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CARDIAC P HYSIOLOGY PART ' ----- Active space ~----

Anatomy _ _ 00:02:07

Functional implications of gross anatomy :

* Heart muscle has 3 main layers :

- endocardium, myocardium and the epicordium.
* Heart is composed of orthogonally oriented layers of myocardium :
- Afrio. are thin § ventricles are thick RV : Smm, LV : 1ome.
~ Hence, LV has more capacity to contract, generate pressure §
withstand higher pressure compored to atria.

* There are interdigitating deep sinospirol, superficial sinospiral § superficiol
bulbospiral muscles.

* Subendocardial § subepicardiol muscle Rbers of Lv follow perpendicular,
obligue, helical routes $rom base 4o apex.

- Orientodion of these '\nterdgi’ra’cins sheets reverses direction ot Lv
midpoint.

* Contraction of cbliquely arranged subepicardial § subendocardial fibers causes
Lv chamber shortening along its longitudinal asis, concomitant with characteristic
twisting action that 1 mognitude of force generated by LV during systole above
that produced by basal-apical muscle fber shortening alone.

Myocardial fiber orientation and direction of rotation

Myocardial fiber orientation and dimetion of rotation. Myocarcdial fioera in the subspicardium
helically ruri in a tefi-handed direction, fibers in the mid layer run circumfsrentially, and fibers
Mhomwomhdwynmlnubhﬂmdaddm
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2 - Cardiopulmonary Physiology

----- Active space

Contraction of circumferentiolly oriented mid myocardial fbers reduces
chamber diameter.

tlastic recoil o systolic wringing motion during LV relaxation is a. erucial
determinant of diastolic suction, $aciiitoting adequate LV filling during
hypovolemia. { strenuous exercise.

During evolving heart $ailure : Helical geometry ~—» ical confiquradion
contribute +o | systolic function.

LV contraction is temporally uniform whereas RV contraction is peristaltic.
RV contracts towards the interventricular septum (VS) with a. bellows
like action with WS § LV providing spiint, against which Rv $ree wall
shortens and importont contribution by LV eontragtion (Systolic ventricular
interdependence).

20 there is mechanicol advantage to less muscular RV 1o gject stroke
volume.

Thinner RV is more vuinerable to acute decompensadion with modest $ in
oafterioad, becouse thicker LV can generate pressure-volume work S o 7
times Sreodcer thon whod R con produce.

v is more compliant § accommodoates excess volume more easily than Lv.

Relevonce of twist mation
L m5mdu fbers contracts directy, it produces on &F of 1IS-a0%.

Simultaneous contraction § wringing action of helical oriented myocardial
fbers, results in an €F of 6O-T10%.

Laplace law 00:14:22

Formulo.:

_Pxr
ah

internal pressure (P : Orthogonal distending Sorce exerted against chamber
wolls,

Tension/ wall stress (T) : Shear Sorce exerted around circumterence of
chamber resisting distension.

h: Thickness of the wall.

v : Rodius.

Relationship b/w wall stress § pressure in cardiac chamber is complex.
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npplicakion :
Laplace law

IT=tPxr TP xir Concentric
Zh 12n hypertrophy

Pressure

ovaricad

MON S
T
T

1T=Pxir T=Pxir Ecoentric
2h 2h hypestrophy

T=Pxr
2h
Laplace Law > W —
Volume
overicad

* Inpressure overiood, ‘@ § § hence “T olso 1 : To compensate that concentric
hypertrophy oecurs so that 1 T and later ¢ | (Classic example : AS),
* In volume overload, radius (D § and hence T1 : To compensate, eccentric

hyperirophy occurs and W' ${Classic example : Chronic ARD.
Pathophysiology of Heart failure

LV Overioad
Pressure Volume
_© tendsystoic @ tEnd-diastolc
wall stress walll stress
Paratlel replication Series replication
of sarcomeres of sarcomeras
~—— Wall thickening Wal! dilation
Concentric | » Eccentric
hypertrophy hypertrophy
HFNEF HF with reduced EF

* Inthe intact LY, muyocardiol wall stress is heterogenewslﬂ distributed ocross
its thickness, be_ins moximal in the sub-endocardium and progressively
decreasing toward the epicardial surfoce.

* Regjonal ditterences are mmmwmmmwmm
oortic volve stenosisorpmrlg controlled essential HTN wherein sub-endocardium
exposed to pronounced T in interventricular pressure, concomitont with
rrijocardial O, consumption moking it susceptible to ocute M.

Cardiac Anaesthesia » v1.0 » Marrow Programme for Anaesthesia Residents
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4 - Cardiopulmonary Physiology

Active space -----

Note :
. TheLap\ace\awism&app\icab\e’(orghkven{ficNar volume due to its
bellows-like 3eome’cr3 E] rela&iveg thin mgocardial woll thickness.

g8%ect of PEEP on LV woall stress :
* ventricular fransmural pressure (F) : The difference between the
introthoracic pressure and the ventriculor coxity pressure.
- P = LvP (intracovitory LV pressure) - ITP (ntrathoracic pressure).
- ITP increases ond decreases in accordance with PEER
e 4§ Transmurol pressure (Negative intrathoracic pressure) 1 afterload
o | Transmural pressure (Positive pressure ventiation) | afterioad.
* Clinical opplication : § PeeP — 1 1TP — | Transmural pressure ®—|w
wall stress (M.

Cardiac cycle 00:31:18

Overview :

o Mahearkmteo‘?appmxma&elgﬁ—sobedspermimte,thecwaﬁono?
one cardioc eycle is about 0.8 seconds.

* Blood Sows $rom LA to LV — LV volume (130-130 mD and LV pressure start

. uhen&hepr%sureoxlw>m—>mﬂmwmmse-—>ﬁrsthear’csomd

Lett ventriculor (LV) systolic phase :
* 1covolumetric contraction : All valves are closed; ventricular pressure rises
sharp\3 while volume remains constant.
* During systole, LV pressure rises rapidly to approximadely 100130 mmHg —>
-Rortic Valve open.
* gjection phase *
- Ropid gjection : “10-T5% O stroke volume is expelied.
-~ Reduced (slow) ejection : Remaining IS-30% of stroke volume is gjected
as ventriculoy pressure grodually declines.
* Portic pressure increases — When pressure inside aorta. > LV pressure —>
Aortic valve closes Second heart sound.
* ey end of gjection phase LV end-diastole volume decreases (30-50 m.
* Lv pressure decreose Smdml\g and oortic valve closes.

Cardiac Anaesthesia » v1.0 < Marrow Programme for Anaesthesia Residents



Cardiac Physiology : Part | - 5

Events of the cardiac cycle )
----- Active space -----

g

Volume (ML) Pressure (mmMg)
o38888

g 8

Lett ventricular (Lv) diastolic phase :

¢ Isovoiumetric reloxation : Both aortic and MV valves are closed —» Lv
pressure falls rapidiy o030 mmHs) while volume remains constant.

* Early passive filing : MV valves open — lood Slows rapidy from the left
odrium (LA into the LV, acCounting Sor ~10% of diastolic filing,

* ODiastasis Reduced Rlling : Slow, passive filing continues as
venous retum gradually enters the Lv (Vs-i0% 0¢ fiting.

* Atrial contraction (Btriol Kick) : Atrial systole contributes the final IS-20% of
Lv N\ins, completing end-diastolic volume.

Pressure volume loop 00:42:18
Overview : Pressure-Volume Loop
Aortic valve
140 - Arterisl elastance
.
120 — S
A 100~ enceysioie 15
Py pressure Wl
g 80 |
'g 80 A
g par "’:‘ "
+ Cotatat _ "
20 * meheniosl work
fanwegy worad in
19 ey
0 —
20 40
Mitra) vaive opens
End-syatolic End-diaatelic
volume volume
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6 - Cardiopulmonary Physiology

* mitral valve opening —> @lood passes #rom LA o LV — LV pressure increases.

¢ jsovoumetric reloxotion : Pressure in LV increases $rom O 4o around 80-30 mimiog
Pressure inside LV 7 LA MV closes.

* 1sovolumetric contraction : LV pressure is around BO-100 mm Hg —> Portic
valve opens > LV gjection.

- eorly ejection : 130 mom of Hg,
- Slow ejection : 80-100 mm of Ho

* fs pressure in LV decrease and gets back ‘0 100 mmHg —> Rortic volve
cdloses —> Second heart sound.

* end-diastolic pressure~volume relationship EDPVR) (130 m deseribes ventrieular
elostance/complionce (Chonge in pressure per unit chanoe in volume).

* end-systolic pressure-volume relationship (25PVR) (S0-60 mD : Represents
the maximum pressure thot the left ventricle con generate ok any given
end-systolic volume, reSlecting ventricular contractility independent ot
preload § afterioad.

e effective arterial elastance line connects point of end-diastolic pressure
volume to poinl' o} end—sgs\fo\ic volume § VagueB relokes to afteriood.

- 1 4he curve shi¥ts to left : | pressure generated leading to 1 contractiity.
- chiftto righk : Decreased con{racbh’g

Interpreting pressure volume loops :
Pressure volume looP (K Pressure volume tooP a:

-~ Active space -----

Preload is decreased

Lv compliance is s 1o ejoct that
Volume (Pre load) has increased but is abie to eject (~140 mmitig)

the whaols volume st around satne pressure

(100-120mmi4g) - increase in stroke volume. Afterload is increased

Contracifilly is maintained Contractifity is maintained

Cardiac Angesthesia « v1.0 + Marrow Programme for Anaesthesia Residents



Cardiac Physiology : Part | - 7

Pressure volume looP 3: Pressure volume looP 4:
----- Active space -----
150 ; - 150 ESPVR
f +4 Contractility /
.'_"'\‘ Jod f /

g :
E /
E /
!
> 0 f."l ¢ compllaynce
a4 80 120 /
LV compliance is maintained
Volume Is increased (Preload) but whole
volume is not ejected LV compliance has decreased
LV contractility Is reduced (Shift to right) LV pressure has increased but for the same volume
Frank Starling law 00:54:08
Overview :

* Within physiological imits, heart pumps all blood thod returns to it by the wayy
of veins (Venous returm).

* Itis based on the length—tension relationship in cardiac muscle.

* explaing the relationship b/w bV (end diastolic volume), contraction, strength
% sV (Stroke volume).

* SV {0 directly correlates with 8DV, and DV correlates with VR,

* 1 venous retum (Prelood) — Cardioe muscle stretches to oreoter length —>
Ventricular muscle contracts with greater force — § CO.

¢ extreme stretching (HR YISO) results in pulling apart of actin § mMYyosin
flament — | Tension in cardiac muscles,

Frank-Starling Law

Stroke Volume (mi)

Left Ventricular EDV

Cardiac Anaesthesia « v1.0  Marrow Programme for Anaesthesia Residents



8 - Cardiopulmonary Physiology

* Increase in length of muscle means increase in length of sarcomeres.

* sarcomere has a length of approx 19 Um od rest.

* With increase in volume it increases to around &3 Hm — Tension is
developed —> Contracts with a. greater force.

* 1 the length increases ¥a.8 Hm —> Tension is not h'\sh/ decreases —> Poor
contraction,

----- Active space —--~

Myocardial oxygen demand and supply 01:00:40

Oxygen demand and supply mismadch :

Coronary Physiology
PR WO———. .. ;@M 4—] fo,dmw
| iy &rmo, | m-‘l:-—’ 1 vt tomion 1

I oy ) S e =
Commysns | | § Howinds r_ihﬁcwm *W“m et Qm 1"’" {Pracaure

Foctors :

* Tachycordia : The demand increases but supply decreases —> Decreased
diastolic Hling time — Decreased coronary perfusion durakion —>
Decreased coronary blood Row.

* Oxyoen delivery (0 = Hb X 134 x SpO,.

- In anemia. and hypovolemia. : Decreased oxygen content —> Decreased
oxygen Suppl5.

* Oxygen extroction decreased in

- Decreosed capi!\arﬂ dens&}j
- Left shitt of oxyhemoglobin dissociotion curve : Acidosis, hypercarbio,
decrensed 3,3 DPG, increased temperoture.

Cardiac Anaesthesia « v1.0 » Mamow Pregramme for Anaesthesia Residents
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CARDIACPHYSIOLOGY: PART I . Active space ---—

Cardiac action potential 00:00:21

Transmembrane potential :

* Transmembrane potential (TME) is the ditterence in
electric potential between the interior and the exterior of
o bio!osica! cell.

¢ when the cellis in o resting state this is known as the
Resting Mmembrane Potentiol RMP).

¢ The transmembrane potential is due to the uneven
distribution of ions between the inside and the outside of
the cell,

* Skeletal muscle : -85 mv.

* Cardioc muscle 1 90 mv,

* SAnode : ~b0 mv.

Tronsmembrane po’tenﬁal

Cardioc ion channels :

Sodium channels :
* Fost Not Pho.seodepolorizaﬁono?nonpacemohercardiacacﬁon
potential.
* Slow Nat # Funny pacemaker current (9 in cardiac nodal tissue.
- Inhibited b:j Wobradine.

Potassium channels :
* Inward rectifier (lir or 16D : Maintains phase 4 (~ve) potential in cardiac celts.
* Transient cutward (o) : Contributes o phase | of non-pacemalser cardioc
action potentials.
* Delayed rectifier (K : Phase 3 repolarization of cardioe action potentiols.

Calcium channels :
* L-type (Ca-L) + Slow inward, long-lasting current.
- Phase & non-pacemaker cardiac action potentiols and late phase 4
and phase 0 of 3A and AV nodal (Pacemaker) celis.
* T-ype (iCa~T) : Transient current that contributes to early phase 4
pacemaker currents in SA and AY nodal cells.

Cardiac Anaesthesia - v1.0 - Marrow Programme for Anaesthesia Residents
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) snl - Phase 4 Phase 0 Phase 1 Phase 2 Phase 3
<enn Active Space —---- nchonpakenhal : hasst Prased
- ; ECF Hae . .
ventricular muscle : ;j:;;m: o x il 'l' s g
L e L e
Transiant K+ channels opgn and
K+ offiu returns TMP to OmV
1
0
—_
i Rapid Na+ tnflux : b
shrough open fost infiux of G2+ through
Nat channels L-type Ca2 + channels
iseloctrioally belenced Ca2 + chanela closs bt
[ by K+ efftux through a delaysd Ke
datayed K+ channels remain opan and
80 chnnels roturm TIP to - B0mV
Nar,Cals channels
chosad, 0pon K \
rectitior chanmels keap
TP stable at -S0mV
> Nt
£
100 -
Tome

Times (s}
excitotion controction coupling
Systole Diastole
m-nafcm Wbmm“uw
a&'ﬁ-wmwwﬁm ohios s Croiisrel tone
"_ } AP Platoau #adh
Vottage gesed Ca- Fiubue Rysnoding 180eptor 1
charrwis inggers SR oslchrn relsess
Extracohuar Gar> anters ool channelcpanng 5 Canpump retume calolont to fw kamen of the SR
l J Flaama mambrans Carpurip
Pumge calciurn out o the osk
Plateats of Cardisc AP mmmm‘:"'umhm
l |
Car induoss calckum ¥
valonse from the SR mmmum
Ca binds to toponin-C. o l
l potassiom betenos 1o roeting loveis
Cross-bridge cyoling
l Yeitage geted K-chernels cioss s
: the resting mermibrans potsrtied is
Force ganeration G
excitodion-contraction coupling

Cardiac Anaesthesia « v1.0 - Marrow Programme for Anaesthesia Residents



Cardiac Physiology : Part Il - ik

Cudioﬂggig 00:14:13

Clinical implica:tion in cardioplegia.:
¢ Qesﬁns membrane pokenﬁa] is dominated bg $S
* Nernst equation :
Concentration of potassium ion owtside the cell

gqu"“br"Jm = LS lo P ey = e g
potential =3 Concentration of potassium ion inside the cell

* normad res’cina membrane potential is ~9a mv.
* In cardioplegio. (Potassium rich) the resting membrane potential is ~$a mv so
there is early depolarisation of the cardiac muscle.
* Potassium rich cardiop!egia arrest the heart in diastole phose.
* Potossium co.rdioplegias ore:
~ Delnido cardioplegia.
- &t Thomas card'\oplesia.

ngom{remic cardioplegia :
. Theg ore HTH ond burschneider cardioplegia.
* They have very low sodium levels.
° Theg arrest the heart ot h}jperpolarised stote.

Cardiac reflexes 00:22:08

gowditch eftect :

---- Active space

* with increased heart rate, the time left for the removol Bowditch effect

of caleium is decreosed.

¢ Residual calcium will increase the contractility of the
myocytes wherever a. high heart rote is sustained,

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

* Myocyte contraction is the consequence of significant
caleium influx into the myocytes.

* Reloxodion is modnlﬂ due to this calcium beins ejected
back out of the cell, or resequestered into the
sareolemmo.

¢ This expulsion of calcium is o chemical process with a.
fintte reaction time.

* This reflex is absent in pofients with cardiomyopating and CAD (nverse
staircase phenomenon.

Cardiac Anaesthesia - v1.0 « Marrow Programme for Anassthesia Residents




12 - Cardiopulmonary Physiology

Anrep effect : Anrep effect
* ncreosed ofteriood
* increosed end 33stolic volume.

----- Active space ---—-

Abrupt afterioad increase

i i
* increased sarcomere streteh. . 2
* Thot leads to an increase in the g P i i
Loree of controction. E .
2
E .
0
eainbridge refiex
Aleo Known oS odrial streteh reflex and volume reflex.
Bainbridge reflex
t Right sided filing pressure
o TR
S
¥
mmmmhmmn&mw
BB }
}WWMM Directly stimulstes SA node
N ey -
GCardiovascular center of medulia
n
Md\_ﬂﬂlm
mwm
[ Y
t 4R 1 HR
Cushing reflex:

o pfSerent : Mechanosensors in the rostrol medulio.

* Processor : Rostral ventroladeral medulio.

efSerent : Sympathetic fbres to the heart and peripheral smooth muscle.
* effect: Hypertension ond barorefiex medioted brodycardio.

eezold jarisch refiex:
e AfSerent : vagus (vechanical/chemical stimul to the cardiac chambers).
* Processor : Nucleus of the solitary tract.
¢ efferent: Vagus nerve ond sgmpaﬂqe’c'\c chain.
¢ effect : Hypotension ond bradycordio. in response +o odrial stimulodion.

Cardiac Anaesthesia * v1.0 - Marrow Programme for Anaesthesia Residents



CO RONARY CI RCULATI ON i ----- Active space -----
ANATOMY & PHYSIOLOGY
Anatomy of coronary circulation —

Overview :
® Heoart consists of 2 main epicardial arteries, which gives branches across

the myocardium and then finally gives arterioles, which supplies the
subendocardium,
¢ 3 mMain epicardial arteries are :
- Right coronary artery Ree,
- Le® main coronary artery (LMCA) divides into : Le®t anterior
descending artery (LAD) § left circumBlex artery (LCxd.
* These coronary arteries arise $rom sinus of valsalva. (Outpouchins present in
the aortic root).
* The ou’cpouching structure helps in #
~ Smooth opening § closing of aortic valve — Doesn't obstruct the flows
oLross the coronary ostium,
- ¥eeping a reserve of blood during the diastole, which maintaing
the diastolic aortic pressure, which in 4urm maintains the coronary
perfusion pressure.
* Ini0-iS% cases, LMCR can give rise 10 a. third branch : Ramus intermedius.

Left main coronary artery:
* Aiso known as wido aﬁer&
* prises from le% sinus of valsalva. : gmerges between pulmonary artery § left
odrium,
* Atter running for 0-40 mm, gives rise o LAD § LCX.
Left anterior descending artery :
* plter arising $rom LMCA, runs in the anterior interventricular groove.
* in the anterior intervenrtricular groove, gives rise to two bronches Diagonal
Gupplies lokeral wall of ventricle) % septal (Supplies the septurm,
* Diagonal branch (rise diagonally) : Supplies the anterior § laterol port of
lett ventricle.
* Septal branch (Arise perpendiculariy + Supplies the /3™ anterior
interventricular septum.
* The number of diagonal § septal branches difSer in €ach person : They are
named sequentially (S, 53, $3, ete).

Cardiac Anaesthesia » v1.0 * Marrow Programme for Anaesthesia Residents



14 - Cardiopulmonary Physiology

Segments of LAD:
* Proximal segment : From the origin from LMCA until the Si branch is given.
. midd&esesmen&zﬁomﬂwesabmnchtohaﬁi&hedsmncebeh»een&%apex
* Distal segment : Remaining part of LAD till the apex.

Types o} LAD:
* Typel:LADruns in anterior interventricular groove, but doesn't reach apex.
* Typea: LAD reaches opex.
* Type 3: LAD reaches apex 5 wrops around o supply the posterior walt of
et ventricle.

Left main coronary artery
t eft circumflex artery

Left anterior
descending artery

1et septal artery
Diagonal artery

intermsdiate artery
(rarnus intermedius)

Left circumSlex artery:

* uns in anterior adrioventricular groove, where it gives o branch +o left
odrium —> Then, it rotades to run on the pos'cenor wall of left ventricle §
gives obtuse marginal bronches (major branches of Lex).

* LCX con give fise SAnodal artery (38% Cases), AV nodol artery (0-1s%
Cases) § posteroloteral branch (0% Coses).

* Supplies

- Le$t odrium.

- Part of lokeral left ventricle.

- inYerior surface of leSt ventricle (S% Cases).
- posterior surface of leSt ventricle (S% Cases).

° Themmber@obhxsemargimlbmnchesd@%er\neachpersomThego.re
named sequentialiy O, oMa, oms, et
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