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” Rate Adaptive Sensors: Past & Present

David Hayes, M.D. - Chief Medical Officer
Doug Finch - Sr. Advanced Product Program Manager

> BIOTRONIK

Characteristics of Ideal Sensor

» Appropriate speed of acceleration/deceleration
» Proportionality to workload

 Sensitive to exercise and non-exercise requirements, i.e. postural changes,
emotional states, circadian variations

 Specificity, i.e. avoid false sensor activation by non-physiological needs
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Open Loop vs. Closed Loop Sensors

Closed Loop
A Physiological
parameters
Negative
feedback
A Rate
Algorithm

Sensor

Open Loop
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Schematic of Physiologic Drivers
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Sensors

Historical sensors

» Piezoelectric crystal == == == == == == == p o Accelerometer

» Temperature

« QT interval

» 02 Saturation

* Pre-ejection interval

 Ventricular depolarization gradient
» Peak endocardial acceleration

5 EBRUARY 20, 2024

Currently available

« Minute ventilation
» CLS (Myocardial Contractility Sensor)

> BIOTRONIK

Mean Heart Rate Increase in CLS mode,
VVIR mode, and VVI mode
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Variation of heart rate during test

8 Test 10 Test 12 Rest 15 Rest
Time (min)

Variation of pressure during test

8 Test 10 Test 12 Rest 15 Rest
Time (min)

HERR [OcCLs BEVVI

HRR [OcLs Hvvi
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CLS vs. VVIR vs. VVI

Mean HR Increase Mean Pacing (%)

60 - P*<0.001
| — |

P*<0.001
| ——

40

P*=0.191
30 f

Pacing (%)

10

HR increase (bmp)

CLs VVIR VVvVI CLs VVIR VVvVI

*Tests of within-subject contrasts

Proietti et al: PACE 2012;00:1-9

EBRUARY 20, 2024 L:’:" BIOTRONIK

Closed Loop Stimulation (CLS)

Mimics normal heart rate

CHRONOTROPIC
INCOMPETENCE

adapt
heart rate

CLS patients Decreases in CLS CLS reduced

showed a 75% blood pressure significantly frequency

reduction in can be reduces atrial of AT episodes

orthostatic modulated by burden 45 less than one S s/

hypotension CLS|12:3 hour 4 e N S

events 1 ~ CO =SV X HR

CLS responds to CLS achieves a CLS achieves CLS precisely @ @ @

acute mental reduction in heart variability correlates heart

stress © reoccurring that is rate and blood CLS is the only rate CLS detects changes in CLS appropriately manages

syncope 7: 8 analogous to a pressure 11 adaptation algorithm myocardial contractility cardiac output in response to
healthy sinus that reacts to physiologic influenced by the physical activity, circadian
9,10 needs independent of autonomic nervous rhythm, medication changes,
node % body movement or system. disease progression and acute
respiratory rate. mental stress.69:12/13,14

6. Chandiramani S et al. PACE. 2
Baron-Esquivias, G ACC 2
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1. Abi-Samra FM et al 11. Zecchi P et ¢
12. Tse H E

) 13 jc
14. Novak M et al. Prog in Biomed F
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Case Study 1

MName
Last follow-up
Date of implant

Mode
Basic rate/UTR [bpm]

| RFtelemetry |

[ vsn [ GF | @ | [ Fotoww
b parameters
New episodes 0 recording(s) | [ 20 reces
05/29/2019 =
03/24/2017

DDD Sensing amplitude (mv]
60/130 Threshold [v]

| 8 Recordings

J

)

)

)
(@viagnostics |
(@ J
J

(@ support

Pulse amplitude A7V [v] 3.0 3.0 Lead impedance [2) % 409%  s07
Pulse width AV [ms] 0.4 Trendview
Expected ERT
29/100
[ o
EGS ERI Details

@ print | @ hew

\ [ starttests

EBRUARY 20, 202

You are preforming a follow up on a 75-
year-old patient implanted with an EDORA
8 DR-T pacemaker implanted 3 years ago.
She is feeling well and is not expected to
require any programming changes today.
When asked, she notes that she is tired
and really never has much energy but
feels that is pretty normal for her.

She is Atrial paced 99% and Ventricular
paced 100%. There is nothing remarkable
from her previous follow-ups.

> BIOTRONIK

Case Study 1

arameters (permanent 2 = tdora & OR =
1P ® P I I I P [Rate P 60 bpm
0 T 3 3 T 3 1 |rater 60 tpm
AV del 176 m
Prog.  Perm.
Q1 _n_\r\_&\(\_u\f\_n_\j/\_n.\f\_n_\f\_\_\/f\ 9
< f ¥ f t f f ] =)
&) v. | RFtelemetry |
— [rsa [ | @ ) L Follon-up |
| Home | Patient | MRI | “H«Parlmut:rs |
A | & Tests |
Mode DDD  Pulse amplitude (V] 3.0 30 |
Basic rate/Might rate [bpm] GO/OFF  Pulse width [ms] 0.4 04 | E@Recordings |
Capture control OFF OFF {
“ @ oiagnostics |
fading [bpm] 120/0FF -
onse [bpm) 130/WKB  Sensitivity [mV] auto auto | [ st ]
[bpm] 160/DDIR Refractory period/Blanking Individual -
(@ support
p suppression OFF  Sensing polarity % BIPLY BIPL -
Dynamic AV delay [ms] 1807140 Pacing polarity % oLt s | (@ More
Calculated ERT 6v.7M0. | [ fopreferences
@0 [ 5@ [ @ tolp— | programsets start temporary reogrom || [gyena |

10 FEBRUARY 20, 2024

Programmed:
+ DDD 60 bpm /130 bpm
* AV Delay 180 ms-140ms (nominal)

Which of the following would be next most
helpful in assessing her fatigue?

1. Ventricular pacing safety margin
2. A & V histograms

3. Atrial arrhythmia burden

4. Ventricular lead impedanc

¢ BIOTRONIK
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Case Study 1

Diagnostics

- | psa | G2¥ | ©

Timing | Arrhythmia A | HF monitor | 24 hours | More diagnostics |

M witching n
100 80 days  Mode switching burdes l%l

B
uap
s " l
R
<0130 230 380
bpm
0% l% 0% 0%

[Ratep 60 bpm

Rate R &0 bpm)
AV del 177 ms
Prog.  perm.

=)

RF telemetry

|[&] Foltow-up
‘m Parameters

| doTests

Diagnostics:
« Atrial histogram - Blunted - 99% at

» Ventricular histogram - Blunted -

00.0% % 0 days [ —
e A5'Vs AsVp ApVs ApVp PUC =
w s ‘
o b e e (
<BO701s0 230 se-3m0 100-= (oiegnostics
Bom  —a %
= (@ s
W After As W after Ap 50~ [
80 days O support
10-
” - @ ore
0.0-frrrrren e rrrererer o . |
<o i 2w >350 adaio1s o1/23/z02i |
ms ¢ Preferences
Start 052972019 —
@ et | @D wew Start statistics () End ]
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Base Rate

100% V Paced

> BIOTRONIK
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Case Study 1

0 1P [[remep. S S S
13 e TS 5 TS

v
Q] u \—"—\f\—m\(\—lkﬂ/\_/_/\_h/\/_q\.ll/ [’\_/\_\(
<« + + i
— I 1.8mv zimv

R va
— 10.3my 3.9mV

[Rater 5O
Rate R SO
Avdel 189

Prog.  Temp

Impedance | Sensing 3 | Threshold | AV opt. | Atr.NIPS |
Hade P + R measurement DDI

AV delay [ms] 180

Upper tracking rate [bpm]

Sensitivity [my] auTo AUTO  Mean rate [bpm] 50

R —— - | 5 |

B Press (Intrinsic thythm] and keep button
N . g Pressed in order to perform the sensing test
asic rate [bpm] 40 without backup pacing from the test program. | ¢

Sensing polarity BIPL BIPL  Min. smplitude [my] 18 99
Mean amplitude [my] 18 100
Hax, amplitude [mv] 21 108
hPrints| (B tielp Cancel e
1 FEBRUARY 20, 2024

Sensing Test:
P & R waves within normal range

Which of the following parameters
necessitates alternate programming?

1. Atrial sensitivity

2. Post-atrial ventricular blanking period
3. AV interval

4. Ventricular pulse-width

2 BIOTRONIK
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Case Study 1

Final Programming

man g o Two crucial programming changes were
made for this patient considering her

) blunted rate histograms; 99% A & 100%
gt ey ) V pacing; and intact intrinsic P & R waves.

|[&] Foltow-up
| Home 9 | Patient | MRI | ‘lﬂaPurlmutan 1' MOde Changed to DDDR (DDD_CLS)
Dorests ] « Either CLS or accelerometer could be used but
Mode DDD-CLS Pulse amplitude [V] 3.0 3.0 . . .
Basic rate/iht rate (bom] ] puse width {ms] 04 04 | [mvecordngs | CLS was chosen given physiologic advantages of
cLs 120 Capture control OFF  OFF @ izgnuztics C LS
Sensor/Rate fading [bpm] 120/----- \

onse ] 130/WK8 sensitty (] avro vt | () ] + Consider the patient’s age (220-age X 80%)

ing (bpra] 180/DDIR  Refractory period/Blanking Standard e~ w hen d eCid in g Max sensor rate
p suppression OFF  Sensing polarity % Ll BIeL | 5 ) ) ) )
Dynamic Ay delay [ms] 150/120  pacing polarty % sy s | (@Mere 2. AV De|ay optimization: either I-OPT or

Calculated ER1 sv.ama | | ferreferences . AV Hysteresis

@0 [ (@ [ @  weto | program sets Start temporary Program ) End

i EBRUARY 20, 2024 2 BIOTRONIK

You are called to perform a routine follow-
up on a 65-year-old patient with a dual
chamber ICD. The patient’s device has not
been interrogated for over a year and the
| . patient complains of increasing fatigue
(Gratonn ) during normal daily activities despite
Hyparometers | optimal medical therapy and no apparent
oo s — El— decompensation. No programming
B changes are expected to be made today.

£ Recordings

Mode bbb

& Diagnostics
/UTR [bpm] 60/130 E

plitude v [v] 25 25 520 534
Pulse h W [ms] 04 04
VTAVTZ/NF [bpr] 171/0FF/200 Trends o Support
Last charge time 9.85(403) b
I M
Battery voltage [v] 255 o ricle (%] = .© ore
[ | atrial arrhythmia burden [%] 0.0
EOS ERI  MOS2 MOs1 BOS Details ’P"f ‘‘‘‘‘‘‘
@ et [ nelp | MRE Repeat all tests %) End
an
14 | FEBRUARY 20, 202 22 BIOTRONIK
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Case Study 2

Impedance | Sensing

Mode
Basic rate [bpm]

AV delay [ms]

Print setup [mm/s]

)

| Pacing threshold

L DFT_| Retrogr. conduct. |

oFF

f
Intrinsic rhythm

1@ Press [Intrinsic rhythm] and keep button
pressed in order to perform the sensing test
without backup pacing from the test program.

Mean rate [bpm] 40

Min. amplitude [mV] 24 40
Mean amplitude [mV] 25 40
Max. amplitude [mV] 26 40

1CD therapy

Prog.

Temp

)

RF telemetry

What do we learn from the sensing test?

22 BIOTRONIK
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Case Study 2

Diagnostic
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Ol e e rm

<0570 130 230 2380

bpm

0 days

230 2380
bpm

After pace

W After sense

w0 0 days
o
oAb
130180-180%0 >350
ms
@ print | D help

—a

48 haurs | More diagnostics |

— I
[ o% 0%

As-Vs AZ-VD AD-VS AD-WD V-V

I 0%
A ve

100~

—ry
—CRT 75+

r

Start statistics

1CD therapy
Enabled

RF telemetry
5] Follow-up.
Ly parameters
ZoTests

@ Recordings

& Diagnostics

(@ Support
(@ More:
JPreferences

) End

With a blunted histogram, what
programming options should be
considered?

&> BIOTRONIK
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Case Study 2

Parameters

=5 livia 7 DRT-

1CD therapy

or | on

5] Follow-up

| psa | &* | @

T Home _ Patient | MRI | Lfyparameters
Mode oD T
Basic rate (horm] 6 Pulse amplitude [v] % 0% o8
oL tbpm] o Pulse width [ms] 04 04 £ Recordings
Sensor/Rate fading [bpm) 120/0FF Cepture control G & Diagnostics
Upper rate [bpm] 130/wKB
Mode switching [bprn] 160/DDIR

sensing std.  std.
4o suppression oFF Minimum threshold (mv] | 0.4 0.8 O support
AV delay [ms] 180f140 Refractory period/Blanking std. v
Post-shack pacing 10s

J#Preferences

@0 [ ()@ [@  we | program sets Program Send

Final programming options
» DDD-CLS to improve fatigue

« I-Opt to maintain low RV pacing
percentage

22 BIOTRONIK
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Case Study 2

Parameters

1CD therapy

orF | on
Prog
- |psa | G2 | @ | L Fellon-ve
T y | Home Patient | MRI || b Parameters
" .
ode DDD-CLS : GTE‘"
Pulse amplitude (V. 10 o8
Basic rate [opm] 0 ” GERLO/
Pulse width [ms] 0.4 0.4 Recordings
oL tbpm) 120 el —
Capture control ON ON
Sensor/Rate fading [bpm] 120/----- & Diagnostics
Upper rate [bpm] 130/WKB
Made switching [bpm] 160/DDIR
Sensing std, std.
VB suppression OFF Minimum threshold (mv] 04 08 © support
AV delay [ms, 150/120
v [ms] /f Refractory period/Blanking std. @ rore
Post-shock pacing 10s
e preferences
@0 ()@ [ @ neto | program sets Program ) End

« Turning CLS on by changing the mode to
DDD-CLS

» Turn on I-Opt through the AV delay
screen and choosing I-Opt from the AV
hysteresis mode

&> BIOTRONIK
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CLS - Impedance Principle

At rest baseline
Low inotropic state

Smaller fraction
of myocardium

Lower impedance
Slower contraction

Physiologic demand
High inotropic state

Larger fraction

of myocardium
Higher impedance
Faster contraction

19 EBRUARY 20, 2024
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CLS Responds to Changes in the Autonomic Nervous
System (ANS) on a Beat-To-Beat Basis

Closed Loop Stimulation (CLS)

« CLS is a myocardial contractility sensor and RV
contractility correlates to ANS hemodynamic
demands

+ CLS uses impedance differentials to measure bt
and respond to changes

» Heart rates are adjusted on a beat-to-beat

16 impedance measurements  Waveform changes compared to baseline and heart rate
create reference waveform adjusted according to the measured differential
with patient at rest

CHRONOTROPIC
INCOMPETENCE

20 FEBRUARY 20, 2024
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Simply Program CLS on by Selecting DDD-CLS Mode

Programming: One button to program CLS “On”

Parameters = [ =5 Thivia 7 HE-T QP

| — |

(4] Follow-up

Tachycardia  Bradycardia/CRT | Home Monitoring | Diagnostics | Patient | MRI | ifhParameters
e clove
DDDR-ADIR, DDDR DOIR WIR ABIR: ® D00
DOD-ADI felast WuI AAT ° oo
YDDR VDIR
YDD DI OFF
Post-shock pacing 10s Pacing polarity 2nd Ly OFF
Sensing polarity L¥1 tip + L¥2 ring J#Preferences
| Cabibishiohioii by |
(=] ‘ He ‘ @ Help Program sets Program %) End

<> BIOTRONIK
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Set the Basic Rate and the Max CLS Rate, and CLS Will
Automatically Optimize to the Patient

Programming: Easier to program than an accelerometer

Parameters 2 [ thivia 7 HF-T QP

L)

@ | & ¥} Follow-up

Tachycardia  Bradycardia/CRT | Home Monitoring | Diagnostics | Patient | MRI | i} parameters
L 1
Hod DDD-CLS
ooe s Tests
Basic rate [bpm] 60 Pulse amplituds [V] t ash ast as
CLS [bpm] £ Recordings
Sensor/Rate fading [t
915 Max, OLS rate [bpm] 120 oK @& Diagnostics
Upper rate [bpm]
Mode switching [bprm] Cancel
¥p suppression @
) Support
wentricular pacing il
av delay [ms] - | Show CLS expert parameters D rore
—
Post-shack pacing 10s Pacing polarity 2nd LV OFF
Sensing palarity L¥1 tip + LV2 ring JPreferences
Catlbelbbb iy
an ‘ Ga | @ Help ‘ Program sets Program %) End

i BIOTRONIK
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How Do I Know This Patient is Benefiting From CLS?

« Atrial rate histogram demonstrates patient was achieving pacing rates from 60 to 130,
driven by CLS

» Sensor histogram shows the accelerometer would have paced at the lower rate limit of
60 bpm 100% of the time because no motion was detected

» A quick look at the activity report would verify that the patient is indeed sedentary

Timing | Atr. arrhythmia | ¥en. arrhythmia | Sensor | Sensing | Pacing [ Timing | Atr. arrhythmia | Ven. arrhythmia  Sensor | Sensing | Pacing |
Max, activity rate .

Atrium ’ ’ 0%
m Pamd | so- 0N ECO%) Event counters S 100- e
aon 3 istogram 100 histogram
W oSensed %
30- I Event sequences Activity report
I 75-
o, A

Rate trend

B L
EII] <M0SE &0 130 180 230 280 330 360 Soduuis

ppm
Rate trend

Ventricle Max, activity rate
0{0%) 0 (U%)I 240 days

W Paced 60-

W Sensed %
30- I
EII] g 50 130 130 230 280 330  »3sQ Start 03/04/2011 <40 s0 0 90 110 130 150 F180 ot 03/04/2011

ppm Duration 0 days, 00:15 PP™ Buration 0 days, 00:07

Rate histograms 25-

[@ Print ‘@ Help ‘ Restart Interrogate

L
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Manipulating The HR Distribution with CLS

» There may be a desire to manipulate HR distribution to provide either elevated rates for pediatric
patients or depress rates for symptomatic patients with elevated rates.

» Can be done via CLS Response

» The device is set nominally to medium. CLS will always use an 80/20 algorithm to distribute
80% in the lower rate bins and 20% in the higher bins.

» CLS response provides the ability to move the 80/20 separation point or the Exertional Threshold
Rate (ETR) allowing a greater distribution in the higher rate bins (Very High) or a greater
distribution in the lower bins (Very Low). Nominal is Medium.

ETR Programmability Table

Low ETR = (26% of rate range) + BR

Very high ETR = (51% of rate range) + BR

24 FEBRUARY 20, 2024 @"? BIOTRONIK
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Slide 24

DF0O | added "or the Exertional Threshold Rate (ETR) " to slide 26 to
clarify

Douglas Finch, 2024-02-19T20:33:22.538
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Rate Distributions for CLS Dynamics Settings

—Very Low_—Low_—Medium —Rgh _—Very Aigh

Understanding Rate Distribution

Atrial Rate Histograms at different CLS Response settings

0% Threshold
for “Very Low

Rate Fraction (%]
&

" n ®  w 00 o i = Very Low Medium Very High
Ventricular Rate (ppm
an
25 EBRUARY 20, 2024 l:: BIOTRONIK
DFO
Expert Options
60 A S S S S S S |' 1CD therapy.
7 Vi I3 Te I3 Te Te T [
| OFF ON
(=) @ ull :
llivia 7 DRT @ Frn L [Prog.  Perm.
61092564 — ¢ v 4 v v v 3
N
@) an ) b 3 I J o
al 4G R v~ RF telemetry
Eilj LiveControl [
- i <A | G | (| (DTolever
uss
Tachycardia Bradycardia | Home Monitoring | Diagnostics _ Patient = MRI | “,ﬂ. arameters
Mode DDD-CLS A
Pul litud 35 35
Basic rate [bpm] s0 5% ampiituda (V)
cLS [5pm]
Sensor/Rate fading [P may. (LS rate [bpm) 120 = | piagnostics |
Upper rate [bpm] —
Mode switching [Bpm] ¢ g respanse Medium Cancel l SO
Vo " CLS resting rate control [bpm] +20 | (D Livesupport
@ Help C -
=4 AV delay [ms] Vpirequiriad . F
Renamic Neo Post-shock pacing - | Hide CLS expert parameters :
6% r )
| /¥ Preferences
08:34 B
01/10/2024 =] |[,JQ |® Help | Program sets Program %) End

26 FEBRUARY 20, 2024
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Slide 25

DFO Added atrial rate histogram graphic
Douglas Finch, 2024-01-10T18:05:41.430

Slide 26

DFO Changed screenshot with suggested basic rate
Douglas Finch, 2024-01-10T15:49:57.270
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Expert options .

llivia 7 DR-T
61092564

ul 4G
9 Livecontrol

uss

=4

Renamic Neo
96%

08:38
01/10/2024
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CLS Response Programming

60 s s s s s s
ey e Te e Te e e

v

@ ull

= (
@R Frn

— . T L ¥ (o s
Q| An- I i - - - A
(R va

___ RFtelemetry )

CLS [bpm]
Sensor/Rate fading (BB oy €1 rate [bpm)
Upper rate [bpm]

Mode switching [bpm] ¢ o =

Vp suppression CLS resting rate control [bpm]

- — =+ | < | G | (e
—_—————
| Home g | _ Patient | MRI | [{.ﬁhnm
Mode DDD-CLS v [719 = ;
Pulse amplitude [V] 35 3s
Basic rate [bpm] s0
o e > 2 | i Recordings

J

@ Diagnostics ;

f@ LiveSupport

AV delay [ms] Vp requirad [ - n
(@ More

Post-shock pacing a | Hide CLS expert parameters
[’ Preferences

S0 [ (V@ | @ Help | Program sets [%)Ena

% BIOTRONIK
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MSuggested Programming Modifications for

Syncope Patients

Resting rate control

« Resting rate control prevents
inappropriate rate excursions during
orthostatic changes or response to

non-physical stimuli

» Resting rate control should be turned ' ..

OFF only for dysautonomia patients:

» Neurocardiogenic / cardio-inhibitory
syncope

» Vasovagal syncope
« POTS
* Autoimmune dysautonomia

=y
Renamic Neo
96%

Dg:41
D1/10/2024
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60 5 S S S S S S R
5 W 13 e Te T e Te
v
({=) @ ull - —
livia 7 DRT @& FF"”J\}
61092564 — v v 2 r
@] an__), 5 " I A A ,
al 4G Q) va L
4 Livecontrol :
— | psa | 5 | ©
Tochycardia  Bradycardia | Home Monitoring | Diagnostics _ Patient | MRI |
Mode DDB-CLS A | v
Pulse amplitude [V] a5 35
Basic rate (bpm] 50
CLS [bpm)

Sensor/Rate foding (b9 a1 rate [bom)
Upper rate [bpm]

| Dingnostics ]

Mode switching [bpm]

[@se

LS response J
Vp suppressicn CLS resting rate control [bpm) [W
AV delay [ms] VP required l@m‘i
Post-shack pacing - | Hide CLS expert pan = L

+40 +50 [I‘ Preferences.
‘Eulfjﬂlm Help | Program sets T Froorem ] [Qjmu

¢ BIOTRONIK
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Slide 27

DF0 Added new screenshot to match previous slide no other changes

to parameters
Douglas Finch, 2024-01-10T15:52:51.892

Slide 28

DF0 Added new screenshot to match previous slide no other changes

to parameters
Douglas Finch, 2024-01-10T15:56:22.407
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Rate-Adaptive Sensors: Past & Present

« Multiple sensors have been tried but only 3 are currently market available
« Sensors can be ‘open-loop’ or ‘closed-loop’ and clinically it is important to understand
the difference

« CLS is the only ‘closed loop’ sensor available and has been shown to be advantageous
for multiple clinical indications

* While programming CLS can be as simple as ‘on’ there are some more advanced
programming options that can help optimize rate adaptation for an individual patient

2024 BIOTRONIK, Inc. All rights reserved. PPT846 8/16/2021 \:3 BIOTRONIK

EBRUARY 20, 2024
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Questions

» Is CLS a dual or blended sensor? Answer Dual accelerometer only verifies rest and
does not affect rate when mode is DDD-CLS

» Does CLS make rate calculations during a mode switch? No. The mode during a mode
switch is DDIR so the accelerometer takes over during a mode switch

ed. PPT_EDU_012 2/20/2024

2 BIOTRONIK

FEBRUARY 20, 202:
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Slide 30

DF0 Requested questions added
Douglas Finch, 2024-01-10T18:10:42.058



