
 

Typesof vessels
1 WindKessel aorta large arteries

2 Resistance arteriolesmetarterioles smallerarteries

3 Exchange capillaries

4 Capacitance large smallveins

Differences bw systemic pulmonary circulation

Intercalated disc Dv end diastolicvolume

Length tension relationship N Neave

Frank Starling Law i increase rise
mechanisms I MEDV Pinitial muscle length I decrease fallstretchsensitive ca channelsopen

Ca induced Ca channels

AaffinityoftroponinC for ca due to stretch

Parasympathetic vagus
ve chronotropic I heart rate
ve dromotropic I hateofconduction

ve bathmotropic I excitability
ve ionotropic I myocardial contractility

Basal Resting heart rate vagaltone sympathetic tone

Intrinsic heart rate
120

Sympathetic

Right sympathetic N affectsheartrate

Left sympathetic N 7 a myocardialcontractility

all 4 effects are Ve



PropertiesofCardiacMuscle
Automaticity

Rhythmicity

conductivity CEP Post extrasystole potentiation

Contractility

excitability

distensibility

LongRefractoryPeriod non tetanizable

extrasystole

CompensatoryPause PEP
Staircasephenomenon

Mechanisms releasedcatnotcompletely pumped back
Ttemperature T enzymatic activity
I viscosity

LengthTensionRelationship heteromethic autoregulationof co
Frequency force relationship Bowditch

Load velocity relationship

Fast Response AP phase 0 4
phaseo rapid depot overshoot openingof voltage gatedNatchannels

phase 1 initial rapid sepal closureof Nat channels openingofoutward
phase2 plateau phase slow ca'tinflux effluxofKt rectifying Kt channels

phase3 finalrepol closureofca'tchannels openingof outward delayed rectifying Ktchannels
phase4 restorationofRMP opening ofinwardrectifying Ktchannels

Slow Response AP phase0,34
phaseo openingofCa

channids lesssteep

phase3 closureof 11 1 openingof Ktchannels efflux
phase4 lowdiastolicdepoledEarlypart

closureofKtchannels
laterpart openingoftransientCastchannels



Pacemaker Potential automaticitydueto spontaneousdiastolicdepolarization

pacemakerpotential Ktdecay

effectofvagalstimulation slope I HR 1 Car heart rate
Ach actsby 2 mechanisms Gprotein activated Ktchannel

Ma muscarinic receptors

effectofSympathetic stimulation slope T Hrt
mechanisms norepinephrine binding to p acceptors

SA node

Inteanodal Pathway

AV node

His bundle

Bundle branches LV Left ventricle
Purkinje fibres RV aight ventricle

Initiation of excitation in sa node 60 90ms
slowing in Av nodedueto smallsizeofnodalcells theirbranching

slowvoltage gatedcat channels slowupstroke
ofAp

fewgap junctions weak electrical coupling

Importance of Avnodal delay allows ventricularfilling
maintains lowventricular rate in AF

drugs vagalstimulation

Rapid conduction in ventricles o 08 o I D
complete excitation of LV RV 75 ms

AP action potential CAF atrial fibrillation



Uses of ECG
Technical Aspects RA Right arm
Bipolar limb leads I I II A Left arm

I RAG LACt LL Left Leg
I RAC LLCD
III LA G LL Ct
Einthoven A
Unipolar Lamb leads acting according indifferentelectrode

AVR RACt LA t LL G
AVL LA Ct RA LLC

ar F LL t RA LAC

AVR 32UR

chest PrecordialLeads unipolar
V Ve
indifferentelectrode RA LA LL

grounding
electrode RL

NormalECG wanes segments

tf 0.12 0.20s

QRS 0.08 0.10s

QT 0.40 O 435
ST 0 32s
pp

RR



CardiacDipoleAsVector

HeartRate
Atrialrate 1501

PPinterval

ventricular rate
piperonal

if RRinterval is irregular countQrscomplexes for5s extrapolate for 60s

dffffptt.mn
erval swpwsyndrome

Long PR interval digitalis effect CAD

HighamplitudeofQrscomplex ventricular hypertrophy

MeanQRSAxis

Left posterior hemiblock
rightaxis

IiWpw syndrome

LeftAxisdeviation Left ventricular hypertrophy

WPw syndrome

Sinus Araythmia

mechanisms alteration in autonomic activity
activationofBainbridge reflex
irradiation from inspiratorycenter

activationofatrial stretchreflex
Paroxysmal supramentaiculas Tachycardia PSD
NodalPST Av nodal re entry duetopresenceofdualAv nodalpathways

seen in normal individuals

AtrialPSTwhenan atrialfocus discharges regularly seen in digitalis patients



Ventricular fibrillation duetodischarge frommultipleventricular ectopicfoci
Heart blocks

1stdegree fav nodaldelay
2nddegree NobitatypeI Printerval isclongedprogressively till a QRScomplex isdropped Wenkeback
complete acuteinferior ma Phenomon
math digitalistoxicity

acutecarditis

NobitatypeII ventricularbeat in every 2 93 atrialbeats 21 or31 block

acuteanteriorMI
degenerativediseaseofconductionsystem MI myocardial

infarction3rddegree completeheart block
atria ventriclebeatseparately Avdisacciation

Avnodalblock
infranodalblock

Idioventricularrhythm portionofventricularmusclebecomes pacemaker is 40bpm
t circulation cegqbalmia fainting

Stokes AdamI
faintsagain regaining circulation tobrain syndrome
aftersometime consciousness improvesduetolying

postureoffainting
causes septalmi

Hisbundleinjuryduringsurgeryforrepairof USD
digitalistoxicity
degenerativedisease ofconductivesystem

Treatment electronic pacemaker

BundleBranch Block prolongationofQrscomplex

RBBblack depressionofSt segment inversionofT wave
LBBblock R wave widens with 2 peaks

WPWSyndromeaberrantpathway bundleofKent
I

transmitsimpulses fasterthan usual ventricle is excitedearly

PRintervalshortened

QRS is widened slurred



Myocardial Ischemia blood supply I to ventricular tissue
cellsdepolarize to lowerRMPdue to Kt conc gradient
ST segment or waves

cathetercontainingelectrodeintroduced in
HisBundle EG betterdiagnosis ofheartblock RAcloseto tricuspidvaluethrough

an armvein

M transmissionthroughHis bundle

Intervals PA timeofconduction fromSA to AVnode
AM time through Avnode
HV a o His bundle bundlebranches



v ventricle
A atriumPhases ofCardiacCycle

Atrialsystole contributes to a20 of ventricularfilling
Vvol 9 mildly a ÉofW7se inatrialsystole
A pressure T C bulgingofAVvalueinto Apres

r venousaction I Apees TA pressure V pressure
4thheartsound inrushofblood into V
mitral valve closes V ventricular

AtrialDiastole duringventricularsystole A atrial

ventricular systole

Isovolumetric Contraction frompeakofQRScomplex inEcalastheartsound inPCG

v pres abruptly

I
valuesremainclosed

µ
Vvol doesn'tchange

I
vpressure aorticpressure

I
openingofsemilunarvalues

Ventricular ejection
rapid

I reduced
RapidEjection aortic bloodflowP abruptly

I
Verified

blood ejected forcefully

v vol I
Reduced ejection V aortic pressure t dueto run offofblood from

aorta to periphery

aorticblood

aorticvalueflow I fol closureof
pea



VentricularDiastole periodbtw closureofaorticvalue opening ofmitralvalue
Isavolumetaic Relaxation nochange in v vol

steep I in V pressure

I
2ndheartsoundin PCGdue toclosureofaortic value

H
opening of mitral value PCG phonocardiogram

ventricularfillingInsiderdiastasis
Rapidfilling

LV pressure I LA pressure
I

opening of mitral values
YEP

Diastasis V vol curve P slowly
a MeV A pressure remain
unchanged

N

Esv endsystolic volume
ApPressure Volume Relationship

Phase1 fillingSMEs120mFEDV
Phase11 isovolumetric contraction Pressurereaches 80mmHg
Phase111 ejection
Phase IV isovolumetric relaxation returntostartingpoint 50mi 2 3 mmHg

Systolic Dysfunction pressurevolume curveshifts to right
inabilityofventricle to contract

Diastolic Dysfunction pressure volume curve shifts to left
inability ofventricle to relax



no

2 3 4 5 6 7
I AtrialSystole

885 Ate 2 Isoval contraction
3 Rapid ejection

oh 4 Reduced ejection

20

FALL

5 Isoval relaxation

I 6 rapid filling
reduced filling

Aortic Blood Flow
14min

is Ventricular Volume
so ML

me JUI

Ir Ed

inim maine pea
0 by 8.2 8.4 of 8.8

Time s



Duration of CardiacCycle 0.8s isbpm

systole 0.3s
diastole o Ss

increased HR 200 bpm shorteningofsystolec shorteningofdiastole
decreased HR t 40bpm prolongation prolongation 9 a

IP pressurechange inA is directlyreflected in Jus

3 ve 2 ve waves

C a atrialcontraction

4 C coincideswithonsetofsystole bulging oftricuspidvalve intoRA as Rvpressure7

CHU passive rise in Pressure in RA as venous returncontinueswhite tricuspidvalve remainsclosed

e X fallofRApressuredue toRA relaxation

Y fall in RA pressurewhen bloodenters Rv as tricuspid valve opens
RaisedJVP aightsidedheartfailure

increase in circulatingbloodvol pregnancy acutenephritis

congestive heart failure
Absenceof a wave atrialfibrillation

ivProminent v wane tricuspid regurgitation

giant a wave pulmonary hypertension

pg y
HeartSounds x

SI sudden closureofAVvalueatbeginning of systole
onIss
25 45Ha

tub

Accentuation exercise
hypertension

Diminition shock obesity emphysema

splitting 2components mitral closesslightly beforetricuspid
pathological



ftp.gpimonaaycomponent

S2 closure of semilunar values

LoudA2 systemic hypertension
Diminished A2 aorticstenosis
LoudP2 pulmonary hypertension
Diminished P2 pulmonary stenosis

splittingaortic value closes before pulmonary valve
distinctly heardduring inspiration

becomes lesser in expiration

S3Theastonithanadtitionhoof hyperkinetic circulation
0.1s SD ventricular septallow pitched
bestheardin mitralarea defect
heard in vsD mitralregurgitation

SI atrialsound producedduringA contraction
never heardin normal individuals
lowpitched
indicates increased stiffness non complianceof vessels
leftventricularhypertrophy
MI

pulmonary hypertension

Triple Sound 1st s a
2nd S2
3rd 53oh54
when HR 100 bpm triplesound iscalledgallop rhythm

Murmurs occur dueto turbulence in blood flow at neara value



Cardiacoutput co s 64min T
stroke volume su 70mi

Cardiac Index ca I 3.22

EDU 130mL 120

Ejectionfraction EF 65.1
É

EsU SoML

cardiacreservoir 224047min athlete EDU

Physiologicalfactors affecting co

Age I in elderly Hrt Plateauphase

gender10 2 in females
exerciser no sun É

mpg

Pregnancy ECF rot P
posture standingt pooling

iii itDirectMeasurementofCO thermodilutionmethod
Ballistacardiography Evan'sblue indocyanine

i
greenpulse pretshuade method F E

É Miext

Time

Amountofsubstance takenupby an organ whole body Avdifferenceofsubstance X bloodflow



1 1 7 increase rise venousaction

W C decreasefall atrialpumpactivity 20 80
ventricularcompliancea

Inotropic statemyocardialcontractility

Factorsaffecting co

bastesaffecting su
Preload

Chomometricauto
vessel diametervascularhindsan
viscosityofbloodhaematological IIregulation coincreases in anemia EAnrepeffect

batesaffecting up vagalstimulation t
codoesnot Aproportionatelysympathetic 4 t
tothat

I s insometachycardia diastole isshortened

skeletalmusclepump T walking us quite standing
thoracicpump Tinspiration
abdominal pumpT inspiration

venousreturn ECFvolume a
sympathetic activitya
RApressure I a
Degreeoffillingofsystemiccirculation 2
Resistancetobloodflow invenoussystem 2 2

ventricularmusclemass
catecholamine

autonomicactivity 7 athcagona
hormonalfactors Taglinet
chemicalfactors xantheines caffeinetheophylline

hypercapniahypoxia acidosis generalanaesthetics toxins
drugs Digitalis t

Quinidineprocainamide
barbiturates D



EDUT co 9
Frank stablingmechanis

length tension relation
Intrinsic autosegulation

Rate inducedregulation
force frequencyrelationRegulation of co

afterloadchange in peripheralresistance

neuralinfluence
sympathetic t

Extrinsic vagale
catecholamines t

hormonal influence thighD

glucagon t

GHI
chemical influence oxygen

coz depamffcandium

Icidosis
depresnsyocardium

mildhypoxia tachycardia Tco
moderatetosevere I co



HR rateofdischargeofsanode

Bradycardia 60bpm
Tachycardia 100bpm
Infants children a
geriatric 1

Physiological Variations

Age T inchildren infants I ingeriatric
Gender T in females
Diurnalvariation T in the day esp afternoon tatnight
Respiration sinusarrhythmia T duringinspiration I duringexpiration

BodyTemp T
Env Temp T Summer
Food intake TCrateofmetabolism1
Posture supinetostandingpostureT duetodstimulationofbaroreceptors
Exercise T duetosympatheticstimulation

Autonomiceffectofsympathetic
stimulationonHRremainsfora longer

periodthanvagalstimulation
Neural Reflex baroreceptorchemoreceptorCushing's etc

Regulationbyhighercentres stimulationofmotorcortex
RegulationofHR frontallobelimbic systemthala

Humegg
thyroxinecatecholamines y
Hypoxia T THR
Hypeecapniaacidosis I

m dabsent normally
Pulsedeficit I 10 atrialfibrillation

M
L 10 other arrhythmias heartblocks

it IsNormal Pulse Tracing two waves a notch
Percussion p wave ejectionofbloodduring V systole
Dicrotic d wave reboundofbloodagainst closed aorticwallduringdiastole

Dicrotic n notch closureofaorticvalve



Physiological exercise anger emotion infants children pregnancy

Tachycardia
Pathological fever anemia heartfailure

1007

Physiological athletes geriatrics yoga
practitioners grief

Bradycardia
Pathological myxedema increased intracranial

pressure
obstructive

K 60 jaundice digitalis

r Ic A 10 beats
CommonAbnormal Pulses

normal
Anacrotic Pulse Canadicrotic

twoupbeats in pwave
aortic stenosis

me mmmm My
Leotards

dwave is prominent
typhoid fever

waterHammer Corrigan's Collapsing Pulse

in aortic regurgitation PDA USD
nodicroticnotch

rapid upstroke rapid downstroke

steeprise due to PEDU fillingalsooccursfromincompetentaorticvalue in addition to
filling from LA

steep falldue to diastolic run off ofbloodintoV
rapid runoff of blood intoperiphery due to d vascular resis

Pulsus Bisferiens combination ofanacaotic collapsingpulse
aorticstenosis

mmPulsus Paradoxus grossly decreased amplitudeof pulse during inspiration
constrictive pugditsywagonto xp ofheatchamber i incomplete filingFffexpiration
pericardial effusion
asthma
massivepleuraleffusion

Mechanisms duringinspiration intrathoracicpressure becomesmore ve venousreturn I
intrapericardial pressure 9 venousaction I



Putsus Alternans alternatingbeatsarestrong weak

diff of 5 20mmHgsystolic pressure bw 2 consecutive beats

left v failure I myocardial contractility
Itoxic carditis L SV

Mdejectionofblood
H
TEDV
H

secondbeatbecomes
stronger



Maemodynamics

Turbulent flow occurs when velocity critical velocity

probabilityofturbulence is expressendin teams of Re Reynoldsnumber

Re Pf
Re 2000 laminae
Re 3000 turbulent

karatKor sounds areproducedbyturbulent flow
Poiseuille HagenFormula relationship bw viscosityof fluid with radius Length oftube
Resistance R

EG
i BPA markedly with vasoconstriction

Factors AffectingPeripheral Resistance

Radiusofbloodvesselvascularhindrance

viscosity of blood haematological hindrance

Plasma Skimming cellsmostlyaccumulate at centerof flowing columnofblood
i peripheryofblood vessel haslowcellcontent
bloodenteringsmaller branchesmostly comesfrom peripheral partofcolumnofblue
smaller branches receive bloodwith lowercellcontent

Laplace Law relationship bw distending pressure P tensionCD radius a

sphere P 21
cylinder P I
it thicknessofvesselwall w is takenintoconsideration
T PXq

Applications walltension increases whenorgangetsfilled walltension I
when thickness 9



in ventricular hypertrophy as wall is thick wall tension is less

in a dilated heart as seen in heartfailure moreenergy is required to

pumpblood as wall tension is more
i dilatedheartpumps lessefficiently

i dilatedheartfails faster

CentralPulse
Tracing

PeripheralPulse

Tracing

n n
Arterial Pressure

Pulse Pressure



Capillarycirculation microcirculation exceptlenscornea

singlelayerofendothelialcells

tunicamediais completelyabsent

truecapillaries emerge fromarteriolemetarteriole formanastomosingnetworkthatdrainintovenules

Thoroughfare'iessel metarteriole is connected directlytovenuleby TV

Typesofcapgg

dust fenestrated debtsgap at interendothelialjunction y ynm
inskeletal smoothmuscles

fenestrated pores 20 100nm
in intestinal villi choroidplexus inbrain

sinusoidal
discontinuousGaps 400nm

inspleenliverbonemarrow

Capillary Exchange

diffusion

vesicular transport

filtration

Hydrostatic Pressure arteriolar end 37mmHg
venular end 17mmHg
interstitialtissues ImmHg

OsmoticPressure tissue fluid nil
blood 25mmHg

Net filtrationPressure arteriolarend 37 2 25 21mgHg in outward direction

venulas end 25 17 1 9mmHg in inward direction into capillaries

Arteriovenousanastomoses

directly connect
arterioles to venules bypassing capillaries

thickmuscular wall
arteriovenous shunts 4 denselyinnervatedbysympatheticNs

infingers palms earlobes



LymphaticCirculation

Mechanisms tissues lackvalues smooth muscles
I

lymphatic bulbs movementoffluid isfacilitatedbycontraction
I oforgans inwhichtheyare present

Initiallymphatics

manage lymphvessels interposedinthe4
lymphnodesare

havevalves smoothmuscles
I path

exhibitperistalticcontraction

collectinglymphatics
tubularlymphaticvessels

largertymphaticvesselssurroundedbycontractile cellssimilartothatofsmooth musclesofbloodvessels

Lympt modifiedtissuefluid
chiefly lymphocytes

largemoleculesoffat chylomicsons
aftera fattymeal fatglobules are so numerous that lymph becomes milky calledchyle
foamed bytranscapillary exchange exchange bwtissuefluid lymphatics

lymphflow is much slower 2mimin in thoracicduct than blood

colloidal osmotic pressure is lesserthanthatof plasma
preventedema formation

FunctionsofLymphatic circulation
maintainplasma protein content

absorptionof long chain Fa cholesterol fatsoluble vitaminsforntestine
contain mononuclear

phacocytes inlymphnodes whichremove antigens
fromlymph

increased hydrostaticpressure
of capillaryblood

increasedfiltrationof fluid decreased oncotic pressure
intointerstitialtissuespace hypoproteinemiain livesdisease kidney

Edemaformation disease malnutrition burns
increasedcapillary permeability

histamine bradykinine
decreasedremovaloffluid
from interstitialtissuespace

infection filariasis
surgeryradicalmastectomythatremoves

increasedvenouspressure congestivecardiac lymphatics
failure

venulasconstriction diseasesoflymphatics lymphangitis
increased ect rot Edemaduetolymphatic obstruction is
arteriolardilation localinflammation usuallynonpittingtype



intrinsic metabolictheoryS
Regulation of peripheral endothelium mediatedregulation

blood flow

neural

mon

the
parasympathetic

extrinsic p receptors vasodilation epinephrine

2 receptors vasoconstrictionnorepinephrine

P Diastolic 11

SBP 100 119mmHg 120 139 7140 MAP Mean arterial A

PP Pulse pressure
PulsePressure 20 sommHg 30 60
MAP 75 105mmHg DBP Ipp
FactorsAffecting BP BP Cox PR
CO SBP
PR DBP

Hyperproteinemia
Factorsthat7 viscosity

Polycythemia

Hereditaryspherocytosis
I temp temp temperature

PhysiologicalvariationsofBP
Age T withage
gender lessin femalesduring reproductive life
Eating I after a meal
Sleep d during sleep
Emotion Asympathetic discharge MBP



Exercise MSBPdueto 9 co
DBP 1 in mildexerciseduetovasoconstriction DBP I in moderatesevereexerciseduetometabolicvasodilationPbo
Posture BP I on immediate standing column temp

ÉÉ frottafathfeathuskdamiddb

Baroreaeptorreflex controlsBPin 1530s

Temperature BPd in hotenvi duetocutaneous vasodilation Yolantnergic

p
jjjjj.jpjfgjigs

Pregnancy Cor so r

m my
Pythetic

vasdtonstrictorb bspin
Autonomic

PRL DBP I
Pulse pressureP Hypothalamic

cogicalit

Bareceptoe Sinoaorticreflex
chemoreceptor 40 70mmHg
Cushing

shorttermRegulation
somatosympathetic
Atrialstretchvascular capillaryfluid
Bainbridgeshift

seconds minutes stressrelaxation

Hormonal catecholamines
RAAS t
III

Ventral medullary kininKallikrein

Endothelin

t intermedialateral
Histamine hornofspinalI

ggfitgnated
and

EDRF
Adrenomedullin

YE
witmmediates

It spivimmain
vasoconstriction
cardioacceleration Posterolateral HT tachycardiaH H

m

hypothalamic
bradycardia

A BP ADM longtermregulation
HGhidiffay

CCF NA NucleusAmbiguus

f Dmxof Vagus
aadycardia Icg

go.ggg

RAAS Ronin angiotensin aldosterone system

ADH Anti diuretic hormone
ANP Atrial natriuretic factor
DRI endothelinderived releasefactor



Bp r Barrett 50 200 mmHgreflex o mo linear

stretchofcarotidsinus
aortic arch

nudge of 49
ÉÉ

2oo
stimulation

of NTS
MAPmmHg

Activatithiitionofof vagus Vmc Gn cranialnerve

I myocaldiadilation
contractility

act

life saving in daily life in BI t
change in posture

life saving in acute hypotension haemorrhage



Somatosympatheticwhindfastphysiologicalreflex to pettedcorrect BP

P ICP intracranial
pressure Sensory cortex

compaction
of cerebral vessels

ascending
VMC

pathway

d Bloodflatterme
Nociceptor

hypoxic
stimulation

of Vme
Proprioceptor

Vadconsts

T
vasotonstriction

TB

9
Btp

Barretts

Atedsteetehryx
T Venous action

Reflext
bradycardia 1 atrialfilling

Barbadgeryflex stimulation
of type B

InfusionofSaline withinitial I HR receptors

9
venoust

fillingofatria
sympathetic

inhibition

stimulation of TPAR
vasodilation

LBP
THRtachycardia



Long Term Regulation

Real 60 200mmHg
8 Arterial pressure t paes nativesisintrinsic property pres diuresis

Hormonal ofkidney
Aldosterone

T ADH
ANP

É
É

to
arterialpressure



Shop
inadequate tissue perfusion
associated with relativeabsat

I
decrease in co

tame d d dopamine d
Hypordemic Distributive Cardiogenic Obstructive

I fluidvolume
vasodilation

Acute m t codue toobstruction
n vascularsystem

sudden toBP to ejectionof
neurogenic

ventricular blood

haemorrhage
fainting

inject
Heartfailure

bloodlosssurgical

bing.haylimgmatp.ge

anaphylatictanapigigne
cardiac arrhythmia cardiactepmonade

constrictive pericardit

systemic allergy tensionpneumothorax

Bloodtransfusion septic following

dopamine septicemia Sedatives X
ones warmingof body X

Stagesothook

Non progressive Compensatory fluidconservationbykidney vasoconstriction tachycardia

Progressive 3 failureofcompensatory mechanism
reducedtissue perfusion leadingto hypoxiaofall bodytissues except brain heart

reversible tissuedamage cannot be reversed

Refractory ma

hypoxic ischemic injury
acute tubularnecrosis in kidney



Heart Failure
Pressure Overload Volume Overload

TBP Tafterload heartpumpsagainstPresistance T venous return

stress PITNMT.es
yr

Ed
Wat

stateofdilation

eaysftgt.pt 1 dEhekness stress PIT
stateofdilation hypertrophy

stag gonna M
Defogging saidoffitholdthNormal stress TPI t

stateof hypertrophy dilation it stress Pyatt

II

tgpM


