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CARDIOLOGY BASICS - EMBRYOLOGY

Development of the heart 00:00:59

desmcamderuved%msgwmcnwdermmd
forms a endocardial tubes.
Fusim’co?-ormsins\e cardiac'cubeonda5|9.

1. endothelial tubes and fusion
uhichbeshscranio.l\gand\
adaxdsem;dal\a

a. Heart tubes show serial

dilododions
eulbus cordis
ventricle
Atrium

Sinus venosus

Primitive heart tube has S dilatations : Truncus arteriosus
eulbus/conus cordis
Primitive adria.

Sinus venosus

01
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General 01
Medicine

Fate of dilatations m

Truncus orteriosus
&sﬁiﬁmmmwmw%md‘
spiral/conotruncol septum.

Clinical correlation :
Antteriorly displased septum : Tetralogy of Fallot.
No spiral septum : Persistent fruncus arteriosus.
Failure of fusion of spiral septum : Transposition of great
arteries.

Sinus venosus (V]
Sinus venosus has 3 blood sources
* umbilical vein
* Vitelline vein
) Qgh'c common cardinal vein

6od5 ond r‘\Sh’c hom of &V : smooth part of rish& odrium
(sinus venarum)
Left hornof av: regresses to form part of coronary sinus.

Primitive adrium :
i becomes the rough part of the atria.
Primitive ventricle :
# becomes the rough part of both ventricles
(trabeculoe camae).
Bulbus cardia. :
i becomes smooth part of the ventricle.
Smooth part on right side : infundibulum
left side : aortic vestibule

Cardiacjel\a forms the connective tissue of the endocardium.
gpicardium : neural crest cell derivative.
mgocardiwn : loderal plo&e mesoderm.

e%eds eAndy

Vitelline ven : BN&S rise 1o
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* Superior mesenteric vein
* Portal vein
* Inferior portion of IVC

Formation of interatrial septum 00:10:31

* Septum primum forms fossa. ovalis after birth.

* Septum secundum forms limbus fossa. ovolis after birth.

* Foramen ovale is formed between septum primum §
septum secundum.

ftrial partitioning |

=R

perforotes septum
prm:m,a.l\oulg
shunt,
Septum
secundum grows
down, overlapping
formen secundum
Mriolpuﬁtbnhsu
Septum secundum
~ (pper lmb)
Foromen Secundum
Foramen ovale
valve of <
Soramen ovole
(derived from
seph;mpﬂan B Septum
Sptum (ower secundum grows
b secundum) down,
overlapping
Septum secundum foramen
-("PP" secundum
i ®  Foramen avole !
between septum
Foramen ovole prium { septum
secundum
Septum secundum

(Lower Imby)

Cardiology Basics - 3
Embryology
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4 General 01
Medicine
After birth : Leave Feedback
° Duchxsar\terioSusdos‘%Nummnglatthours
ofter birth,
Munical\g ato3
weeks after birth.

* Ductus arteriosus : |'3amenh;m arteriosum,
* LeM™ umbilical vein : ductus venosus.

* Umbilical arteries : medial umbilical ligament.
* Urachus : medion umbiical ligament.

vasculo.rembrgdogy
* Truncus arteriosus/Rortic sac is connected to dorsal

aorta. by & pairs of aortic arches.

* *arch artery forms masxdilary artery,

* 3™ arch artery forms stapedial artery,

* s"arch artery regresses.

* Left hom of aortic sac

* LeMt 4th arch ar‘terﬂ. ] Rortic arch

* LeM dorsal aorta

¢ 'QigFrk 44h arch artert,j ‘

. Q'Bht dorsal aorta Qish't

° Qght%cervmmsegnmwngwbcthm

* 2rdarch arkerg : proximal gjives rise to CCA and distal\5
qives rise to internal carotid arkerg.

* Le¥ Lth arch artery proximally gives rise to left
pulmor ary ar%erj ond d's%ai\g auctus arteriosus.

* Right tth arch artery forms right pulmonary artery,

* Right horn of aortic sae forms brachiocephalic trunk,

* Le¥t Hh cervical intersegmental artery forms let
subclavion arferg.

Chambers of the heart 00:16:12

Right adrium — intemal features
Smooth part : sinus venarum
Qoush part : musculi pectinadi
The5 are separated bg crista terminalis.
In the septal of wall o$ri3h{-airhm=

ooeds eAlDY
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01 Cardiology Basics - 5
Embryology

* Fosso ovalis ~ Leave FeEdbaék
* Limbus fossa. ovalis

e 'lT'\ansle o} KOCH AV node
R4+ Atrium—-intemal features

Left adrium relotions :

Anteriorly — ascending aorta. § the pulmonary oorto.
Separated by transverse sinus of
pericardium.

Posteriorly - the descending oorta. and the oesophagus.

Separated by oblique sinus of pericardium.

Q'\sh’c ventricle
Rough inflow portion (ess) — made up of coarse
trabeculae (rabeculae carmeoe)
Smooth outflouw portionClarge] : infundibulum
The3 are seporated b5 erista. supraventricularts.

Inflowing lower part Outflowing upper part
it develops $rom primitive ventri- it develops from bulbs cordis
ce \’cissmal_\hsizeandliesabove

\’cislo.rsesizeandl'mbelowﬂwe &heSupraueMﬂccres{.
supraventric crest.l’cismushdue i forms ventricular chamber-
’corespondo?-ikissrmokhmd &\emstwtherish'cvaﬁrmqr

forms upper | the muscular infundibulum, whih gives rise g
ridges - the inch conical part of | chamber to pulmonary trunk 2
the riaht rabeculae cameae. _g= g




6 General 01
Medicine :
Fine trabeculoe present.
. th outS! Kon — " Houl
No eristo. supraventricularis,
| inflowing lower part | OutSowing upper part
it develops from primitive 1t develops rom bulbus cordis
K lies below the aortic vestibule 1’ is between the membranous
| part of the interventricular
septum and anterior cups of the |
mitral vaive |
R is rough due to presence it is The arotic forms most of the left
| smooth and forme smooth of vestibule, which gives rise 4o the |
‘ trabecule carmeoae and small ventricular chamber ascending
upper pax* aorto.
:
2
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CARDIOLOGY BASICS - PHYSIOLOGY

Chvonotropy : Heart rate (SA nodal action potentioD

lonotropy : Myocardial contractility (myocardiol aetion
potential)

Bathmotropy : Cardiac excitability
Lusitropy * Cardiac relaxation

Sinoatrial node (SAN) action potential 00:03:25

Mtonnﬁcikgmbilitgkobeo&habsenceo?extemals&m

Automadtic tissues :
* SAnode
AV node (distaD
His Purkinje system
Atrial cells near ostium of coronary sinus

SAN is the pacemalser of heart because :
it has the highest intrinsic firing rate (maximum slope of

Intrinsic firing rote of SAN is 100/min.
But resting HR is 70-80/min (because o resting vagal tone).

B sgmpa&hehcssskemmreas%s!opeo\‘—pacewnmr
potential — HR—> &raph shifts to le®.

* Parasympaihetic system decreased siope of
pocemaker potential —> { He—> eroph shifts 4o right.



General 02
Medicine

Pacemalser potentiol/prepotential/sA node action potm
Restiess membrane potential/Spontaneous diastolic
depolarisation :

‘Funny’ sodium channels 0, channels) are open ( 17 ;
and closing K channels.

3. Transient Ca™ (T-type) channels open, pushing the
membrane potential to threshold.

3. Long-lasting Ca** (L-type) channels open, giving rise to
the action potential

4. Opening of K+ channels, ( ¢ ), and closing of Ca®

(~type) channels, hyperpolarising the cell

%
s

o) Pacemaker potential :
Between -40 to 60 mv.
Determined by Transient (T—type) Ca® channel/?umg
current (Na” channe).
K" charnel (most important)
.. Closure of transient outward KW'

3. Opening of inward recti?ging 2

*aOk

1]
=]

$$$9$

s

b) Depolarisation :
Slow inward L—*gpe Co?' channel.

) Repolarization :
Delaged rech\!gmg K charmnel.
Closure of L-type Co?* channel.

eJeds eARdY

Fumg current :
mos’d5 sodium chonnel.



nucleotide channe).
Responsible for prepotential
Seen in rods, cones, olfactory epithelium,
IVabradine — Blocks funny current.
Decrease HR without affecting &f.
s/& : visual feld disturbance.

Ventricular myocardial action potential 00:20:03

o, of (oud
* Ve (tonstent outward) o Ca*(), ¥ (oud

.. o1 a
k! = | m“(hsbthhaedw&)

+50 v } a

. m’(h)

-0 mvV

<

\
[ ] H’
¢ 1, Grward rect)

P\nsemmepolariso&ion—vokngeso&ed%skac’msm’
channel

Phaselz'éangrepdarisaﬁon—cbmdm’&nmei‘ieﬁ-ﬂux
of K through ToK'

Phase & : Plateaw — L-type Ca™* channel § deloyed rectifier
K’ channel

Phase 3 + Lode repolarization— Closure of L-type Ca™ channel,

Phase4=lzwi\3membmnepo’ceﬁial-m‘—h'n'mase

02
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10 General 02

Medicine

Vaughan William classification of

anti-arrhythmic drugs

Based on predominant action of drugs.

Drug mechanism Class example

act'ng on

Phase zero | Na” channel blocker | 1Q, 1, 1)

fhase 4 éeto. blocker "

Phose 3 ' channel blocker | W BIDAS
(@retylium,
lbudilide,
Dofetilide,
Amiodarone,
SotaloD

Phase a Co™ channel blocker! v verapomil,

| | . Ditiazem

Class | druss :

Closs | F\n&imha’d-mic Orug eflects
On the ventricular Action Potential :
Class lo
Class Ib Class ic
On the eC5:
faes § tQr lQT ttaes

eoeds eAnoy

10




o

L

Quinidine Lignocaine Propafenone
Procoinamide mexdietine Recainide

o o o o3 encaind

Blocls Na' channe) for Block No' channel for @locis N’ channel for
=10 sec. dsec. 270 sec.
elodshopensta&e. Block n closed state. Slock, in open stote.
Mid increase in GRS. Dont shitt phase 2ero, | Prolong GRS

ad shilk 4o right. QRS duradion unchanged. | Shifk to right.

Block KW' channel 0penh’chamel No action on 1’ channel
tt, QT interval $ 4 QT interva) short QT intervol normal

rmyocardial oxygen consumption i 8 mi/loogm/min.

* most importart

consumption :

end diastolic volume.,
F‘ul\‘ns pressure.

T0:30.

parame’cer thot determines oxygen

Consumption of fatty acid: carborwdrate by heart is

more oxygen requirement in fotty acid oxidation.
Therefore by blocking fatty acid oxidokion, i con be
used for angino.
PFOX Inhibitors (Partial oty acid oxidation inhibitor) *
Trimetazidine and Ranolazine.
. Rmﬁngwomrgbbod%w&-ooﬂ/loo&/mhoraas

ml/min.

* Foreeo‘lcontmctionisdirecu&propoﬁioml'co&\ehm
length of muscie fbre.
o &F = DV — ESV/EOV = 130-50/130 = 10/130 ml.

The Cardiac cycle

00:38:27

contraction

02

Cardiology Basics -
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12 General 02
Medicine
duration of cardioc cycle is 08 sec. Leave Fegdback
53stole Diastole
03s 0Ss
D isovolumetric D Protodiastole
contraction a) lsovolumetric
) Rapid ejection relaxation
3) Reduced ejection 3) Rapid filling
4) Reduced filing
S) Atrial systole
® Atrial systole :
70-80% of left ventricle s already completed before adrial
sgstole. AV valves open.

Active adrial contraction — responsible for a0-20% of
flling, Abnormality in adriol systole : 54 (vigorous
contraction of atria)
Criteria. for S4 : Normal heaﬂ'h5 atrio.
Sinus r‘ng’d'\m
AV valve normal
Noncompliant Hypertrophised nondiloted
ventricle
® Isovolumetric contraction :
AV valve is closed (Sl is heard) just before isovolumetric
contraction
i is phase of systole where ventricular pressure
ncreoases.
At the end semilunar valves open (ejection click).
* Ropid ejection and reduced ejection follow.

* Protodiastole (hangout interva)
Between the incidents when aortic pressure exceeds LV
pressure and aortic valve closure (53).

® 1sovolumetric reloxatiory
At 4he end AV valve open.

*  Rapid Miing and reduced flling Follow.

eoeds sAnoy
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03 13
PULSE

Definition and waveform of the pulse 00:01:08

Meﬂalpulswﬁeswremveoﬁsimﬁnghﬂweaor‘tadue
4o ejection of blood during left ventricle
sgsto\eandkmwelsalmsheaﬂerialunl\aka
rote of S mVs.

Cokumn of blood : Soem/s.

Theups&rol«eo?ptnsecommt»‘rthsm&sepeahoccurs

well before Sa.

Parameters to assess the performance of Lv ¢

* Stroke volume ¢ Increase corvelates with a. sharper

upstrokke and higher peak.

* The velocity of gjection : increase correlates with a.
sharper upstroke and early
peak.

Waveborm :

* percussion wave () : Lv ejection (Stroke volume and

velocity of ejection).

Anocrotic noteh : between P and T,
* Tidol wave (T : Aortic recoil (Vascular stodus).
* Dicrotic noteh (OND/Insisura. : Corresponds to Sa.
* Dicrotic wave : Reflected wave from the periphery
(Peripheral resistance).

Active space

ctmc&erandcomareamgsbw%&a&memid&

Ideal posttion : Supine with the neck sightly turned to the site
of palpation.

Simultaneous auscultation with palpaion.

13



14 General
Medicine

o9eds 8AROY

03

Determinants of arterial pressure, pulse, and

contour 00:15:
Incident pressure wave is dependent on :

* Compliance of Rorta.

* The velocity of ejection.

® LV pump : Rate of change of pressure and peals adrtic

Pulseunvevebcit5=oepersdsonstrol-sevohm
Arterial stitness : Reflects true arterial wall damage.
* Has an independent predictive value for cardiovasculor
events.
. Amﬂqero?—eaﬂierkarsetorsandwmse.
. V&sselunl\cushionhgmealﬂyv&sselsobsorb&\e
energy of the pulse wove.
s s’dﬁ‘-ﬁrmso?vasselincreas%inashgvmls—’
* The gold standard to measure arterial sti¥Sness :
Pwsemveveloci’cg

Aortic Pulse Woave Veloci{B and Probabili’cg of o CV event

0l
& — Normal
O,M : —

-g o= High Norml e
5 tigh v

oY . y
> — VeryHigh _~
E 600
% o004
o

0,03
o
o) | 4 3 4 S

14



03 Pulse 15

Central systolic blood pressure :

° H‘ghcen’cmlsePcorrelateswithabadpmamsis.

lant vessel : St vessel
| Pulse wave velocity t Puise wave velocity
Qected wave Microtic wave) | Reflected wave arrives
eturns o central Rorta. loder eaﬁierh&\esasl'ole.
diastole. &J.gmemssBstolceP
diastolic &P | Diastolic &P and |
mmrgper?usm eoromrgper%ion
. Augn\ex*edpr&sswe=0%mbehx)eenPlar\dPa

8Py Pa [

a00 400 ©00 800

Normal pulse 00:25:59

Changes in pulse from the center 4o the periphery:

L. Upstroke becomes steeper.

a. An anagrotic notch becomes less apparent.

3. The dicrotic notch becomes smoother.
mdb%mddelagism*hﬂwemmwhe a
Rorto.

15



16 General 03
Medicine

Leave Feedback

The normal delay for pulse wave transmission (mSec)
Carotid 20
érachial %]
Radial 80

Femoral

A

Rate of the pulse

00:30:30

Sinus tachgcardia :
* Hypowolemia
* Sepsis
° n'\gocard‘rﬁs.
* Cardiogenic shock (Anterior woll M.
° Hifih output states.
Sinus brad5mrdia= Reqular rhg\-hm <0 bpm.
* Orugs @ Blockers).
° mgxedenm.
' ngoﬂ‘ermh.
* Increased ICT (Cushing’s reflex : eradycardia +
Hypertensior).
* Inferior wall mi @vm.
Relofive bradycardia (Faget sigr.
* There is a decrease inhear&mtewi’charisehboda
temperature.

eoeds eAOY
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* Couses:
infectious Non-infectious
Tn:p'noid. Drug fever
Legionella. CNS : Meningjtis,
Q fever. encephalitis.
Serub ’c}jfi'us W'omns
Dengue (rare). Factitious fever.
malaria. (rare). Caolcium channel blockers
Leptospirosis (rare). B blockers.
Regularity and amplitude of pulse 00:41:31

Rapid reqular pulse : SVT/VT.

Rapid inreqular pulse * Atrial RQbrillation, Atrial Slutter; or Atrial

’co.chgcardia. with var5h3 bloek.

Qeauhrlgirregularptnsmvgﬂrmhrmm

Amplitude/volume of pulse

00:45:53

La»volumpulsmngoKheﬁcpulse.
H'\shvohmeptdse=H5perKineﬁcpube.
Pulse volume correlodes with stroke volume.

Hyperkinetic pulse

* The amplitude of upstroke increases.

= H'ghcardiacompu’mndmm

* The dicrotic wave becomes less prominent.
' wnplekehear-tbbclﬂiadaymishvohmepulsewmw

fow CO.

(:orrisan’sorwo&erhwwnerpdse=
ﬂwebrisKups{mKeo?’d'\ecaroﬂdpubeumMin B
associo&imwithalargewxplitudewlseuﬁ’chmpiddm('

o Aorhcresursitod:bn
* portic sinus rupture
. nor*opxmgwhdow

* pPersistent ductus arteriosus

ngokheﬂc pulse :

* gmall or diminished amplttude.

17
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18 General 03
Medicine

¢ Decreased LV stroke volume. Leave Feodback
* LV dystunction.
Severe Rortic stencsis * Slow rising/anacrotic/pulsus tardus.

° Theupskroheisslow‘i’chepeah'sdelagednearertosa.

* Ejection velocity is signifcantly increased due to
obstruction.

* Volume increment is low — the increase in radius § the
tension in the aortic wall will be expected to be siow.

* Increased velocity of the aortic jet through the
stenoﬁcvalvedecreaseskhehtemlpr%surekherebg
contributing 4o a slower rate of pressure rise in the
oorto,

Very severe AS — pulsus parvus et tardus.
Parws = weak Jow peal)

N

Upstroke h'gh, amplitude low — severe mitral regurs‘&aﬁor\

Contour abnormalities 01:02:17

Pulsus bisferiens : B
* Severe iR |
¢ AR with mild AS
® HCM

3 peaks in systole,

* The high sv accompanying the AR will cause o large-
amplitude pressure wave : P § T will be prominent.

* The increased velocity of turbulent Sflow ot peok systole
due to stenosis decrease in lateral pressure in the aorta.
due 1o the venturi effect : AS + AR,

* Leads to a. drop in pressure rise during the middle of
sBS’cole.

* Radial is more preferable as carotid shudder may mask
it.

oeds Aoy
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Pulsus bisteriens in Severe AR with AS

[

wa}' fi

e ) )

h——w@%‘w——w

My

Hypertrophic cardiormyopathy :

B ﬁemdeshgperwﬁracﬂeigectsmebbodverg

fast. This leads to a. very rapid rise.

. Thesgskolicmter‘\ornwﬁono“—&\errﬂmlleaﬂet-'

obstructs ejection.

* In the late systole when the interventricular pressure
beshsto?al\,i’csiv%rise'coasewxdpeamnﬂwepulse-

Dierotic pulse :
e®’hH
Q54 - aso
AN Y~ W
LVET ~ 190
PepP - 90
Carotid 2
Pulse on
-} N N
|-
G54 - 340
— 4o - "LVET - 350
- 90
T

apeal-&s—onehsgsko\e,k\'\eothermehdhs\nle—'eadhl

mnereased PVR —* Prominent Dicrotic pulse.

Seenhw%smbn,w\dmonswﬂhlowco—'wdm

tamponade.

19
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20 General 03
Medicine
Pulsus Altermans :
Anpliwdechanaabeaﬂobeat,o&m\a&ingbeh»eenhi
‘ila»erpulseamplih;deasaresu&o?aﬂmuhgamﬁe
volume. Seen in Lv failure,
* Premadure depolarizotion releases more Co.
s Theincreasedcmsﬂwere!?orewaua.ble&‘or&\eposk
premature beat, thereby increasing its contractile force,
. Mmhunuptaheﬂreleasemg%uchm
{ U?rombea&’mbeot.
mspt'wmnwur\e{erisw;edmde'cec{-ib

LI W W S W
QS84 -~ 340

sa

YR

IENT N
2]

' Lver = a0 180

Pef =130 0

Pulsus eisem'n3 :
* Normal beata!’cemaﬁng with o premodure contraction.
* SV of the premature beat diminished § pulse varies in
amplitude accordinsB.
* May masquerade as pulsus alternans ~ bu&regularlﬂ
irresul_a_r rhljm
* Pulse volume increases ¥ol\ouuin3 o VPC due to longer

pauses § more diastolic flling,

AT NTAYN

Premodure contractions
exception : HCM (wanic obstruction) —* Pulse volume Lalis
$ol\owin3 o.VPC —* erocKenbrough sign.

oo8ds 8Anoy

Pulsus Paradoxus 01:21:09

A/K/A Pulsus normalis aggregans.
* Normally, SeP falis by 10 kg durins inspiration.

20
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03 Puise 21

* 1§ during inspirodion, S&P falls > 10 mmHg —> Pulsus
adoxus.

* Best felt ot Femoral pulse.

H
Cardiac Tamponade.
Constrictive pericard&is.
COPD.
Thrombus or obstruction in the SVC.
Puh\omrg embolism,
inspiradion
1 ung volume —» | hh‘awnsmm*mmmwguood
vessels — ¢ ugcmﬁmhbmlaw*nﬂm

N v
Normaliy ¢ Aorormally !
|
[ )
Mwswhrpoﬁnlog(mm)'
more blood with With cardiac vena. cova. Pulmonary
returns to R obstructive po&ho\oagex&omdb ohﬁfucimsd embolism
heart = more g mgcordhm(cardnc thromibi, or external

blood enters diseoses ':ompomde,wramg Wusbnhg
ond pooks n (te. cOPD) with constrictive  masses/Nbrosis (rom

pubmonary perkardite)  obesity, pregnoncy
vasculature
2 2 v 2 N
§ biood Lungs are fs t blood Mis & { Thrombi in the
retums to  hyperinfided,  heart on inspiration, venous plrrn-mf
the lett ond vasculoy  external constraints return arteries
heart, § beds are on myocardium § tor blood Ring
#ts Niing more cardios expansion, heart pulmonary
eponded  interventricular septum vasculoture
s pushed into Lv
N\ \2 2 2
}teftheart  Onisprration, f  There is no room in § Rt
stroke t t boodenter  the pericardial sac heart
voume/ u\gsandpools Sor the Lv 4o expand N, |
cardioc  within pulmonary  and maintain normol blood Sow
output vasculadure end diastolic volume nto ng
Ge. | v Ning vessels
¢ y S V .
depon | | forward On Inspiration, as pulmonary intra-~ _
heart heart | § |
1 ) §
\s
{ | | tebtheart siroke
volume/cordioc output
2

Pulsus Parpdowius ¢
txaggeroded ) hwwmmpkwm(w
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JUGULAR VENOUS PRESSURE

it reflects the relationship between the right heart
hemdgmmics,volumo?bloodh&\evenousgs’cemmd
venous tone.

JVP describes ,

In diastole * Filling pressure/Rveoe

In systole : R.ish’c odrial pressure.

Internal jugular vein 00:02:21

" Sterail Healref SCM.

Locaﬁns the Carotid ’mangle.

K begins medial o the mastoid process, ok the base of skull.
t runs in¥eriov15 and joins the subclavian vein 4o form the
right innominate vein (continues as sve).
First vein preferred for cannulation 4o put o dialysis catheter.
EWV is not preferred over 1V because
. &Jvhasvmesuhichrma interfere with measurement of
JVP.
* Not visible due to vasoconstriction in hgpo'cer\siVe states
Passes through multiple fascial planes.
Right 10V is preferred because :
* Straight line course ’chroush innominate vein to the sve
ond riSh’( odrium.
* Less likely for extrinsic compression from other
structures in the neck.

22
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24 General
Medicine

egeds eARdY

W Carotid pulse
* Superficial and lateral in | * Deeper and medial in the
the neck. neck.
* petter seen than felt. * petter felt than seen.
* apeoksand 3 troughs. | * Hassirgleupshcheonlg.
* Descents more cbvious * Upstroke brisker § visible.
than crests.

* Digital compression * Digttal compression has
abolishes venous pulse. no efect.

* JvP falis during * Do not change with
hspiradcion. resp'vraf\on.

* Abdominal compression * Abdominal compression
elevotes jugulor has no eftect on carotid
pressure, pulse.

Measuring the JVP 00:07:23

&:phepos&ionisﬂwebeskpos‘rﬁonfooppreciateﬂnewm
form.
The patient is kept in 45° position ot the time of measuring
JVP (the top most point comes under the clavicle).
nnsteo’}mum

* at's cm from the center of the right adrium.

g menl\g’c\'\ekopmos'cpoh’co?’chevenouscoumisarun

?romkhemsteoh.otus.

Norrrnl\S’cheJVP=1cmo¥Hao
method to measure : & scales and a tape.
tlevated JVP = > 9 mm of H.0 or > 7 mm Hg

23



Elevated JVP 00:12:18

I Increased RV ¥\l\in3 pressure and reduced compliance :
RvH (PAK, RCIMY
RV failure
RV infarction
Pulmomrg stenosis
a. RV inflow obstruction (increased RAP) : RA muKoma.
Tricuspid
. stenosis
3. Fluid overioad states : Cirrhosis
Renal failure
excessive Suid administrotion
4. SVC obstruction : Pulseless rise in JvP

Kussmaul sign & Hepatojugular reflex 00:16:04

russmaoul sign
Failure of JvP to fall with inspiration (Normal JvP Salls with
inspiratiory).
Seen in : Chronic constructive pericarditis
_Cm
RHF Increased Rv Nliing pressure,
RV infarction

Absent in cardioc tanpomde.

Hepodojuqular reflex :
Firm pressure is applied to Periumbilical region for at least
10 - 30 seconds,
In & normal person : Transient rise in JVP to < | em.
Positive Hepatojugular reflex :
JVP elevated For > 3 em for ot least IS seconds.
Seenin: \mpendr\s RVF
™R
False positive : COPD
Folse negodive : Budd-Chiari syndrome.

24
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26 General
Medicine

souds SAROY

Normal JVP waveforms : ‘a’ wave w

3posi’dveunwes=a,ci[v.

3 descents  , X' § y,
lZarelyhunve.

The wavetorms are based on

H'!erish'tmlﬁalpr%&l.lre&

o wove
* @ecause of atrial systole
(efSective RA contractions).  eca J " J -
* most dominant positive P mT 05

wove on JVP. ] . y
o Pre-sgsuicumle.
* Follows P wave, precedes S, wgular LY /
ond carotid pulse in eC&, Prominent ‘o wave

e pProminent ‘a’ wave :
Forceful adrial contraction ®Rv inflow obstruction,
* giant ‘o’ wove/Cannon
wave * -’F—-’\—'E'/\—n"/\
* Right odrium Ww&d\g
contract against a. closed
tricuspid valve.
\ \rresular cannon
wave ¢
Ventriculoadrial
VT, CHe.

25
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“

4. Regular cannon wave :
szr,AMoramiomlrfy&m
* Absent ‘a’ wave * When no efSective adrial contraction
as an adrial fbrillation

Normal JVP waveforms : x descent,

¢ wave & x’ descent 00:38:05

x descent

During ventricular sgsl-ole
(due to atrial relaxation).
Most prominent negative
wave.

ends just before sa.

i is larger than Y descent.
More prominent during
inspirodion, Cardiac famponade
Normal x descent : Constrictive pericarditis

Prominent x descent : Cardiac tamponade

R_CMm
Absent/reduced x descent : Moderate - severe TR
Atrial Kbrillation
Poor RV contraction
Cc wave :
Not uSuad\5 visible.
due to :

.. Upward bulge of closed TV, in IvC
a. Transmitted carotid artevB pu.lsaﬁons.

X' descent :

Systolic trough after ‘e’ wave.
due to fall n right odrial pressure durins earlg Rv sas’co!e.

26
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¢ 78 General
Medicine

eouds eAROY

Normal JVP waveforms : v wave, y descent
& h wave ' 00510

Leave Feedback

V wove ¢

eesinsinlatesgsko!eandendsbeaﬂgdiastole.

Rise in RA pressure due to continued RA Alling during
ventricular systole when TV closed,
Rmswgsgnd'ronocxswiﬂwcamﬁdupshmemdwr%ponds
o sa.

&jant v wave : TR (nereased RA volume during sgskole).

Lanc‘\sis‘\sn eV wave
Prominent v woxe : ASD with MR,
rem
3dm*=

Diastolic collapse wave (down slope v wove).
\kbesinsandendsdurirgdiaskdewel\ ofter Sa.
Declheo?ﬂﬂpr%suredw&o%empginawﬂnseaﬂg
diastole when TV opens.
early rapid Reeling phase.
Prominent y descent : P (Rapid Miing in the first 1/3™ of
diastole—Friedru:h’ssisn)
Absent y descent : CT ] No diastolic flling,
rCM
RApigjoese e
ASO with MR,
Sla»gdmentﬂricuspidskenos‘ns
Q.'\gh’catﬂalmﬁxoma.
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04 Jugular Venous 29

Pressure
h wowve ¢ Leave Feedback

Small brief positive wove %l\ow‘ns Yy descent just prior to a.
wave.

Usual\g seen when diastole is long.

With increasing heart rote, Yy descent immediately followed
bS next o. wave,

Corstrictive pericarditis :
* JW is elevoted _
¢ awave'swual\anonnal o v
® Vwave is usually equal 4o o wave
* xdescent : prominent
* ydescent : rapid descent Yy 3
® Hussmauls sign is usml\g positive

E )

w/m pattem
On plotting the ventricular pressures : Square root sign

vP v X

Active space

Constrictive
pericardtis
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General 04
Medicine

JVWP in pu.lmomrg hgpertensm ' Leave Feedback
early Rv decompensadion ¢

. JVPmeee!eVa&ed.

* o wave is prominent.
Decompensated RVF !

* aand Vv wave prominent.

® vwcwelarser’chanauwe.

* x descent is diminished or absent.

. Rnpidgd&sw*m{om

saeds ey
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EXERCISE AND ECG e T

Q' 39 year old male with chest pain,

lweekpriordeor\easpar*o?heathwmncechecmp-
negative, eC&-echo was normal.

"Doctor’coldeverg’chigmsnom\al.mcanldevebp
an mi?2 ?

. ismTﬂ\enexkstephMpahevduaﬁona&ker
History, exam, eC& and 8CHO ?

*  What does TMT +ve or —ve mean?
° Does TMT negative status mean no CAD?
o CanapersondevelopanM|i¥heisTTnTr\esa&ive?

* Role of TMT in asymptomatic sereening for CAD
€g' Health check up?

Ischemia cascade 00:01:38

o, Abnommality

| 1 demand
Nom! P
Function

000066

Decrease In coronary blood flow
e Perfusion abnonnodr\g, it can be picked up doing SPECT

—

~a

Y

Active space

* Regional diastolic dgs?u.ncﬁon and regjonal systolic
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o Cardiology 00

cyshunction by €CHO.

o lscl'temic‘écﬁclw\g%bg‘a!&

e Chest pain.

Myoccerdisl lschemis - decreased retio of

Oxygen demand
Supply
Demend

Demend lschemie: tschemie

lechemia during otreee lechemia in rest

(physiceVemosonal)

Determinants of demend Determinents of

- Heart rate = Covonary anery diameter and ton

= Systolic blood pressure ~ Coliasterat biood flow

= Myococardial wall strees ~ Perfusion pressuwre

— Myooardial contractity - Hean rate (Guration of diastole)
Determinants of demand
I, Heartrate

3, mgocardhl wall sress = Preload
4, maocnrclial wﬂracﬁlib:j = \onoi-roPg

Q. Major determinant of Mvoa. (Myocardial oxygen demand)
are all except (IPMER 3030 ¢

o) ventricular wall +ension

b) Hb — hemogjobin.

o) myocardial contractile state
d) HR

§ Parameters of demand 00:04:20

In Exercise Stress Test (BST) ¢

o \ncreasedemndandseei’?wpp\gisproporﬁomtelg

M‘C&S'Ins.
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Exerciseand ECG ¢
00

* Demand~* 03 consumption ¢ Increased by exercise. [ Gooreemio
® Supply= measure coronary blood Slow (nvasive). So, -
Exercise induced symptoms and eC& changes.

Derrmwd-a-y:a=
°  V0a max : mets (metabolic equal Lents) .
® MVOa max : Double product,

Supply ! |
o exercise induced symptoms and signs. '

what is demand ?

Exercise Test Terminology

Fick Equation
Vo2max = (HRmax x SVmax) x (Ca()2max - CvO2max)

* Whoie body 02 consumption-Vo2max METs

* Myocardial Oxygen Consumption-Double product

l

sCoronary Flow x Coronary (a — v)O2 diff

Maximal Oxygen Consumption{VO2max)

* Greatest amount of oxygen an individual utilizes with maximal
exercise (ml O2 /kg/ min)

Active space

* "Gold Standard" for cardiorespiratory fitness
* Fick Equation
Vo2max = (HRmax x SVmax) x (CaO2max - CvO2max)
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Cardiology 00

e | met: One metabolic equivalent (MeT) is defined osiSIET D
amm’co*!oxggenconamduhuesﬂ%hgatrwtmdis
equal to 35 mi 03 per kg body weight x min.

e Differs with Thyroid status, Disease stote, Obesity, Muscle
MOSS.

mMeT Volues ¢

2METs Level walking ot 2 mph

4 METs Level waking at 4 mph

<SWMETs  Poor prognosis; paak cost of basic activities of daily iving

10 METs Prognosis with medical therapy as good as coronary artery
mwry; uniikely to exhibit significant nuclear perfusion

13METs Excellent prognosis regardiess of other exercies responses

18 METs Elite endurance athletes

20METs  Workd-class athieles L

1.01

0.8 -
1-10 METs

SURVIVAL

06 -

0.4 -

0.00 8.00
YEARS OF FOLLOW-UP

e Predicted mets (male) = 18 - (05 X Age)

o Predicted mets Gemale) = 4.7 - (0)3 X Age)

ooeds BADY
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Age

Women

<2 <75 |8-10 10-13 1316 | >16
8099 |<7 79 9-11 11-16 | »15
4049 |<6 88 8-10 10-14 | >14
8059 |<5 5-7 79 813 | >13
6069 |<45 |456 |68 8-115 | >11.5
70-79 |[<35 [3545|4565 |658 |>8
>80 <25 |254 | 485 557 |>7

<20 <8 8-11 11-14 1417 | »>17
3039 <75 |7510 | 10-125 | 126-18| >18
4049 |<7 785 | 85-115 | 11.6-15] >15
50-59 |<6 68 8-11 11-14 | >14
6069 [<55 |556-7 | 795 9513 | »13

4 METS LIGHT WORK AROUND THE
HOUSE
WALKING AT 3-4 mph

>4-<10 METS CLIMB 1 FLIGHT OF STAIRS/UP
HILL
WALK>4 mph, SHORT RUNNING
SCRUBBING FLOOR,MOVING
FURNITURE

>10 METS RUNNING=> 6-7 mph
HEAVY LABOUR
SWIMMING,FOOTBALL

t is useful for giving Pre-Op fitness. It person is able
to perform >Smeterso¥phgsical activity , most of the
surgeries con be uncomplicoted.

funcrional classitications cardiac
i : |ccvsa J

Active space

Inability 10 carry out
any activity without
dascomiort
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Cardiology 00

palculauon of METs on the Treadmil

METs = Speed x10.1 +(Grade x 1.8)1 + 3.6
3.0

Calcul automatically by device

Speed in meters/minute
=MPH x 26.8
Grade expressed as a fraction

Myocardial oxygen consumption(MvO2)
Very high resting O2 consumption Resting CBF-0.7-1.0 ML/VSIUgm

-7O-80%-AINMES 2029 00-90mMm 100 g/Mmin
@ i 1900 g/min

S

Myocardial oxygen consumption(MvO2)

Determinants of demand
-~ Hearn rate

- Sysiolic w:d""::““” - 2 fold increase requires

- Myocardial contractility 50% increase in CBF.

Myocardial Oxygen Consumption

. Accurate measurement - cardiac catheterization
' «Coronary Flow x Coronary (a — vYO2 diff

« Indirectly measured as the “Double Product”

+ “Double Product” = HR x SBP
« A nommal value is greater than 20,000 - 25,000

' * < 20,000 is low heart work load
‘ « > 29,000 indicates high heart work load

« Angina & STJ occur st the same DP for an Individual

Demand=0a consumption
e VO3a-Mets

eJeds 6AROY

e MOa-Double product
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00 Exercise and ECG

h 61- - W m m : Leave Feedback
® Increase demond and see i supply is proportionately
hereashs.

* Demand-0a consumption -> exercise
® Supply-measure blood flow -> eC& changes
°* What type of exercise : Isotonic exercise

Increase demand = exercise,

Tgp%oilwcise

* Isometric : ¥ angle of joint does not change it is isometric
exercise,

* Isotonic: I¥ angle of joint changes then it is Isotonic
exercise,

-
R e
e

Comparison between isometric and isotonic

exercises 00:04:20
Isometric exercise Isotonic exercise
* HR-increases * HRincreases

= PVR increases * PVR decreases

* SBP-moderate increase, D8P-
unchanged or slight fali-PpP
ncreases

- SBP and DBP-Sharply

mncreases

Active space

= CO-increases .
= CO —increases
* SV unchanged(AIIMS 13) . sv-C

« 02 consumption increases - 02 consumption inc
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g Cardiology 00
All increase in stress test except ? : JIPMER 3030

Parameters of supply 00:20:33

i What do you look for In TMT
« ECG ST changes * Functional capacity
* Exercise induced

* Exercise induced signs
* HR response

* BP response

= Double product

* Duke treadmill score

eouds eAROY

STc\'\ansesare&obeconsideredincoMexko\lcliniconm
and non ST segment dodo.
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00 Exercise and ECQ

2.3. ifa patient has anaemio. with Hmemslobh%, oS Pﬁw Leave Foedback
wil\hawasmsssrc\-nnses, TMT will be positive and in this

context it doesn't mean patient has CAD. Once anemia. is

corrected TMT will be normol

wﬂwmnnalwamr\sme‘t\-\od,duekopreseme& '
clamps, it is not possible for patient to run. S0 the X‘-ol\owing
modifications are done 4o record eC&,

Mason Likar modification
¥4 srnid e plcad & Uw AN rrisrcelsl
CEp—— apace on the s cleoder e _RAD
nads shondd be ploced Y1 0nd V2 are pontacned
e e BT = " inf lead voltage
— Loss of inf lead q
— New Q in AVL
|
§
H
g
The ECG response 00:27:38
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10 Cardiology 00

Exercise induced ECG changes

During exercise, shortening of intervols is seen. ie,,
I PR interval, interval, ST segment ond QT interval shortens.
3. P wave remains unchanged.

3. R wave increases in amplitude, this effect is called érody
eHect.

4, Tweweasesinmwpl&udadue’coshor‘tenhso?-QT.
(similarly like in hyperraloemia, QT shortens and this
couses toll T waves).

All are true in exercise except - SCTIY
o) PR shorten.

b) QT shorten.

¢) R amplitude increases.

d) GRS duration shorten.

enodgeﬂech
ebodisgoodcord;c'coro?elec{ﬁcit&\nm,corbommis
seen (cow like heart). So due +o presence of s0 much blood
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hhearth’gherlzunyevokage.

smaarighexercise*meko increased venous return
morebloodhheart-’therzwevoI’mseisseer\Thisis
nonmlphenomenon.

° Durhgexercisemuwevoknseincvmses.

o Postexercisemuwevo\kaaesmuddecrease.w
it doesn't decrease it indicates exercise induced LV
d55¥unction.

'écetc\mnga STsesmentchangs

The Electrocardlographlc Response J

B  J-Junctionol m. C. Upsioping ST depression

(1 8mm ot OOmK)
AA/\f + Normal ECG pre-enercise

D. Horizontal 8T depressien
\ (2 Imm for BQ meec)

E. Do

F. 87 elevation (z Imm)
& imm)

G. U wave inversion

| exercise induced ST depressiony

* Fast up sloping : Normal

* Slow up sloping : Abnormal.

® Horizontal : Abnormal.

e Down slopns : Abnormal

a. exercise induced ST elevation : always abnormal
* Leads with q wave.

* Leads without q wave.

40
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4. exercice induced ST elevodion in avk.

ST Depvms‘m -7 o localiz'ng volue
PQ junction- isoelectric po'm’c

J point

v
>1mm

_ X}\ Horizontal or downsloping

Measured 80 ms pos{J point
e

o ST depression and T inversions are manifestodions o¥
ischemia. and they do not localize on EC&.

STelevo&bnisamnMo&bn&hjuerecaand&
ocalizes.

o Qwave is manitestadion of nfarct on C& and is locolized.

W t * 5 !
=~ l.".c. f; A B

m YT
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Tty ey | Recoery equaly
RAASRAERARRERy s Nt 085 HAR important
mngnumﬂgl . i ,
BPE e TIEEE o ST changes only in
recovery
» ST changes take along

4 time to normalise

e EFERPRAFEED
'“.' AL "’i ] 'l

{ ML LI

* Lateral leads-most

spC

Inferior leads-least

e ST chanses taK‘\nS o Ions time t0 normalise indicates o
bad prognosis.

Active space
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44 Cardiology 00

Leave Feedback

Q.SS,.!GI‘DWT—M’*MMMN
exertion 3 months, with left shoulder pain.

Thisiswsgmti\eo’}severemo.

ST elevation in TMT rare.
Leads with q wave
e Peri-intarctonal ischemio.
| * oyskinetic
©* foeurysmal segment
' e Nolocalizing volue.
Leads without q wove

e (Critical lesion.

oduds sARdY

*  Coronary vVasospasm.
* wcalizins volue.
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" Ll b
il il |
w o il
w o i

HR (b/min) 110
$BP (mmig) m 140

No Q wave. This indicates either a. eritical LAD disease or
LAD Vasospasm.

_ Y L LR Y
- . 2=
ary
i 5 IS

11 i
SR RS e SR & e i

T e g R
ful %, \;"‘-\,.!L\,L'i;‘l f\f«i]‘ J;ﬁ«;.,g v li‘ J;'..'._uw e 4;

P )

| wg_ﬂwuwxu .L\..Luw wgﬂﬂu

2

i
Ak

ST elevation in inferior leads and No Q wave critical RCA
disease or RCA Vosospasm.

When do you take him for CAG

while exercising podien’c deVelops ST elevation during

44
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4 Cardiology 00

recoslergSTele%&imseﬂte.Cﬂ&canbedoneinSor4
isanurgentcﬂeb

RSTisdwdedcmﬁmmB*ewsemgcnasmudbe

ST elevation in inferior leads with Q waves ¢ Indicates

dyskinetic aneurysmal segment.

exercise induced u wove nversion *

a B
Pv. No. 18 Pr. No. 21

StanDine ResT STAND I NG ResT
: ..,I._.=_..|.I‘__ - !- S LA ) .,,' J_:,_I

: |
-

Paax ExsrciIse
AnqlNA
I' y j‘.

o
O
v
'1r--r
..-

egeds sARDY

. npo&ier*withch&painw&huuwehversm—mis
ndicates signficant CAD, usually it invoives LAD. (M 4o VW).

° Wapaﬁer*devebpsnewonse’cuwemversiona&’—ter
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w Exercise and ECG

exercise | indicates significant CAD. i has localizing value,

VI~ Vi LAD invoived (antterior wall) | ‘
Lead 3, 3, aVF : RCA or circumSiex. ‘

No ST elevaion in R : Rules out LMCA / triple vesseld
disease (high negative predictive value).

® MR ST elevation in isolation—> 49% specificity,
® QMR ST elevation with VI ST elevation > 8a% specificity,
® QMR ST elevation with VS ST depression —> 854 specificity,

ST elevotion lead a VR,

Preexisting ST depression

Cando:

*  LvH with stvain.

* RBLS.

* Hypokalemia with ST-T abnormalities.

Cannot do for diagnosis of CAD — Class 3 indications for TMT
* &reater than | mm ST depression of rest.

° D‘gi’calis.

Active space

o Lo,
* \Ventriculor preexci'ca&ion

o Vetﬂrmdarpacedmg&m
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