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PATHOPHYSIOLOGY

[MIORPHINE ACADETTY
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SA Node
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~ Heart blocks:
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I. Block at the level of AV node:
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A. First degree heart block: every atrial depolarizatiogij Jf%llowed by

conduction to ventricle but delay. ECG changes prolongation of PR
interval to more than 0.22 second.=> <<%
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B. Second degree heart block: some P waves
conducted but other not. ECG changes every
second or third P wave conducted to the ventricles.
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© C./Third degree heart block (complete heart block): °©
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Rate: Atrial: 60—100 bpm; ventricular:

pm
Rhythm: Usually regular, but atria and ventricles
act independently. It occurs when all atrial activity
fails to conduct to the ventricle so the Bundle of
| His will be responsible form generation of :
o impulses. N
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Caused by: Acute myocardial infarction, calcify aortic
T oes G e ars

stenosis, cardiomyopathy, drugs—(digoxin), increase of
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lock below AV node: A. block at Bundle of His,
Block at tht ranches (nght or Left branch)
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] Sinus rhythm:

It is caused by the changes of number of impulses emitted
form SA node. Heart rates more than 100/min 1s called
(tachycardia), while less than 60/min is called (bradycardia)._~

It is usually of two types:

@



Normal Pacemaker Activity in the SA Node
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1. Sinus bradvcardia:

s
SEHETAR
Abnormally slow heart rhythm.
/\——
May result from:
Abnormal iLIlEEI\SE formation (Sinus bradycardia). e ’d’:;\ o

Abnormal conduction of impulses (AV conduction block).
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1. Sinus bradvycardia:
LMW Jj&b&;

Sinus node disorders.

Sinus node (and AV Node) Function is profoundly influenced by

autonomic nervous system tone.
\)/\/"

Increase in sympathetic tone or circulating catecholamines increases smus
= LGCH O AT
rate. =

e

Increase in parasympathetic tone slows sinus rate.
\_/\/




Normal Sinus Rhythm: 60 — 100 beats per minute (bpm)
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i: | :. Sinus cycle length=920 ms
i f Heart rate = 65 bpm

} i |
il |

‘1/ \___,\"/ \__J\,”/\,_,,{r/ Nl

Sinus Bradycardia: < 60 bpm
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1. Sinus bradycardia:
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A. Extrinsic causes: hy‘pothermia hypothyroidism, and e iaan s
5 5 G B Nee bap |l s Clall Olys Jaso
Mom\rﬁalsed intra cranial pressure! drugs (beta-blockers, S
_digitalis, and anti-arthythmic drugs).
< B. Intrinsic causes: acute ischéfnia, infarction of SA node.

ECG changes: Prolonged R-R interval.
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2. Sinus tachycardia- -
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Abnormally rapid heart rhythm.

May result from:

Abnormal impulse formation :

Automaticity.

Triggered activity.

Abnormal impulse conduction:
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2. Sinus tachycardia

Enhanced Normal Automaticity

0
-40
mV
-80
Basal condition
® Increased slope of phase 4 depolarization ® !
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2. Sinus tachycardia

A.
+30 r k

mV

60 — »

+30

TV
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Triggered activity

Delayed Afterdepolarization:
(typical of digitalis toxicity)
Arises after repolarization
is complete.

Early Afterdepolarization:
(associated with LQT

Syndrome). Arises
during phase 2 or 3 of
repolarization.
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2. Sinus tachycardia

Reentry
Requisites:

> 2 pathways for impulse conduction that can be joined proximally and
distally.

Initiation of reentry requires :
Unidirectional block in one pathway.
Slow conduction in the alternate path.
Recovery of excitability at the original site of block.

https://viewofficeapps.live.com/op /viewaspxPstc=https%3A%2F%2Fwwwkgmu.otg%2Fdownload%s2Fyirtualclass’s2FPharmacology?h2FCARDIACYa2
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Basal state — conduction over both pathways — wavefronts collide
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Initiation of Reentry

daie ;Lo «il block JI wluwl (o 0a=lg
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) Lsd sy 2y o refractory period
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7 _)\ DA refractory &l o,SaJl g ywo stimulation
G OgR Nerve iw o il gy period

s zue conduction Jb cdso O)ls
refractory period w

Premature impulse (*) finds one pathway (blue) refractory, hence conduction
blocks. The alternate pathway (green) is excitable, and able to conduct.
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tissue was still in its
pathway occurs more slowly than normal.
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Initiation of Reentry

Juaé ventricle Waic lin Ju36 g ool puiy hdy g
¥ Jles db contraction J!I J.2 depolarization dlsw
JI Mol &Y refractory period JbL adhiodl slo Cdso Lo Ul
re-entry lgroawis o o9 lghog Lo Jg3l action potential
Joms 2l o Elail o £65 1w lie Juud S5y s Uil G
a>lg direction Juaic 8 4l il olowasd tachycardia Guic
Wl uw conduction pathway J nerve impulse JJ
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Jles d.b,{ o d.bg 04y gib QbJL;g conduction
dlew s oy tachycardia

Although the green is able to conduct, because it was activated prematurely the

Therefore, conduction over this

=

https / / view. ofﬁceapps ln /e.com / op / view. aspx?‘brc https%3A%2F%02Fwww.kgmu. org%ZFdownload"/nZh 1ttualclass%2k Pharmacology%ZFCARDlAC%Z
520ARRHYTHMIA ppt&wdOrigin=BROWSELINK



©
©

Initiation of Reentry

If conduction over green is adequately slow, enough time may elapse for the
original site of blue conduction block (*) to recover excitability. If this occurs,
the green impulse may establish ;

® <
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2. Sinus tachycardia: causes A. acute causes:
U S & E > »46 anemia s
exerc)1se, etﬁotlon, palﬁ, fever, acute heart failure, — < b oo

. B Fose v
B. chronic causes:,.,. pregnancy, anemia, :’affﬁm;““;

.« qe povi i S8 5 2y contraction
hyperthyroidism, excé$s™ catecholamine. ECG: w

fDShOI’t R_R lnterval tachycardia Josy o] iy S s Jol heart failure JI O¥l> 8
i Cree DO

aie ywmasd dall e workload JI agjs oay S8l 26 i zusus o
JI Jbw Mol yals cardiomyopathy Juie juas loJ cardiomyopathy
blood JI ¢ 0puS OloS cacgivn jody chamber
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o Ectopic beat (extra-systoles, premature
)/} %4 (Ectopic Beats) 5,algdl cslasill .5 2 /\
beat 4aan el (Extra beats) dsla) olas g » ) 0 W/

o
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A premature contraction i1s contraction of heart
before the time that normal contraction would
have been expected. Most premature contraction
result from ectopic foci in the heart, which emits
abnormal impulses at odd time during cardiac
rhythm.
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Possible causes of ectopic foci are:

@ Ihclocal area ofischemia. o - fon - o e e
® Small calcified plaques at different points in the heart press against
the adjacent cardiac muscle so some fibers are irritated.

©Toxic irritation of the AV node, Purkinje system, or myocardium
caused by drugs, |nicotine, or caffeine| If an irritable ectopic focus
discharges once, the result is an ectopic beat. If the ectopic foci
discharge repetitively at a rate higher than that of the SA node, it
produces rapid, irregular tachycardia.

(A
2 rapid entry tachycardia Jass s ectopic beat Wuie Josiy oo s -



Jl 0)S9g @hiey agu tachycardia JI ; ectopic JI Juss Leslo <y
ECG JI Ule Ol duie jmay 2y ol bually By G tachycardia g¥lbeat JI Wuic juas &l (o9 aall oo G
® : e Jouiiy Lo ailldl Beat JI Wuie glhi (posy
It could be: gllaiy P wave Jb ool; beat slo o3 oaal

[ hoe < 1. Atrial ectopic: The ECG changes es arg: ECGJL very soon

o

prmbert?  @The P wave of this beat occurs too soon in the heart cycle,
%mhmm Zi
o @ e BR interval is §h\o/r\tg1L indicating that the ectopic
UM PR origin of the beat is near the A-V node s e o

© The interval between the premature contraction and next
succeeding contraction is slightly prolonged, which is called

(compensatory pause).
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2. Re-entry: when the tachycardia is initiated by an ectopic
beat but sustained by a closed-loop or re-entry circuit. Most

tachyarrhythmias are due to re-entry.
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Reentry




ventricular e 8 flutter Juic (89 atrial fibrillation Juic tachycardia JI glgil (o g9 Jaie 8 s>
¥ atrial fibrillation go sl ventricular fibrillation a4l =i =i o2l ventricular flutter ol fibrillation

lungsH 9 pausdl closl guomd padl Jiiy &l ge Joguwall g2 ventricle JI ailgill

A. Atrial fibrillation: ECG: normal but
irregular QRS, there are no P waves but the
baseline may show irregular fibrillation waves.

S>> @ 381 e gy tachycardia i atrial fibrillation JI gt g8 g atrial fibrillation Jus
Lo P wave I &l ax)yad dsypuw atria JI Ololasl e wusé zus 350 J 250 oo sy atrial fibrillation
atrial fibrillation ‘A.!bu\J.C UgS.u [RV-3 O).AJ[J P wave JI u_ew Lad ECG JI e Mol loS..».c 5Lb.u
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usSe ventricle JI ¥ atrial flutter Jlg g&» <igoll cuwo S| ggventricular fibrillation J!
oaie OlS Gwo Mol diastole Jasy Cdg aze IS Gwo b gupw o @y Ji3v liyS> sl lo 2oy
ad bo osd Cdd b 55 CusS> Ul clin plie C8g)l o puS2llé filling Cdg ouic S (G sy ail Lidg
1 plos ad)e aJ Lo blood volume JI go $=> ol blood pressure JI g0 heart rate JI adie
B. Ventricular fibrillation:

The effects of ventricular fibrillation: The fibrillating ventricles, like
the fibrillating atria, look like a quivering "bag of worms". The
fibrillating ventricles cannot pump blood effectively and circulation of
the blood stops. Therefore, in the absence of emergency treatment,
ventricular fibrillation that last more than a few minutes is fatal. The
most common cause of sudden death in patients with myocardial
infarction 1s ventricular fibrillation. The ventricular fibrillation can
often be stopped and converted to normal sinus rhythm by mean of
electrical shock. The ECG changes: it shows waves of varying
frequency and amplitude.
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: @ Jo=y 4l ¥ ventricle Jl Mool gL 2y pio T wave 39 QRS aouic glhy 21y Lo Jgdo Dgall I (085 w8 &l arrhythmia J e
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B. Ventricular fibrillation:




O Anti-arrhythmic drugs:

Classification of anti-arrhythmic drugs (Vaughan-Williams

Class1ﬁcat10n): JI s daice antiarrhythmic drugs J! el oSJ ol suls antiarrhythmic drugs JI e
ade asyyl Jase tachyarrhythmia Jl ous bradyarrhythmia Jl aubg tachyarrhythmia
9 calcium channel blockers g potassium channel blockers g sodium channel blockers

Goal Of therapv: O =, dgomindl L o arrhythmia _SiJ beta blockers

a. Therapy aims @to restore normal pacemaker activity @
modify 1mpaired conduction that leads to arrhythmias.
Conduction velocity depends on the size of the inward current
during upstroke of the action potential (Tinward current—1
the velocity of conductance)

e =7




b. Therapeutic effects are achieved by:

Osodium- or calcium-channel blockade, @prolongation of
the effective refractory period (it 1s slightly longer than an
absolute refractory period), ®blockade of sympathetic effects
on the heart. Many anti-arrhythmic drugs affect depolarized
tissue (ectopic foci) to a greater extent than they affect nor-

e Q Q qm minp .t »2) J #, | 5 m[_)l ‘o o 2
mally polarized tissue. i Az o
tachycardia Jl & doy s Jol il Lduw g.i tachycardia cuic axlg ple iy S Lnds

Jabl 855 S uadl 39 Jobl 0555 Jomi Wy o axSAV conduction Ju

polviaho\ go vepolbra) e AR ST o pebpdin Ond
stronger stimulus J asycl Ul &l byio yw neuron action potential JI cegiu @l oSoy wehmea— N 1 m“*’ﬂp,,-;}‘&brgﬁ’ c_~LSa
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al>j0 Ul Gy absolute refractory period Jb Wé Ll Mo

o & Josl s b yo2 Ul dilize contraction a>,ay depolarization
(@, absolute (8 juay 2 o (il 08) AV conduction JI ng
D A t' h th Q D o iy Lub Jobl ous lgulsl guy Ve Ul 5% w3 ) refractory period

n l-arr V mlc ru S e beta Jl sj zuo sympathetic JU a8ie d cob | Waice ;S auS] pgn

Jb Jasiy g &Sl 0uSL8 calcium channel blockers gl blockers

therapy J @b Juic 139 alsi Wy ouSl heart rate

Treatment of tachy-arrhythmias:

G%lass Iz&pém OMMM b / Cﬁ%é/
a. Quinidine

b. Disopyramide

c. Lidocaine [Xylocaine]

d. Flecainide

¢. propafenone
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Class II: B@jﬂ 5@%}/@//0@4& Q%/} OVMS//’i mﬁi&“’
e

Class II drugs are B-adrenoceptor antagonlsts 1ncludf61q1/§%%ﬁl%5iﬁ 1,
which act by reducing sympathetic stimulation. They inhibit phase 4
depolarization, depress automaticity; prolong AV conduction, and
decrease heart rate (except for agents that have sympathomimetic
activity) and contractility.

Major drugs: :

a. Propranolol [Inderal], q

b. Atenolol, d

¢c. Metoprolol - C)é/)

d. Bisoprolol s | |

e. Sotalol ; ©
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Class III: PO%%um tfp/ Do Y
n-Dihydropyridine Laic % Pharmacology J! lgdzb e potassium Channel Blockers Jl o (e Waie (8 adll el ¢l l9dsli 2,

il au=>sll potassium Channel Blocker JI zie lio lawb a4l Wiel uo Mo il s pgilin G4l l9ds-ly o)l ligy Dihydropyridine o
Blocker beta Jl Cilac b ) Joasy Z) yinl Amiodarone JI dawl yinl g SUI Arrhythmia JI (8 pasciun

Class III drugs prolongaction potential duration and effective
refractory period. These(drugs act by interfering with outward K
currents or slow mmward/Na currents.

@é el &l Cub Josy il 190 JS W)= (Guogum By=i Swgn i 2y Refractory Period Jl auj 2y Conduction JU ¢l Jo=i 29y

= b Jos=y pigl Sympathetic JI by eob gl pold Cil 9985 2o
- Amiodarone [Cordaronel]:

a. Amiodarone is structurally related to thyroxine. It increases
refractoriness, and it also depresses sinus node automaticity and

SlOWS Conductlon_l,u.g Refractory Period JJ Prolongation Jass (il Potassium Channel Blocker pgsbsi LoJ Cal
Jl sj Potassium Jl @y esidl puds lgleiin oglle Mol 0glsé Action Conduction JJ Prolongation
Calcium ! ol Beta Blocker I zuo Depolarization & Jo=i 2y Josi Zly o0 Sodium JI Sodium
Refractory Period JJ Prolongation swidl judi Josiy (inl BlocKer
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Class IV drugs: Ca (ciwn Channed lockn

Mechanism

a. Class IV drugs selectively block L-type calcium channels.

b. These drugs prolong nodal conduction and effective
refractory period and have predominate actions in nodal tissues

- Verapamil [Calan,Isoptin]: %W{

a. Verapamil is a phenylalkylamine that blocks both activated
and 1nactivated slow calcium channels.
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Other anti-arrhythimic drugs:
v" Digoxin: can control ventricular

fibrillation.
o Digoxin toxicity

« Extracardiac manifestations
* a. anorexia, nausea, vomiting

 b. Diarrhoea
o Cardiac manifestations

a. Bradycardia

b. Multiple ventricular ectopics

(=2

response in atrial flutter or

Gl CuS> Lo dic lisjpuig Digoxin JI Juie 8 Mo
oo S| Gle Jeiiw oo 4l Digoxin Jl 0,8

Heart JI Jiy a4l By=i cob @l Mechanism

Jl a2 o2 sy Contractility Jl w2 <l g0 Rate
J4 ooy Heart Rate JbL Josw g ) Contraction
Ul Signs and Symptoms JbL & Ul aidSio
Vomiting Joss oo Nausea Josy oo lglosy

L a>lpo s e (liwd Bradycardia Joss (Sow
JI ol &) 2Ms=S oz 9 Sy 020 S 98 aclox
ZMe 3 First Choice JI o 9o oSJ Heart Failure
o (Sao M Jui 0¥ Arrhythmia Jl zMe 8 (o
oS Digoxin JI s oo s Ectopic Wuic Joxy
Delayed Joss g2 Ectopic Juic Josy

i8I ectopic Josy Sow g Afterdepolarization
OSao Premature ventricular contraction oye (o
diarrhea Josy

c. Ventricular bigeminy (premature ventricular contraction)
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1 Treatment of Brady-arrhythmia: <=
1. Atropine g 4., lylcjolinc andagionisd
a. Atropine blocks the effects of acetylcholine. It elevates sinus
rate and AV nodal and sinoatrial (SA) conduction velocity, and it
decreases refractory period. o :

S : T T 502>
b. Atropine 1s used to treat bradyarrhythmias thataccompany MI.

2. Isoproterenol [I§upreii 2 odirgine. ons gt S, G pue ! .

a. Isoproterenol stimulates PB-adrenoceptors and increases heart

rate and contractility.

b. Isoproterenol is used to maintain adequate heart rate and

cardiac output in patients with AV block.
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