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CARDIAC PHYSIOLOGY I

Gross muscle geometry of heart 00:01:21

Functional implications oF gross geometny of heart :

| ]

®

The skeleton’s foundation includes the annuli oF valves, roots of aortic and
pulmonary arteries, central florous body, lebt and right Rbrous trigones.
wehmwwmmmmgpetwmgmmmmm@e
ﬂledbgmp*&desaddﬁmﬂ%x&bﬂ&gmddoﬁb@uﬁ&mﬁcwm Sy
sirerati

Composed of orthogonally oriented layers of the myocardium @' s mm, Lv
10 mrvy) : Interdigitoding deep sinospiral, superficial sinospiral and superficial
bulbospinal.

* Left ventricle con tolerote high pressures, but right ventricle is more compli-

ord,

Subendocardiol and subepicardial muscle fibres of Lv follow perpendicular,
M@BMMMmmgmbase{oapexbuf&eormbno?ﬂme
interdigitating sheets reverses direction at the Lv midpoint.

Contraction of obliquely arranged subepicardial and subendocardial fbres
mus%w&mnberskmteningolongitslongmdimlaxis, concomitant with
a. charagteristic twisting action that increases magnitude of force generat-
ed by Lv during sustole above that produced by basal-apical muscle fbore

Contragtion of cirwm?eren’dal\g oriented mid—n'ﬂomrdw fbres reduces
Myocardwl direction of notation

Maoraeial A AInelen BRS SvoImen &f Nesie. MyCirshil fben vi B3 subiep
hhcally nn ) 9 Nilk-hpwiad Sesdion, B 1 0 M inper A8 CrOUdILONy. ar] Wbers
PN BANORCISAIID Rallly RN 11 0 SgPL-RIrEes BHeChes.
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* elastic recoil of the systoiic wringing motion during LV reloxadion is a. cruciol
determinant of diastolic suction, fasiitading adequate Lv Rlling during hypo-
volemio. ond strenuous exercise.

* Helicol geometry : Sphericol confguration, contribute o decreased sustolic

N Tu%hngmﬁom

- ¥ myocardial Rores contract directy, produce ejection fraction (F) ot
15-30%.

- swwmmmmNumghgmmo%e\mgwmww
ocardial fbres results in 0O-10% &F,

* LV contraction is temporally uniform, whereas RY contrastion is peristaltic.

* v contracts toward Iv septum (VS) with o bellows—ike action with VS § Lv
providing splint against which RY free wall shortens and essential contribu-
tion by LV contraction (Systolic ventricular interdependence) - Mechanical
advantage 1o less muscular RV 4o gject sV (Stroke volume) = Lv.

* Thinner RV is more vulnerable to acute decompensation with modest T in
ofteriood because thicker LV can generade pressure-volume work upto S to
ﬂmessreatert\'nnWmnproduce.

* RV is more compliant § acCommodades excess Voume more quickly than L.

Laplace law _ 00:10:37

Internal pressure (P) = Orthogonal distending force exerted against chamber
walls.
wall stress = Shear Yorce exerted around the circumberence of the chamber

r&sstng distension.

Lapiace law

W-tPxt 1P asr Concentrc
2h o0 Irypees teopiny
m' @ .
2 ‘-
T-Palr f____ m
h i
T-Pas
o]
Lapiacs Law
MM
averiaes
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* The relationship b/w woll stress § pressure in the cardios chamber is corre
plex.

* wiall stress is not uniformiy distributed ocross LY thickness in an intaet
heart, # is greatest in the subendocardium § progressively declines to mini-
mum ot the epicardial surface.

* Regional ditkerences are importunt in L pressure-overioad hupertrophy due
10 anrtic valve stenosis or poorly controlied essential hypertension wherein
subendocardium exposed to pronounced T interventricular pressure con-
comitant with greater muocardial O, consumption make it susceptible to
apute M (vwocardial Infarction),

* ot applicable for &v volume Bellows-shape).

Pathophysiology of Heart failure

LV Overicad

|

Pressure Volume

@ tendeysoic @ tend-dastolic
wall siress

wall sbréss

L Wall thickening Wall dilation
Convertng . Fooentng
hyperrophy hypertrophy

1 l

o oay HF with reduced EF




Rpplication of Laplace laww :

Severe oortic stenosis (R 1

* increased pressure overioad of heart,

* Sarcomeres replicode in poraliel direction.
* pt,Ri,HT o maintain tension.

* wadsiocormnh"vckﬁpeﬂmph&

Chronic oortic regurgitation (AR :
* Increased volume overload of heart.
¢ 1, HT to maintain tension,

. Leads’coecwﬂm\'gpeﬂropk&

effect of PEEP on LV wall stress :

* Peef = LvP (Left ventricle Pressure) - Intradhoracic pressure.

* Increased tronsmural pressure (Negodive intrathoracic pressure) increases
afteriood.

* Decreased fransmural pressure (Positive pressure ventilation) decreases
ofterioad,

* Increasing PEEP helps inredu.ck\sLVu.nl\ stress, but deteriorates v wall
stress,

Cardiac cy_cle | - 00:24:36
mro:homc.Esecatheaﬁraie‘ISme

evenﬁsinwdiaccsde:
L ﬁbria!sgstde=9mveh20&.
a.Vervbr‘mlarsgstdw
- Isovoimetric contraction (VC) ¢ GRS wave n ECA,
- Rapid ejection : fortic valve opens, stroke volume is generated, QT -
tervaol in eC6,
- Smgje&m=ulenwm<m&p\'we,mmm%
3. ventricular diastole :
- isovolumetric relaxation (VR) ¢ T wave on &,
- Ropid Nling (10-80%) : When LV pressure < LA pressure, mitral valve
opens, no event in L&,
- Diastasis : Slow gradual flling from LA to LV, no event in eC&,
- Atrial Kick (5-20%) : Second rapid flling, corresponds to adrial systole, £
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wave in ECa.
During heart fadure, atrial Kick contributes upto 40% of ventricular Rliing during
diastole.

Events of the cardiac cycle

- 490 Acxtic valve
£ opens
100 ~ Aortic pressura
80 |
40~ Mitra: valve {
20 closes
0 Atrial pressure
B 1%
b
2w
S
S =

LV pressure and volume during cardiac cycle
LV pressure :

® IaOangdtmqujecfwnpfnse.

: aOrrmHgmringvmtrWrelamtm

W volume :
* &nd diastolic volume : 130-120 mL.
o amdsgmnvolwmw—som

Heart sounds :

* Si: Closure of mitral and tricuspid valves,
* 53 Closure of aortic valves.

* 53 Rapid inflow of blood from LA to Lv.



Pressure-volume loop :

Pressure-volume changes in cardiac cycle

150
Aortic
i vavi n
closes
100 —51 2 Aortic voive
EW ——— opena
d
novblurmedric ) Iscvohenatric
relaxation Stroks volume comracfion
50
Mitral b
vaive " Mitral voive
3 of fi
{ e
0
2 50 120 180
End-systolic End-diastohc
volume volums
Left ventricular volume {mi)

EW - Extemnal work done by tha ventricle

* end-systolic pressure~volume reloiorship (£3PVR) : Moximol pressure that
can be developed by the ventricle ot any given LV volume (Contractiitup.

¢ end-diastolic pressure-volume relationship EDPVR) : Describes ventricular
elastarce (Change in pressure per change in unit volume).

* gffective arterial elastance line connects point of end-diastolic pressure §
volume 4o point of end-sustolic volume § vaguely relates +o afterioad,

* Stroxe work (Area under curve) = SV (stroke volume) x P (Pressure)

= (LVEDV — LVESV) X P.

&(amples :
Preasure

Pressure -Yolume Loop




Prassire-Yolume Looap Pressure-Volume Loop

¥ varme grb) e gy

£SPVR slope ¢ - ESPVR IS same, EDPVR

LV systolic pressure ¢, slope T Compliance ¢,

svi,esvt. end diastolic pressure t.
Frank Starling law - 00:41:40

Feotures : |
* Determines relationship between length and contractiity/tension of cardiae
fores. Frank-Starling Law

o thpkgsiolosicallimﬂs,hehw*pmpsal\

blood that returns o i by the way of veins ©
* @ased on the length—tension relationship in 5 ;\.
cardioc muscle. 2 /
: m
Implication :
¢ &cplamreb&bmhspb/wew,wnhuctm, Lot Ventricular EDV (mmbig)
strength § Sv, .

. sviwdmcﬁgcorretatesw&h&wwdwvwmiaieswthmremm
o = venous returm).

* Tmmhxn(ﬁebad)ﬂwmwusdew&\estogrww&
Ventricular muscle contracts with greater force - T ¢o.

. a{vemesb‘etdwhs(mwso)re&dtshpmmsapmﬂm&ngosh%—
ment = { Tension in cardiac muscles,

* hdiseasedheaﬂ,Measehvolum!eadstodecreasemconhmﬁﬁ{pr—
Himisation of volume stadus is important.



CARDIAC PHYSIOLOGY : Il

Cardiac action potential 00:00:21

Transmembrane potential :

* Trangmembrane potential (TMP) is the difSerence in electric potential be-
tween the interior and the exterior of a biological cell.

. u!mﬁweeel\isham&hgstatethisismamastheaesﬁ‘gmembrm
Potential ®MP),

. The’crm\bfmwepo’cemmisduetoﬂweme- 0 & w;:?

ven distribution of ions between the nside and the

wmogmw“l OO X I:IMI.‘[m"J_I
* Skeletal Muscle : -85 mv. i i
¢ mmm:mn’w. JXL1LX .lu 11111 L)
* sAnode: o0 mv. Orosisen " '
Cardiac ion channels : Transmembrane potential
Sodium channels :

' Fastum:ﬁnseodepohriza&m&mn-powmwdmmmpmm
* Show Nat * Funny pacemaker current (D in cardiae nodal tissue.
!nh'tbirtedbgwabmdine.

Potassium Channels

* irward rectifier (ir or W : Maintains prase 4 negative potential in cardiac
cells.

* Trorsient outward (to) : Contributes to phase | oF non-pacemoaker cardiae
action potentials. ’

* Delaued rectifier (r) : Phase 3 repolarization of cardias action potentials.

Calcium chosnnels :

¢ L-type (Ca-L) : Slow inward, long-lasting current, Phase & non-pacemaker
cardiog action potentiols and lode phase 4 and phase 0 of SA and AV nodal
(pasemalser) celis.

* T-type (Ca-T) : Tronsient current that contributes to earky phase 4 pace-
maker currents in SA and AV nodal celis.



fentricular muscle :
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1
ﬂ | ——
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Pacemaker cells :

excitation contraction -couplins :

Excitation-Comtraction Coupling

I
W bt W

L mmwrwes s
Coome waaye g

e g ke

08 18
Times (s)

Excitation-Contraction Coupling

Diastole
Yeha0 ot K-crurms soen
- mmadonk o:h
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A‘Mnﬁ ’
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Cardioplegia _  00:14:13 10

Clinical implication in cardiopeqia. :
) mmmmmwsmmwmmmmwm
*  NERNST equotion !

equilbrum  _ s og x coneentmt\ono’Fpo'mssiwn‘mmisuehecd\

potentiol Concentrodion of potassium ion inside the cell

¢ Wm!rm’ckgmnbmmpotenﬁahsﬂqarm.
* 1 cardiopleaia. (Potassium rich) the resting membrane potential is ~53 mw so
&misw\gdepobr&o&bno?ﬁwewdhcm;sde.
Potassium rich cardioplegio. arrest the heart n diastole phase.
Potassium cardiopiegias are
- Deknido cardioplegio.
- s&ﬂmnscard.ioptesia.

Hy:onah'emiceardiopeaia:
Thegare HTH and burschneider cm‘d'soptegia.
ﬂ\eghavevayiausodm\e\els.

Marr&etﬂweheaﬁ o&hjperpola.risedsto&e.

Cardiac reflexes 00:22:08

gowditch effect :

¢ with increased heart rate, the time left for the removal of calcium s de-
creosed,

* Residual caleium will increase the contractility of ““‘""‘*
4he myocutes wherever a.high heart rate is sus- o
tained.

* Treppe phenomenon, the staircase phenomenon
(Treppe being the &erman word for staircose).

* myoeyte contraction is the consequence of signifi-
cant calcium influx into the muyocutes. L, —T—T

¢ wmmsmwwetomwmbehg T
ejected baek out of the cell, or re-sequestered into the sarcolemma.

. Thisemulsieno?calcumisachemimlprocessuﬁtha%ﬂerewhmm

* This reflex Is absent in patients with cardiomuopadty and CAD
(inverse staircase phenomenon),

Coostpat force Il mwn®)

-
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Anrep eflect: Anrep effect
* Increased afterioad

* increased sorcomere streteh,
That leads 40 an increase in the
force of contraction.

qudmm
o b »N w & -

5 min

Bainbridge reflex:
Also known as atrial streteh reflex and volume reflex.
Bainbridge reflex

§f  Right sided §ling pressire
v
Steatching of strie
Stimuletes stretch recaptors present I right striel wall & cavostrlal junction
|
B.u pinaind strent fwss Disectly stimuiates SA node
T
(mmmmammm
S

!

Jf o Y

1 HR

wshins-reﬂex:

* ffferent : mechanosensors in the rostral medullo.

* Processor : Rostral ventroloderal medulla.

* eiferent : Sympathetic Rbres to the heart and peripheral smooth muscle.
. a@%echﬂgperter\smandbame%—mdmdbmdﬁwdn

Bezold jorisch reflex:

* Aferent : vagus (Mechanical/chemical sttimuli to the cardiae chambers).

* Prmssonw.cleuso?ﬁf\esotwﬂfmnt

* efterent : Vogus nerve and sympathetic chain.

» M:Wmmua@wmhrmmmmwwm
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CORONARY CIRCULATION :
ANATOMY & PHYSIOLOGY

Coronary arteries 00:00:20

Features :
* Lie on the epicardial surface.
» Constitute 5% of the cardioe output.
» my:ess
i Qismmwgm.
i Left coronary artery':
Left anterior descending artery,

Lett main artery :

* Lhdow artery.

* Length : O-40mm.

* frise $rom left/posterior coronary sinus.
» ana'sebeh»eenmmd%eﬁo&ﬁum

Lett anterior descending :

o m:nsdrec'cg into the anterior inter-ventriculor Srove,turmdammrds ord
readm&\eposteriorw'%aceo‘éheoﬂ.

¢ Dhgem!bmnh:ﬂrﬁeﬁorﬂma'olparto?w.

* Septl branch : Anterior wall and 3/3 anterior IvS.

Lett circumfiex artery :
* Winds oround the left lakeral border and reaches he posterior surface.
o OwaSMbrm=Lahermchto¢w.
* Posterclateral brach : Posterior part and anastameses with the RCA
* SArode arteny s In 395 of the population.
: mmgsmwosmmgmm
® %W%;
~ Left otrium.
- fart of loderal LV,
- nferior surface of Lv (5%,

Anaesthesia Residency Programme  v1.0. Mamow 2024
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-

Posterior surfoce of Lv (S%.

lzish{- coronary nr-terB:

* frise from right/anterior coronary sinus.

s Wgebeh»e@nPﬂmdr‘gh’ro&rm

s Tennhatesalongpos’cWSbgams{omoshgw‘rtthx.
* granches :

i

snnodear'tenj.

i Reute marginal artery,
iil. Posterior descending ' af N

v, Postero-loteral ar’cer&
* fAreos of distribution

Right adrium.

-

-

]

\

artery

mosk of Rv except ant VS,
Post s,

most of conduction bundle
* SAN, AVN, BOH,

Fuatenor Posteioleiera:
descencing  artwy
artery

Qight coronary ar*terg

Anaesthesia Residency Programme . v1.0. Marrow 2024
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Coronary supply of conduction bundle :

s SN LO% RCA, 40% LCX.
¢ AvN s Q0% RCA, 10% LEX.
* B0H: RCA
* Red: LAD.

e LBB“'\OS"B‘-AD-

w.pplgo?dﬁeren’camiommlresta\s’

onotheart | Coronary artery

RCA (85%), LCX (S%)
LAD
Distal LAD
| _ LCX
RCA (8s%), Lex (S%)
Cardiac veins B ) 00:10:32
venous drainage :
* Coronary sinus 8S%).

* pAnterior cordioe vens.
* Thebosion vens.

Ca'onarg SiNUS ¢
Openshhoﬂwepos’rerbrwal\o‘}rghtairm
Wajor veins draining :
L @reo cardiac vein which runs along anterior interventricular grove.
i middle cardiac vein which runs along the posterior interventricular septum
Wi Meardncvehuhichmnsabng&xerigﬁcommg artery,
. Posterior cardiae vens.

Anterior cardioe veins ;
* prise from ‘chergh'c odvium,

Thebosion veins :

* Orains oll four chambers,
* Anterior cardiae veins and thebasian veine constitute 1S% of venous drainage.

Anaasthesia Residency Programmes . v1.0, Marrow 2024
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Coronary physiology 00:14:02

[ / L

I e I

1 Connery [ 1 Anera: 0, coment 10, antraction | THeartrate | 1Welltonwion |  tConimctilty

Araria | [ topovoemie | |
rmvoum 1 Pressure jafterioad)

1 LV wall thickness

— T T 1 ] [ |

Couary e | iAoric |1Gnddesic OVRed i Captay  Lemadentol
tiea! mie | pressus | pmsare h density fissociat

mgocardial oxygen SuPpB and demand mismadch

Note ¢
. Canmgstea!wmdecreasedbbod%wkoakeadgmhemcm
* CPP = DAP - LVEDR.
* Lefword shift of oxyhemoglobin dissociation curve seen in :
- ngokhenm
- meu
- Decrease in 3,3 DP&.
* Laploce low
- T=PXR+3H
=~ Wall tension depends on diastolic volume, LV thickness and pressure.

15
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Coronary blood fow:

o

& w i 3

mmﬂmcop\l\ar}jd@sdg(s&o‘r'mss}
anexkaﬁmo?mgmswhrbedms—m

VO, 10 ml O, / 100g /min.

CBF ¢ aasmi/min (Lo-90mi/100g/miny.
T&dmgmmlsﬂo?wdmw{gﬁ,axmwm.

oo l

Brain Skin Heart Muscies
~15% ~5% -5% -20% - ~25% ~10%

aetmnmn&so%oromr}jbbodm=

L

Perfusion pressure.

a n’gocar&o.l extravascular compression.

3
4.

Neurchumoral control

Coronary perfusion pressure :

CPP = OAP — LveDr,

Ay decrease n OAP or increase in LVEDP causes decrease in CPP.
DAP > MAP for CBF.

Foetors reducing DAP : A/large POR.

Factors increasing LVEDP : impaired Niing/stifiness/decreased Lver/
delyed reloxadion.

yocardial compression :

mromrgblood%wsmmnﬂa*ﬂ-\ancm&mous.

Complete occhusion of intramyocardial part of coronaries in systole.
wcmntgsgstdeprwehcremto laom-isandw intraventricular
pressure increases to 30 mmHg,

w&spa'&mdmghdias\:ole.

Wisper&;sedhsssko&ea.nddiastola

ST depression is seen when there is ischaemia. to the subendocardial
surfoce ~» NSTEMI,

ST elevodion is seen when there is transmural ischagmia. (Epicardium, muo-
cardium and subendocardiumy —» STeM,

Anassthesia Residency Programme . v1.0. Marrow 2024
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