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|CD Troubleshooting: Automatic Gain Control (AGC)

Sensing automatically adjusts on a beat-to-beat basis




T-wave oversensing
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Wilson Greatbatch - RIP 27 September 2011
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“of the first 16
Chardack-Greatbatch
devices implanted, 10
had wire breakages, J
five had premature
battery failures, one
had an electric
component failure and
three caused
infections”

/

\Q
)
. L,

Obituary, Daily
Telegraph, 28/9/11



Complications of ICDs

154 consecutive ICD implantations (39 non-
thoracotomy); perioperative mortality 1.3%

37% had late postoperative problems
21 required system revision within 3 years

3 electrode fractures, 2 adapter malfunctions, 3
undersensing, 5 coil migrations, 5 increased
defibrillation thresholds, 3 pulse generator
failures (1 infection)

32 patients had inappropriate shocks

O’Nunain et al 1995; Circulation 91: 204



Complications of ICDs

61 epicardial, 79 nonthoracotomy systems;
followed up for 25 + 19 months

10 complications (16.4%) in epicardial group:
Patch crinkling in 6, insulation break in 2,
adapter defect in 2

8 complications (10.1%) in transvenous group:

subcut patch fracture in 2, SVC lead
dislodgement in 2, insulation break in 1,
connector defect in 1

Abnormalities either detected by routine CXR or
associated with multiple shocks

Korte et al 1995; PACE 18: 2053



Complications of ICDs

144 consecutive new ICD implants (non-thoracotomy
leads); follow-up 21 + 15 months

41 pts (28%) had 1 or more complications
No perioperative deaths, no infections
7 lead problems in 6 pts (4%) - lead migration in 4
Severe bleeding in 5 (3%)

Pneumothorax (2), high DFT (2), antibiotic allergy
(2), DVT, CVA, generator malfunction (1 each)

Inappropriate shocks in 23 pts (16%) - for SVT (13),
non-sust VT (7), myopotential oversensing (3)

Grimm et al (1999) PACE 22; 206-11



MADIT-Il Study - inappropriate shocks

Inappropriate shocks occurred in 83
(11.5%) of the 719 MADIT Il ICD patients

Of 590 total shocks, 184 (31.2%) were
Inappropriate
Causes:

AF — 44%

SVT — 36%

Abnormal sensing — 20%

Patients with inappropriate shocks had 1
mortailty risk (HR 2.29, p=0.025)

Daubert et al, JACC 2008; 51; 1357-65



Causes of sensing problems in ICDs

Arrhythmias

Myopotential oversensing
Connector problems
Insulation fracture (| 2)
Conductor fracture (1 2)

Cardiac potential oversensing
T wave oversensing
(P wave oversensing)
QRS double-counting (early CRT devices)

Extraneous interference



|CD Troubleshooting: Automatic Gain Control (AGC)

Sensing automatically adjusts on a beat-to-beat basis




Committed shock

Medscapee www.medscape.com
Coil-can

Source: Pacing Clin Electrophysiol © 2005 Blackwell Publishing



P wave oversensing

XY

VF VF
153 153

VS VS
495 515

Diagnosis:

Reason:

Solution:

Y I T Y Y N Y S T S Y S Y A Y
VE VFVF VE. VFE. VF VF VFE. VF.  VF  VF VF
153 150 158 178 150 150 150 153 150 148 150 158
VS VS VS VS VS VS VS VS VS VS VS VS
495 495 498 505 473 488 488 500 485 498 500 513

P-wave oversensing

P-wave oversensing caused by the close proximity of the RV coil to
the right atrium, resulting in ICD sensing VS and VF intervals

Reposition the ventricular lead to eliminate the problem



T-wave oversensing
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T wave oversensing

Can often be avoided by checking for T
wave sensing at implant

But can occur de novo late after implant

Can be a problem, especially in LQTS
patients



AS A5 AS A% AS A% AS A%

p 0 p 0 p 0 p 0 ' @ L @ L 0
T T T T T T T T T T T T T T T

Markers '||.||'5 v5s 'ul'S V5 '||.||'5 V5 'u'S V5 '||.||'5 VS 'u'S V5 '||.||'5 V5 'u'S
LR B2z LR 026 922 922

SR O I N RN
+ —t




[ ] -] ! L L D AL L
D A R R I*"" L L A
X X X v *x x A X X X H XA
. I ! I 8 ._l____L 8 I 8 I s | 8 | |F] I F|F I S L I _LELE] I I 8 I 8 I 8
78 RS q ¢] 0 o 0 B6 59 0 (7] 0 0 0 14 0 0 61
363 |aea | |3u; idbﬂ |as7 |36 |ase |as3 |aba  |asa |JES 350 |363 (360 |363 |ag3 |as83 |as9 |367  |359 |
1371  |3s9 |3so |362 |a76 |358 |3a8 | |363 |ase | | | 369 |a83a 383 |383 |ase (367 |363
[§ [ R IR IR (5 = |r IR R R IR IR |r R R R R IR R |rR R R IR [ IR

N var VA

| PR PR TR .|||||||.l. it b o i ':-n||||l|l|||||||||||||||||||||||||||||||||||||I||||I||||I|||||||--|-||-ll:-:-n-||||||||||||||||||| IIIllli
[} 1 2 3 B
-
R (R |||||||||| ﬂ ||||||||||HHH| aaninay nanan dak b N RN N AR AR I""""I""I""I" BOI i . EIREREREEEE:
e v][‘-w- 4[‘--.:-‘-..-—-4}‘- : L —w‘u—,r 1(‘ ’I.-L A Mﬂk.ﬂ—-’rﬁ j{‘—N—T l“w'- -Irw T s ~."—v- v‘.—'r-ﬂ-l‘* e Ir'ﬂ- Jk" l
Trigger-
x wf X X x X HHKK.‘K x X X X X X X X
- .L.H _L 8 8 | 8 I 8 I s | s | 8 | 8 | 8 I § | 8 | |FIF IF FF | |[FIFIF|F|F |F|F
T an 0 a7 0 0 0 "0 0 66 8 0 0 0 0 0 0 [
383 Idbﬁ |3BI | 367 |2sa  |273 |a80 [ava |36y |a83 |asy |2549 (364 a7 Jaun a5 |aun ‘aaa JJbb f&hﬂ
|3se |37 383 |ad48 |367 |352 |as3  |7sBA8 | [as@ |a71  |3&3 Iana i |3na
FI‘
kR R R | R R | |r IR R R kR R RIRRRRRR RIRRIRIR|R|R |
e e s .-,E,‘\_-.ULV\_.N,N_.'\_. R O e, A Ay T W EpSRRY SN P NI, B NS W W
IR Y T—— | TR |----| I .-I----l----|----|----|----|--..| b |||||||||||||||||.||| TRPEPEN PSR T |I||||I||||||||| bdad b b | il lllllll
15"
1 L l|||||||| |-|||||||||||||||| --II|IIII|III|IIIIII-I|l-- ¥ IIII|III -|.|||||||||||||||||||||||||||||-| ||III|I"I
e b e g e g

nIF'IF'I

lase (369 Iau
| |ase  |363

RIR |R|R |R

17

..“'\..-.\f'u. *"\_ .Urn.._h‘l s ,1f|

IRIF¢|R|RI IRIHI I I“IRI"IRI | | & | 8 | s | IRI IEIRI.. |
] llatm Jdﬂd 383 |3ab8 (368 (368 |ase J:M'm |asa  |ase |359 |363 |ass5 |355 |aéa /355 |ass |ass F.
55 | |355 |3ea | | |3ss (363 (3568 |3568 |3se | | |3ass | |3as2 |as9 |
R IR R |R R IR R |R [ IR IR IR R |R (53 [ R | IR R |R R IR R IR IR IR
T A e B e B I e B e R i N At
i ...‘.l|a.'...|.... - "I'”"I!H'”'Im'IIIHIIIHII"'“'“m"Imlll“'““il"llmIII”IHHIII'””Iilﬂmll'mlm'Im'IlmllIHI””II“II"”'21

u.m_.'i\_. ‘.f"‘hﬂ"\r‘"l"\ s .‘[\. '\I“‘W"W'-W"W"ﬁﬁ—' m_."\...‘f-. .“m -

e "'MJ"‘-!"-"‘-.I"-W"NI"—\J‘—-'U"“—T-' s g, ey

ol




Intracardiac electrogram showing T-wave oversensing with inappropriate counting that leads
to ventricular fibrillation detection.

Srivathsan K et al. Europace 2008;10:552-555



T wave oversensing

Can lead to inappropriate shocks ...
On the T wave !

But very seldom fatal
Concept of “Upper limit of vulnerability”
ULV approximates to DFT

High-energy shocks (above ULV) do not
Induce VF



T wave oversensing - case study

CA 3 born 1982
VF arrest age 16

Early dilated cardiomyopathy diagnosed

ICD implanted 1998
Medtronic Gem DR

Youngest patient world-wide with this device; featured
In company’s glossy brochure

Multiple inappropriate shocks

Sinus tachycardia with T wave oversensing & double-
counting

Unable to exercise; 3-blockers made him feel
“like a zombie”



T wave oversensing - case study

Problems continued despite changing programming /
refractoriness / sensitivity
1999 — routine clinic review

Series of 6 x 35J shocks the previous afternoon

Initially denied symptoms, then admitted circumstances ...
Reached age 17 ... and became my problem!
Clinical and ethical dilemma...

October 1999 — |ead revision
Separate sensing lead in RVOT
Lower amplitude T waves at this site

Isoproterenol infusion during implant with direct telemetry
of electrograms

High DFT — subcut array lead implanted









T wave oversensing — arrhythmic
and non-arrhythmic problems
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O3
Double-counting |

Only seen In earliest
CRT-D models
(1999-2001)

Common sensing
petween RV and LV
eads

|V lead signal late Iin
QRS

Need to check for
“double-counting” at
Implant







Noise due to reversed connections

Only a problem with dual-coil leads with integrated
bipolar sensing

Normal sensing —
RV tip to RV caoll

IF DF-1 electrodes are plugged in wrongly,
sensing occurs from RV tip to SVC coll and can




|ICD Troubleshooting: Reversed Connections

sometrics result in artifact on both the rate and shoc
with unusually large p-waves on shock EGM




|ICD Troubleshooting: Reversed Connections
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Diaphragmatic sensing -
Integrated bipolar system, pacing-dependent patient
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Diagnosis: Oversensing of diaphragmatic myopotentials during deep inspiration

Reason: With deep inspiration, diaphragmatic myopotentials are sensed as VT and VF events
During VT/VF detection, pacing is suspended, resulting in a pause
This patient had received a shock during deep breathing exercises

Solution: Reprogramming from “nominal” to “least” sensitivity eliminated the problem
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Ventricular Pacing Impedance
Al Implant 704 ohms Hghast 1043 ohms
Last 1104 ohms Lowest 544 ohms

[
MV

"l N
LT AR o DO DO L TTTTE LX1 PP PO P I TR TS TIPS L T LI TT LRl

T rTY YT T Y MY ITYY TP T T T Y T T T T PP P o STt et P v e T s T rrr ey vy rrer et <200
NANO7  CIB/NGT  OWIROT  ORTTAT 1RANT 0108 040 OV CAONe
oot B9 washa (minnm per weeh) st 14 05 |




SN

B | R o I L
| _i___:i___ri‘ff“"“‘““‘*m“wW“”.:E.Wf“”\wﬂrwlw

[|'

»’UW"# 'ﬁw L’“Ml t’n‘w‘” ¥

T

r .

:IEEEEE

E R D N R

Ers e
) W'M' MJ'erww'Mw ‘*’“”“”‘“_‘“"ﬁ_ -

M

I UM

SSERRRR U

: Mp

]'Lf‘*"‘ r‘

|

W“H

o

L"""u ,ﬁhﬁnj lwﬁlﬂn Ifl”{'-ﬂr“J i Jﬁrr’ﬂ'ﬁwjﬁw L

'U" “wrﬂlqur

l‘“lj\?‘
J”

M ’“’w"nlg “ﬂf'{ﬂff”qﬁﬂﬁ”,ﬂlt”i | s M ﬁﬂj




JL & Age6 CPVT




Predictors of ICD lead malfunction

369 patients (391 ICD leads) implanted
at Mayo clinic pre-1998

Routine defibrillation testing annually!
18 lead failures in 17 patients

Four years post-implant, cumulative lead
failure rate was 18% (95% CI 8-27%)

Abdominal ICD location was only
Independent predictor of lead failure

Luria et al Am J Cardiol 2001; 87: 901-904



Of 18 lead failures:
Lead fracture in 6 (33%)
Insulation failure in 3 (17%)

Pacing or sensing failure in 9 (50%) without
obvious displacement or structural iIssue

Inappropriate shocks in 7 patients (39%); others
found at routine testing

4/6 fractures & 2/3 insulation failures presented
with inappropriate shocks
All patients with pectoral implants &
fracture . Insulation break had coaxial lead
design (MDT Transvene)

no structural faillures with multilumen
design leads (GDT Endotak, MDT Sprint)



Multilumen Coaxial
lead body design lead body design

High voltage
(defibrillation)
conductor

Pacing conductor Sensing conductor

Luria et al Am J Cardiol 2001; 87: 901-904



An algorithm to predict ICD lead failure

2 measures of oversensing & 1 measure of
abnormal impedance

Oversensing: RR interval counters <140ms, NSVT
c/l <200ms

Impedance (Z) tracked daily or weekly
Decrease in Z or outlier value
696 patients studied, 29 had clinical lead
failure with 6 + 9 inappropriate shocks per
patient

Algorithm (2 of 3 measures abnormal): 83%
sensitive, 100% specific

Gunderson et al JACC 2004: 44: 1898-1902
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11 of 29 patients (38%) had abnormal Z
before an inappropriate shock

3 had multilumen leads and 8 had coaxial
leads

Mean time from abnormal Z to inappropriate
shock was 8.1 +7.2 weeks (range 1.4 to 22

weeks)

Gunderson et al JACC 2004: 44: 1898-1902



Electromagnetic Interference






Study of Pacemaker and Implantable CardiovErter
Defibrillator Triggering by Electronic Article Surveillance
devices (SPICED TEAS)

Magnetic fields emitted by “shoplifting
gates” may interfere with implanted devices
25 adult volunteers & 50 with PMs or ICDs
studied

Interference in 48/50 systems

asynchronous pacing, atrial oversensing, PMT,
V oversensing with inhibition, etc

“Don’t lean, don't linger”
Mclvor et al PACE 1998 21: 1847



Management of Lead failures
Recent MHRA Advisories / Recalls

Medtronic Sprint Fidelis Survival rates

Model 6949 Dual coil active fixation
90-93% at 5 years

Higher failure rate in younger patients (age
<40)

Model 6948 Dual coil passive fixation
94.4% at 5 years

Model 6931 Single coll active fixation
87-93% at 5 years



Management of Lead failures
Recent MHRA Advisories / Recalls

Medtronic Sprint

Fidelis (6930, 6931, 6948 Months after a Pace-Sense
& 6949) ’ ’ Conductor Fracture

If a Fidelis pace-sense
conductor fracture has N (leads) 182 120 88 63 54
occurred, we recommend
Implanting a new high-
voltage lead, + extraction
of Fidelis lead. It is no
longer a recommended
option to implant a pace-
sense lead while

m_ainftaining use of the Medtronic, April 2011
Fidelis HV conductors MHRA Alert 19 May 2011

HV 100 98.7 89.0 80.3 717

conductor
survival %




Management of Lead failures
Recent MHRA Advisories / Recalls

St Jude Riata
Risk of abrasion of silicone rubber
Insulation

Lead-can; lead-lead; subclavian crush; “inside-
out” abrasion caused by movement of
conductors within insulation

Majority of abrasions occur within 27
months

Overall survival rate 95.3% at 8 years

SJM Field Safety notice 15 December 2010
MHRA Medical Device Alert 16 December 2010



Conclusions

Inappropriate shocks & lead failures continue
to pose problems

May be solved by smarter algorithms

T waves are low frequency, myopotentials are high
frequency compared to QRS signals

Remote monitoring systems are likely to prove
useful in identifying 1 or | Z prior to
Inappropriate shocks

We should probably be intervening earlier!
Younger patients at higher risk

Role for ICD without intracardiac leads in young
patients?

T wave oversensing is an occasional problem
External electromagnetic interference is rare



