Pacemaker and Defibrillator
Troubleshooting
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Objectives

A Be able to understand pacemaker and
defibrillator normal function and
troubleshoot common abnormal
conditions.

LEBANON ST
CARDIOLOGY g B | Pennsylvania COOD
I-%Assocms NS/ Ryt Y SAMARITAN

P.L



Pacemaker and ICD Topics for Boards

A Passing Score: ~658 70% correct is a pass, very few get
>90% correct. 80-85% first time pass rate

A Topics on EP Boards:
I Basic EP and Pharmacology: 5%
I Noninvasive Diagnosis and Treatment: 15%
I Invasive Diagnosis and Treatment: 42%
I Devices: 18%
I Clinical Syndromes: 7%

A Topics on General Cardiology Boards
I 13% Arrhythmias with up to 35% of these device related.

A Content not proportional to prevalence
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Todayos Out |

A Pacing Functions and Timing Cycles
A Failure to Pace

A Loss of Capture

A Oversensing

A Undersensing

A Defibrillation Threshold Testing

A Arrhythmia Classification

A Sample Board Questlons
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Basics of Device Troubleshooting

o
Atrial HEREr M“!‘MMM I ﬁ

EGM

Ventricular
EGM

Markers

A Use all the available information.

A Interrogate devices during your training.
ALook at the CXROSs.
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Pacemaker Function Codes
ICHD Code

Position I 1
Category | Chamber(s) |Chamber(s)
Paced Sensed
Letters V- Ventricle | V- Ventricle
Used
A- Atrium A- Atrium
D- Double D- Double
O- None
Manufac- S- Single S- Single
t ur er 6isChamber Chamber
Designation
Only

1l \Y; \Y,
Mode of Programmable Special Tachy-
Response(s) Functions arrhythmia
Functions
T- Triggered | P- Programmable | B- Burst
rate and/or
| Inhibited output N- Normal Rate
I Competition
_ M- Multi-
CDJ_ Rgﬂgle Programmable| S- Scanning
R- Reverse | €~ Communicating | E- External

O- None

, Comma Optional Here

* Atrial Triggered &
Ventricular Inhibited
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Pacing Mode Selection

A AV block should have ventricular pacing
support

A Sinus Node Dysfunction i atria should be
supported with rate response.

A Neurocardiogenic syncope should have
Nr adtreocpo response act |

A Atrial tachyarrhythmias need mode
switching (atrial pacing paradigms likely
not on boards).
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Transitions of DDD Timing

Event Response
AV Interval Times Out Pace V, Begin VAI

VA Interval Times Out Pace A, Begin AVI

V sense during AVI Begin VA, No Pacing
V sense during VAI Restart VA, No Pacing
A sense during VAI Begin AVI, No Pacing
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Timing Cycles

A Refractory Period: Sensed events are
ignored for timing purposes.

A Blanking Period: Sensing amplifier is off
and no sensing occurs.

A Maximum Tracking Rate in DDD
I TARP = AVI + PVARP

I Total Atrial Refractory Period (TARP), AV
Interval (AVI), Post-Ventricular Atrial
Refractory Period.
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Pacemaker Timing Cycles
A DDD, max track 100 ppm, AV delay 150

ms, PVARP 250 ms

AP VP

‘L’—\/ _

Paced AV Delay Paced AV Delay

TARP
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Board Question #1

A Which of the following defines the
maximum tracking rate in DDD mode?

PVARP

VRP + AVI

TARP

AVI + Blanking Period

TARP - VRP

S R
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Troubleshooting

A Additional leads A Exercise testing

A Magnet i We had patient with
changing morphology
during exertion.

A Device reps and field

engineers.

A Manipulation of
pacemaker, pocket,
and leads.

A lsometric maneuvers
A CXR
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Cheat Sheet

Voltage Current Lead Impedance
Threshold Threshold

Wire Fracture High High/Nml/Low High
Insulation Break High/Nml/Low High Low

Lead High High NmI
Dislodgement

Exit Block High High Nml
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Pacemaker Syndrome:
Clinical Presentation
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Pacemaker Syndrome

A Symptoms: malaise, weakness, cannon A
waves, CP, cough, confusion, syncope.

A Symptoms due to loss of AV synchrony.

A Most common with VVI or VVIR.

A May occur with any pacing mode if AV
synchrony lost.
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Board Question 2
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Patient complains of dizziness when running to his car the night prior to your
office visit. The rhythm strip is obtained during an treadmill exercise test.
The device parameters are: DDD, mode-switch detection rate 175bpm,
upper rate limit 150bpm, sensed AV interval 200msec, PVARP 400msec.
This EKG demonstrates:

Mode-switching

Rate-drop response
Rate-smoothing
Pacemaker-induced 2:1 block
None of the above

moow»

- Taken from Nacarelli et al, ACC EPSAPII.
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The max tracklng rate is 100bpm defined by TARP (AVI+PVARP 600ms)
When spontaneous P wave rate exceeds max tracking rate of 100,

alternative P waves fall within PVARP, and are not responded to, creating a
2:1 AV block.

Mode-switching not present since atrial rate does not exceed 175bpm; in
addition, PV intervals are the same during slower V pacing, suggesting VVI
pacing not present.

Rate-drop response is not present, since this feature requires an abrupt
drop in spontaneous P wave rate for activation.

Rate smoothing not present, since this strip shows an abrupt reduction in
paced ventricular rate rather than a smoothed one.. - Taken from Nacarell et al, ACC EPSAPI|

LEBANON e
CARDIOLOGY : GOOD
I-%As;o(cms Eﬁrﬂg Sylvama SAMARITAN



LEBANON
I_%ARDIO[OGY
ASSOCIATES

P

‘ w Mﬂ Atr?al EGM

Ventrlcular EGM

|

YHYY

+ + + + + + + 4+ + + K 1+ + + + 1+ T+ % B T+
AS AS S AS AS
AS AS AS AS AS AS AS
510 Sa3
VP-MT VP VP VP VP VP
3 S03
T VP-MT VP VP VP VP VP
SO3 503 1% 5
Pennsvlvania GOOD
- cnnsy SAMARITAN




Uncommon Endless Loop Tachycardia

May 9, 2011 8:36 am (Sweep Speed. 26 mnvs)

AutoGain
(1.2 mmmnm\V)

Key Parameters

Mode - 2 m Rate Responsive PVARP/NVREF
Base Rate 80 bpm Max Sensor 2 ] Ventricular Safety Standby
Paced/Sensed AV Delay 275/250 ms Vent Intrinsic Preference (VIP®)

Merlin® PCS (#16617 3330 v12.1.0) BAB S+ JivipE MEPTeAT Freeze Capture page 1 of 1

Repetitive Non-Reentrant Ventriculo-Atrial Synchrony

PVARP

Unlike the pacemaker mediated endless loop tachycardia, RNRVAS does not occur at the
programmed upper rate interval.

The retrograde activation of the atria occurs within the PVARP so that it is not sensed by the
atrial circuit of the pacemaker (functional undersensing). Though it is not sensed by the atrial
circuit, it makes the atria refractory to the subsequent atrial paced output (functional loss of
capture). The ventricular output is delivered by the device at the end of the programmed AV
delay. {Johnson Francis, Indian Pacing Electrophysiol J. 2010; 10(5): 2037 204.}

o Do o D>

LEBANON TR _ GOOD
CARDIOLOGY : .‘
I-% ASSOCITES AN LPHEEE? sylvania SAMARITAN

P.L

Form of endless loop tachycardia (functional atrialnon-c apt ur e wi t h retr o



Automatic Mode Switching (AMS)

A AMS turns off atrial tracking in the presence of intrinsic atrial activity
above a programmable atrial rate cutoff

A This stops rapid ventricular pacing in response to high-rate atrial
activity

A AMS can cause a sudden rate decrease as atrial tracking in DDD at
140 ppm mode switches and becomes DDI at 70 ppmd in one cycle

I Programmable AMS base rate allows an interim mode-switch rate to go
into effectd higher than the base rate

I Eliminates uncomfortable abrupt rate transitions

A Set atrial rate cutoff at which automatic mode switching (AMS) goes
Into effect

I Program it to a value at least 20 bpm above the Maximum Tracking
Rate and/or Maximum Sensor Rate

A Set atrial rate cutoff high enough to accommodate:
I Patientodés | ifestyle and activity | e
I Presence of sinus tachycardia
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Automatic Mode Switching

, AMS - AMS
AS As AS As |AS. . |As |AS .| RSAS AS |AS - pSASIAS |AS JAS.
L T A VP
172 164 172 164 . [156 . . [148 320, |735 |7
| | |477 |,‘492, | |492‘ . |719 | |727 | | | l2s1 | | I 273
609 649  [656  [648  |867 1047 |[1o16. o84

Ventricular

Filtered Atrial Rate Interval (FARI) Atria'_ Tracking DDI Atl’ia!
Tracking Tracking

Intrinsic Atrial Rate DDD
AMS Base Rate (Ventricular Rate)

Conventional Mode Switch Rate

AMS Exit

Paced Rate (ppm)

- Taken from St. Jude Medical
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Hysteresis

A Programming of hysteresis permits prolongation of the
first pacemaker escape interval after a sensed event.

A A pacemaker programmed at a cycle length of 1000
milliseconds (60 bpm) and a hysteresis of 1200
milliseconds (50bpm) allows 200 milliseconds more for
another sensed QRS complex.

A If another QRS complex is not recognized, then the
pacemaker continuously stimulates the heart at the
programmed rate of 60bpm, an escape interval of 1000
milliseconds, until a sensed event restarts the cycle.

A The advantage of hysteresis in a single chamber pacing
mode is the ability to maintain spontaneous AV
synchrony as long as possible
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J

Hysteresis

Flgure 6.22. Creet of pacing In a DDODRE patemaker programmed 1o a leeser rate of 100
bprm, Hysteresis at 65 bprn, wihen the Intrinsk rate has declined 1o 62 bpm. ATter 256 Cycles
of pacing at 18 bpm, pacing 15 suspended Tor the pacemaksr toe "search® for the Intrin-
sk lover rate. IT the loweer rate Is greater than the Fyste s rate, pacing 15 Inhibiked
untll the rate again falk below the fysteresks rate, (From GL, Friedman
PA. Frogramming. In: Hayes DL, Llowd MA, Friedman F Cardlas Pacing and Dietib-
rillation: & Clinlcal Approach. Armonk, NY: Futura, 2000247-323, By permbsion of Mayo
Foundaticn.)

Cardiac Pacing and ICDs, 5th Edition, Kenneth A. Ellenbogen, MD, Mark A. Wood, MD
p. 291.
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Board Question 3
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A 68 yo woman had a VVI pacing system placed during aortic valve replacement. The

tracing shows simultaneously recorded leads | and II. The tracing most clearly

demonstrates which one of the following?

1.There is failure to sense.

2.The mode of function is VVT

3.Ventricular lead dislodgement.

4.Normal VVI function

5.The patient has a right IVCD - Taken from Nacarelli et al, ACC EPSAPIL.

LEBANON x
CARDIOLOGY : GOOD
I-% ASSOCITES . LPHEES sylvania SAMARITAN

P.L



A Rhythm is atrlal flutter Normal VVI functlon
A Spontaneous QRS complexes are LBBB.
A 5th Beat: Fusion.

A 7th Beat: Pure paced from epicardially placed (during valve
surgery) LV lead with RBBB configuration.

A VVT with intermittent undersensing cannot be ruled out
without device interrogation but is unlikely mode.

- Taken from Nacarelli et al, ACC EPSAPII.
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Failure To Pace (No Output)

A Battery Failure
A Circuit Failure
A Lead Fracture

A Internal Insulation
Failure

A Oversensing
A Loose Set Screw
A Crosstalk

GOOD
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- Testing revealed no inhibition.
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Crosstalk

A Lack of Anodal Circuit Contact

I All electricity travels in a circuit (circle) from a
positive pole (anode, ring) to a negative pole
(cathode, tip).

A Incompatible Lead / Header
A Pseudomalfunction

A Most Common: Atrial output sensed by the
ventricle and resetting the VAL
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Board Question 4

A DDI programmed to rate of 86 (VV=697ms), AVI=165ms,
blanking period=13ms.

A Referred for evaluation of abnormal pacemaker function.

A Most appropriate option:
1. Lengthen the PVARP
2. Lengthen the blanking period
3. Lengthen the AVI
4. Lower the rate e o ] s, o Sl e

EP Boards.
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Crosstalk: Common Presentation

DDI programmed to rate of 86 (VV=697ms), AVI=165ms, blanking
period=13ms.
Note: All intrinsic V activity, Rate~100?
VV=AV+VA, VA=VV-AV, VA=697-165=532ms.
I 532ms is longer than what we see on strip.
Measured VV=575ms, 575-532=43ms .
Blanking period of >43ms should avoid crosstalk.

i Decrease atrial stimulus (if adequate safety margin)
i Decrease ventricular sensitivity.

oo oo I

-Taken from David Hayes, Cardiac Pacing Review for
EP Boards.
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Crosstalk: Ventricular Safety
Pacing

A Normal Atrial Capture

A Normal Ventricular Capture with two beats of functional
loss of capture

A Ventricular Sensing Unknown

A Atrial Undersensing with a Pseudo Pseudofusion beat
causing crosstalk with Ventricular Safety Standby seen

- Taken from St. Jude Medical
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Faillure to Pace:
L ead Fracture / Pseudofracture

' o - R e
o 2 - . N
. g L £~ ¥
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Ventricular
EGM

Thy e - O S B N N T e RH RN !
(ASY AB-Fla3-Fl A3-Pl ASABUEEFl AS-EE-Pl AS-FRAS-F1 A8-F1
RE-RE-7) {2g) (AB} ASME-Fl AS-E3-FLE-FlAB-F1 (ABWS-FL

+

g EE]

RCM

H Stored

End of Report
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Loss of Capture

A Dislodgement A Loose set screw
A Elevated Thresholds A Exit Block (>4 weeks)

A Inappropriate Lead A Perforation
Placement A Battery/circuit Failure
A Fracture A Air in Pocket
A Insulation Failure A Metabolic/Drugs
(Flecainide)
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Loss of Atrial Capture?: 64 Year
Device Check
(5

@ BI

Release

OTRONIK ICS 3000

0 SW505.U

AXIOS DR Al it
Ve Ts'ss

Battery/Lead Telemetry
Mode D00
Batt. Status

©

e Blonk./FFP O

= Refr./Noise
, PHT/UTI

[te)

Measured Values

=] |
Batt. Voltage 2.75V Q -
I
Batt. Current 16 pA >
Batt. Imped 9 kR =
Atr Ver e
Pulse Voltage 28 21V
ulse Current 140 4.7 mA
Pulse Energy 14.4 44y
Pulse Charge 6.0 2.3 uC
Lead Imped 211 455 Q I
Polar. Pace BIPL BIPL § s
Measured values correspond to edited pacemaker program

BIOTRONIK cs 3000

o <
8 2
1%} ©
154 o Il
X ¢
- 0o O QO
@ £
©
& (O}
Ol O X =
8’ 0 <

@ BIOTRONIK ICS 3000

Release ICS 3000 SW 505.U 01/08/2007 15:22

AXIOS DR S/N

Guided Follow-up 15:29 sty

Status i

Patient Name |
Batt. condition oK = v

Implanted for
Expected ERI Y.9 Mo
Last Follow 06/06/06
Mode w1
[Basic Rate 35 ppm

Y.9 Mo

2
5

Atr. Ven.
ensing

Polarity

Sensitivity

Pacing

Polarity

Pulse Amplitude

Pulse Width =

Lead Impedance 211

2
>

Atr. Sensing
Ven. Sensi
Atr, Thresho
Ven. Threshold

2.9 (Min 2.3) mV
9.5 (Min 9.0) mV, 90 bpm
XV,0.50 ms
V,0.50 ms

DR

BIOTRONIK cs 3000

S

AXIOS

Release

&

25 mm/s
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Loss of Capture in Atrium
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