


What Is 1t?

Sudden Cardiac Death (SCD) Is:
an unexpected death due to cardiac causes*

that occurs in a short time period (generally within 1
hour of symptom onset)

In a person with known or unknown cardiac disease.

* Cardiac loss of function (sudden cardiac arrest) that
IS mostly due to abnormal heart rnythms — arrhythmias

_ http://emedicine.medscape.com/article/151907-overview




Causes of sudden death

Non-cardiac causes:
including CYA, ruptured
aorta, overwhelming
sepsis etc.

Uncommon cardiac causes:
including primary electrical
abnormalities (Brugada,
hereditary long QT etc),
congenital heart disease etc.

Cardiomyopathy:
genetic (HCM etc) or
acquired (especially
dilated cardiomyopathy) lschaemic heart disease:
new onset ischaemia,

chronic phase IHD




Stepwise process

Cardiac disease

Malfunction in
cardiac electrical
propagation and
signals become
irregular

Tachycardia

Lowering
Cardiac output
and increasing
sympathetic
drive

Tachyarrnythmia

Ventricular
fibrillation or
tachycardia >
Low CO - loss
of
consciousness




How prevalent Is It?

A major cause of natural deaths worldwide
>7,000,000

M:F ratio 2-3:1

Peak ages of onset: mid-30s to mid-40s

Upward trend in incidence rate in developed
countries — dietary and lifestyle habits




Signs and Symptoms

prodromes of
chest pain
fatigue
palpitations
other nonspecific complaints

Table 5 Clinical presentations of patients with ventricular
arrhythmias and sudden cardiac death

e Asymptomatic individuals with or without electrocardiographic
abnormalities
» Persons with symptoms potentially attributable to ventricular
arrhythmias
o Palpitations
o Dyspnea
o Chest pain
o Syncope and presyncope
= Yentricular tachycardia that is hemodynamically stable
= Yentricular tachycardia that is not hemodynamically stable
» Cardiac arrest
o Asystolic (sinus arrest, atrioventricular block)
o Ventricular tachycardia
o Ventricular fibrillation
o Pulseless electrical activity




What leads to SCD?

Anatomic Substrate

/ Triiger \
Malignant Ventricular Arrhythmias

Clinical and ECG Autonomic Nervous
markers T System
Electrical
Instability

Risk \
Left Ventricular o o |schemia
Dysfunction

e N

Neurohumoral Factors Chronic Ischemia
Triggers Triggers
i T . New Ischernic Event
Morphologic Heart Failure  cjinjca Coronary Coronary
Factors Factors Stenosis Thrombosis

Interplay of various risk factors that can lead to SCD




The Pathophysiology

There are multiple factors at the level of:
organ (eg imbalance of autonomic tone)

tissue (eqg reentry, wave break, and action potential
duration alternans)

cellular (eg triggered activity, and automaticity)

subcellular (abnormal activation or deactivation of
lon channels) level involved in generation of VT or
VF In different conditions




Setting the scene for Ventricle
An anatomical or a functl&r&mmMJ% impulse propagation may

create a circuit with the wave front circling around it and resulting in VT.

Other mechanisms such as wave break and collisions are involved in
generating VF from VT.

At the tissue level the reentry and wave break mechanisms are the most
Important known mechanisms of VT and VF,

At the cellular level increased excitation or decreased repolarization reserve
of cardiomyocytes may result in ectopic activity (eg automaticity, triggered
activity), contributing to VT and VF initiation.

At the subcellular level, altered intracellular Ca2+ currents, altered
intracellular K+ currents (especially in ischemia), or mutations resulting in
dysfunction of a sodium channel (Na+ channelopathy) can increase the
likelihood of VT and VF.




...continued

Most cases of SCD occur in patients with structural abnormalities of the heart.

Myocardial infarction (Ml) and post-MI remodeling of the heart is the most common
structural abnormality in patients with SCD.

In patients who survive a myocardial infarction, the presence of premature ventricular
contractions (PVCs), particularly complex forms such as multiform PVCs, short coupling
intervals (R-on-T phenomenon), or VT (salvos of 3 or more ectopic beats), reflect an
increased risk of sudden death.
However suppression of the PVCs with antiarrhythmic drugs increases mortality, owing to
the proarrhythmic risk of currently available medications.

Hypertrophic cardiomyopathy and dilated cardiomyopathy are associated
with an increased risk of SCD.

Various valvular diseases such as aortic stenosis are associated with increased
risk of SCD.

Acute ilinesses, such as myocarditis, may provide both an initial and sustained
risk of SCD due to inflammation and fibrosis of the myocardium.

Inherited arrhythmia syndromes — SCD caused without apparent structural defect




Not all heart problems lead
to SCD

Many patients have anatomic and functional cardiac
substrates that predispose them to develop
ventricular arrhythmias

only a small percentage develop SCD.
|ldentifying the patients at risk for SCD remains a
challenge.

The strongest known predictor of SCD is
significant left ventricular dysfunction of any

cause.




Cause and effect of VT

[ Ventricular tachycardia (YT) ]

Predisposing causes

e Old/new MI

e Left ventricular hypertrophy
e Heart failure

e Cardiomyopathy

Provoking factors
el K¥

e Drugs, e.g. side effects

of anti-arrhythmics

-

Genetic disease [}
e.4. hereditary

long QT syndrome
Druge— [O——
especially those
prolonging the
QT interval

T g Monomorphic VT ?
Electrical therapy
B-blockers Anti-arrhythmic drugs
\ > Polymorphic VT ¢ >
7 - .
Promoted by

Acute myocardial [
ischaemia

e lK*
e BPradycardia

'

!

Rapid regular palpitations

* New-onset palpitations
after an Ml suggest VT

Mild faintness

e T UvP—with 'cannon waves'

® Varying intensity first
heart sound
e+ lBP

* Unconscious——cardiogenic
shock (L1 BF)
® Syncope—if VT transient

Sudden cardiac death

Symptoms with VT




Detalls on VT
Pathogenesis ' '
Rapid depolarizations of the

ventricular mYOCardlum, Commonly due to re-entrant circuit(s) related
caused by: to a scar or abnormal myocardium — results in
Re-entrant circuit(s) in monomorphic VT
anatomically abnormal |
substrates due to M infarction AAEANAGAAAAA AN A
scar tissue 2 O N NV T O VA N AV
Lead to monomorphic VT

Abnormal triggering activity
due to
electrophysiological/metaboli

Metabolic rather than anatomical substrate
results in polymorphic VT (Torsades de Fointes)

c disturbances that prolong orvE
QT interval — i.e. ischemia | -
and.crigs Heo e
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More on VT

The most powerful stimulus for developing VT is
myocardial damage

Heart failure

Each 10% decrease in ejection fraction, increases
arrhythmic death occurring by 65%!

Suspect VT in anyone who has a syncope and has
Impaired Left ventricular dysfunction — until alternative
diagnosis is found




ECG diagnosis VT ECGS

The QRS complexes are broad with an abnormal shape.

VT should always be suspected when patients known to have
heart disease (especially recent or remote MI) present with a
regular tachycardia with broad QRS complexes:

In monomorphic VT, the QRS morphology is uniform; typically the rate
Is 120-190 beats/min. There may be evidence of independent atrial
activity, i.e. dissociated P waves.

Polymorphic VT is less regular, more chaotic, and sometimes with a
characteristic phasic variation in the QRS morphology — ‘torsades de
pointes’. Polymorphic VT is inherently unstable and often
degenerates early on into VF.




Monomorphic VT

The QRS morphology is uniform;
typically the rate is 120-190 beats/min.

There may be evidence of independent atrial
activity, I.e. dissociated P waves.
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Polymorphic VT

Less regular, more chaotic, and sometimes with a
characteristic phasic variation in the QRS
morphology — ‘torsades de pointes'.

Polymorphic VT is inherently unstable and often
degenerates early on into VF.
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Causes of polymorphic VTs

Table 92.1 Causes of polymorphic ventricular tachycardia.

« Acute ischaemia

 Drugs (cause prolongation of the QT interval): quinidine, sotalol,
amiodarone, tricyclic antidepressants, antihistamines

- Hypokalaemia

« Hypomagnesaemia

Hypocalcaemia

Bradycardias (any cause)
Congenital QT prolongation s[yndromes (1on channel mutations):
Jervell-Lange—Nielsen syndrome, Romano—Ward syndrome




Treating VTs — during an
Pulseless VT, or impgpriégrqg/ascular collapse:

DC cardioversion, either immediate or after urgent anaesthesia/sedation.

Haemodynamically stable VT:

intravenous lidocaine (lignocaine) or drugs such as amiodarone. Never use
multiple drug combinations.

If drugs are unsuccessful, use DC cardioversion.

Polymorphic VT:

DC cardioversion, intravenous magnesium, correction of the underlying
metabolic or electrophysiological abnormality.

_________>Slow heartrates prolong the O L jpterval ang mavworsen polvinorpni



Treating Vs - prevention

Long-term drug therapy:

b-blockers, amiodarone, angiotensinconverting enzyme inhibitors and
spironolactone to improve LV function and maintain K+.

Revascularization (coronary artery bypass graft or percutaneous

coronary intervention):
for severe coronary disease.

Implantable defibrillators (ICDs):

monitor the cardiac rhythm and deliver antitachycardic therapy (overdrive
pacing and/or intracardiac shocks) if VT or VF is detected.

They are indicated for survivors of cardiac arrest, and in symptomatic VT with
impaired LV function - Secondary prevention




Ventricular Fibrillation

A very lethal arrhythmia — especially out of hospital
setting

Those who are resuscitated, without major

neurological damage should get a full workup to find
underlying cause

Vfib video youtube



http://youtu.be/nvThG-BGkxM?t=8s
http://youtu.be/nvThG-BGkxM?t=8s
http://youtu.be/nvThG-BGkxM?t=8s
http://youtu.be/nvThG-BGkxM?t=8s
http://youtu.be/nvThG-BGkxM?t=8s
http://youtu.be/nvThG-BGkxM?t=8s

Causes of VFs

Ischaemic heart disease (IHD):

either acute MI, which is then treated in the standard fashion, or critical
coronary stenosis, treated with complete revascularization.

If there is no new ischaemia, and the problem relates to an old Mi-related
scar, the treatment is an ICD.

Other structural heart disease:
especially cardiomyopathies. Many patients in these categories need an ICD.

Channelopathies:
these are usually genetically mediated proarrhythmic conditions, and include
hereditary long QT syndrome and Brugada’s syndrome.

Other rare conditions:

including WPW syndrome with complicating AF and very high heart rates, and
acquired long QT syndromes (including starvation-related syndromes).




Laboratory studies D I ag n OS I S

Cardiac enzymes (creatine kinase, myoglobin, troponin)
Electrolytes, calcium, and magnesium

Quantitative drug levels (quinidine, procainamide, tricyclic antidepressants, digoxin):
High or low drug levels may have a proarrhythmic effect

Toxicology screen: For drugs, such as cocaine, that cause vasospasm-induced ischemia
Thyroid-stimulating hormone
Brain natriuretic peptide (BNP)

Other tests to evaluate or predict risk of SCD
Imaging studies: Chest radiography, echocardiography, nuclear
scintigraphy
Electrocardiography (ECG): Including, possibly, signal-averaged ECG
Coronary angiography
Electrophysiology




Primary Prevention

Methods to avoid occurrence of disease.
Most population-based health promotion efforts target here.

« Several studies have evaluated the use of prophylactic ICDs in patients who
have not yet experienced SCD but are at high risk for future SCD:

» Multicenter Automatic Defibrillator Implantation Trail (MADIT)
demonstrated that patients with ischemic cardiomyopathy (LVEF <35%)
and inducible but nonsuppressible VT on EPS had a survival advantage
by implanting an ICD.

« MADIT-2, demonstrating that post-MI patients with an LVEF <30% have a
survival benefit with ICD implantation.

« The Defibrillators in Nonischemic Cardiomyopathy Treatment Evaluation
(DEFINITE) study showed that implantation of an ICD reduced the risk of
sudden cardiac death in a patient population of nonischemic
cardiomyopathy (LVEF < 36%) who also had PVCs or nonsustained VT.




continued

Sudden Cardiac Death in Heart Failure Trial (SCD-Heft)
demonstrated that patients with either ischemic or nonischemic
cardiomyopathy on optimal medical therapy, LVEF <35%, and NYHA
Il or Il treated with an ICD demonstrate greater survival as compared
with either amiodarone or placebo.

The recent Home Automated Defibrillator Trial (HAT) demonstrated
no survival benefit for the use of a home AED in patients surviving a
recent anterior Ml who were not candidates for an ICD.

The use of microvolt T wave alternans (MTWA) to determine which
patients with depressed LV systolic function would best benefit from
prophylactic ICD placement has been the subject of several recent
clinical trials. To date, the results of these clinical trials has not been
conclusive.




Treating SCD events

Advanced Cardiac Life Support protocols

Bystander CPR — in the community
Use of Automated Electric Defibrillators (AED)

Defibrillation — for VF or VT causes

Pulseless Electrical activity:

Drugs: Adrenaline. Atropine in bradycardia. Sodium bicarbonate in
hyperkalemia.

Asystole - ?
Medical Stabilisation — avoiding the 50% re-arrest rate

Therapeutic Hypothermia — limit neurologic injury due to
brain ischemia during cardiac arrest and reperfusion injury
with resuscitation




Secondary Prevention

Methods to diagnose and treat existent disease in early stages before it causes
significant morbidity

Surgery

« Temporary cardiac pacing

« Radiofrequency ablation

« Cardioverter defibrillator therapy

« Coronary artery bypass grafting (CABG)
« Excision of ventricular tachycardia foci

« Excision of left ventricular aneurysms

« Aortic valve replacement

» Orthotopic heart transplantation



ACLS

ACC/AHA/ESC 2006
guidelines for managing
patients with ventricular
arrhythmia and
prevention of SCD

PULSELESS ARREST
+ BLS algenthm: Call for help, give CPR
+ Give ooygen
+ Aftach menitordafibrillsior

¥

Check myther

]
Sh
Shockable thythm?

3 h 4
VFNT
4 10

a L 4
AsyatalelPEA

Give 1 shock

* Manual biphasic: device-spacific
(typically 120 1o 200 J)
Mote: if unknawn, use 200 J

= AED: devicn spacific

« Monophasic: 350 J

Resume CPR immadiately

5 * Glve les of CPR™

Resume CPR immediately for 5 cycles
Wien VIO availatle, give vasopressor
= Eplnephiring 1 mg 1410

Repest every 3 1o 5 min

ar
+ May giva 1 dose of vasopressin 40 U
WD to replaca first or second dose of
epinephrine

Considar atroping 1 mg WO
for asysiole or slow PEA raie
Repeal avery 3 1 5 min (up 1o 3 dasas)

Shockable

Chack rhiythm No
Shockable rhythm? J

&

Give 1 shock

« Manual biphasic: devica-spaecific
[same or higher dose as first shock)
Mot i unkrcwn, use 200 J

=+ Monophasic: 360 J

Resume CPR immediataly 1z -

Give 5 cycles

of CPR*
1 R

When VIO avaitable, give vasopressor
« Epinephrine 1 mg W10

Repeat evary 2 to 5 min - If elecirical activity,

go to Box 10

&
= bMay give 1 dose of vasopressin 40 U WO o
= If pulse present, begin

replaca first or second dose of epinephring

Avoid:
— hypensentilation
— hypotension

Check rhythm
Shackable rhythm?

= hypothermia

= If Baystole, goto Box 10

chack pulsa, If ne pulse,

post-r o cang

byl hy prglycernia

Mot 13
shockable Shockable _ |
»

F 3

* NOTE: ran advanced airway
k= placed » about 2 min of
CPR (instead af 5

eyelas)

During CPR

Shockahle

B

Give 1 shock

= Menual biphasic: device-specific
[same or higher dose as first shock)
Mote: if unkrcwn, use 200 J

= AED: device-apecific

= Menophasic: 360 J

Resume CPR immediately

Consider antiarrhythmics: amicdarons
(300 myg (W0 ence, then congider addtional
150 myg A0 ance) or lidocaine {180 1.5
mghg first dose: then 0.5 %o 0.75 mgdg VIO,
maximum 3 doses or 3 mgg)

Congider magnesium, lnading doze 110 2 g
IO for lorsades de ponbes

After 5 cycles of CPR, * go to Box § above

+ Push hard and Fast {100imin)

+ Ensura full chast recail

* Minimize interruptions in chest
sompressions

» One cycle of CPR: 30
compressions fhen 2 breaths: 5
cycles apprax. 2 min

= Eslablish WO access

* Secure ainvay and confirm
placement

« After an advanced ainway is
placed, give 8 10 10 breathamin
withaut pausing comgrassions
avoid hyperventilation

= Becure and search for
contributing factors:
- Hypovolamia
— Hypoxia
Hydrogen ion [acikdosis)
= Hypo-fhyperkalemia
— Hypoglycemia
— Hypotharmia
Toxns
- Tampanada, cardiac
— Tansion pneumothorax
— Thrombaosis (eoranary or
pulmonary}
— Trauma
« Coneider termination of CPR if no
FESpOnSs

Figure 3 Advanced cardiac life support pulseless arrest algorthm. Reprinted with permision from Circulgtion 2005;112:1¥57-66. AED,
automated extemal defibrillater; BLS, basic life support; PR, cardiepulmonary resuscitation; /10, intravenous fintracseous; PEA, pulseless
electrical activity; VF, ventricular fibrillation; VT, ventricular tachycardia.
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