Pacemaker Zaman Araliklari
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Plan

* Genel konular

* Pacing Modlari

* Tek/ cift odacik pacemaker temel zaman araliklari
* Refrakter periyotlar

* Refrater periyodlarla iliskili sorunlar, algoritmalar



Pacing EKG’si incelerken

* Pil hangi modda
—Ventrikiler pace/ sens
—Atriyal pace/sens
—AV iliski

* Sorun var mi? Neden olmus olabilir?

* Nasil ¢cozerim?



Boston Scientific

AS Atrial Sense - After Refractory and AFR window

AS-Hy Atrial Sense - In Hysteresis Offset
AS-FI Atrial Sense - In AFR window
(AS) Aurial Sense - During TARP
AP Aurial Pace - Lower Rate
AP Aurial Pace - Rate Smocching Down
APT Aurial Pace - Rate Smoothing Up
AP-FB Arial Pace - Fallback (in ATR)
AP-Hy Atrial Pace - Ar Hysteres is Race
AP-Sr Aurial Pace - Sensor Rate
AP Aurial Pace - Inserted after AFR
AP-Ns Aurial Pace - Noise (asynchronous pacing)
AP-Tr Aunial Pace - Trigger Mode
RVS Right Vent Sense - After Refractory
[RVS] Right Vent Sense - During Blanking
RVP Right Vent Pace - Lower Rate or Atrial Tracked
RVPL Right Vent Pace - Rate Smoothing Down
RVWPT Right Vent Pace - Rate Smoothing Up
RVP-FB Righ Vent Pace - Fallback (in ATR)
RVP-Hy Right Vent Pace - At Hysteresis Rate
RVP-S¢ Right Vent Pace - Sensor Rate
RVP-MT Right Vent Pace - Atrial Tracked at MTR
RVP-Ns Right Vent Pace - Acrial Tracked at MTR
RVP-Tr Right Vent Pace - Trigger Mode
RVP-VRR Right Vent Pace - Ventricular Rate Regulation
1%y Left Vent Sense - After Refractory
[LVS] Left Vent Sense - During Blanking
P Left Vent Pace - Lower Rate or Arrial Tracked
A7 3 Left Vent Pace - Rate Smeothing Down
et Left Vent Pace - Rate Smoothing Up
LVP-Hy Left Vent Pace - At Hysteresis Rate
LVP-S¢ Left Vent Pace - Sensor Rate
LVP-MT Left Vent Pace - Atrial Tracked at MTR
LVP-Ns Left Vent Pace - Noice (asynchronous pacing)
LVP-Tr Left Vent Pace - Trigger Mode
LVP-VRR Left Vent Pace - Ventricular Race Regulacion
Inh-LVP Left Vent Pace - Inhibited Due to LVPP
Ve PVC after Refractory
Biotronik
AsfAp Autrial sensing/pacing
Vsivp Ventricular sensing/pacing
LVp/LVs Left ventricular pacing/sensing
RVp/RVs Right ventricular pacing/sensing
Ars Aurial refractory sensing
Ars (FFP) Arsin far-field protection window
Vis Venunicular refractory sensing
Aflut Aurial flutcer detecred
Afib Aurial fibrillacion detected
Msw.DDI Modeswitch to DDI
Dert. VF VF detected
Rde. Redetection criteria are fulfilled
3l 11 AV ratio

Charging of the capackors

Term. Tachveardia episode has terminated

VT-1

RVN

LVN
ATR)
ATRT
ATR-Dur
ATR-FB
ATR-End
B
RID-TU
RID+
RID-
C--
U--

PMT-8
AF-Rhythm
V-Epsd
V-EpsdEnd
V>A

AFibV
V=Dur

Unstb
Suddn
Gradl
V-Detect
Chrg
Dvrt

Medtronic

ASIAP
AR
Ab
VSVP
Bv

VT-1Zone Sense

VT Zone Sense

VF Zone Sense

Atrial Rate Nowse

Right Ventricular Rate Noise

Left Venenicular Rate Noise

Autrial Tachycardia Sense - Count Down
Aurial Tachycardia Sense - Count Up
ATR Duration Started

ATR Fallback Started

ATR Fallback Ended

ATR in Progress

Rhythm ID Template Update

Rhythm 1D Correlated

Rhythm 1D Uncorrelated

Rhyth ehTM Correlated without percentage
RhythmMacch ™™ Uncorrelated without percentage
PVARP after PV'C

PMT Termination

AFib Rhythm

Ventnicular Tachy Start Episode
Vencricular Tachy End Epsode
Ventricular Rate Faszer than Atrial Rate
V AFib Criteria Met

Duration Met

Stable

Unszable

Sudden Onset

Gradual Onsec

Ventricular Detection Met

Start/End Charge

Therapy Diverted

Shock Delivered

Suszained Rate Duration Expired

Autrial sensing/pacing

Atrial refractory sense

Atrial event in blanking period
Ventnicular sensing pacing
Biventricular pace

Venericular refractory sense
Sense in (slow) VT zone

Sense in fast VT zone via VT
Sense in fast VT z0ne via VF

Sense in VF 20ne Venencular
VT detected safety pacing
FVT detected v

VF dected

Tachy pace (ATP) .

Charce end Y Tigeered

Sorin

As As
A-Aincerval I ® I
V-Vincerval Vs Vs
AplA Actial pacing
As/P Atrial sensing
Ar Aurial refractory sensing
Vs/R Ventricular sensing
Vp Ventricular pacing
Vr Ventricular refractory sensing
bv Bivencricular pacing

St-Jude Medical

Arefractory |pp AP
serse | | 1 ‘)‘thqq/ match

V-Vinerval
Tigger EGM | pepcer [l
recording -'
Biventricular ey  y
pacing BP BP BP

Simultaneous LV first RV first

AMS Modeswitch

Loc Loss of capture

VPP Ventricular backup pacing

- Interval thatis not binned

Vs Binning of interval in Sinus zone
m Binning of interval in VT1 20ne
T2 Binning of interval in VT2 20ne
F Binning of VF incerval

E Reconfirmation of VF

vs v,/
Refractory | | ‘.,",5 M 855 <f— A-Aincerval
periods 3 855 é
) T =

% morphology

— A-Vinterval

it
Vst
Triggered

VS: Sens
VP: Pace
VB: Blanking
VR: Refrakter
AS: Sens
AP: Pace
AB: Blanking
AR: Refrakter
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Atrlyal refrakter donem
2 <—> Ventrlkuler refrakter donem




NBG (NASPE/BPEG) kodlama

Uyari / Pace Algilama / Sens Algilama yaniti Hiz yaniti Multiside Pace
A:Atriyum A:Atriyum I: inhibe - A:Atriyum
V:Ventrikul V:Ventrikdl . R: Hiz yaniti V:Ventrikdl
o o T:Tetikleme y
e Ventrikill sens alirsa
uyari verme

e Atriyal sens algilarsa
AV gecikme tetikleme

D: Dual D: Dual D:Dual D: Dual

O: Yok O: Yok O: Yok O: Yok




Temel zaman araliklari-|

* Tek odacikli kalp pilleri
— Alt hiz araligi ( Lower rate interval- LRI)

* Cift odacikli kalp pilleri
— Alt hiz aralig1 ( Lower rate interval- LRI)
— Atriyo ventrikller aralik ( Atrioventricular interval- AVI)



VOO Pacing

Ventricular
Lead




VOO Pacing

a

A 4
A

v
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1000 ms 1000 ms 1000 ms =——




VOO Pacing




VOO Pacing- Magnet modu




VVI Pacing

(VVT)

Ventricular




VVI Pacing




VVIR Pacing




AAIl Pacing

(AAT)




AAI Pacing
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kel Name : D: N .. kg  Mar 30, 1980 9:01 PM 87 bpm -
Sex:Male Birth date: years mmHzg Medication 1:
Room No. Medication 2:
10 mm/mV

10 mm/mV 25 mm/s Filter 100 Hz H 50 d
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VVT Pacing

e Ventrikller sens yaniti V pace
i dei - tetiklemis
i [ * VVT modu
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Paced AV delay

VVT Pacing

QO
4
Ll

/ Safety pacing
1
1
1
1

VENTRIKU



DDD Pacing

AV-es zamanl pacing

I L

(DDI)
\

AV-senkron pacing

Atrial pacing ventrikiiler normal

T~

(VAT)

iletim(AAl)




DDD Pacing

| 1000rnsj.

DOD
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DDD Pacing




DDD pacing AV gecikme

AS AP

AVD X AVD

VP PAV VP
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DDI pacing

°* AvyadaVsens edildigi strece AV sekronisite yok

* Asens AVI tetiklemez

* AP olursa AVI tetiklenir

* AV senkron gérinum sadece AP-VP edince olur

* Atriyum kendi LRI’'sinda, ventrikll kendi LRI’sinda hareket eder

* VS yada VP olursa VA tetiklenir ama AS gelirse AV senkron gene olmaz



DDI pacing
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Atriyal sens —pace?
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UYARI ALGILAMA ALGILAMAYA YANIT HIZ YANITI

I inhibe R: Hiz yaniti var

A:Atriyum
V:Ventrikul
D:Her ikisi

A:Atriyum

V:Ventrikdl
D:Her ikisi

O: Yok

T:Tetikleme

*  Ventrikil sens alirsa uyari verme
* Atriyal sens algilarsa AV gecikme
tetikleme

D:Her ikisi
O: Yok
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Atriyal temelli zamanlama

I LRI=60 vuru/dk 1000ms I

| Ato A=1000 ms

| I Ato A=1000 ms

AV=200 ™y A= 800 AV=1%0 | V-A=850 AV=200
T ]

n .\/\ NN \/\




Ventrikiler temelli zamanlama

| LRI=60 vuru/dk 1000ms ve AVD=200ms |
I Ato A=1000 ms I Ato A=950 ms
AV = 200 V-A = 800 AV=130 " yv.A = 800
| 1

i/ o :




Ventrikiil temelli zamanlama

VA sabittir (LR-AV gecikme)

ms

A VA 800ms

VA 800ms

AV 200ms

A VA 800ms

N

AV 150

950 ms 1,000 ms 950 ms
ey I O

T N
63 Vuru/dk 60 Vuru/dk 63 Vuru/dk

Alt h1z:60 Vuru/dk (1000ms)
Paced AV:200 ms (Hiz degisken AV)

* Alt hiz:60 vuru/dk (1000ms)

* Paced AV:240ms
e Sabit VA intervali: 1000-240=760ms

Atriyal temelli zamanlama

AA sabittir
A AA 1000ms AA 1000ms A AA 1000ms
|
£ £
950ms =9 1,050ms Z & 950 ms
63 Vuru/dk 57 Vuru/dk v 63 Vuru/dk

Alt hiz:60 Vuru/dk (1000ms)
Paced AV:200 ms (Hiz degisken AV)
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Histerezis
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Temel zaman araliklari-I|

* Tek odacikli kalp pilleri
— Alt hiz araligi ( Lower rate interval- LRI)
— Ventrikuler blanking period
— Ventrikuler rolatif refrakter period

* Cift odacikli kalp pilleri
— Alt hiz aralig1 ( Lower rate interval- LRI)
— Atriyo ventrikller aralik ( Atrioventricular interval- AVI)

42



Temel zaman araliklari-I|

* Tek odacikh kalp pilleri
* Cift odacikli kalp pilleri
— Alt hiz araligi ( Lower rate interval- LRI)
— Atriyo ventrikiler aralik ( Atrioventricular interval- AVI)
— Atriyal/Ventrikiler blanking period
— Atriyal/Ventrikuler rolatif refrakter period
— Post atriyal ventrikiiler blanking period
— Post ventrikiiler atriyal blanking/rolatif refrakter period

43



Temel zaman araliklari-l|

EKG r, I /" \
5 5 Blanking vs. rolatif refrakter donem ?

Atriyal ABL PV A BI.

kanal AVD PVARP
Ventrikiler . Lo.Jsw] v
kanal : VRP

ht++ne /7 /\ananas ~ardinc



Neden var ?

* Yanlis algilamalari dnlemek
* Uygun hizda pace etmek
* Crosstalk 6nlemek

* Pacemaker mediated / endless loop tasikardilerini

(ELT) 6nlemek



Merdiven Diagramlar
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T dalgasi oversensing (TWOS)

1200ms
;:: : Int. 2 (> Int. 1) :: :
EKG h h—i ,—/._ —
[ [ ., I I
I ! ‘.‘ | I
Atrlyal .m : AL t Tast 'W
kanal AVD AVD | vy ] AVD | evsic_|
I I | I o' I I .

:v BI. |sw VRP ] V BL.|sw| VRP ":; |v BI.|sw VRP -':'
| I I I

Ventrikiler = :

kanal Alp V'p

Ap Vp|Vsf—=—Ap Vp|Vs

T-wave oversensing
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TWOS
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TWOS

(1 mV)
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Unsaved Frozen Strip
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TWOS

J8-Jan-2020 15:20:37

Frozen Strip

25.0 mm/sec
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Paced AV delay

VVT Pacing
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/ Safety pacing
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ELT

At I’iya I | — | o m ] ::' A BL I. PVA BL| ':""' PV A B ...\'-" .-'\i"

AVD AVD AVD AVD AVD AVD
kanal I PUARP ! ' PVARP PVARP PVARP
[ | ! I I I I |
Ventriktler [voifo] — voilow] vee | lver [ we | vee | ] wee |

@ Ap V Ap Vp|Ar|  Ap Vp|as| Vplas| vp[as




ELT

ENDLESS LOOP
TACHYCARDIA
(ELT)

ANTEROGRADE LIMB R
AV DELAY

RETROGRADE LIMB
V-A CONDUCTION (VA)




@ VENTRICULAR EXTRASYSTOLES

Initial - —
retrograde I—Ve nt@ Atrial sense

B a6 B stimulus [ retrograde P

==

Ventricular
premature
complex

e LOSS OF ATRIAL CAPTqJRE T
Stimulus l retrograde
not | P wave

JﬂJ s followed I l r\/

time

/\Jf\
Vo VY :

AS ile baslar
@ ATRIAL OVERSENSING : T
| e * UTR gegmez
N / . * Magnet ile sonlanir

@ ATRIAL EXTRASYSTOL

————l——

i Tnitial
Atrial retrograde
premature T
complex

i1/ upperrate |
7 interval 1
@ INTERMITTENT LOSS OF ATRIAL SENSING Atthough the anterograde P wave is usually
Initial larger than the retrograde P wave in a given
Unseen 1 d patient, the retrograde P wave may occasion-
i retrograde ally be larger and sensed when the smaller
Wave, N P wave anterograde P wave remains unsensed.

time

Ineffective
(myocard still

L, T Smmacts
refractory)




PMT mudahalesi

IS pue ol s
HEREES B i [ RS TS EEE IREEE R B SR e
I
t+ if t+ KS t+ + 1+ IS hd 1+ + Ks 1T 1‘ + ?AS) T T KP + :f +
AS AS AS AS AP AP
|

VP VP ‘ VP

vP vP VP vP

[ I
| I
| v vP LowP ! vP
| ‘ |
. Il

X sayida “VP-AS” algilanmasinin ardindan PVARP otomatik uzatiliyor
= (tek) P dalgasi iletiimediginde = tasikardi sonlaniyor



TARP: AVI+PVARP

VENTRI-
VENTRI- VENTRI- VENTRI-| VENTRI CULAR VENTRI]
CULAR CULAR CULAR CULAR EXTRA CULAR
PACE PACE PACE SENSE SYSTOLE PACE UNSENSED
ATRIAL
ATRIAL ATRIAL ATRIAL ATRIAL ATRIAL EXTRA
jce PACE SENSE PACE PACE SYSTOLE
i H
i
abbreviated
i 3
@ AVi AVI : avi § AVI
@ PVARP PVARP PVARF PVARP PVARP PVARP
@ [ [ VRF] vRE] [vRE] [vRe]
Reset Reset
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25.0 mm/sec

01/22/20 11:23:15 AM

Collected:
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25.0 mm/sec

01/22/20 11:27:06 AM

Collected:
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Ust hiz yaniti -I :TARP-Problemi

spontaneous spontaneous spontaneous
atrial interval | atrial interval | _atrial interval
SAl SAl SAl
448ms 448ms 448ms
P P2 P3 P4
7 N not not
AVD detected detected
stim. stim.

A

200ms ¢ ventrlculqr paced interval VPI =|I Aw

AVl |«— Atrioventricular Interval

300ms
PVARP | «— post Ventricular Atrial Refractory Period

TARP <— Total Atrial Refractory Period
500ms




Ust hiz yaniti -1 : TARP-Problemi

AV gecikme kisaltilabilir PVARP kisaltilabilir
ARP PVARP ARP PVARP
A A A A
S R S R
[ /\ [ /\
SAV rS\AV_\/‘
150 300 Takip devam 200 250 Takip devam
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sav

AV SAV SAV
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Ust hiz yaniti -1l :Upper tracking rate

'R I E R R
[P ! ! L [ L F--1-L- —_—L - —— P PR htklist

14 | 9 | | 1 5 i 1 i o i :9 i |E ters - Therapy b\

;7 i 5 ; : 2 0 ! 2. 0 ! 5 ; ( R Atrial Load Ventricular Lead f
TN AN AT W TN L A TN T LA A Modes/Rates |

3 Fal : A‘- : . Pl i E EA—I—: _A_/: \._A_: + oD Amplitude 3500 V £ Amplitude 3h00 vV f\l o
B R 41""“'"“"7 """""""""" 7__L____._____:__4._._________1__74'_ Pulse Width 0.40 ms 1] Pulse Width 040 ms F“\

6: 8 9 i 6 i i 8 i viteh 145 hpm ‘ v

_____________ 04:____¢____+___2.____ o mdm—mo --O——L————I—————II-—O-—I—————————4——04— I S Sensitivity 018 mv ] Sonsitivity 280 mV 9‘\ \)
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Ust hiz yaniti -1l :Upper tracking rate

VP VP VP VP
AS AS AS AR AS
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AVI ya da Refrakter donemlerde farklilik

* Hiza bagli degisen AV delay

* Sensor/ hiza bagh degisken PVARP
°* VEV yaniti

* Ventrikller safety pacing

* Blanking

°* Non-competatif atriyal pacing



AVI Histerezis

v v
1 14 1 1 1 17 1 1 17
649 | 640 | 672 I 641 I 657 l 3 I 633 | 633 | 617 ' 633
797 781 828 789 820 805 797 805 796 805

Sensed AVI:150ms
Paced AVI:160ms
Histerezis: 50ms



Hiza bagli degisen AV delay

AV interval (ms)

Programmed PAV

Programmed SAV

A=PAV-SAY Maximum

Offset

Minimum PAV

Minimum SAV

Start rate Stop rate Rate (bpm)

PAV delay with no activity: 150 ms PAV with activity: 120 ms



DDD pacing AV gecikme




APIAS

.

PAV is now 212 ms

A
A

,
i

V Pace Event
AV Interval >

55 ms 15 ms




p r

Wasted ’ Delayed éReduced Diastolic |
Diastole | Systole | Filling Time |

E:A |
Fusion |

A
Diastolic MR Diastolic MR
Mitral «—» Mitral] «—»

Regurgitation Regurgitation



AAl < DDD: MVP ® /SafeR®




AAl < DDD: MVP ® /SafeR®

e /5 | commutation
Max PRIPmax

|Rest+Exer

|350 ms

|3s

2 ardisik bloklu P dalgasi

Mode Switch AAl /DDD

&0 Ap  Ap  Ap  Ap  Ap  Ap  Ap  Ap  Ap; Ap  Ap

IFFFFFFFFFFEFF

G Bl g CERE
Vs Vs Vs Vs Vs Vs \/'p Vo Ve
%

Uzun PR/AR olan 7 ardisik siklus
(dinlenme/egzersiz icin degistirilebilen siireler

AV blok II° kriteri:
12 siklusta
3 bloklu P dalgasi

AV blok IlI° kriteri:

Mode Switch AAI/DDD

Giivenlik : Duraklama > 2/3/4sn | —L5
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VEV yaniti- PVARP uzatma

Y

DDD /60/120 PVARP 310 ms
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Q»True atrial cycle is revealed !

PVARP
extension

8 vuru AS-VP

AS-AS < 2x(AVI+ PVAB), ya da 2x(Atriyal aritmi algilama intervali)

DDD/REJ DDI/R



DDD Pilde 7 Temel Zaman Araligi

ATRIA ‘::EUNLTI;. spontaneous
PACE atrial interval SAl _ SAI _ SAI o SAIl o
VN VT
extemsion\ uns:ensed
(4)  [PvarP] [PvaRP]  [Pvarp]  [PwarP] [PvaRP]
TARP . . o L_TARP | 15
@ URI URI R 1 URI URI
- AEI AHnaaa AEl | AEI W
: AEI ) J AEI N
G L S N N R
RO I T R R
(@ [wel I VRP VRP] B
2O LRI LRI ] \
: LRI MMM LRI MUY
A A A ?
Reset Reset Reset Reset ;47/5“—"“’%
"> YRl = UPPER RATE INTERVAL (programmable)
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