic




I I
S1 S2
Hyperdynamic

Yriepduvapikn won: LV volume overload (MR & AR...). Evioyuon a

(UnAadnto) cuvr|Owe onpaivel T LVEDP. > UVUTIAPYEL S3...




Analysis of the type of Apex beat

Is it forceful?

-

Yes

/s it sustained?

Wes

Heaving
Apex

Wil be
displaced too.
Localized apex
generalhy.
wWenbmcular

M oErr o g
-:r'i—.!-i"_-ulj'l.:."



Analysis of the type of Apex beat

Is it forceful?

-

Yes

Is it sustained?

-

Mo Yes

Hyperdynamic

Heaving
Apex

Apex
Wil be
displaced too.
Diffuse apex is
characteristic.
wWenbmcular
dilatabon {valume
owerioad)

Wil be
displaced too.
Localized apex
generalhy.
Wenbmoul ar
Nertr o
[pressuns
wwearload)




Analysis

=

Mo

L 4

Is it sustained?

F

MNo

Normal
Apex

Only if position
is also normal.
({Left 5™ ICS, just
medial to MCL)
If displaced,
may be due to
non-cardiac
causes.

of the type of Apex beat

Is it forceful?

-

Yes

Is it sustained?

-

Mo

Yes

Hyperdynamic

Heaving
Apex

Apex

Wil be
displaced too.
Diffuse apex is
characteristic.
wWenbmcular
dilatabon {valume
owerioad)

Wil be
displaced too.
Localized apex
generalhy.
Wenbmoul ar
Nertr o
[pressuns
wwearload)



Analysis of the type of Apex beat

Is it forceful?

=

Mo

L 4

Is it sustained?

4 Yes
No

Normal Systolic

Apex Dysfunction

Only if position
is also normal.
(Left 5™ ICS, just
meadial to MCL)
If displaced,
may be due to
non-cardiac
causes.

Usually Displaced

-

Yes

/s it sustained?

=1 5

Mo Wes

Hyperdynamic Heaving
Apex Apex

Wil be Wil be
displaced too. displaced too.
Diffuse apex is Localized apex
characteristic. generalhy.
werbricul ar
dilatabon (wolumme
owerload)

Wernbricul ar
Nwpertr opny
(pressurs
wwearload)




Feeling for the parasternal impulse

A parasternal impulse may be felt when the heel of the hand is rested just to the left of the

sternum with the fingers lifted slightly off the chest . Normally no impulse or a slight inward
impulse is felt.

In cases of RV enlargement or severe LA enlargement, where ti 9 7,
ight ventricle is pushed anteriorly, the heel of the hand is lifted pf




In obstructive pulmonary disease,
hyperinflated lung may prevent
palpation of an enlarged right ven-
tricle in the left parasternal area.

The impulse is felt easily, however,
high in the epigastrium where heart
sounds are also more audible.




FPalpating the base of the heart

Palpation with the fingers over the pulmonary area may reveal
the palpable tap of pulmonary valve closure (palpable P2) in
cases of pulmonary hypertension

A = a




Myocardial Injury




Muokapoiakn BAaBn HFrEF...

Av aT1TO OTTOIOONTTOTE AITIO (IOXAIMIa, PAEYHOV, EUPPAYNa), O
KapOIaKOC UG uTtooTel BAGRN, N CUCTOATIKOTNTA UEIWVETAI

NAIyoTePO aipa e¢wbeital (aucnon ESV & pegiwon SV)
AnA «n kolAia dev adeidle». Apa o EDV au&averai (TrpogoprTio)

H kolAia diareiveTal (auénuEVo TTPOPOPTIO) KAl UTTEPTPEPETAI EAAPPA

Meiwpévo KE pe T EDP = HFrEF




The “Injured” Ventricle...
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Figure 1. The Frank-Starling relationship showing the
effects of heart failure (ventricular systolic dysfunction,
loss of inotropy) on stroke volume and ventricular
preload (left ventricular end-diastolic pressure,
LVEDP). Point A, control point; point B, ventricular
failure.

> € OUOTOALKT)
duCAELTOLPYIQ, N
Koo Ba
«OOUAEYEL O€
vynAotepn EDP
ko Oa mapaéel

UIkpOTEPO SV ...




2 UVETTEIEG PEIWONG TNG CUCTAATIKOTNTOG
AlaTaon Kal ATTIa UTTEPTPOPIA
Meiwon SV
Aucnon EDP

Meiwpévo KE... = HFrEF (HF with reduced EF)




Muokapdiakn oinonon HFrEF...

Av 0 KapdIakO¢ Hug uttooTel dINBNOBei (apuAlogidwon), n
OUOTOATIKOTNTA PEIWVETAI

NAIyoTePO aipa e¢wbeital (aucnon ESV & pegiwon SV)

AAANA n kolAia AEN AIATEINETAI! 2tnv artreikovion @aiveral
uTTEPTPOPIKNA (AOYW dINBNOoNC)

Eival n yovn mrepimmrrwon ommou o€ HFrEF dev €xoupe didTaon
(MepropioTikEC MuoKapdIOTTABEIEC)




2 UVOTTTIKQ...

Meiwon ouoTOATIKOTNTAG (I0XAIMia, QAEyUOVn, VEKpwaoN) => AidTaon Kal
ATTIO UTTEPTPO®IA, MEIWMEVN EVOOTIKOTNTA => peiwon SV, auvénon EDP,
ueiwon KE = HFrEF

AIRBnon > Meiwon ouoTAATIKOTNTAG => UTTEPTPOYIA, MEIWMEVN

evooTIKOTNTO => peiwon SV, auénon EDP, pcsiwon KE = HFrEF




I'Iwc_; eﬂr]__pac'xgsl N ch_pélaKr’]_ véoog TG ouver']_Kag_ (pc’)_pnon_g_

‘Epgpaypa, puokapditic, DCMP = | guoTtaATikétntoag = TESV,
Aigraon,T EDV, TEDP, J SV, | EF

Aidnon 2 | oguoTaAtikéTnrac & TESV, normal EDV, |
Evdotikétntag, TEDP, 4 SV, | EF

YmépTtaon, oTévwon pnvoeidwv BaABidwv = T peragopriou 2>

> UyKeVTPIKA utepTpo@ia = LSV, normal EF

Avettapkela BaABidwv, ASD, VSD, PDA = T rpogopriou & T EDV,

Aiaraon, +/- EDP, +/-SV (avaAoywg tng Tabnong), normal EF %' A




Heart Failure




KapOlaK aVvETTOPKEIN

= H 1TaBo@uaoloAoyikn KaTtdoTaon KAata Tnv oTroia N kapdid
aduvartei va avTAEi-TTpowEi aipa avaloyo JE TIG

METAPBOAIKEC ATTAITACEIC TWV I0TWV I TO ETTITUYXAVEI UOVO UE
auénon Twv TEoEwWV TTANPWoNC TNC (EDP)

KAIVIKO oUVOPOO UE KUPIEC EKONAWOCEIC TNV dUCTIVOIQ, TV
KOTTWON, TNV MEIWPEVN avox OTNV AoKNOon Kail TNV
KATOKPATNON UypWwv




KapOlaK aVvETTOPKEIN

= H EDP ptropei va aucnBei otav
YTTApXEl MEIWON TNGC OCUCTAATIKOTNTOC
YT1rapxel eoption trieon¢ (MetagopTio)
YTrapxel option oykou (I'pooprTio)




AoBevnc ue KA

ApioTepn =» AUOTIvVOIQ, KOTTWGAT, HEIWHEVN avVOXN

oTnNV Aoknon
= Aggia = Oi1dnuaTa, aokitng, NTTaroueyaAia,
OUOTIVOIQ, KOTTWON, MEIWMEVN AVTOXN OTNV AoKNOoN

Kai oTic 3uo = | veppIkA aigdtwon =

Kapdioveppikd ouvdpopo... (Ur, Cr, eGFR)




MDRD GFR Equation

Female Male

Creatinine
mg/dL &

Yes




Creatinine

Black race
Ra f

-a mav/may not orovide better estima c nf
(- | = ':‘. 4 L 1 1

ro - 2.
FE: ORTIONa

52.5 mL/min/1.73 m*
Glomerular Filtration Rate by the MDRD Equation




AoBevnc ue KA

Oceia Apiotepn = Occia AuoTrvola

O&eia Agcia = 2@ayiTidec, NTap, uTroTaon,

OUCTTVOIQ

Xpovia ApioTepn = Xpovia AuoTrvold

Xpovia Aggia = Oi1dnuara, ackitng, NTTaroueyaAia,

OUCTIVOIQ, KOTTWAON, MEIWMEVN AVTOX OTNV AOKNON “




K)\lvu(r’]_ npooéwlcr]_ aoeevoog HE Gu_pmo’u_pam ap. KA...

YIrepTpo@IKN KolAia, diatnpnuévo KE = ®o6pTIion TTieong
(HFpEF)

MeydaAn KolAia, peiwpéEvo KE = Meiwpévn CUOTOATIKOTNTO
(HFrEF)

MevaAn & uttepTpo®@IKN KOIAIa, dlaTthpnuévo KE =
do6pTion dykou (HFpEF)

Ymeprpo@iki Kolhia, ueiwpévo KE 2 Aienon (HFrEF) “@ 4




2. UOTOAIKN KOPOIOKN QVETTAPKEID

Meiwaon TNG CUCGTAATIKOTNTAG TNG KOIAIAC => UIKPOTEPOG

SV, yeyoAutepoc EDV => aug¢nuévn EDP




Systolic Heart Failure...

Fig 3.3 LV Pressure-Volume Relationship during Diastole
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Healthy Heart Compared To Cardiac Failure
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loxaiyia Kal EuePaAyua...

= |oxaiyia => AgiIToupyikn diarapayn

Oceia 1oxaipia => ATTOTTANKTO JUOKAPDIO

Xpovia ioxaigia => AaBpofiouv puokapdIo

= ‘Epppaypa => Moviun avarouikn BAABN (ouAn)




Ischemic Cascade

® Approximately
Y5 of pts with

ST alterations angina also

Filling experience

Systolic episodes of
dysfunction

¥ Relaxation ) ) i
(diastolic (silent) ischemia
dysfuncki

asymptomatic

Y
(@]
5
3.‘2
lEg
O -
O v
= v

Many episodes

Duration of Ischemia (sec) of ischemia never @
become painfulﬁ'ﬁ-




HFpEF Mamcpopﬂo

I Au&npsvo psTa(popTlo npom)\sl oustVTlen UTTEPTPOYIO

= LV
LVOTO => utroBaABIdikr, BaABIOIKNA kal uTTEPPAABIBIKA OTEVWON QOPTAG
2TEVWON 108JoU TNG aopPTAGS
2 UOTNUATIKA UTTEPTAON

RV

RVOTO => orévwon trveupoVviknig BaABidag, Tetpaloyia Fallot (un dilopOwpévn)

2TEVWON TTVEUUOVIKWY apTNPIWY

[Tveupovikn UTTEPTOON




2 UVETTEIEG MEIWONG TNG EVOOTIKOTNTOG

Meiwaon evOoTIKOTNTAG TT.X. YTTEPTPOPIA

AuZnon TTECEWVY OTA TOIXWHATA TNG KOIAIag (avévdoTta) dnA. augnueEvn
EDP

Meiwaon Tou TTpoopTtiou (EDV)
Meiwon Tou SV

Av o ESV uciwbei apkera (avérrapn ivorporria), 1o KE (EF), d¢ 6a
aAAaéel rapor o SV gival uEiwuEVOC. ..




. " Control
Loop

T
K';?nxx Decreased
-, Compliance

i
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100
LV Volume (mil)
Effects of left ventnicular diastolic faillure caused
by decreased ventricular compliance {(e.g..
hypertrophy) on left ventricular pressure-volume

loop. Heart rate, inotropy and systemic vascular
resistance are unchanged.

Meiwon evooTIKOTNTAG
Y. YiepTpodia
AULENON TILECEWY 0T

TOLYWMOTA TNG KOLALOG
(avevooTta) onA. EDP

Meilwon tou
npodoptiov (EDV)

Meiwon tou SV

Av 0 ESV pelwBel
APKETA (AVETIADT)
votportia), to KE (EF),
o€ Ba aAAGEeL TapdTL O
SV elval HELWUEVOG...




HFpEF: INpogoprTio...

dopTIon Oykou (augnon TTpoopTiou) => ‘EKKeVTPN
UTTEQTPOYIC

Aucnon padag yuokapdiou

>nuavTikn diataon (T EDV)

Aiatrpnon KE (apa T SV)

duaioloyikry EDP...




Left ventricular geometry

£ Sarcomaere i

Mormal heart

Sarcomeres added in parallel

Concentric hypertroply

/ rf,..--"'
e, -

Sarcomeres added in series

Eccentric hypertrophy




HFPEF: Tpogoprio...

= AuCnUEVO TTPOPOPTIO TTPOKAAEI EKKEVTPN UTTEPTPOYIO
=  H teAeuTaia cuuaivel oTToTEONTTOTE TO KUKAOPOPIKO «AVTIAQUBAVETAI»
KATToIa «dI1a@uUyr» OYKOU QiJaToC...

«Alapuyn» evog OYKOU aiaTog atrd TNV CUCTNUATIKNA 0TN QAERIKA KUKAOQOpia

VSD, PDA, giant AV-fistula

AVETTAPKEIQ MITPOEIOOUG: «Ala@uyr» EVOG OYKOU QiaTog Atrd TNV CUCTNUATIKNA

KUKAo@opia oTtov LA

AveTTapkela aopTig: «Ala@uyrn» evog OYKOU Aiatog atrd TNV CUCTNHATIK

KuKAo@opia otnv LV




KapOlaK aVvETTOPKEIN

= [lapopoiwc yia Tnv RV
MeOOKOATTIKN €TTIKOIVWYVia (ASD)
AVETTAPKEIA TTVEUUOVIKNC

AVETTAPKEIO TPIYAWXIVAC




The Compliant Ventricle...
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The Compliant Ventricle...
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DopTIon Oykou (augnon TTPOYOPTIoU) => EKKEVTEN
UTTEQTPO®Ia => aug¢non TNG EVOOTIKOTNTAC TNG KOIAIOC

=> apXIka ualoAoyikn EDP, ye diaraon kai
au¢nuévo KE. AoBevic aCUUTTTWHATIKOC. ..




dopTion Oykou (augnan TTpogopTiou) => ‘EkkevTpn
UTTEPTPOPIA => aPYOTEPA, AOUVANIa JEYAAUTEPNG

augnong TNG evOOTIKOTNTAG TNG KOIAIQC => aucnuévn
EDP, pye diaraon kal au¢nuevo KE =» 2uutrtwpara




AIOOTOAIKN OUCA&ITOUpYIQ. ..

Alotapayn TnS d1aoToARC (Y

evooTikoTnTac) = T EDP




AIOOTOAIKN OUCA&ITOUpYIQ. ..

MEXPI OTIYUNG EXOUME DWOEI 2 TTapadEiyuaTa:
TMeTagpopTio — uTTEPTPO®Ia - L EVBOTIKATNTA

MpogopTio — didtacn/utrepTpowia — apxikd T kal
TENIKG 4 evdoTIKOTNTO

Kai aTig 2 Trepimmrwoelic HFpEF ...




Ouwcg...

Kail otnv ouaTtoAikn ducAcitoupyia (HFrEF), n
evVOOTIKOTNTA TNG KOIAIOC gival YEIWPEVN. Apa UTTAPXEI
KAl d1a0TOAIKR) OUCAEITOUpYIA...

AlaoToAIkN duoAeiToupyia (o€ OAEG TIG KA)

Me diatnpnuevo KE
Me peiwpevo KE




Kapdlakn avetrapkela Kal AiaoToAIkn AucAgiToupyia

2 UVETTWG, OAEC Ol JOPPEC KAPDIOKNC

QVETTAPKEIAC, EUTTEPIEXOUV TO OTOIXEIO

TNG OIOO0TOAIKNG OUCAEITOUPYIAG...




YTtreptpocpia: Puoikn loTopia. ..

= OAol o1 TUTTOI UTTEPTPOYIAC, KATAANYOUV TEAIKA Kl
0€ OUOTOAIKN OUCGAEITOUPYIA, KUPIWG AOYyWw
QUENUEVWYV aVAYKWY AIJATWONG TOU JUOKOPOiou

KAl TNG idlac TNG pOPTIONG...




Hypertension

-ﬂﬂﬁmﬁ? _' Ischemia
Apoptosis
Fibrosis...

Diastolic failure
Normal EF

Loss of
contractility
Systolic Failure

Reduced EF




Hypertension

11"...!

. PRESSURE |

NORMAL | OVERLOAD jj

=
n K

Diastolic failure
Normal EF

Loss of

contractility
Systolic Failure

Reduced EF

I Ischemia
Apoptosis

Fibrosis...

Compensation
phase
Normal or




KapOlaK aVvETTOPKEIN
= 2UoTOAIKN (HFrEF)

Meiwpuevo KE, diatetauévn KolAia (TTAnV TTEPIOPIOTIKAG

uuokapdiotdbeiac), auénuévn EDP, usiwuévoc SV...

= Mg diatnpnuévo KE (HFpEF)

Quolohoyikd KE, pikpry KolAia ouviBw¢ UTTEPTPOPIKA

(OuyKevTpIkn), auénuévn EDP, usiwpuévog SV...




KapOIaKr) GVETTAPKEIQ

= 2uoToAikn (HFrEF)

AlateTapévn koldia, Meiwpévo KE, auénuévn EDP, usiwuévo¢ SV... (Epgpayua,

DCMP)

Mikpn kolhia, Meiwpévo KE, auénuévn EDP, usiwuévocg SV... (Meplopiotiky MKI)

= Me diatnpnuévo KE (HFpEF)

Mikpr KolAia, ouvhBw¢ uTTEPTPOYIKNA (OUYKEVTPIKN),Puacioloyikd KE, auénuévn EDP,

ueiwpévog SV... (Ztévwon LVOT/RVOT, utréptacn ouoTnUATIKK | TTVEUMOVIKK)

MeydaAn didtaon, ‘EkkevTpn utrepTpoia, Au¢nuévo KE, oplakn p augnuévn EDP, o SV
NG

TTOIKIAEL...




MEIZONE2 AITIEZ KAPAIAKH2 ANETAPKEIA2

ZTe@aviaia vOoog
YTrépraon
Id10TT00R G dlaTATIKA

BaAB1doTtrdBeieg
Aolpwdng puokapdiTida
Toéiveg (oIvoTTVEUUA,aVOPAKUKAIVEG KOKATVN ..)

TaxupuokapdioTradeia

Evookpivikég diatapaxég (Utrep/utrdOupeoeIBIoNSG,dIaBATNG)
AINONTIKEG VOO OI (AMUAOEIBWON,CUPKOEIdWON,AINOXPWHATWON)
YTrepTPOo@IKA HUOKAPSIOTTABE IO

No6ool koAAayévou

Muikég duoTpoieg

MuokapdioTradfsia TnG KUNOEWG

AI10TPOPIKEG AVETTAPKEIEG




Volume/Pressure
NAGOAOTIKH overload (AR, MR,
KAPAIAKH KATASTASH VSD, PDA, TR, PR,

—
OVEHLDA?

AYZAEITOYPTIA

EDP: Normal => High
-Diastolic failure

HFrEF: ¥ kothiari e§wBnon HFPEF: 4 koo mivjpwon ~>Ystolictailure




KAPAIAKH ANEMAPKEIA

= Heart Falilure is characterized by
Increased EDP, AND...
Reduced SV




KAPAIAKH ANEMAPKEIA

= Heart Falilure is characterized by

Reduced SV...




KAPAIAKH ANEINAPKEIA

= Cardiac dysfunction precipitates changes in

Neurohumoral status
Vascular function

Blood volume

= |n order to maintain...
CO

Primarily by FS mechanism

And BP

Primarily by vasoconstriction




Reduced SV

Increased HR

Maintain CO

Vasoconstriction

Maintain BP




Reduced SV

Increased HR

Maintain CO

Vasoconstriction

Maintain BP




RENIN-ANGIOTENSIN-ALDOSTERONE MECHANISM

Angiotensinogen (renin substrate)

ul

Vasoconstriction

. Kid
Venoconstriction ' "iy

T sodium & water retention




Reduced SV

Increased HR

—

Maintain CO

Vasoconstriction

Renal Ischemia

Maintain BP

™~

RAAS

L

Na & Water absorption

<

hRY

Increased

Increased Preload

Contractility




VASOPRESSIN
(ANTIDIURETIC HORMONE)

Hypothalamic

Osmoreceptors ——  Tyasopressin (ADH)

-

! BP via Posterior Pituitary 4272(

(Atrial Receptors)

Vasoconstriction T Water
Venoconstriction Retention




Reduced SV

Increased HR

—

Maintain CO

Vasoconstriction

Renal Ischemia

Maintain BP

™~

RAAS

AVP

) ——

Na & Water absorption

<

hRY

Increased

Increased Preload

Contractility




Reduced SV

Increased HR

—

Maintain CO

Vasoconstriction

Renal Ischemia

Maintain BP

™~

RAAS

AVP

) ——

Na & Water absorption

<

hRY

Increased

Increased Preload

Contractility




Increased HR Maintain CO
Reduced SV <
Vasoconstriction Maintain BP

Renal Ischemia RAAS

AVP N

Na & Water absorption

<
N
N

~\
Increased
Contractility

Increased Preload

Diuresis

ANP-BNP

e However, these compensatory changes over months and years can worsen cardiac function.

e Therefore, some of the most effective treatments for chronic heart failure involve modulatmg“qu .
A

cardiac factors such as arterial and venous pressures...




O pavA0S KUKAOG THS KAPOLAKNG AVENAPKELOS

Kapowuxkn pAapn

R

AVTIPOTIOTIKES | e Nevpoopuoviki

neTaPorsg gvepyomoinon

Koapdrokn ovadiopdpenon 2oumadntiko NX

Kortaxpdtnon vypodv Xuotnuo RAS

[Teprpepikn) ayyel060GTOCT KO Kvtokivec
CLVOKOTOVOUT] TNG OUULOTIKNG PONG




NMAOOAOTIIKH KAPAIAKH KATAZTAZH

JL

KOIAIAKH AYZAEITOYPIIA

M

AIMOAYNAMIKEZ ANQMAAIEZ

Il

ANTIPOMIZTIKOI MHXANIZMOI

KAPAIA Aldtoon NE®POI Evepyomoinon ~ ZYMMAGHTIKO NX Toyukapdia

Ynieptpodia RAS Katakpdtnon AUEN 0T CUOTINOTIKOTNTAS )

(remodeling) No/H20 AUEnan apTnpLOKOU Ko‘l%'ﬁ.
bAeBLkoU TOVoU




NMA©OAOIKH KAPAIAKH KATAZTAZH

I

KOIAIAKH AYZAEITOYPIIA

I

AIMOAYNAMIKEZ ANQMAAIEZ

L O\

Meiwon ‘Oykou ToApoU

Kapolokng mapoxns Mepipeptkng
ALUETWONG

Av&non A0CTOAKWY TILECEWVY KOLALWV
KoAmiikwv Tiiécewv TMigong evodrivwond
Mveupovikiig Ttieon




AIMOAYNAMIKEZ ANQMAAIEZ

3¢

ANTIPONIZTIKOI MHXANIZMOI

1

2YMINOTQMATA KAl ZHMEIA

METABOAIKEZ ANQMAAIEZ

— T——

ANENAPKEIA OPTANQN AIONIAIOZ 6ANATOZ

\4
OANATOZ




270010, ECEAIENS TS KAPOLAKNS AVETAPKELOS

Y ynAog Kivouvog Yo,
A | KOPOLOKI] OVETOPKELD AAL0
AOPIg dOIKY KePOLOK Aouikij Kapo1aKij vécog
VOG0 1| CURTIONATO
B Aopikf KoPOLaKN vOG0G

YOPIS TOTE CVUTTONATO ]
2ounrtouoata

Aopik1) Kopolakn vo6og e
nopovto | maperfovta

KAWIKT GCUUTTTONATO,

KoPOLOKT)
AVETIAPKELX AvOekTIKI] 6TV Ogpameio
A CUUTTOUATOAOYLO, TOV
amortel E101KEC TapepPaoerg

AvOekTind counTtouota.




AiTIO HEIWHEVNG OVOXAG OTNV AOKNOT OTNV KAPOIaKN
| AVETTOPKEIQ

Kevtpikoi aigoduvauikoi unxaviodoi mrou TepIAaufdavouv
TNV aduvauia augnong TnG KapdIaKAS TTAPOXAS KAl TV
auénon Twv TECEWYV TTARPWONG TG APICTEPNG KOIAIOG
(dvoTVoIa) OTNV AOKNON

Mep1@PeEPIKOI PNXOAVIOHOI TTOU TTEPIAANBAVOUV TNV TTEPIPEPIKI
OYYEIOOUOTIOO KOI TNV OKEAETIKN KAl AVATTVEUOTIKI)
pUoTTadeia (TTOAUTTAOKN OAANAETTIOPOOT VEUPOOPHOVIKWV
,PAEYHOVOO WYV KOl HETARBOAIKWYV TTAPAYOVTWYV)




LVEDP and Pulmonary Edema (PE)




[ lveupoVIKO oidnua

= Ecoidnon uypou otnv KWTX pepPBpavn Kail oTiC KUYPEAIDEC

KapdIoyevEC: OQEIAETAI TTAVTA O€ aucnMEVN UOPOOTATIKI)

TTiEQN TTOU TTPOEPXETAI ATTO TIC APICTEPEC KOIAOTNTEG

Mn kapdioyevéc: KartaoTtpopn Tng KWTX ueufpdvng 1.x.
NRDS, ARDS




S

Capillary ™

Filtration i Reabsorption
o5
capillary hydrostatic pressure
= fissue interstitial pressure

: _ Terminal Lymphatic
capillary plasma oncotic praessure \

= tissue interstitial oncotic pressure

The interstitial volurme (ounded area) depends on
the rates of filtration, reabsorption. vmph flow, and
the compliance of the interstitial compartment.

NDF =(Pe - Pj) - (7T - TT))

YWhen NDF = 0 — Filtration
Vwehn NDF = 0 — Reabsorption




PULMONARY EDEMA

HEALTHY - UNHEALTHY
ALVEOLI . ALVEOLI

Bronchiole \ Bronchiole

Alveoli

N

Clear Alveoli, . - . : A Fluid build-up in
No Fluid build-up N et N Alveoli, Fluid
in lungs \ A " iy & Leakage into

Right Lung

-y

Pulmonary Edema

Pulmonary Ema

Bronchiole

Alveoli
(air sacs)

Cleveland
Clinie

&2021




Phydrostatic > Pcolloid
Lungs

Pulmonary edema

T eival To KOPOLOYEVEG
TIVEULOVLKO OLONMQ;




H Trieon oTn GIACTOA)...

QVOLYTT) KAELOTN avoiytry KAEOTN

12 mnHg 80 mmHg
8 mmHg : 12 rr{mHg U\ :

( e




Pulmonary Edema mechanism

= |ncreased hydrostatic pressure in pulmonary
capillaries

Obstacle in PV or LA = PV stenosis, Cor Triatriatum,

Mitral Stenosis

No Obstacle (most common aetiology) =» Increased

LVEDP (High LVEDP = High LAP = High Pulmonary

Capillary Pressure) 17




Cardiac “Pump™
Failure

Reduced blood ; g
oxyqgenation in the § o - _BEICH:—PI‘ESSI.I re
pulmonar: e B4 7 1 in the pulmaonary

capillaries

circulatian

Edema fluid
seeps inta the
walls af the
3lr sacs




Accumulation of Muid in the
air sacs (alveoli) in the lungs

Pulmonary Edema




Dry cough

Frothy sputum

Fallar

Cyanosis

Cold and clammy skin

Lung crepitations

Elevated blood pressure







--nrfﬂ

Normal -

K1Td|5£UTIKO ZToo (EX): Nveupovikd oidnua




Congestive Heart Failure

= Jhcreased heart size:
: ; > = B3 — = = =
cardiothoracic ratio >0.5 Large hila with
| indistinct
markings

Fluid in
interlobar
fissures

Pleural
effusions,
alveolar edema




RDPA usually

Upper lobe
vessels equal
to or larger
than size of
lower lobe
vessels =
Cephalization

EKraideuTikOg 210)X0¢ (EZ): lNvEupoVIKO oidnua



This patient has fulminant
pulmonary edema from CHF.

The pattern shown is the "bat wing'.

EKtraidguTikOg 216)X0¢6 (EX): lNMveEupovikd oidnua

y
A =



Stage of Congestive Heart Failure

Stage 1
Redistribution
PCWP 13-18 mmHg

Stage 2
Interstitial edema
PCWP 18-25 mmHg

Stage 3
Alveolar edema
PCWP > 25 mmHg

Redistribution pulmonary vessels

Cardiomegaly

Broad vascular pedicle
(non acute CHF)

Kerley lines

Peribronchial cuffing

Hazy contour of vessels
Thickened interlobar fissure

Consolidation

Air bronchogram
Cottonwool appearance
Pleural effusion




MHXANIZMOZ THZ AYZTINOIAZ Z2THN KAPAIAKH
ANENAPKEIA

MEIQZH MNEYMONIKHZ AEITOYPTIAZ
Meiwon evdoTtikotNnTOg
AU&noN aVTICTACEWS

AY=HZH AEPIZMOY

Yro&aupia

Avocavaloyio EPLOMOU-AILUATWONG
Ynepkamnvia

AYZAEITOYPI'IA ANATINEYZTI'QON MYQN
Meiwon kapOLaKY|G TTILPOX TG

MNepidpepikn ayyelocvomaon

MuomndaBeia

AUEnon Tou £pyOoU TWV VOTIVEVCTIKWY HUWV




TAZINOMHZH KAPAIAKHZ ANEINAPKEIAZ KATA NEW
YORK HEART ASSOCIATION

NYHA | Agv uttdpxouv CUUTITWPATA OTNV KABNuePIvr) dpaoTnpioTnTa
NYHA Il "Htmog mTepiopionog otn guaoikn dpactnpIoTNTA. ZUMTITWHATA
eM@avidovTal oTic auvnBIoPEVES DPaCTNPIOTNTEG

NYHA Il 2nuavTikOg TTEPIOPIcCUOC OTN PUOIKI

OpaaTNPIOTNTA. ZUNTITWHATA EMPavidovTal o€ dpaoTnEIOTNTA AlyOTEPN

NG ouvnBiouEvng
NYHA IV 2uutrtwparta gepggavidovral e kaBe dpaatnpioTnta n

UTTEPXOUV aKOMN KOl GTNV NPEMia Bl

"
’“.gl_ ;

.-_ [
M
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Patras Cardiology
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Entry
from
heart

The blood moved in a
single heart contraction
stretches out the arteries,
so that their recoil
continues to push

on the blood, keeping it
moving during diastole.

Systole

Diastole

| Aortic or pulmonary valve

Movement of blood into and out of the arteries during
the cardiac cycle




Baaoikr) opoAoyia

Pressure: a measure of the force that the blood exerts

against the vessel walls as it moves through the vessels

Flow: V x Surface

Resistance: force that opposes the flow of a fluid (vessel

diameter)

Bernoulli's principle and the continuity equation




In response to the pulsatile contraction of the heart:

pulses of pressure move throughout the vasculature,
decreasing in amplitude with distance

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Systolic

Systemic
circulation
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Pulmonary
circulation

Diastolic_

Arterioles
Capillaries
Venules




* Blood flow
Q= AP/R = (P,-P,)/R

Pressure qradient

d H 1/
\Reajslarée/
Blood flow -~




Basic Terminology

= Pulse: the rhythmic expansion of an artery that is caused by

ejection of blood from the ventricle

= Pressure: Systolic pressure is due to ventricular contraction.

Diastolic pressure occurs during relaxation. Pulse pressure is

the difference between systolic and diastolic pressure.

Four major factors interact to affect blood pressure: cardiac output (CO), blood

volume, peripheral resistance, and viscosity.




