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CHAPTER

Action Potential

CARDIOVASCULAR SYSTEM

(CVS)

Action potential
Pacemaker action potential Myocyte action potential
« Phases present: 4-0-3 « Corresponds to QT interval
= No true resting potential ¢ Phasespresent: 0-1-2-3-4
+ Pacemaker cells generate rhythm + Phase 4 is resting potential
I 2 bbbl A R bl Phase 1 K+ efflux
2 Phase 0 / n, 2 Caes mflux
5 Phase 2 Pla™
5 .20- Ca++influx (L Type) Phase 3 la"two <K¢ ££1
2T ong type K+ efflux L R Shihes
g 4o blocked by ccBs bhase 0 PSS Kriefiii:
2 Na«+ influx Effective refractory period
§ 0 Phase 4 - 200 msec phase 4 Leaky K+
« Na+ and K+ Funny currents .85 mv / 3se 3 thannels
80- ¢ Ca++influx (TType) transient type Resting K
membrane
poténtial Extracellular
Funny Currents

o Funny current activates near -60 mV and
initiates Phase 4 spontaneous
depolarization responsible for cardiac
automaticity.

! o Itis a mixed inward cation current carried
mainly by: Na* and K+ through HCN
(Hyperpolarization-activated Cyclic
Nucleotide—gated) channels

o Unlike most channels, it opens on

! hyperpolarization, not depolarization

- (hence called funny)
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Anti Arrhythmic Drugs (Vaughan-Williams classification)

Class 1 - Blocks Na+ channels (has to be avoided in hyper-kalemia)
1A : K+ channel blocker - Quinigine, Procoinomide, Disopyromide
° Mnemonic: Quzen precloimed Diso's pyromid
o QT prolongation
1B : K+ channel opener - Lignocaine, Phenytoin
o Shortens QT interval
o DOC for ischemic orrhythmias and digitalis induced arrhythmias
1C: No action on K+ channel - Propafenone, Flecanaite
o Contraindicoted in ischemic arrhythmias and digitalis induced arrhythmias

Class 2 - Beta Blockers

« Siow down phase 4 of pacemaker action potential by blocking sympathetic stimulation
« Reduces myocardial oxygen demand

Class 3 : Blocks K+ channels {has to be avoided in hypo-kalemia)

« Amiodorone, lbutilide, Dofetilide, Sotalol “A1.D.S"

= QT prolongation

+ Side effects of Amiodarone (40% lodine) - has the longest half life (%)
Please | Pigmentation (cerulodermal, Peripheral neurapathy and Phot: itivity
Check | Corneal deposits

LFT | Hepatotoxic

PFT  § Pulmonary fibrosis

TFT Thyrotoxic

Class 4 : Blocks Ca++ channels
* Non DHPs : Slows heart rate and force of contraction {Veraponiil, Diltiuzem)
« DHPs ; Used as anti hypertensives {eg. Amlodipine)

Class 5 : Adenosine
« IV Adenasine (fast bolus) is DOC for stable PSVT
° Adult dose : 6 mg - 12 mg - 12 mg {max dose 30 mg/day)
¢ Pediatric dose : 0.1 mg/kg
¢ Adenosine is inhibited by Caffeine and Theophylline
+ For UNSTABLE SVT : Synchronized DC cardioversion

ECG

omy A
Stope of ;
D::; o QT prolongation
W
— 1a .
omv .I -
Slope of—/
e y QT shortening
e | \
1 1
A
i / \ QT unchanged
'- ,.". \
__A'I e ~ -~
omv ["’ e
N\, Makedly
', repolartzabion {i,)
T profongation
-85my 3 N

5 mm Heart Rate
-0 ¢ 300/large s
0.2 seconds rge squares :
- <3 squares : Tachy »83 Jarge boxes
R = >5 squares : Brady 2 hence. Bradycardia
P-R ST 1058 Normal intervals Corrected QT interval
599_“‘?;“ segment ’ o PR [nterval : 0.2 secs Buzzet's formulo :
* QRS:0.1secs .
T . Qr:04secs 2-1-4 |} aresmem=
g /-J point v
e 0 mv- Tall P waves ;  Bifid P wave {
+ P puimonale f « Pp-mitrale i
Q « Right atrial hypertrophy § * Left atrial hypertrophy
. :;:-A‘ o5t ; Boooii. -l ; it
R ans ) | |
MENE el oTinfenval— —|— 495 |
‘ | | | * Himalayan P wavesseen in Ebstein's anomaly
= * Pseudo-P-Pulmoncleseen with Hypokalemi
Atriat Ventricular Ventricutar ' =
| Zath -pepolarization
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Arrhythmogenic Right Ventricular Dysplasia {ARVD)
s i » Familial condition

s F/h/o sudden cardiac death

« Mutation in desmosomal proteins
+ Fibrofatty replacement of cardiac

myocytes
Osborn wave Epsilon wave + Naxos syndrome : ARVD + woolly hair
seen with Hypothermia seen with ARVD + thick palms/soles

Delta (6) wave

» WPW syndrome

+ Abnormal pathway :
Bundle of Kent

« Reduced PR (faster path)

« Increased QRS (normal
QRS superimposed on Delta wave
abnormal)

« Patient can be asymptomatic

» Prevalence decreases with age

Uhl’s anomatly
Infant + severe right heart failure + “parchment like RV" TR

« TOC : Radinfrequency ablation of abnormal path Causes of Sudden Cardiac Deaths in young
« DOC : Flecainide
« In emergency : IV Procainamide * HOCM » Brugada Syndrome
) + ARVD + Commotio cordis
Rate lowering drugs (ABCD drugs) are avoided « Long QT Syndrome

ECG - Axis deviation

| Checklead 1and anJ

"Check 1 foot"

1.Both positive : Normal

2.1 +and aVf - ; Left axis deviation

3.1~ and aVf + : Right axis deviation
4.86th negative : Extreme axis deviation

Normal

+ MCC : Left anterior fascicular block  »+ MCC : Right ventricular hypertrophy
» Also seen in LVH and inferior Mi « Common in lung disease (COPD,
pulmonary htn}
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ECG - Bundle Blocks

'.?\ ¥ lu l'fr.l_v.‘-‘\:l i 10 e
e S TR AL L e

[ v w
| : Check V1 and vﬂ
39 R
R
= M L M and W : MarroW (Right bundle branch block)
5 * ! s Marrow is right
M
Less w W and M : WilliaM (Left bundle branch block)
T,
. .

ECG - LVH/RVH

Sokolow-Lyon criteria for LVH

23.5mV {35 mm)
= or»>7large boxes
{1 large box = 5mm)

o Sum of S wave in V1 and R wave in
V5 or V6 23.5 mV (35 mm)

Rignt ventricuiar Hypertrophy (RVH)
RwaveinV127 mm

S wave in V1 :7 boxes + R wave in V6 : 7 boxes =114 lorge boxes

ECG - Heart Blocks

1st degree Pacemaker needed for
Constant and prolonged PR (> 0.2 5) * 2nd degree type 2
s * 3rd degree
PR, = PR, = PR = PR ¢ Sick sinus syndrome
(bradycardia + Irregular rhythm in elderly)
2nd degree/ Mobitz type 1
Gradually increasing PR - skips beat
= — . . Wankeboch phenomenon ) =
Tﬁ, . ‘Tn: = ‘—p'n,_‘ . ;-’ e Normal breakup Sick Sinus Syndrome
2nd degree/ Mobitz type 2 e
PR constant but suddenly skips a beat ACLS ,Bradyca;dja :PITOIOCOI
~d o~ — Bad br eakup (gh osted) Unstable/ Symptomatic with HR <50/min
o= e s * Treat the underlying cause (Beta-blocker
3rd d toxicity, M, Hyperkalemia, Hypoxia)
= : ra degree
T, e 5 = - £ * First-Line Drug: Atropine 1 mg IV bolus
. P and Q not related (if ineffective)
Gnmpl‘ete-AVdissdtid{ion n
| o T
FP.= FP, = PP, = PP, oka Complete heart block * Dopamine infusion / Epinephrine infusion /
Eg. Stokes Adams Sx (Syncope + Complete Heart block) Transcutaneous pacing




Supra - Ventricular Tachyarrythmias

More common > 60% eg. WPW syndrome

RR « RR, » BR, Atrial fibrillation Risk of stroke in AF
« Upstable patient : Synch. Cardioversion (200 J) CHADS?VASc score
V\AM - Stable patient : Rate contral CHF
! w W\« o Esmolo! {DOC)/ Ver.apamil(in asthmatics) Hypertension
« Acute heart failure + A-fib : Digoxin
Irregulerly - irregular + Absent P waves + Coagulation in A-fib : Based on CHA?DS?VASc A.ge >75
i Diabetes
Stroke/TIA/TE {2)
R - RR, = "R, Vascular diseases
. - ) Atrial flutter Pge > 865
{Regular rhythm, sawtooth pattern) Sex : Female
« Unstable patient : Cardioversion {25-50 1) iMax score : 9
+ Stable patient : Esmolol/ tbutilide « 0:no anticoag.
Regular + Sawtooth pattern of P waves - 1:Aspirin
« 22:DOACs
ST
PSVT Warfarin is the the
{Paroxysmal Supraventricular Tachycardia) anuF oa'gulant gt
choice in
» Unstable patient ; Cardioversion « Mod-sevete MS
Regular + Absent P woves » Stable patient » Prosthetic valve
o 1%line : Carotid sinus massage et
PSVT {vagal maneuvers) [ —_
T ’ 1 o 2"line : IV Adenosine Monitoring of
AVNRT AVRT o Esmolol > Verapamil { for rate control) Warferin theropy is
{Atrioventriculor Nodal Re- {Atrioventricular Re- « FROG sign: visible pulsations in the neck done with INR
entront Tachycordia) entrant Tachycardia) during tachycardia seen in AVNRT Target INRin AF with

severe mod-severe
MS or mechanica!

valvesis 2- 2
R
MAT
{Multifocal Atrial Tachycardia) With DOAC {Direct
« DOC for rate control : Verapamil Oral Anticoagulants)
« Associated with hypoxia - COPD exacerbation routine coagulation
1 ' t 1 1' {most common cause} and Preumonia monitoring is NOT
rly irregular + mutifocal P waves + Cardioversion has no role required
3 o s : . - ] | - - - - .
m j%{,ﬂ R | .ﬁﬁ_'.-‘.éu?a.,\a_yw :’~n»;_pw.~—-):
1 §

3

PSVT
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I AP O3 I i ;."‘-A..._.’»..,...Jw..,-.-.'..,,..].,,«
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Ventricular Tachyarrythmias
N\ ,f'\l [’A\ (‘ Ir'.'\ N\,

I I

|
\ For V-fib/V-tach

I
/ * Unstable patient : Defibrillation
Wide complex regular tachycardia * Stable patient : IV Amiodarone

Ho decemble iy « Llignocaine was historicolly used

V-Fib Monomorphic
{Ventricular Fibrillation} Vent - Tachycardia
_ Special beats in Ventricular arrythmias
1. Capture beats i
H * SAnode briefly conducts through AV node i
« Produces one normal-looking QRS complex amid
wide VT complexes
. R Capture beat:
Polymorphic Vent - Tachycardia ;
aka Long QT syndrome
aka Torades de pointes
= DOC:IVMgS0,
« Associated syndromes ;
° RomaNO Ward Sx : NO SNHL .
o Jerwell-Lange-Nelson Sx : SNHI (+) 2. Fusion beats
« Drugs as described further “ABCDE" . SArl\:Isn:nal anq\;esntrlcular signal fuse to form a
can predispose to long QT syndrome Fi u&,&a ma s
* Metabolic abnormality that can R s ] e
predispose are : §
o Hypokalemia
o Hypomagnesemia, Hypocalcemia
o Hypothermia
L
Drugs that can cause long QT syndrome : Other uses of MgSC,

* 1.Anti - Arrhythmics : Class 1A, Class 3
2.Anti -Blotics/ ATT/ Anti-fungals : Macrolides, Fqn/Bedagquiline, Pretomanid/ Azoles
3.Anti - C-ychotics : Haloperiddl, Ziprasidone, Quetiapine, Risperidone !
4.Anti - Depresents : TCA, SSRI
5.Anti - Emetics : 5-HT3 blockers - “setrons” (except Palonosetron), Domperidone

1.Eclampsia (seizure prophylaxis)
2.Fetal Neuroprotection (<32 wks POG)
3.Tocolytic agent i
4.Acute exacerbation of asthma
| i 5.Cellulitis dressing i
* Other drugs: Chloroquine & HCQ, Methadone, Protease inhibitors {“-navir” drugs) i 1 6.Aluminium phosphide (ALP) poisoning

* CAT drugs (withdrawn due to QT prolongation} : Cisapride, Astemizole, Terfenadine 7.0ral MgS0, used as Laxative

i R S R == == s — ——— ks mmeiis i —mel s ~

[ L v a iq:“! i iy o s R | |
B0 5 O e S Sy
| ‘W :

¥
REAYTHH, STH m Jl
‘ZSIE; s

,_L,JMJLF:LL_LL.L,L Jk,-ﬁ_,——L.-L_.LJ—l

Ventricular fibrilalltion o Torsades de pointes
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ST Elevation

Causes of ST elevation
1. Hyperkalemia
2.STEMI
3. Acute pericarditis (concave up, global)
4.Prinzmetal angina {transient)
5.Takotsubo cardiomyopathy {mimics STEM! entirely)
6.Vent aneurysm
7.Brugada Syndrome (in V1 - V3)

ST Elevation MI (STEMI)

A_/\ Peaked T waves

_\_/_T.\_/— Inverted T waves

ST elevation
{convex elevation aka Pardee sign)

Q wave {pathological)
seen with Ml, HOCM

Acute Pericarditis

Concave up ST elevation

T

PR segment depression

Acute Chest Pain + Pericardial rub {Pathognomonic)
Chest painis
o Sharp, pleuritic, worse on inspiration
o Relieved by sitting forward
Viral infections are the mcc (coxsackie, mumps)
Post-MI pericarditis - Dressler syndrome
Rx : NSAIDs (lbuprofen/Aspirin)
Colchicine (reduces recurrence)

!

o Most commoh area
- X : Loteral {44  hence LAD is aka "Widow maker”
- - LAD
" "
ANE oVt : Lateral [} V1 - V2:
e ) antero-septal |5
] 1
vs-va: B
fooeo BeAmIo LA Antero-gpical
I1, III, aVF : Inferior wall' | 4~ b "

Posterior Wall M1 (PDA territory) - ECG changes
e ST depression in V-V3 (reciprocal changes to ST elevation}

« Tall, broad R woves in V1-V3 (reciprocal changes to path. Q waves)
« Upright T waves (In NSTEMI there would be inversion of T waves)

nosterior leads ,V?—\{q : ST elevation 2Q.|5 m
155200081 23001 ‘V& 3y bt it Lt R H A R
i f HiH  EERBAEEEE] I3

__..-:=“:-___

i F A A L e e
5T elevation in V1 to V4 - Anterior wall MI
Presents with cardiogenic shock due to pump failure

Takotsubo Cardiomyopath

Transient left ventricular
systolic dysfunction triggered by
emotional or physical stress
aka broken heart syndrome/
stress cardiomyopathy

Mid ventricular narrowing of
left ventricle (Jike octopus jar)
Hypokinesis of mid ventricle
(apex : normal)

Even cardiac biomarkers are elevated.
Differentiated from STEMI oniy on angiography

Takotsubo = Japanese
octopus trapping pot

Brugada Syndrome

Coving ST elevation (V1-V3 leads)
ECG shows RBBB-like pattern
Congenital cause of ST elevation
{(AD transmission)
SCNSA {sodium channel] gene defect
Mx : ICD placement

Coving ST
elevation

ST elevation in IT, TIX, aVF - Inferior wall MI
Presents with bradycardia to ischemia to SAN and AVN
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Anatomy of Coronary Circulation

Superior
vena cava

Great cardiac
vein
Anterior <
cardiac veins
Coronary

sinus

Anterior " Posterior S _
aortic sinus aortic sinus Small cardiac vein Middle cardiac vein
l l\Non
RC A I.C A coronary
Conus
branch  VIDEVE | * Anterior Ml : LAD
[ AVN branch l « Lateral Mi : LCX
PDA. LAD * Inferior Ml : RCA
RORLEngr Left Anterior « Posterior Ml : PDA |
descending artery descending . : :

(Decides dominance)

* Supplies Posterioir LV wall
+ Posterior 1/3 of septum

Right Marginal artery

(widow's artery)
« Supplies Anterior LV wall
« Anterior 2/3 of septum

Left Circumflex (LCX)

{Acute)

v

Venous Drainage
Everything drains into Coronary Sinus
except Anterior Cardiac vein (ACV)

Left Marginal artery
(obtuse)

« Supplies Lateral LV wall
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Pathology in Myocardial Infarction

+ Earliest change on electron microscopy : Mitochondrial Swelling (seen within seconds)
+ Earliest change on light microscopy : Waviness of myocardial fibers (after 30 mins)
« Earliest change on gross examination : Beyond 4 hours

¢ P =3
s e \"i & i < :
Wavy fibers (0-24 hrs) Coagulative necrosis {1-3 days) Macrophage infiltration (3-7 days)
s Loss of nuclei : “ghost nuclei” « Macrophages replace neutrophils
» Marked eosinophilic fibers + Myocardial wall weakest during this
* Neutrophil infiltration (acute phase {papillary muscle rupture)

inflammation}

Scar tissue (>14 days)
(7-14 days) « Increasing collagen deposition
Neo-angiogenesis = Decreasing cellularity

« Progressive scar formation

LDH Flip
Seen in Myocardial
infarction
s LDH-2 > LDH-1 (normal
pattern)
o LDH-1> LDH-2Z (in MI}
TTC Stain Contraction Bands
(Triphenyl Tetrazolium Chloride) hallmark of reperfusion injury
» Normal myocardium : Stains Red . |ntensely eosinophilic transverse bands
« Infarcted myocardium ;: White ¢ Due to hypercontraction of sarcomeres
{no staining) « Caused by massive calcium influx into

s Vigble myocardium contains irreversibly Injured myocytes

active dehydrogenase enzymes.
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