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ICD Implantation in KOREAICD Implantation in KOREA
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Troubleshooting CasesTroubleshooting Cases

1 High DFT during implantation1. High DFT during implantation

2. Oversensing   g

3. Electromagnetic Interference (EMI)

4. Inappropriate shock

5 L h ti5. Long charge time
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1 High DFT during ICD implant1. High DFT during ICD implant

 Lead position change

 Shocking ecto change Shocking vector change

 Polarity change Polarity change

 SVC coil off

 Fixed tilt  Fixed pulse width (SJM)

 Separate coil in SVC or CS (Medtronic)

 (Surgical Patch)
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 (Surgical Patch)



ICD’s shocking Vectors: Polarity changeg y g
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Programmable Shocking 
Vectors

 Requires dual-coil system
 SVC coil can be 

programmed ON or OFF
 SVC coil ON
Defibrillation energy travels 

from the RV to either the 
coil on the lead or the cancoil on the lead or the can

 SVC coil OFF
D fib ill ti t l XDefibrillation energy travels 

from the RV to can only X
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Waveform Programmability– Fixed Tilt (Biphasic)

 Pulse width will adjust based on shock 
impedance

 Fixed tilt - shock therapy will be in joules (a fixed tiltpy j (
voltage reference is provided)Vleading edge

V
Initial

Voltage Phase 2
Width

400 V
Vtrailing edge

pulse width [ms]
Biphasic

Width
TILT

200 V

pulse width [ms]

Phase 1
Width TILT200 V

100V

Tilt = 50%
pulse width is affected by impedance, impedance ↑ then pulse width ↑
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Charge to 400 V (approx 10 J)



Waveform Programmability– Fixed PW (Biphasic)

 Fixed pulse width - shock therapy will be in volts 
(a joules reference is provided)(a joules reference is provided)

 Percent of the tilt and amount of volts will vary 
d i d

Pulse width optimization card

due to impedance
 Capacitor discharge is truncated (stopped) after 

a programmed duration
Initial 3 0 ms

Biphasic

Voltage
(200V) Phase 2

WidthTILT

3.0 ms

Phase 1
Width

TILT
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TILT
4.0 ms



2008.10.01 implant (H-CMP with 
VT)

36J fail  with CS coil : 25J success
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2009.08.10, D-CMP with SCD survivor 36J fail  with CS coil : 25J success
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2009.08.11 (Post 1day)
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2. Oversensing  

 T-wave oversensing T wave oversensing

 QRS double counting

 Lead fracture

 Lead insulation failure

 Loose setscrew Loose setscrew

 Twiddler’s syndrome
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 Twiddler s syndrome



T-wave oversensing 
Case 1 shock on T  ventricular fibrillation induced

A EGM

V EGM

A EGM

V EGM
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* Rhythm acceleration : VTVF by ATP (anti-tachy pacing) or shock



Case 1

Caused by
D RDecrease R
wave amplitude

A EGM

V EGM
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R wave trend during 2m
Decrease R wave amplitude Case 1
: 12mv  6mv  3.8mv  2.1mv

R waveR wave

P wavea e
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T-wave oversensing of Sinus rhythm Case 2

A EGM

V EGM
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T wave ovsersensing during low R waveT-wave ovsersensing during low R-wave 
amplitude

R wave is 
Sensed

50% of 
measured R 

Sensed 
RefractoryRefractory
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How to resolve T-wave oversensing?

V. Sensitivity : 0.3mV

* Unersensing  Under-detection of VF or 
aborted therapyaborted therapy
* R amplitude decreased during VF commomly.
* Ventricular Sensitivity safety margin,

18

 Ventricular Sensitivity safety margin, 
considering R amplitude during DFT test



How to resolve T-wave oversensing?How to resolve T-wave oversensing?

Special sensing program (SJM)
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Decay delay Special sensing programDecay delay p g p g

• The Decay Delay holds the sensitivity threshold at the    
starting value for a programmable amount of timeg g

60 ms
R a e is

0 ms
R wave is 
Sensed

Sensed 
Refractory
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h h ld
Special sensing program

Threshold start
p g p g

• A percentage of maximum peak amplitude sensed during 
the Sensed Refractory Period used to begin the linear decay

Threshold Start set to 50% 
Max R-wave 
amplitude measured 

of measured R-wave 
R wave is 
Sensed

a p tude easu ed
at 4 mV

2 mV2 mV

Sensed 
Refractory

Ventricle
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Refractory

50% 62.5%



QRS double counting of slow VT Case 3QRS double counting of slow VT

V unipolar EGMp
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QRS double counting Case 4

V Bipolar EGM

V unipolar EGM
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How to resolve QRS double-How to resolve QRS double-
counting?

Changing sensed refractory interval
Ventricular Sense Refractory 125ms 157msVentricular Sense Refractory 125ms 157ms

R wave is 
Sensed

24Sensed 
Refractory



QRS Double counting
Case 5

and T-wave oversensingQRS Double counting and T-wave oversensing

V Bipolar EGMV Bipolar EGM

V Unipolar EGM

25



Decreased Impedance : 400Ω  250Ω
Decreased R wave amplitude : 12mv 3 0mv

Case 5
Decreased R  wave amplitude : 12mv 3.0mv
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Case 5
2005.7.24-The day of implantation 2005.8.12 Twiddler’s syndrome
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Twiddler’s syndrome Case 5
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T iddl ’ dTwiddler’s syndrome

 Twiddler’s syndrome is excessive 
unintentional or intentional coiling and 
knotting of the leads. 

 It may occur because of a large generator y g g
pocket or loose, fatty subcutaneous tissue, 
allowing rotation or repeated flipping of the g p pp g
pulse generator with physical activity or 
from patient manipulation.p p

 Such excessive coiling and knotting of the 
leads can lead to lead fracture, insulation
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leads can lead to lead fracture, insulation 
breaks, or inappropriate shocks.



Oversensing cause of lead fracture Case 6

V Bipolar EGM

V unipolar EGM
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Oversensing caused by lead fracture Case 6
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Case 6
ICD lead measure by PSA 

Lead Fracture
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Oversensing caused by lead insulation failure Case 7g y

V Bipolar EGM

V Unipolar EGM
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Decreased impedance : 560Ω  305Ω Case 7
Decreased R wave amplitude : >12mv  8.0mv

Lead measurement by PSA
-Impedance : 278Ω
-R wave amplitude : 9.8mv R amplitudep
-Output Threshold : 5.0v / 0.5ms

V impedance

34Lead Insulation break



Episodes data of Loose setscrew (CRT-D case) Case 8
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EGM of noise sensing cause of Loose setscrew
Episode usually provoke by changing position Case 8

36* Confirmed by manual manipulation



Oversensing : Causes and SolutionsOversensing : Causes and Solutions

 Oversensing of physiologic but non-QRS signals
-- T-wave or oversensing Changing ventricular sensitivity
-- Myopotential oversensing

 QRS double counting Changing sensed refractory

and sensing parameter

-- Wide QRS complex
-- Low ventricular sensing signal during sinus rhythm

 M h i l t lf ti

interval

 Mechanical system malfunction
-- Lead dislodgement
-- Lead fracture

Lead revision
Lead fracture

-- Lead insulation failure
-- Loose setscrew connection
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3 ElectroMagnetic Interference3. ElectroMagnetic Interference
High Intensity Electromagnetic FieldsHigh Intensity Electromagnetic FieldsHigh Intensity Electromagnetic Fields

TV/Radio transmitting towers (>100,000 volts)
Power plants/ power lines

High Intensity Electromagnetic Fields
TV/Radio transmitting towers (>100,000 volts)
Power plants/ power lines
Large generators

Heavy Electrical Equipment
Large generators

Heavy Electrical Equipment
Chain saw,     Arc welding equipment
Electric steel furnaces

 I d t i l M t

Chain saw,     Arc welding equipment
Electric steel furnaces

 I d t i l M t Industrial Magnets

Surgical/Therapeutic equipment

 Industrial Magnets

Surgical/Therapeutic equipment
Electrocautery,    RF ablation,    TENS
Extracorporeal shock-wave lithotripsy
Electrocautery,    RF ablation,    TENS
Extracorporeal shock-wave lithotripsy
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Therapeutic radiation, Heat Diathermy
MRI
Therapeutic radiation, Heat Diathermy
MRI



TENS on back
Case 1

TENS on back

V Bipolar EGM

V Unipolar EGM
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GI Bleeding  Argon plasma coagulation (APC) 
Thermo-coagulation Therapy

Case 2
Thermo coagulation Therapy

V Bipolar EGM

V Unipolar EGM
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V Unipolar EGM



Case 3Unknown origin on the ship

V Bipolar EGM

V Unipolar EGM
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Noise Reversion

Vf와 oi e 차이점
Absolute Noise Number  of 

Noise Reversion

Vf와 noise 차이점Sensed
Refractory 

Period

Noise 
Detection

Time

Noise
Events for

Noise 
Detection

110ms 25ms 
(40Hz) 12(40Hz)

Noise Reversion Results:

Cessation of all
sensing for one 
brady escape
interval

Cessation of 
charging and 
therapy delivery

Detection counters
reset to at least 6 
intervals
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Then normal sensing resumes



Shown Noise Reversion episodes Case 3
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Using a industrial grinder Case 4g g

V Bipolar EGM

V Bipolar EGM
V Unipolar EGM

V Unipolar EGM
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4. Inappropriate shocks

Oversensing

A. Fibrillation with fast ventricular resp.

Sinus Tachycardia

Atrial Tachycardia
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Case 1EGM of A.Fib with fast ventricular response

A EGMA EGM

V EGM

A EGM

V EGM

V EGM
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EGM of Sinus Tachycardia
Case 2

EGM of Sinus Tachycardia
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How to resolve inappropriate shockHow to resolve inappropriate shock

 Discrimination : dual chamber ICD

 regularity, onset mode, morphology --

 PR logic® (Medtronic) rate branch (SJM) PR logic (Medtronic), rate branch (SJM)

 Anti-arrhythmic agent for A.fib or AT   
prevention

 Beta-blocker for sinus tachy.
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5. Long charge time5. Long charge time

EGM of Long charge time : 20secEGM of Long charge time : 20sec

 L h i  hi h ibili f
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 Long charge time high possibility of syncope, 
difficult termination



Long charge time
Possible Causes:

Long charge time

1. Capacitor(s) not reformed : reform후 re-check         

 “automatic reforming”

2. Battery depletion /Elective replacement point

3 Component failure (uncommon)3. Component failure (uncommon)

 Battery

C i Capacitor

50



Stronger ICD lead than pacemaker…

Case 1 :09.9.30, raising threshold, and pericardial 
ff ieffusion

Case 2 : 09.10.13  ICD implant d/t DCMP with SCD p /
09.10.14  decreased R wave, Capture failure
=> lead revision
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> lead revision
=> two hours later, shock & massive PE



Thank You !
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