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OBJECTIVES

* Review indications for pacing

* Review basic pacemaker terminology
and (mal)function

* Review pacemaker modes and CRT
devices

* Review implantable cardiac
defibrillators



Indications for
pacing




1. H at any
anatomic level associated with any of the following:

e Symptomatic bradycardia (including heart failure) or
\l;tle:gklcular dysrhythmia presumed to be a result of AV

e Symptomatic bradycardia secondary to drugs required for
dysrhythmia management or other medical condition

e Documented periods of asystole lasting more than 3
seconds or an escape rate of less than 40 beats/min or an
escape rhythm originating below the AV node in an
awake, asymptomatic patient in sinus rhythm

e Awake, asymptomatic patients with atrial fibrillation and
bradycardia a documented pause of 5 seconds or longer

e After catheter ablation of the AV node

e Postoperative AV block that is not expected to resolve

* Neuromuscular disease with AV block (e.g., the muscular

lock regardless of type or site of block
3. Asymptomatic, with awake
ventricular rate over 40 beats/min with cardiomegaly or left

ventricular unction or if block is below AV node

4. pifascicular or trifasciculs with intermittent
ree AV block or egree AV block
5. | ‘ arcise in the absence

of myocar




anatoxic level associated with any of the following;

e Symp¥Wmatic bradycardia (including heart failurgf or
\é?nt;;ic {r dysrhythmia presumed to be a regdlt of AV

ocC

e Symptomatic\pradycardia secondary to gAigs required for
dysrhythmia mdgagement or other medical condition

e Documented perisds of asystole lasyig more than 3
seconds or an escapg rate of lessghan 40 beats/min or an
escape rhythm originaing belo@ the AV node in an
awake, asymptomatic paX{en#in sinus rhythm

e Awake, asymptomatic patp€ts with atrial fibrillation and
bradycardia a documen ase of 5 seconds or longer

* After catheter ablatiopf of the A node

* Postoperative AV bj

o I(;leuromuscular Jhe:

2 with AV blodk (e.g., the muscular

rophies

| regar £ss of e or site of block

. Asympto patic, persistent > lock\yvith awake
ventricylr rate over 40 eats/mln W|t cardiomedly or left
ventrular ¢ unctlon or |f block is below AV node
_________ lock with intermiti
e II second-de gree AV block
' in the absende

t

|rd deree AV block or

of myocarlal ischemia




Class 1 Indications

AV Node Dysfunction
* 3rd degree AV block with or without symptoms

* Mobitz Il with widened QRS, Chronic bifascicular block, with or with
out symptoms

e Advanced 2nd degree AV block (block of 2 or more consecutive P
waves)

* Symptomatic second degree AVB Mobitz Il
e Symptomatic Mobitz Type | (Wenckeback)
 Exercise induced 2nd or 3rd degree AVB in absence of ischemia

SA Block Dysfunction
* Sinus bradycardia with symptoms and HR <40
* Symptomatic chronotropic incompetence:
* Impaired HR top exercise- <85% of age predicted max HR




aker
onents



Pacemaker components

e PULSE GENERATOR - Houses the
power source

« ELECTRONIC CIRCUITRY - To
sense and provide pacing
impulse

e LEAD SYSTEM - Connects the
pulse generator to the
Endocardium







Common pacemaker
codes

4



CIRCUITRY: PASER coding

et

Table 80-1 Five-Letter Pacemaker Code
Letter 1 Letter 2 Letter 3
CHAMBER PACED CHAMBER SENSED SENSING RESPONSE
A =atrium A = atrium T = triggered*
V = ventricle V = ventricle I = inhibited
D = dual D = dual D = dual (A and V inhibited)
O =none O =none O =none
Letter 4 Letter 5

PROGRAMMABILITY ANTITACHYCARDIA FUNCTIONS

P = simple P = pacing

M = multiprogrammable S =shock

R = rate adaptive D = dual (shock pace)

C = communicating
O =none



Common pacemaker codes

* VVI: ventricular sensing and pacing.

* If electrical impulse sensed then pacing inhibited. If impulse not sensed,
pacemaker will pace at a pre-programmed rate.

* Used for intermittent backup in complete heart block.

 Simple, low cost, but fixed rate and asynchronous, therefore risk of
Pacemaker Syndrome

* VVIR: Used in AFib. Same as above but rate responsive to adapt to
physiological need; requires advanced programming.



Common pacemaker codes

* DDD: Both atrium and ventricle sensed and paced. If both

SA and AV node functioning, PM will just sense. But if either

atrial or ventricular impulse not sensed, PM will take over. Tries

to restore normal physiology but extra lead needed (compared

to VVI).

* DDDR: Usedin sinus node dysfunction. Essential

as above but a

lows rate responsiveness to match p

y the same

nysiological

need. Again, extra lead and advanced programming.



Common pacemaker codes

e VOO: ventricle paced at a pre-programmed rate with NO sensing, therefore asynchronous.

*  What happens when you place a magnet on a pacer

. Need to monitor for R on T with diathermy —> Torsades de pointes/VFib.

DOO and VOO
NO SENSE b—"'
NO INHIBITIONS OO ,

The Paris Hilton of Pacing
Modes.

‘O0’ = Licence to Kill




THE SECRET CODES

Code What 1s 1t? Who gets 1t?
AOO Atrial pace, no sense, no Sick sinus syndrome with intact
inhibitions conduction 1n the operating room
with bovie. Ie Cardiac case, in OR,
with bovie, with heart rate low from
narcotics.
AAI Atrnial pace, atrial sense, Sick sinus syndrome with intact
inhibited by atrium conduction system.
VOO Ventricular pace, no sense, no | Third degree heart block in OR with
inhibat atrial fibrillation. Why atrial
fibrillation? Because you can’t
ettectively pace the atrium 1f 1t 1s
fibrillating.
VVI Ventricular pace, ventricular Third degree heart block with atrial
sense, ventricular inhibit fibrillation.
DOO Dual pace, no sense, no Third degree heart block in OR with
inhibitions bovie.
DVI Dual pace, ventricular sense, Third degree heart block with
ventricular inhibit supraventricular tachycardias
DDD Dual pace, dual sense, dual Third degree heart block.

7% S

imnhibit




IN SHORT...

- If first letter is ‘A’, implies intact conduction system.

- If first letter is ‘V’, often implies AFib as can’t effectively pace atrium if it
is fibrillating (although extra leads are sometimes added in Pacemaker
Syndrome)

- If first letter is ‘D’, implies likely complete heart block.

* NB: When AV conduction system is intact, AAl is the most efficient PM
coding (ie. it will result in the highest cardiac output because conduction
through the ventricles will be synchronous.)



Biventricular pacing

* Also known as cardiac resynchronization therapy or CRT (CRT-P 1s a
biventricular pacemaker, CRT-D is a biventricular pacemaker with
defibrillating capabilities)

* Concept of pacing both ventricles simultaneously to improve ventricular
contraction

* Used a therapy for patients with heart failure refractory to max medical
management

* Convert a bundle branch pattern EKG to one with a normal appearing
(narrow) QRS complex



biventricular pacing

*Indications: EF < 35%, NYHA 1lI/IV despite
optimal therapy, SR with QRS > 120msec

*Complications: Coronary sinus
dissection/perforation, cardiac tamponade




TYPICAL LBBB PATTERN OF VENTRICULAR PACING
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CASE]

e 72M presents to ED after a fall, tripping over
bath mat. No loss of consciousness.

» Shortened and rotated left leg

* PMHXx - pacemaker and HTN

* Nurse does routine pre-op ECG and CXR



©OLJC 2000






Septal perforation

* Usually identified at time of pacer insertion but can displace afterwards
e Can also occur with transvenous pacemaker

* Diagnosis: RBBB on ECG and lead displacement on CXR

 Management: Notify pacer service, remove (but not emergently). Usually a
small VSD that heals spontaneously.

* NB: can also get perforation through ventricular apex causing pericardial
effusion/tamponade so Bedside US is a good idea on all PM patients with
chest pain/dyspnoea/syncope!



Case 2

« 75yo M, PM inserted 8 days ago, presented with
syncope today and presyncope the last 2 days

* Weakness, pulsatile pain to left lateral neck and
chest pressure

* Diagnosis?




PACEMAKER SYNDROME

* Usually occurs shortly after pacemaker insertion. Patients complain of:
 Syncope or near syncope

« Orthostatic dizziness

- Fatigue and lethargy

- Exercise intolerance

 Chest fullness or pain

« Uncomfortable pulsations in the neck or abdomen

 Right upper quadrant pain



Pacemaker syndrome

* Felt to be due to loss of AV synchrony (5-85% of patients!)

 Atria can contract during ventricular systole (ie atria contract against closed
mitral/tricuspid valves)

* Leads to increased jugular and pulm venous pressure, simulating CHF
symptoms

* More common in VVI —> add extra (atrial) lead to make DDD
* If occurs in DDD, can adjust programmed AV delay time

e Consult cardiology if considering diagnosis



Case 3

e 70 F presenting with palpitations x 36 hrs
 PPM 2010 for tachy brady syndrome

* PPM replaced 5 days ago
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Pacemaker mediated tachycardia

* Ventricular depolarization conducts retrograde into atria
 Atrial lead detects activity as P wave-> Vicious cycle
* TX:

* Block AVN: Vagal maneuvers, adenosine

* Magnet: no PPM in asynchronous mode

e Cardio can interrogate pacer



Case 4

80 yr old febrile unwell

PPM place 1 week ago






Pacemaker pocket infection

 S. Aureus and S. Epidermis commonly
 Tx: Culture, piptazo/vanco

e Call cardio



Pacemaker malfunction

* Oversensing (Failure to Pace)

* Misinterpretation of other signals as if they are QRS complexes, so
pacemaker does not depolarize myocardium when it should

e Get full pauses, no P-Waves or Spikes

* Under sensing (Failure to Sense)

* Pacemaker can’t recognize native cardiac activity and sends impulses
when myocardium is refractory (ie. normal QRS with a superimposed
pacing spike)

* Failure to capture

* Impulse is given but cannot depolarize non-refractory myocardium. ECG
shows spikes but no cardiac response (often native rhythm with
intermittent or continuous non-captured spikes)



ED APPI?J\OACH TO
PACEMAKER ECGs

GOLDEN RULE: ALWAYS GO THROUGH YOUR USUAL
ECG APPROACH EVEN FOR PACED ECGs

WHAT IS THE RATE?

NORMAL RESPONSE
ATRIAL ARRHYTHMIA FAILURE TO CAPTURE (FTC)
PACEMAKER-MEDIATED TACHYCARDIA FAILURE TO PACE (FTP)

SENSOR-INDUCED TACHYCARDIA

NORMAL

ARE P WAVES OR QRS
COMPLEXES FOLLOWING
EVERY PACER SPIKE?

DDx: FTC

1. Hardware problem
-lead #/inadequate contact NO
e Lot ymatincion —— FAILURETO CAPTURE (FTC)
3. Medical issue
-electrolytes
-drugs
-Ml

YES

ARE PACER SPIKES SEEN
THROUGHOUT WITH NO SINUS
PAUSES OR ASYSTOLE?

DDx: FTP

1. Hardware problem NO
-pulse generator
-battery or insulation
malfunction

2. Over-sensing

FAILURE TO PACE (FTP)

YES

ARE PACER SPIKES DURING
OR FOLLOWING NATIVE

CARDIAC ACTIVITY?

DDx: FTS/UNDER-SENSING
1. Hardware problem YES FAILURE TO SENSE (FTS) OR

-lead #/inadequate contact UNDER-SENSING

-insulation malfunction
2. Low native voltages

NO
APPROPIATE

PACING ON ECGC

L. Costello, PGY-3 FRCP-EM



Pacemaker malfunction

Failure to pace

Failure to capture

Failure to Sense

Dead battery

Dying battery

Dead battery

Lead misplacement/fracture

Lead misplacement/fracture

Lead misplacement/fracture

Component failure (pulse
generator)

Cardiac Scarring

Cardiac Scarring

Trauma

Threshold Changes
(supratherapeutic
amiodarone/flecanide, hyperK)

Low sensing threshold

Oversensing (myopotentials,
cautery, hyperkalemic T-waves)

Infarct

Low native voltages




IN THE ED...

* HISTORY:
e - Symptoms of ACS
* - Med changes
* - Trauma

- Device manufacturer, date of implant and

recent reprogramming. When battery last
checked?

* EXAM:
e - Signs of infection/hematoma




In the ed...

e - ECG + Vitals - is there UNSTABLE BRADYCARDIA?

* - (Overexposed) CXR - is there lead dislodgement/fracture/pneumothorax?

e - Labs - is there raised WBC suggestive of infection? Is there HyperK which
could cause failure to capture or oversensing? Supratherapeutic drug levels?

* NB: Troponin not routinely needed.



In the ed...

* - Unstable Brady —> manage as per ACLS (defib/transcutaneous pacing is safe
with a PM! Use AP pads > 10 cm away from pulse generator)
* - Atropine

* - Transcutaneous pacing = 77% electrical and 21% mechanical capture -
always check for pulse!

* - May need transvenous pacemaker

* - Need urgent interrogation. Consider admission to CCU/ICU for monitoring



A word on MAGNETS

* Magnets close a switch that converts PM to
asynchronous VOO or DOO mode (therefore risk of R on
T). MAGNETS DO NOT TURN THE PACEMAKER OFF!!

* Consider applying if ECG suggests OVERSENSING is the

cause of pacemaker failure.

it




|CD indications (2008 AHA)

e Secondary Prevention:

- Prior episode of resuscitated VI/VF or sustained hemodynamically unstable
VT in whom a completely reversible cause cannot be 1dentified (Includes
idiopathic VT/VF and congenital long QT syndrome, but not patients who
have VT/VF limited to the first 48 hours after an acute MI.

- Episodes of spontaneous sustained VT 1n the presence of heart disease
(valvular, ischemic, hypertrophic, dilated, or infiltrative cardiomyopathies)
and other settings (eg channelopathies, Brugada)



|CD indications (2008 AHA)

* Primary Prevention:

* Prior MI (>40 days ago) and LVEF < 30%
e Cardiomyopathy + NYHA II-lll + LVEF <35%

* Syncope + structural HD + inducible sustained VT on EP study

* High-risk patients with HOCM/Brugada/Congenital Long QT/ARVD



What if an icd fires?

 Single shock —> H+P, ECG, lytes, CXR and urgent outpatient interrogation



What if an ICD fires?

* Multiple shocks: Appropriate or Inappropriate?
* - ECG + rhythm strip when symptomatic
* - Lytes
* -Cardiac Markers
* - CXR

* - Interrogate PM!



* Appropriate Shocks
— Ventricular fibrillation
— Monomorphic v-tach
— Polymorphic v-tach
— Torsades de pointes

Superior Vena Cava

Sinus Node .

Atrial Sensing and
Pacing Electrode

Atrioventricular
Node

Bundle of His

Ventricular Sensing

Right Ventricutar Coil and Pacing Electrode

* |Inappropriate Shocks
— Atrial fib/flutter
— SVT
— Arial tachycardia
— Junctional tachycardia
— Sinus tachycardia
— Multiple PVCs
— Oversensing T waves

— QOversensing due to lead
failure or insulation

break

— Oversensing of
diaphragm
myopotentials

— Electromagnetic
interference



It inappropriate...

 Manage the SVT if there is one (BB, CCB, adenosine).

* If shocks are distressing, place magnet over the ICD - this will disable
defibrillation BUT NOT PACING.

* If magnet used, place AP defib pads as some ICDs need reprogramming
before being able to shock again.



't appropriate...

* Manage as per ACLS, including AP defib pads and antiarrhythmics

* Don’t place the magnet!



Electrical storm!

e (Causes:

- Drug toxicity (QT prolongation)
- HypoK, HypoMag

- CHF

- Acute Ischemia

- Idiopathic!

Increased sympathetic outflow is a presumed contributor to onset and target
for therapy. High 1-year mortality.



ELECTRICAL STORM

* Treatment:

* Rule out reversible causes (TCA overdose, lyte abnormalities, acute ischemia)
1) Amiodarone

2) Beta-blockers (sympathetic blockade)

3) Sedation (propofol)

4) Overdrive pacing

5) Catheter ablation

6) LVAD/IABP

7) Sympathetic Stellate ganglion Blockade

8) Transplant



Questions?




Case 1

* 58 YO F presenting with syncope

* Look at the ECG, give Dx and treatment
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Failure to Capture

e Call Cardio

* ACLS for bradycardia + regular workup



Case 2

70 male urosepsis, known to have PPM

* Look at the ECG, give Dx and treatment
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Rapid ventricular pacing

e DDx includes PMT, Sensor induced

Tachycardia or normal response

* |n septic patient likely normal response



Case 3

Patient in ED on telemetry as brought in for
syncope.

Nurse brings you a rhythm strip

Read strip, Dx and tx
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Failure to sense

* Work up and cardio consult
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Case 4

Patient in ED on telemetry as brought in for
syncope.

Nurse brings you a rhythm strip

Read strip, Dx and tx
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* Can see pacer was sensing
myopotentials thus never fired until
myopotentials stoped

Oversensing

 cardio pacemaker clinic-> can reduce
pacing sensitivity




Case 5: More for fun

* 99 yo M say got a PPM forever ago”

* Presents with chest pain and syncope
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Runaway Pacemaker

* Very rare from very old PPMs running out of battery
power

* PPM delivers paroxysm of pacing spikes around
2000bpm

* (Can cause VF or fail to capture leading to
bradycardia

* Tx: Magnet application and call cardio for new PPM
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