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Muscular wall of the heart

consisting primarily of
cardiac muscle cells

Covers the inner surfaces of
the heart
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The Structure of Heart
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TABLE 28.1: Features of skeletal, cardiac and smooth muscle fibers

Features
Location
Shape
Length
Diameter
Number of nucleus
Cross-striations
Myofibrils
Sarcomere
Troponin
Sarcotubular system
T" tubules
Depolarization
Fatigue
Summation
Tetanus
Resting membrane potential

For trigger of contraction,
calcium binds with

Source of calcium

Skeletal muscle
In association with bones
Cyhindrical and unbranched
Tcmto4d cm
10 pto 100 p
More than one
Present
Present
Present
Present
Well developed
Long and thin
Upon stimulation
Possible
Possible
Possible

Stable
Troponin

Sarcoplasmic reticulum

Cardiac muscle
In the heart
Branched
80 p to 100 p
15pto20p
One
Present
Present
*Present
Present
Well developed
Short and broad
Spontaneous
MNot possible
MNot possible
Not pgssible

Stable
Troponin

Sarcoplasmic reticulum

In the
Spind
S50 pt
2 uto
One

Absel
Absel
Absel
Absel
Poorl
Absel
Spont
Not p
Possi
Possi

Unstz
Calmu

Extrai






Muscle cells

Intercalated
disk

Electrical current

(a)

Intercalated disk

@ 2011 Pearson Education, Inc.

Sarcomere

Plasma
membrane

Gap junction
channels

Electrical current

Plasma membrane

(b)
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Electrical Conduction Within

Intercalated
disk

(a) (b)




lonic Gradients, Potentials & E_,

(0.0001 mM)

-90 mV

Concentrations of K*, Na*, and Ca**
inside and outside a cardiac myocyte at a resting
membrane potential of —90 mV. Pr, negatively
charged proteins.

m Equilibrium Potentials

Na
K+

Ca?t

Cl-

ion

m

MmN 4 3

+

ion

+ 52 mV
- 96 mV
+ 134 mV
-64 mV
- RT In [ion];
zF  [ion],

equilibrium potential for that ion
Nernst potential
universal gas constant
absolute temperature
the valence of the ion (e.g. +1 for K* and Na+)
the faraday
96,500 J / (volt':mole)



TABLE 1.3 Free Ion Concentrations and Equilibrium
for Mammalian Skeletal Muscle

Extracellular Intracellular E
concentration concentration [Ton]

fon (mM) (mMm) [Ton].

Na®* 145 12 12

K* 4 155 0.026

Ca** 1.5 100 nm 15,000

R 123 4.2b 29b




Maintenance of lonic Gradients

B s Nat K+

B L Na* K+

M

Cart Nat K+

1 = ATP-dependent Ca™ pump
2 = Na'/Ca™ exchanger (3:1)
3 = Na'/K*-ATPase pump (3:2)

B FIGURE 2.2 Sarcolemmal ion pumps and exchangers. These pumps maintain transn
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Pacemaker APs
(SA & AV nodes)

Phase0
*Ca® (in) o
® ICa-L (Ca long) \\\\\\0 [
'1\0\\
S
N
207 <
i
o 1 | ) — : ‘\:\
.40 . W
N\
50 , f
Ca++(T) |
-60° K+ Il
-70° E
|
PREPOTENTIAL j
___ Phase3 Phase4
*K” (out) 1° - Na+ (in): I
. lKS (K slow delayedrect.) 2% - gt (In) .
. IKR (K rapid delayed rect.) ICa-T (Ca transient)
ICa-L (Ca long)




Membrane potential (mV)

Fast Ca2+

channels
open
ca’t
permeability
i — Action
permeability 5 potential
f K permeability
Slow depolarization:
+ Pacemaker potential
K permeability
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+*
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£ 4

Time (ms)



Membrane Potential (mV)

Relative membrane
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TABLE 2~ 'I CARDIAC ION CHANNELS AND CURRENTS

Sodlum
Fast Na’ (l..)
Slow Na' )

Calcium

Voltage and '
: receptor

: Voltage

.::-i.PhaSQOOfmyocytes

Contributes to phase 4 pacemaker

: current in SA and AV nodal cells

: Slow inward, long-lasting current; phase

Fbtassmm
 Voltage

Inward rectifier (l,u)

Transuent outward (In)
Dolayed roctlﬂer (l“)
ATP-sensitive (I ,..)

 Acetylcholine activated (I, )

Calcium activated (I,..)

| Vo'tage
: Receptor

I,. name of specific current.

: 2 of myocytes and phases 4 and O of SA
: and AV nodal cells

. pacemaker current in SA and AV nodal
: cells

. closes with depolalzatlon
§'Contnbutes to phase 1in myocytes
_PhaseSrepolarizatlon
- Inhibited by ATP; opens when ATP

E.decreases dunng cellular hypoxla

Activated by acetylcholme and adenos-
. ine; Gi-protein coupled; slows SA nodal
: ﬁﬂﬂg
Actlvated by hlgh cytosollc calcmm
... accelerates repolarization



Factors Affecting Changes in Heart Rate
SA Nodal Cell

Sympathetic Normal  Vaga
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Extracellular

fluid Funny T-type
Norepinephrine Adenylate channel calcium
} or epinephrine cyclase channel

Cytosol Depolarization

(a) Sympathetic

Extracellular Ca?* Acetylcholine
fluid &
T-type Muscarinic Potassium
calcium cholinergic channel
\] channel * receptor ( ACh)

000000000000

), WP, S

G, protein G, protein

Cytosol Hyperpolarization

(b) Parasympathetic
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Receptor type Tissue location
al Arterioles (coronary, visceral, cutaneous), veins, internal
sphincters, Iris dilator muscle.
o2 Presynaptic membrane, pancreas, veins, adipose tissue, GIT
sphincters, salivary glands.
ﬁl Heart (SA node, atrial muscle, AV node, ventricles), kidney(JG
apparatus), Adipose tissue.
132 Arterioles(muscular), veins, bronchi (muscles), liver, pancreas,
uterus, Iris constrictor muscle.
B3 Adipose tissue, urinary bladder.
(A
Aphat | | Apha2 | | Betat | [ Betaz |
asoconstriction * Inhibits Norepinephrine » THeart Rate * Vasodilation
T Peripheral Resistance Release » TLipolysis « | Peripheral Resistance

(blood flow)

T Blood Pressure
Mydriasis

T Closure Bladder

(B)

Sphincters

Bronchodilation

T Glycogenolysis
(muscle, liver)

T Glucagon Release

Relaxes Uterine Smooth
Muscle

* Inhibits Acetylchaoline «  TMyocardial .
Release Contractility .
* Inhibits Insulin * TRenin
Release .
Alpha-1 Alpha-2 Beta-1 Beta-2
NE = E E>NE E =MNE E == ME

NE = Norepinephrine; E = Epinephrine




Receptor
subtype
M,

M;

Second
messenger

IPyYDAGT

cAMP! and
direct

coupling to
K* channel

IPyYDAGT

Organ/tissue

autonomic ganglion
including myenteric plexus

vas deferens (rabbit)
brain (cerebral cortex)
canine saphenous vein
heart -

atrium

sinu-atrial node
prejunctional at autonomic
nerve endings

ileum smooth muscle

smooth muscle -
gut

urinary bladder
trachea

iris circular muscle
blood vessels-
endothelium
smooth muscle
glands -

oxyntic cells (gastric acid)
a laemda

rnlasrmenss

Response

depolarization, slow [
increased gastric acid
vagus nerve

reduced twitch height
binding sites
contraction

reduced contractile fo
inotropy)

reduced rate (negative
reduced NA or Ach re

predominant binding :
function

contraction
minor binding sites

release of NO and vas
contraction

increased acid secretic
r-.nl-:ll ¥ nf: Fatl sl



Atropine,
Scopolamine,
Hyoscine
butylbromide,
|pratopium...

E,

NE,
Dopamine,
Dobutamine,
|soprenaline,
Amphetamine

TABLE 2-2 FACTORS INCREASIN

DECREASING THE SA
FIRING RATE

INCREASING » DECREASING
Sympathetic Parasympath
stimulation - stimulation :
Muscarinic receptor Muscarinic rd:>
antagonist - agonists
p-Adrenoceptor B-Blockers
agonists :

Circulating cat- lschemia/hy~
echolamines :

Hypokalemia Hyperkalemi:

llllllllllllllllllllllllllllllllllllllllllllllllllll

Methacholine,
Carbachol,
Bethaechal...

Acebutolol,
Atenolol,
Propranolol...

Na:

Quinidine,

Procainamide

Ca:
Verapamil,

Diltiazem,
Flunarizine...




Interesting Note!!!

Constricted
Pupils Red Eyes

Marijuana
Morphine Cocaine or Crack Methan
Oxycodone Benzodiazepines Cocanr
Fentanyl (i.e. Xanax) Hallt
(i.e. LSD ¢
Methadone Depressants
L (i.e. Alcohol or Sedatives) o




Adrenergic Receptor Antagonists

|

Alpha Receptor Antagonists Beta Receptor Antagonists

Non-selective | a,-selective | o,-selective = Non-selective B,-selective Non-select
(First Generalion) | | (Second Generalion) | (Third Gener:
= phenoxybenzamine = prazosin -« yohimbine = nadolol = acebutolol « carteolol
= phentolamine = terazosin = penbutolol = atenolol = carvedilc
= doxazosin = pindolol = hisoprolol * bucindoh
* alfuzosin * propranolol = asmolol * labetalol

* tamsulosin = timalol » metoprolol



Drug Facts for Your Personal Formulary: Muscarinic Receptor Agonists and

Antagonists

I L e Ty

Methacholine

- Diagnosis of bronchial airway
hyperreactivity

Muscarinic effects: GI cramps, diarrhea, nausea, vomiting; lacrimation, salivation,
sweating; urinary urgency; vision problems; bronchospasm
Do not use in patients with Gl obstruction, urinary retention, asthma/COPD

Carbachol - Glaucoma (topical administration) - Systemic muscarinic effects minimal with proper topical application, otherwise
similar to methacholine
Bethanechol » lleus (postoperative, neurogenic) + Similar to methacholine
= Urinary retention + Take on empty stomach to minimize nausea/vomiting
Pilocarpine « Glaucoma (topical administration) + Systemic muscarinic effects minimal with proper topical application, otherwise
- Xerostomia due to similar to methacholine
- Sjogren syndrome
« Head and neck irradiation
Cevimeline » Xerostomia due to + Similar to methacholine

« Sjogren syndrome

Muscarinic Receptor Antagonists

Atropine - Acute symptomatic bradycardia » Antimuscarinic adverse effects: xerostomia, constipation, blurred vision,
(e.g., AV block) dyspepsia, and cognitive impairment
- Cholinesterase inhibitor intoxication - Contraindicated in patients with urinary tract obstruction (especially in benign
- Aspiration prophylaxis prostatic hyperplasia), Gl obstruction, and angle-closure glaucoma
Scopolamine « Motion sickness + CNS effects (drowsiness, amnesia, fatigue)

Homatropine, cyclopentolate,
tropicamide

- Ophthalmological examination
(cycloplegia and mydriasis induction)

Antimuscarinic adverse effects are minimal with proper topical application

Ipratropium, tiotropium,
aclidinium, umeclidinium

- COPD
- Rhinorrhea (ipratropium)

Minimal absorption as quaternary amine = fewer antimuscarinic adverse
effects, otherwise similar to atropine

Pirenzepine, telenzepine

« Peptic ulcer disease (notin U.S.)

Antimuscarinic adverse effects and contraindications similar to atropine

Oxybutynin, trospium,
darifenacin, solifenacin,
tolterodine, fesoterodine

- Overactive bladder, enuresis, neurogenic
bladder

« Antimuscarinic adverse effects and contraindications similar to atropine
CNS-related antimuscarinic effects less likely with trospium (quaternary amine),
darifenacin and solifenacin (some selectivity for M, receptors), fesoterodine
(prodrug of tolterodine), and tolterodine (preference for muscarinic receptors in
the bladder)

Glycopyrrolate

+ Duodenal ulcer
- Sialorrhea

Antimuscarinic adverse effects and contraindications similar to atropine
- Fewer CNS effects as glycopyrrolate is a quaternary amine and therefore unable
to cross the blood-brain barrier

Dicyclomine, hyoscyamine

Diarrhea-predominant irritable bowel
syndrome (IBS)

« Antimuscarinic adverse effects and contraindications similar to atropine
(including constipation-dominant IBS)
Evidence for efficacy is limited

Trihexyphenidyl, benztropine

- Parkinson disease

« Antimuscarinic adverse effects and contraindications similar to atropine
- Mainly used to treat the tremor in Parkinson disease
- Not recommended for elderly or demented patients

Source ;. Goodman Gilman PHARMACOLOGICAL BASIS 13th edi



CLASSIFICATION OF {ADRENERGIC AGONIST } SYMPATHOMIMETIC
agents according to mechanism of action. NO. |

MIXED ACTI DIR +
' DIRECTLY ACTING | ' INDIRECTLY ACTING |
INDIRECT}
i L ]
' CATECHOLAMINES |' NONCATECHOLAMINES I 51 AMPHETAMINE
| | [ | >2. TYRAMINE
dihydroxybenzene which do not posses “OH"
agents having “OH" GROUP AT BOTH ADJACENT
[HYDROXYL} GROUPS AT POSITION OF BENZENE RING
ADJACENT{ BOTH} 3fC & BUT ONLY AT ONE POSITION — 1. EPHEDRINE
4™ POSITIONS OF EITHER 3R° OR 4™ QR 5™ —> 2. METARAMINOL
BENZENE RING. %3‘ DOPAMINE
[ | ‘ _>4. MEPHENTERMINE
ENDOGENEOUS SYNTHETIC
—>1. ADRENALINE > 1. DOBUTAMINE OH
-—>2. NOR-ADRENALINE —>92  |SOPRENALINE OH
—3. DOPAMINE >3, ETHYLNORADRENALINE  OH
—>4. PRENALTEROL catechoL nucteis Phenylephrine

5. ISOETHARINE






Voltage sensitive calcium channels

L-type T-type

(Long lasting current) (Transient current) (Neu
1. Conductance 25 pS 8 pS 12-2i
2. Activation threshold  High Low High
3. Inactivation rate Slow Fast Med
4. Location and * Excitation-contraction ¢ SA node—pace- * On
function coupling in cardiac and  maker activity in
smooth muscle e ‘T’ current and an
* SA, A-V node—con- repetitive spikes —

ductivity in thalamic and

Endocrine cells—
hormone release
Neurones—transmitter
release

other neurones
¢ Endocrine cells—
hormone release
* (Certain arteries—



RATE: Intrinsic rates of pacing cells

Y itransmits the

. ) A Bachmann's impulses through
Sinoatrial node —2 1 \\ the inter-atrial
Y < I bundle septum)
. _ A T % )
A’[FIOVBH'EI'ICUHF i| //f‘;,‘;"“ \;w! His bundle
node | 4 () )

Left posterior
bundle

Purkinje

Right bundle fibres

T
(beats/min; BPM)
SA node 60 — 100

Atrial myocardium None

AV node 40 — 55
Bundle of His 25-40
Bundle branches 25 -40
Purkinje fibers (network) 25-40

Ventricular myocardium None



Non-Pacemaker APs
(Atrial, Ventricular & Purkinje Fiber APs)

» K*, CI (out)
* |01 2 (transient outward) « Ca* (in), K* (out)
\ * leas (Ca?)
* | (K slow delayed rectifier)
+52 mV k‘l 2
« K* (out)
* |, (K slow delayed rectifier)
« Na* (in) / * |y, (K rapid delayed rectifier)
N [ {rapid}hﬁ""" O 3 * |y; (K inward rectifier)

4 4
,\

- K
* |, (Kinward rectifier)

-96 mV

200 ms



Membrane Potential (mV)

Relative membrane

o
|

N
o
|

O
S
|

1
(&)
|

100 -

permeability

Pacemaker AP

K* channels open

T-Type Ca?*
channels open

L-Type Ca**
channels open

Slow Na* leak

300 ms

Ca?* (L)

Ventricular AP

.25
-50

75

-100
300 ms

K+




a0 Atrium i Ventricle

(mv)




Na* channels —

close ~---”BE"-—--—-.. Slow Ca?* channels open
] K Slow Ca?* channels close
04 The plateau /

Repolarization

Rapid depolarization K* channels close

mV

Voltage-gated Refractory period

ion channels
open Absolute
1 Ll

Influx of Na* e 0 100 200 300
Time (ms)
(@)

Skeletal muscle Cardiac muscle
+30 Action potential +30 - Action potential
0 4 0 4
mV mV

5 - o0 -/ I

T Contraction T Contraction

Tension Tension

1 I I
0 100 200 300 0 100 200 300

Time (ms) Time (ms)




TABLE 2-1 CARDIAC ION CHANNELS AND CURRENTS

FatNaly

Slow Na- (1)

‘ L-type(i "

POtassmm
: Voltage

Inward rectlfler (IK,)

Trnsient outward 0,)
 Daleypd rectlar Q) .............
Receptor

ATP-sensitive (I,,L -

 Acetyicholine activated (I, .,

Ca|c|umactwated(|“a) o

|,. Nname of specific current.

g:vatage

: Voltage and :
- receptor ;

:Voltage

Voltage

'Receptor

é'phaseoofm es

Contributes to phase 4 pacemaker

current in SA and AV nodal cells

£ Slow .ir.mward. I-ol-rg.-lasting.;.l:ﬁ'r'r-ent: phase -
: 2 of myocytes and phases 4 and O of SA
: and AV nodal cells

: Transient current; contributes to phase v
- pacemaker current in SA and AV nodal
- cells

' Maintains negative potential in phase 4;
: : closes with depolarlzatlm
?_Voltage”_.”'E.Contnbutes to phase 1in myocytes
~ Phase 3 repolanzatlon
: Inhibited by ATP; opens when ATP
i.decreases durmg cellular hypoxla -

i Activated by acetylcholme and adenos-
. ine; Gi-protein coupled; slows SA nodal
: ﬁnng

Actlvated by hlgh cytosollc calcrum

. Bccelerates repolanization



Electrical System of the Heart

(transmits the impulses
through the inter-atrial

Bachrl septum)

Sinoatrial (SA)
Mode

Anterior LRk

Internodal
Tract

Middle
Internodal
Tract

Posterior
Internodal
Tract



Bachmann's
bundle

Sinoatrial node

Atrioventricular

His bundle
node

Left posterior
bundile

— Purkinje

Right bundle fibers

Interatrial pathway
(1) Sinoatrial (SA)

node (pacemaker)

Internodal pathway

@ Atrioventricular
(AV) node

@ Atrioventricular (AV) — -
bundle (bundle of His) \ I

VN AR

(@) Right and left
bundle branches

@ Purkinje fibers
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Aorta

Superior
vena cava

Left atrium

Right atrium

Left ventricle

Right ventricle

1. An action potential is initiated in the SA node and
travels by way of conduction fibers to the AV node.
Action potential spreads throughout the cells of the
atria.

2. Impulse arrives at the AV node where there is a
momentary delay because action potentials are
transmitted more slowly in these cells than in other
cells of the conduction system.

3. Impulse leaves the AV node and travels through
the AV bundle (bundle of His) in the interventricular
septum.

4. AV bundles only travels a short distance before
splitting into right and left bundle branches.

5. Impulse travels to the myocardial cells of the
ventricle by means of an extensive network of




Bau
Sinoatrial node |
Atrioventricular —

Left posterior A\

bundle
Riaht bundle Aorta
Interatrial pathway Superior
vena cava

- -
= -

(1) Sinoatrial (SA)
node (pacemaker)

Internodal pathway Left atrium

@ Atrioventricular
(AV) node

@ Atrioventricular (AV)

bundle (bundle of His) \ Right atrium

@ Right and left Left ventricle

bundle branches

\ LN NEE\S 2
(® Purkinje fibers — AR \\SA&.J

a3

Right ventricle
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Electrical Conduction Within

Intercalated
disk

(a) (b)




Conduction Velocities

&

Activation Times

Atrial Muscle
(~0.5 m/sec)

AV Node
(~0.05 m/sec)

Bundle of His

Left & Right

Bundle Branches
(~2 m/sec)

Ventricular
Muscle
(~0.5 m/sec)

Purkinje
Fibers
(~4 m/sec)

0.07

Cardiac Activation Times
(seconds)

0.09

0.23

0.16

0.18






STEP 1:
SA node activity and atrial
activation begin.
Time = 0
STEP 4:
The imp
interven
the AV &
branche
and, wvia
| the papi
t var
STEP 2 i
Stimulus spreads across the Elapsed
atrial surfaces and reaches the
AV node,
Elapsad tima = 50 msac STEP 5:
The imp
Purkinje
throwghx
myocang
is compl
STEP 3 contract
There is a 100-msec delay at Elapsed
the AV node. Atrial contraction
begins, Purkinje fib




Mitochondria

t-tubule (large)

(1) SR cisterna




Excitation-Contraction Coupling

Sarcoglycan

Plasma Ma* cnplex

membrane

Extracellular
Space

Na'/Cas*
exchanger channel channels

Ca?*

Junctin-triadin . Cytoskeleton

ramplex
Phospholamban

Sarcoplasmic
o reticulum
L-type Ca?* Ryanodine
channel (Ca?*-release)
channel Calseguestrin
", ",
. Troponin's,
. o,
Ca2+ complex ﬂh"*a_L_ -

Na' 1 | | e e
o - _..HL S, e
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Ca?* signaling in cardiac muscle

Affected by epinephrine (1) and ACh (})

Entry of Ca?*
during action
potential

:D :
Ryanodine

Ca2+ racepmrrhannﬁl

g

Ca? +

T-tubule

5 Inhibited by digitalis & ouabain;
1 Ca™ outjngjrectly |Na*/Ca?* exchange — 1}

[Ca®*]in . :
Action potential enters
K+ from adjacent cell.

for 3 Na* in
Ca?* Na*
ECF |
/*f”_‘“ ATP
(" IcF ,
Ga2+ A JN&"'

reticulum
(SR)

Sarcoplasmic

Ga?+
stores

\_/

i

Contraction

Caﬂ-l-

Relaxation

Actin

Myosin

Voltage-gated Ca?+
channeils open. CaZz+
enters cell. (DHPR)

Ca?+ induces Ca?+ release

through ryanodine
receptor-channels (RyR).

Local release causes
Ca?+ spark.

Summed Ca?* sparks
create a Ca?+ signal.

Ca?+ ions bind to troponin
to initiate contraction.

Relaxation occurs when
Ca?+ unbinds from troponin.

Ca?* is pumped back
into the sarcoplasmic
__reticulum for storage.

Ca?* is exchanged
with Na+*.

i Na* gradient is maintained
by the Na*-K+-ATPase.



Sinus
node >

Atrial
muscle )
AN

node >

N ___I_-__.._ ——

Common
bundie > e—

Bundle
branches >

Purkinje
fibers

Yentricular
muscle )'

1
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I
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ECG & Membrane Potential of Ventricular Cell

1my 1

Q ECE

COvershoot
+30

mY

-70

(Internal - external
potential) = -90

Absolute refractary period refractar 300 ms
Fast Na'-channels are clased |period

Fig. 11-2 Steep phase 0 means rapid depolarisation KM e




Ventricular contractility

Extracellular fluid L-type
[ +— Norepinephrine Adenylate calcium
\ or epinephrine cyclase channel

Sarcoplasmic

e 2+

Protein kinase | Ca reticulum (SR)
channel

Myosin = '
Crossbridge cycle

Ca?* ATPase

Cytosol
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Refracter Period in Cardiac Muscle

Long refractory period in a cardiac muscle prevents tetanus.

-— Refractory period—

Tension

Membrane potential (mV)

=

ot

-90 0

0 250
Time (msec)
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Long-OT Syndrome

+Prolongation of CT \
(OTc=460 meeck?)  °

+ Syncope

+Sudden death

Prol onged QT




Table | —Causes of the Long (T Syndrm
mherited
Romano- Ward {autosomal dominant, monmal bea
LOTI —chromosome | 1pl5.5
KVLOT | —potassiem channel (1)
LOT2—chromosome Tg15-36
HERG—potasssum channel (1)
LOT}—chromosome 3pl1-24
SCNSA—sodwm channed (1)
LOTE —chromosome 4g25-27-—gene™
LOTS—chromosome 21g22.1-22.2
ml-w‘iﬂ] of potassimm ch

Jervell s Lange-Nielsen ( TLN) {amlosomal rece
sensonnewral heanng loss)
NN | —chromosome | 1pl 5 5—KVLQTI
JLN2-—chromosome 21g22,1-22 2—KCNE]
LOTS with syndaciyly (mheritance? gene™)
Sporadic (T)




R 7sI=| QTc =0.46 sec'?

i B * PPV =92%
— 3 o0,
F'rolonge QT BETORENN
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Sudden cardiac death
* Treated: 8% at 5 years ]",l X
* Untreated: 50% at 10 years | lh '”i
: aana
c Torsades de
g_ pointes
2 Incidence 1:10,000-15,000
a d:9 11
= 1 Positive family history 60% &
&
‘:\b
Symptomatic (60%) ?@50
[related to activity/emotion (85%)] —

Asymptomatic (40%)

* Syncope (26-30%)
Occur with adrenergic arousal (60%b)

Intense emotions {4?%{
Rigorous physical activity (41%)
Awakening (19%)
Swimming (15%)
Auditory stimuli (8%)

* Seizures (10%

* Cardiac arrest (9%)

* Family member with LQTS (30%)
* Routine ECG (10%)




Comparison of
electrical and o

properties of heart
muscle with other
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Lecture Notes
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