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Understanding of Pacemaker Timing Cycles

Normal conduction system

RR interval (distance between R-waves)

PP interval (distance between P-waves)
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absolute relative

PR interval refractory refractory
0,12-0,22s Q S period period O. S

QRS duration
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Understanding of Pacemaker Timing Cycles
Pacemaker Timing cycles
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AP=atrial pacing ; VP=ventricular pacing ; AS=atrial sensing ; VS=ventricular sensing ;
pAVD=paced atrioventricular delay ; sSAVD=sensed atrioventricular delay ; AB=atrial blanking ;
ARP=atrial refractory period ; PVAB=post ventricular atrial blanking ; PVARP=post ventricular
atrial refractory period ; TARP=total atrial refractory period ; VB=ventricular blanking ;

VRP=ventricular refractory period ; CT=cross talk window(safety window) ; VA=ventricular atrial
interval ; LR=low rate(low rate limit, base rate)
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Understanding of Pacemaker Timing Cycles

Rate

- Lower rate
- Upper rate
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Lower rate

= Low rate limit , Base rate
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Understanding of Pacemaker Timing Cycles
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Understanding of Pacemaker Timing Cycles

AS(Atrial signal= sensing) tracking S} O V.pacing = L},

R-mode(Sensor) 2 ZFX| =l & &l 0|

Upper Track
= Max tracking rate(MTR)
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= Max sensor rate(MSR)
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Understanding of Pacemaker Timing Cycles

Minute ventilation

Elactronics

CLS(Closed Loop Stimulation)

End-Diastole End-Systole
_.d‘ . - =

Smaller Fraction

Larger Fraction
of Myocardium

of Myocardium

Low Impedance High Impedance
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Atrial Timing Cycles

- Paced AV Delay / Sensed AV Delay

- Atrial blanking(AB) / Atrial refractory
period(ARP)

- Post Ventricular Atrial Refractory
Period (PVARP)

- Post Ventricular Atrial Blanking (PVAB)

- Total Atrial Refractory Period (TARP)



Understanding of Pacemaker Timing Cycles

Normal conduction system

RR interval (distance between R-waves)

PP interval (distance between P-waves)

absolute relative
PR interval refractory refractory
period period

0.12~0.22s

QRS duration
<0,12 s
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Understanding of Pacemaker Timing Cycles
AV delay

AP VP AS VP AP VS AS VS
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Understanding of Pacemaker Timing Cycles

Paced AV delay : AP->VP TIFX| 2| A|ZH (ms)
Sensed AV delay : AS->VP TEX| Q] A[ZF (ms)
AP VP AS VP

PAVD SAVD

r=- Norminal
Paced AV delay : 170~180ms

Sensed AV delay : 150~160ms
(Rate adaptive)



Understanding of Pacemaker Timing Cycles

Normal conduction system

RR interval (distance between R-waves)

PP interval (distance between P-waves)

absolute relative
PR interval refractory refractory
0,12-0,225 period period

Absolute
Refractory

Period
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Understanding of Pacemaker Timing Cycles

Refractory periods of a dual chamber pacemaker

AP VP AS VP AP VS AS VS




Blanking Period Refractory Period
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Understanding of Pacemaker Timing Cycles

Atrial Blanking / Atrial Refractory Period

AB(Atrial blanking)
(post AS, AP)

Atrial eventOi| 2|8lf Pacing©| “self-inhibit" T|= Z Ofl

AP

ARP

ARP (Atrial refractory period)

AAl O| A Atrial eventLt QRSE sensing S0
=~

SHESHA A interval O] BHA| A[%} E[= 2 &X]|
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Understanding of Pacemaker Timing Cycles
PVARP / PVAB

PVARP (Post ventricular atrial refractory period)

Ventricular event 22| Atrial
=a’/| (RE HA[-AR-)

AP VP
Far-field R-wave oversensing £ PVARP
A = (retrograde conduction)0f| 2|+ £ H st
Ht-8= KLt ARP

PVAB (Post ventricular
atrial blanking)

Ventricular event 22| Atrial
YH7| (BE HEAI-Ab-)

Ventricular event2 219t Far-field R-wave oversensing Of &

r=- Norminal
PVARP : 250~275ms
(rate adaptive)
PVAB : 100~150ms
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Understanding of Pacemaker Timing Cycles

Case 1

1. ASense Amp AutoGain (2,7 mm/m\) 3. Markers

2. V Sense Amp  AutoGain (1,4 mm/mv) Sweep Speed: 25 mn

V Sense Amp| " b i

Markers

:> PVAB= =i Far R oversensing X &t

- PVAB : Ventricular event2 I8t Far-field R-wave oversensing 0|2
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Case 2
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PMT (Pacemaker mediated tachycardia)
(Endless-loop tachycardia)
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mujo

- PVARP : Far-field R-wave oversensing E£= "3k (retrograde conduction)0f| 2|8t 22X X3t Ht-Z

AutoGain
(100 mm/mV)

AVD s AVD  sA
A. Bipolar WD #_ Sﬂ/ D S_ Sé PVARP

AutoGain

sl S g

V. Bipolar

| e ‘ !
AutoGain
{1.60 mmimV)

AS AS AS AS AS AS AP

Markers FEREY (N ! R L) I —
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PMT option : PVARP extension + A.pacing
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Case 3
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- PVAB : Ventricular event2 I8t Far-field R-wave oversensing 0|2
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Understanding of Pacemaker Timing Cycles

TARP (total atrial refractory period)

AVD + PVARP APVP s P

|
2:1 Block 77t TARP | TARP |
pAVD

 PVARP SAV'j] PVARP
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Understanding of Pacemaker Timing Cycles

AS AS AS AS AS

"PVARP ~ PVARP
|
|

A

Wenckebach upper rate response

sAVD

— PVARP ~—— PVARP

1

2:1 upper rate response

sAVD + PVARP = TARP = 2:1 AV Block
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Understanding of Pacemaker Timing Cycles

Ventricular Timing Cycles

- Ventricular Blanking (VB)
- Ventricular Refractory Period (VRP)
- Cross Talk Window = safety window
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Understanding of Pacemaker Timing Cycles

VB (Ventricular Blanking)

Ventricular & 7| (post AP, VS, VP)

Atrial pacing output® 2|3l Ventricular sensing
b= A o
QRS double count 0f &

AP VP

VRP (Ventricular refractory period)
Ventricular 238 7| (post VP, VS)

T-waveE oversensing Ol

Cross Talk Window

= safety window

Atrial event & oversensing 22

OISt Ventricular pacing2| inhibition

ol 2fet 1+t

O] FZ+2tOfl Ventricle sensing E|® V safety pacing LtZ. = Norminal

(AVD 100~110ms) VRP : 200~250ms
VB :12~65ms
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- VRP : T-waveE oversensing 0%
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:> VRPE =di T-wave oversensing X} &t
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- VB : Atrial pacing output0f| 2|38li Ventricular sensing &= A 0f
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Understanding of Pacemaker Timing Cycles

VBE =1 AP oversensing X} &t
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pAVD
sAVD

ARP

PVARP

PVAB

TARP

AB

VB

VRP

CcT

Meaning

Atrial Pacing £ E{ VP 7t X] interval
Atrial Sensing & E VP 7t X| interval

AV delay 7|7t ©t2| Atrial 28 7|

Ventricular event 22| Atrial =& 7|
RE HA| (AR, VR)

Ventricular event 22| Atrial 2 = 7|
BE HA| (Ab)

AVD + PVARP

Atrial & & 7| (post AS, AP)
Ventricular & 27| (post AP, VS, VP)

Ventricular =& 7| (post VP, VS)

Atrial event & oversensing 2 £ @It
Ventricular pacing inhibition Of| &F 2[3t

72

A

Understanding of Pacemaker Timing Cycles

Summary

Norminal value

(ms) Role

170~180, rate
adaptive

150,
rate adaptive

Atrial event = sensing ot £XHSIA| av
interval O] CFA| A|2} E[= A 2K

250~275, rate Far-field R-wave BE= A3l ™ & (retrograde
adaptive conduction) 0] 2ot £ X Hot U352 X} Et

Ventricular event2 219t Far-field R-wave sensing

100~150
o

2:1 Block T+t

Atrial eventOf| 2|3l PacingO| “self-inhibit” &|= 2
off 2

Atrial pacing 2f V. eventOf| 2|3l Ventricular sensing

e g 24 oY

200~250 T-wave= oversensing O &

O| L Z+2H0| Ventricle sensing &| H V safety pacing
L+ZE. (AVD 100~110ms)
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