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# # 6370094330 : MAJOR MEDICINE

KEYWORD: CIEDs, Tricuspid regurgitation, Heart failure, LV systolic function, RV systolic function
Monpraween Amprai : Incidence and Characteristics of Worsening Tricuspid Regurgitation Following Cardiovascular
Implantable Electronic Devices (CIEDs) Implantation . Advisor: Sudarat Satitthummanid Co-advisor: Samonporn

Boonyaratavej songmuang

Background: CIEDs have been widely implanted in variety of cardiac arrhythmia and benefits outweighed risks of
implantation. Tricuspid regurgitation (TR) is one of the common complication which can cause heart failure (HF), reduced LV and RV

function and cardiac arrest.

Purpose: We study about the incidence of worsening TR at least 1 grade after CIEDs implantation and correlation with

composite end points of HF, HF hospitalization and mortality, LV and RV systolic function.

Methods: A combined prospective and retrospective single center study of patients undergoing CIEDs insertion was
conducted at KCMH between 2017-2021. CIEDs included PPM (Permanent pacemaker), AICD (Automated Implantable Cardioverter-
Defibrillator), CRT-P or CRT-D (Cardiac Resynchronization Therapy Pacemaker/ Defibrillator). All studies of transthoracic echocardiogram
were reviewed. Baseline characteristics, echo data focusing on worsening TR, model of CIEDs, indication, left or right-sided implantation

were recorded.

Results: There were 587 CIEDs insertions since 2017-2021 at KCMH were screened. One hundred eighty patients met
inclusion criteria. The mean age of 70.71+14.6 years. Sixty percent were males. CIEDs consist of PPM = 94, AICD = 53, and CRT = 33.
Thirty nine patients (21.7%) had worsening TR at least 1 grade which occurred in AICD group significantly (OR 1.26, p = 0.005). Insignificant
event of composite end points of HF, HF hospitalization and mortality happened in worsening TR group (p = 0.587). In worsening TR
group, LV ejection fraction was significantly decreased (p = 0.002) in contrast with RV function using TAPSE was insignificantly decreased

(p = 0.475).

Conclusion: This study could show the significance of worsening TR after CIEDs implantation which occurred in AICD
group significantly and correlated with decreasing in LV systolic function. There were no clinical significance between worsening TR

with composite end points and RV systolic function.

Field of Study: Medicine Student's Signature .......ccoeceeeeieein
Academic Year: 2021 Advisor's Signature .........coceeneecunnn.

Co-advisor's Signature ...
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1.1 anudrdgyuaznuivaslyniniside (Background and Rationale)
CIEDs 93139710 Cardiovascular Implantable Electronic Devices auvsnglu
awlnede wissnszguliihmlaiinn1ds Feawnsaudeendugunsalsne 19 3 aile

TouA

1. Permanent Pacemaker (PPM)

2. Automated Implantable Cardioverter-Defibrillator (AICD)

3. Cardiac Resynchronization Therapy (CRT-D,CRT-P)

tagtuiimsldgunsaiiniasnsedulnifiilariinn1as (CIEDs implantation) sl

oghaunIuanean Ty Susaudd am 19587ldugninanldesausnluauldfiinneiiladu
H198135UU39 (Severe symptomatic bradycardia) 1avaudstiagiufldfinguunldess
vannnane dailustlemilunistiedingiaeiduogiann® usegslsinaumarsnisinuly
Jagtiuldmuiiisenunainnnzunsndeunundaannisldgunsalnseduile nemis

TutluronisnunisivesaunlalasAatnfiunnlu (Worsening TR)

PnvateNsanwnsuniinuInslansensedulniilaviinasduiusiu

(%
= 1

nssvesauilalasfale GedmaliiinnneauRaun@nsgaiuun 019 nazulviuUen

(Heart failure) wazanizdwiinvanjunsaaunsadisumssnululsmenuia (Heart failure

1%

hospitalization) Ingluunsnefinudndulunisfiazdesilanneadmenainnaieds
91 nsthanersenseiulniilesen (Lead removal) @, mavaswlunisilegunsnl

nszfuiilafiduepicardium (Epicardial lead implantation) @ usiegalsinudoyaiieiv

ANUENNUS1IAATN (Clinically important TRISslduiinsuwidn Fesnsunteymniindu

[ 1
N a

Hflanusndusgranniagdosdilaienalnuesnisiianneii(Mechanical complications)®

PNMsANBNEILINTY . aensal eldfinsyiuudeyaiiuudatiagUinisel
YoM aAnn155vesauialalasAaln (Tricuspid regurgitation) ndsa1nnistagunsainsedu

Inilwilaviinn1ns (CIEDs implantation) wagdslifinssusudeyaszeviaidu



asusulunsiansvesdumlalasdalniuiniu (Worsening TR) mumdsainnsld

gunsalnszAuiila

mMaIdedslainuteyadnudoundsluundiuvenguitedlasunisil

wsoenseauliiiilaviingn3s (Permanent pacemaker) Tulssnenuiaguiasnsead Aaus

FIufen NN A9 Sueu w.e. 2562 tnsiUlenlasunsiaeseanseduiila

(Permanent pacemaker) v19isn 56 519 lagluduiu

o
Y

[
a

lgnAndenasnaiunadifneen

(Exclusion criteria) ¥iavida 2 578 Wwidesganansaiiarsandeyarianuald 54 518 Tagnuin

AUredulnglasunshdanswnidilanewivinanslugie 3 weu (40 518 210 54 518

Andusesar 74) wazlatinsfnauyingansienuiilafl 1 WWeu 6 518 $esay 11): 9 6

Wy 10 518 (3pay 18) wax 12 Wheu 5 578 (Segay 9) sua1eu

Nndayailiinadnsnaulare nudnsinisianissivesaumlalasdalaiiuiu

(Bredamuinide 1.7 Tennasdowmuseaureinsiivesaulnsaaln (Grading Severity of

TR > 9) 7 1 \iau WiATu 0 518; 9 6 ey WHadu 3 578 (AEndusaeas 5) 1oy 2 $18 1S

WWNUUYDS TR severity 91 0.5 S2AU wag 1 518 AN15LWNAUVOL TR severity 91 1.5 sedy; 7

12 iiou WnTu 2 518 (Aaduseway 3.7) lnevia 2 519 dnsifintuwes TR severity 91 1

SeAU EasduaNIAnyIUewuadlun1sen 1 uazgunini 1

a 8 v & Y v Y va vo a Y] .«.:4'
M1919 1 LLﬁ@I\‘iNaﬂ']iLﬂ‘UGUE]%JJaLU@QWULLUUH@UV@Qiu%V]VL@iUﬂqimﬂLﬂi@ﬂﬂigﬁluwjﬁlﬁ]m

Lsangnuiagmiainsalluieseninufien ningiau 89 Suanau w.e. 2562

Total case 56 cases

Exclusion 2 cases

Echocardiography

within 3 months

Echocardiography

1 month after

Echocardiography

6 months after

Echocardiography

12 months after

Enrolled 54 cases pre-procedure procedure procedure procedure
Echocardiography 40 (74%) 6 (11%) 10 (18%) 5 (9%)
Increase TR severity 0.5 grade - 0 1(1.8%) 0
Increase TR severity 1 grade - 0 0 2 (3.7%)
Increase TR severity 1.5 grades - 0 1(1.8%) 0




Retrospective study of cases underwent PPM implantation at KCMH

during July to December 2019

80% 40 (74%)

70%

60%

50%

40%

10 (18%)

5 (9%)

30%

20%

2 (3.7%)
1(1.8%) 1(1.8%) Echo 12 mo after

A Echo 6 mo after
10% A 4 Echo 1 mo after
A A Echo within 3 mo
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NnNsTIvTINteyalawul vinlilidedunaladn nmafianisiiniuduvesduiile
lasfaUauu Sudunswdsuwlaan 6 weududuly dmunisiiudeyanisiaeuulas
yosauiilalasdalninawndas 6 wewduduluiazuansdiiunansenuvasnisldaunsal

nszfuinlaluszezenla

1Y 1%
a =

NsANRLAnTY Weagmeaudunusvensldaunsainseiulniiilayin
0179 (CIEDs implantation) Mfnavilmannissivesdauiilalasdalaiiuiinau

(Worsening TR) #3alal islusgezau (Short term outcomes) wagsrage (Long term

1%
v o W a

outcomes) Taluds@n¥IIINITIANITIINNN LTI T Ay nsadtinuTela (Clinically

significant TR)

1.2 ANuYIN15398 (Research questions)

A1U78Yan (Primary research question)

wugUinisainisiivesduiilalasfalniiinduegios 1 seAusgaitbes Weey

sErdneneu wavnaanisilgunsainssdulniilastinansasmsely?

AND1N3T8394 (Secondary research questions)

1. nugdAnmsalnaTinvasnsiaiiladumas, nisusulsmeivianiladuval wae
Snsnsmed 6 Woulunduiiinisiesdumlalasdalafidutuvdola?

2. wumstushuesiilavesdsdnefiugasil 6 Weulunduiifinisthvesiumlalnsdada
fifduniola

3. nunstumvewinlaviesaauniwgasi 6 weulunguiniinissvesdumlalasdalag

WLAUATol?

1.3 TngUseaeAvaen1s3de (Objectives)
\eAnwInAngURn1sainsvesduilaniudunaslasunisilanseenseduiilayin
015730l wazdmnuduNusSiuaINISNI9AATN, N1STUAIVEIIlaTieIae1eNLEad LAy

= g Y 44 ! d' 1 =) I
nsUusvesilaesaauiugamisely
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I UIZHIATD

1. efnwgiinisalvesmsiinradnssinvewiladumead, MsueulsanegIu1an

Y
a a =

sladumen uardnsinmaned 6 woulunguiiinisivesduiilalasdalafidiudy
2. iednwnisduswesilaesadned 6 wouiiinsvhaufindaddaeduiusiu
msfavesaurinlalnsiadniiiuduvdell
3. fieAnwinisduivesiilavesanwni 6 wewinfinmsianuiiugasdaeduiusiu

n35vesauInlalasAalaidiudunsely

1.4 #UNAFIUVBINTIY (Hypothesis)
nsilaesaanseiulnihilaginansdmalvnugdinisainisiivedumlalasdalen
Wiy ugadanaliinuadnsnienainlonnetunineileduinagl N1suaulsaneIUIanI18n1IY

PlaUa0 wWarsnsIN1IAne SAulURenIsdINanUNISTURYeIIlaTe9a19918 wazviedana

Gl 1
Yokl

1.5 fdfny (Keywords)

CIEDs, Tricuspid regurgitation, Heart failure, LV systolic function, RV systolic function

1.6 NSAULUIAMUAATUN15IY (Conceptual framework)

Clinical outcome

Conceptual framework & i

Asymptomatic TR
N o
& o

CIEDs insertion ’ Worsening tricuspid

regurgitation at least 1 grade

RETTYO
Anatomical outcomes
Device type Other causes of TR TV damage.

Implantation technique

Lead pl; it techni i i i
e2d placement technique m’:?ﬂi“ disease Echocardiographic data at 1 month and 6 months

Intracardiac shunt for - TR severity

Severe MR/MS ) N
e LV function

RV systolic failure - RV function

Rtsided HF
Lt sided HF

Clinical dataat 1 month and 6 months |

Journal of the American College of Cardiology
‘Volume 69, Issue 18, May 201700 101016/} jacc.2017.02.055
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(Grading Severity of TR) > ¢

Absence 0
Minimal (trace) 0.5
Mild 1
Mild - moderate 1.5
Moderate 2
Moderate-severe 2.5
Severe 3
Massive 3.5

Torrential q

14
S A 3 A A °

*aelun1sfinull Tnsiiudeyatieiansan TR severity Tunannvianegdsifienagdiin

Uszananalunsidanssiuanusulsasauiilalnsfatninsrs

Table 14 Grading the severity of chronic TR by echocardiography

Parameters. Mild Moderate Severe
Structural
TV morphology Normal or mildly abnormal leaflets Moderately abnormal leafiets Severe valve lesions (e.g., flail
leaflet, severe retraction, large
perforation)
RV and RA size Usually normal Normal or mild dilatation Usually dilated*
Inferior vena cava diameter Normal <2 cm Nermal or mildly dilated 2.1- 2.5 cm  Dilated > 2.5 cm
Qualitative Doppler
Color flow jet area’ Small, narrow, central Moderate central Large central jet or eccentric wall-
impinging jet of variable size
Flow convergence zone Not visible, transient or small Intermediate in size and duration Large throughout systole
CWD jet Faint/partial/parabolic Dense, parabolic or triangular Dense, often triangular
Semiquantitative
Color flow jet area em?'  Not defined Not defined >10
VCW (em)" <0.3 0.3-0.69 =07
PISA radius (cm)* =05 06-0.9 >0.9
Hepatic vein flow® Systolic dominance Systolic blunting Systolic flow reversal
Tricuspid inflow® A-wave dominant Variable E-wave >1.0 m/sec
Quantitative
EROCA {cm?) «0.20 0.20-0.39 =0.40
RVol (2D PISA) (mL) <30 30-44/ =45

RA, Right atrium.

Bolded signs are considered specific for their TR grade.

*RV and RA size can be within the “normal” range in patients with acute severe TR.

TWith Nyquist limit >50-70 cm/sec.

*With baseline Nyquist limit shift of 28 cm/sec.

5igns are nonspecific and are influenced by many other factors (RV diastolic function, atrial fibrillation, RA pressure).
IThere are little data to support further separation of these values.

Variable Severe Massive Torrential
Vena contracta width (biplane) 7413 mm 14-20 mm 221 mm

Effective regurgitant orifice area (proximal isovelocity surface area) 40-59 mm? 60-79 mm? 280 mm?
3-di jonal VCA or quantitative effective regurgitant orifice area 75-94 mm? 95-114 mm’ 2115 mm?

Miura, M. et al. J Am Coll Cardiol Intv. 2020;13(17):1999-2009.
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1.8 Uszlgaunaad1azlasuannnisive (Expected or Anticipated Benefit Gain)
Usgleginininaglasunsonaans

¥
Y

1) nywiamsldmainandanirwniiila (Echocardiogram) uuszend
TumspdtinluUieniinneivesduiilalasdala (Significant TR) ndsanldinTonszau
ila

2) nswiimMsiwegrasnsingliugnsnsiiaiilang ansinsne
HadNSaUa NAuLNAINMITAnn s TesiuiilalasdalnlugUlenlasunisilanIaansedu

Wila (Significant TR) lngodamdiinansanstw1iumla (Echocardiogram) Useneunis

LY

fnaulasnen

3) fnanuitenaldsun1suiauslun1sUssgusEAUBIR/SLAUUILIYF waz

ANUNTIUINTATIEAUIR/SLAUUIUNYIR b9

mgnuiinanisiaeluly

1) YsgprduiusununndlinauuagnsendnlunisfinaugUieiilasunis
HapIeensedulninmila waziinisanlunisnsiafianiu danirgiimila

(Echocardiogram) 1nUszgnaldluniepdin tieluswianazlaldiduunsgiulunisfianiy

AUenfkazAuAlunsidnIneInTnanIsumg

2) anunsavhnsideluwuadn Inglddeyavedlasanisiiluiiugiu

3) Wuswimdlunisusudanisguasnwidiieniinneivesduilalasdate

munaInIsRaAseanseAulniilariinn1is

v

1.9 guassAianaazindu (Challenges)

Wesmelagtulianiunisalnmsssuinvedlsahisalainl9 (COVID-19) vilvdana

nsgnulumsandnnugtendauihvinanisnmsileaseansedulniiila ensdealvinig

=3 14 4 1A a o 4
LUTBHART1UN wagliieanelunsidela



WAINeNsuAT nRNATLauagyindy Prospective study Fsiinsusuiuaeu
sULUUNTITY Mmen1sinisidedudnuaie mixed retrospective and prospective

observational descriptive longitudinal(or cohort) study Lnu

a

1.10 AudesazinTuLazAuSURnYaU (Risk and Investigator’s Responsibility)

=

ANUFINIinTY e TeyanTuiinlinnnvseleuliiisame

ANUTURRYRUYRIITY e wengnuvdeyaigndedlilauiniignusznauniside

Y
v

NuRUsEIEUITNIYIY fasenndefiiieites waneiuiu uazUSnwinadin asdeya
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NUNIUITTUNTTUINUIVeTNYITD4

2.1 uni (Introduction)

&9 gdRn1sainisiinnnign1siives

MNMsANYIMUMUITTUNS I RgTRs WU
auilalasdaliafiunntu (Significant TR) aumdsnisldgunsainsedulnihvilaiianns
(CIEDs implantation) thudlmmumanananelunsiaznisine (Govaz 7-45) Inedanulnanisld
gUnsainszduilotudiauduiustuniningiimaninsveduiilalasdaliofiuniy
(Increase incidence of TR) Tnglamzegradafumsldgunsalnszanila (AICD;
Automated Implantable Cardioverter-Defibrillator) Wasnnisdinnumnuasanuudd
AN (thickness and stiffness) gunsninszurinlawindu wagludnnsfnwmileiide
Early ICD studies wui1 msldgunsainszaniiila AICD duiusiugifnisalnisidedia
douwduiianas (Sudden cardiac death) udvilshiAanssivesausiilalasdalinnundsnis
Tagunsninseduiila (Lead related TR) TnsovdsmaliAnnmgiwiuon (Heart failure)
Tngannzognaduivihulenanmlallaavinauiinung (Right sided heart failure) wag

[ LY

UWUSAUNS@BTIRLe (Mortality)

INBNNsAnwmTanUdn nglRnsalnssivestuilalasdalamunaeainnisld
gunsninszAuila (Permanent pacemaken” agsgninedosay 25-29 Wisuiunguaiuay

a o

(Control group) $98ag 12-13 WAIINIAMULANANBENTUEFRYNEEA (p < 0.05) ag

1 [
= a

msfnwiiudunsyiusndeyannaienising lnenuinfinsiHiiistuvesduila
lnsAaUni 1 w3 2 seau Sevar 11-25 lneilsvern13nTiadaningiumlaiiAeud1ening

agluye 1-827 Tu naannisldgunsainseiuiiala vila PPM 3a AICD

2.2 uaansfitinainn1ssarvesauralalnsaala (Significant Tricuspid Regurgitation
Consequences)

Tundyunisfinwfesiuwanisedin © wud fenadnsiinnuunlaey 2 winy lawn

Nan19eatin (Clinical outcomes) kazran19n18AINW (Anatomical outcomes)
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V9euran19aatin (Clinical outcomes) tunulasiaws 11ifia1n13 (Asymptomatic

TR), M15tAnnzIlaneeaun1as (Right-sided HF) wazn1siinnizinlanesdiesau

(%
[ a Y

&3 (Left-sided HF) Bulunaiinainnisninnesauiilalasdalndy [Wumaiiviliae
LLiﬂﬁuﬁiamﬁﬁﬁuLﬁaﬁ:ﬂﬁ’ﬂﬁ] (Direct ventricular interaction from RV volume load) tagin

TmAnnMzUvINUanm UL

NFIUNANINIEAIN (Anatomical consequences) Hu 81ALAANITNTENUNTELTIOU

i

noduilalasdalnlideme (Perforation,laceration) Tusgwinanisldaunsal waznis919

fNanY (Lead placement and manipulation)

2.3 Jadeufidsnarinliinn1iznisiivasauinlalns@ala (Factors Contribute
Tricuspid Regurgitation)

[

P a (7)) & A aa a o W .
NNSANYILAN" GanuNTaNUNaIINMALNNISVINRanIS (Technical factors

[

in procedure) NEINANTENUADNTIIVDIAUIILD ATl

1. msiladaeaneluvieudeviuila (Lead tip configuration) I 2 35 fe
- Tined technique: lngUawansaziinisi@ondunistuiiilaendocardium
. 1Y) = 2 o aada Y]

WUU passive fgn1snevesngaaian @9siiinalunislnaiu TV
chordae tendinae 10111137138 Screw-in (More entangled with/or
entrapped in TV chordae tendinae)

- Screw-in technique: lngUatgagazinisiteniunistuiilaendocardium
LU active sagn1sluainuigsaselangaeondasniuniaila

sanansly sunwi 4
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\

Active Fixation Lead

Figure : Comparison of three types of bipolar
bradycardia pacing leads — The left side (top) lead
is a older generation passive fixation lead. The ring-
tip distance is large. Center lead and right side
(bottom) lead are modern leads that represent a
smaller distance between the ring and the tip.

g electrode

Active Fixation Screw - deployed 4ty % 41 Ring electrode

p———

Figure : Comparison of active and passive fixation leads — Passive fixation leads have tines (fanges) at their ends, these
tines get entangled in the RV trabaculae. Therefor these leads were basically designed for apical pacing. In contrast,
active fixation leads have a screw in the tip which can be deployed from the other end thus enabling fixation to any place
within the heart. In some brands and models, the screw itself is part of the tip electrode and the length of screw curve
determines the overall surface geometry. The screw electrode surface is slightly rough to further suppress polarization —
but the overall screw size (lead tip geometric size) is similar to a passive lead tip thus maintaining adequate current
density

(Courtesy of http://www.howtopace.com/basics-of-pacing-leads/)

sunni 4 nisilsangangluiendeviuiila

2. misldanensgauiila (Lead placement technique) 3 3 35 Ao ©

- Prolapsing technique: ilaunsoannsidamudeme
(perforation/laceration) seaumilalasdadnle

- Direct crossing technique: mmaaammnﬁmmmLﬁamwiaﬁyuﬁ’ﬂﬁﬂmﬁa
Ualgl (Decrease risk of trauma and damage to tricuspid valve
apparatus)

_ Drop-down technique 3s3aioraneliinaudemesteauilalduinni

350U
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Prolapsing Direct-crossing Drop-dowwn

(Courtesy of http://www.howtopace.com/basics-of-pacing-leads/)

sUMN? 5 nMsrangiasesnseauliiila

3. Uadwdu lawn 3nuiuaefld (Number of leads), ANuMUNUBIAY (thickness),
ANULTIUBIANY (stiffness), ANLENIVBIAE/NSHUALTRTAYe9a1e (course of

lead or lead across valve)
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2.4 nalnn1s5rvasduralalnsdaln (Pathophysiology of Tricuspid Regurgitation
After CIEDs Implantation)

nsianzauiallasAalniinnnislaesesnsequimlaviinnds dnalnitanunse

(%
Y

a5uwle avum 5 wuu bewa 7

1. anensgauiilalurnsegnsasuauilalasdaln (Valve obstruction caused by lead

placed in between leaflets)

2. anepnsziuimlaluAnedfunssuruduiilalasfalaliemnusnuilinefinanusniauyi
TS sfineunndumeiauiilalasdateUnlalidauysel (Lead adherence due to fibrosis

and scar formation to valve causing incomplete closure)

3. menszauiilalivinvednsstudinvesduiilalasdaln (Lead entrapment in the

tricuspid valve apparatus)

4. angnseauinlavihliiianmeg viseiiinnis@nvinvesduiilalnsdale (Valve

perforation or laceration)

5. msldnsaanseiuilaibiinnisvenevessaulasdaln (Annular dilatation)

©)

(D) (E)

Figure 6 Mechanisms of mechanical tricuspid regurgitation in the setting
of permanent pacemaker or implantable cardioverter-defibrillator leads.
(a) Valve obstruction caused by lead placed in between leaflets. (b) Lead
adherence due to fibrosis and scar formation to valve causing incomplete
closure. (c) Lead entrapment in the tricuspid valve apparatus. (d) Valve
perforation or laceration. (e) Annular dilatation.

sUnni 6 nalnn1siivesauiilalnsdate



2.5 msUsziiun1ssavasiuialalnsaala (Grading The Severity of Tricuspid

Regurgitation By Echocardiography)

dmsunannsUssiuieniuanuguLsInsivesduiilalnsdaln (Severity of

tricuspid regurgitation) Hu Huann1sUseidiunil® & 2 feagnesonfunisuseidiuain

nannaneiinansingandeuiila (Echocardiography)

Table 14 Grading the severity of chronic TR by echocardiography

Parameters Mild Moderate Severe
Structural
TV morphology Normal or mildly abnormal leaflets Moderately abnormal leaflets Severe valve lesions (e.g., flail
leaflet, severe retraction, large
perforation)
RV and RA size Usually normal Normal or mild dilatation Usually dilated
Inferior vena cava diameter MNormal <2 cm Normal or mildly dilated 2.1- 25 cm  Dilated > 2.5 cm
Qualitative Doppler
Color flow jet area’ Small, narrow, central Moderate central Large central jet or eccentric wall-
impinging jet of variable size
Flow convergence zone Not visible, transient or small Intermediate in size and duration Large throughout systole
CWD jet Faint/partial/parabolic Dense, parabolic or triangular Dense, often triangular
Semiquantitative
Color flow jet area (d:;mﬁT Mot defined Not defined >10
VCW (cm)’ <0.3 0.3-0.69 =0.7
PISA radius (cm)* =05 0.6-0.9 >0.9
Hepatic vein flow® Systolic dominance Systolic blunting Systolic flow reversal
Tricuspid inflow® A-wave dominant Variable E-wave >1.0 m/sec
Quantitative
EROA (cm?) <0.20 0.20-0.39 =0.40
RVol (2D PISA) (mL) <30 30-44/ =45
RA, Right atrium.

Bolded signs are considered specific for their TR grade.

*RV and RA size can be within the “normal” range in patients with acute severe TR.

Twith Nyquist limit >50-70 crm/sec.

*With baseline Nyquist limit shift of 28 cm/sec.

8Signs are nonspecific and are influenced by many other factors (RV diastolic function, atrial fibrillation, RA pressure).
IThere are little data to support further separation of these values.

Variable Severe  Massive  Torrential

Vena contracta width (biplane) 713 mm 14-20 mm 221 mm
Effective regurgitant orifice area (proximal isovelocity surface area) 40-59 mm? 60-79 mm? 280 mm?
3-dimensional VCA or quantitative effective regurgitant orifice area 75-94 mm? 95-114 mm? 2115 mm?

Miura, M. et al. J Am Coll Cardiol Intw. 2020;13(17):1999-2009.

sUANT 7 nsUssiiunsivesiuiilalasdatlo



15

2.6 nangunmsanwngiunsvesauinlalasdaUandslasunisilansansedulnia
#2lawina135 (Evidences of CIEDs Related Tricuspid Regurgitation)

nnmsAnymilsildesuenavesmsldndesnseduiilarenadnsiinuunly
n38ani1eniiala (Echocardiographic consequences) “OfilgvinSanseiiiilanuy 3
1 (3D TTE) Iuéjﬂ’saﬁlﬁ%’umiﬁqm%qnizﬁuﬁ’ﬂa PPM, AICD %58 CRT-D/CRT-P laendu
AsAnwILUUEBundT (Retrospective study) fausitaiiou unsa a.f. 2010 B9 wwey
A.A. 2013 Tun1sAnwdanansaifiusiusiunim 3D TTE fanunsnssyiumisuesans (Lead)
wlidufosaz 90 fie 910 121518 Tu 135 518 Mng1udeyadanireniialaves University
of Chicago laetlunisiiunmannyuvesilaiesasan (RV view zoomed image of

tricuspid valve)

Toyadlasuanmsfinuinudn mneunisangliegnsa TV commissure agliny
Uymideaiunisne (impingement) duridlalasdatn wivinluegnsunuauiiala (leaflet)

xnulgnifgiiunsnaduiilalesaatn dagunmi 8

0.90 B
0.70
*
g
AP 1:; 0.50
g
£
z
3
g 0.30
2
0.10
n=21 n=32
0.00
PS Vas -0.10 Impinging (A, S, P} Non-impinging (AS, AP, PS, M)
[0 Pre-Implantation Echocardiogram
B PostImplantation Echocardiogram
Figure | Dewce-Lea.cl. Positions and Percentage of Leads Figure . Patients With Pre- and Rost-Device-Lead
Located in Each Position Implantation Echocardiograms
Device-lead positions (left) and percentage of leads (of a total of 121 patients Pre- and post-implantation tricuspid regurgitation severity (as measured by
. . . . _ . . . . vena contracta) for patients with impinging device-leads (A, S, P} and patients
studied) located in each position (right). A = anterior leaflet impingement; with nonimpinging device-leads (AS, AP, PS, M). Pre-implantation data (n — 53)
AP = device-lead in the anteroposterior commissure; AS = device-lead in the correspond with pink bars, whereas post-implantation data (n = 121) corre-
anteroseptal commissure; M = device lead in the center of the tricuspid valve spond with blue bars. Post-implantation tricuspid regurgitation was signifi-
orifice; P = posterior leaflet impingement; PS = device-lead in the poster- cantly more severe in patients with impinging leads (*p < 0.05) than in patients
| R N with nonimpinging leads. The n values on the bar graphs represent the
oseptal commissure; S = septal leaflet impingement. number of patients in the corresponding groups.

sUAN? 8 nsUsuiiunsTeiuiilalasdalnainnisidansignitiila 3 96
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MNAMSIBUNSIULLEnsiiui msilaenseduiala (ead) Tudnvanenis
sfuvesaulafidldineinesaniniu fanuduiusiunsiinauiilalnsdadeitsamnn
P ilefieuiulunguitlaifimsdaunenisuiiuesiuiila (Vena contracta: median 0.62
cm [1st and 3 rd quartiles: 0.51,0.84 cm] vs. 0.27 cm [1st and 3 rd quartiles: 0.00,0.48
cml; p < 0.001) miﬁﬂmﬁlﬁﬂénaqﬂwﬂ"ﬁﬁ AslgansgIuFlawuy 3 96 (3D TTE)
annsouandifiulddnauisumivesaetarauduiuglunsiinnnzauilalasda
Un% (Tricuspid resurgitation) Tuewnasdeinnisindansennimilawuy 3 R (3D TTE) w1

o '

Helunszuiunsldaneiiionizanisnneiumisvesans leadlviegludumnivedsossening

v
a LY

wHunuauIla (commissural position) lileausatagannisiinnzdumlalasfatng

(TR) mumasnsilapIaanseulniilald

snnsdnwniadunsfnuimadwsinannndannisldedomnseduiila

(Clinical consequences) Immwsmﬁagamﬂ Beth Israel Deaconess Medical Center
Faus UnNTIAL A.A. 2005- SR A.A. 2011 lnefivoyansvidanireiiiala 121,040
$18M15 Wuvewiae 69,412 518 Fafunsinumenuduiussswinmsiiannzaunla
lmﬁ’aﬂm%’amwﬁamﬂm{[,ﬁl,ﬂ'%'aaﬂizéjuﬁﬂa (Transvenous permanent pacemaker) U
Sasnsidedin msanuidliideunssweduiilalnsiadnededifodfay (Sienificant
TR; STR) 31 Aensiidaufivedtumilalusyiuiiunaniann (moderate-severe 13e =
3+) wui1 Arwgnvesnainnisveshuiilalasdalinegtedidedidy (STR) getulunguil
iﬁ%JUﬂ’lﬁﬂﬂLﬂ%a\iﬂﬁzﬁuﬁ’ﬂﬁl PPM (Transvenous permanent pacemaker) [(mean age 79
+ 3 years; 54% males ; adjusted odds ratio 2.32, 95% confidence interval [Cl], 1.54—
3.49; p<0.0001)] Inglunduitheildsunstls PPM wutnguiifinsiesauimlalnsdaln

pgslitvdAgy (STR) dUNUSAUNSIANTUTDI9RNTINITANY (adjusted hazard ratios [HR]

1.40, 95% ClI 1.04-2.11, p=0.027 versus no STR) é’fﬁgﬂﬂﬂwﬁ 9
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0
6o | n=to2
19
P<0.0001 N
50 =84 N Log rank p <0.0001
£ 03] R
2 w0 3 Rt~
g = PeR H
s u PostTR @ 08
5 0 5
H z
S e = FIL No PPM, no STR
8 =29 2 | === No PPI, STR HR 140
= = L R PPU, o STR
0 - 0] - PSR [T (104210)
- | p=0.027
M=t [
0 : . L
o1+ 12+ 2 3+ 4 o
TR grade 0 2 ‘ 0 8 10
Years
Figure oA Fiure: 9B
Distribution of tricuspid regurgitation (TR) preceding (blue bars) and following (red bars) Probability of survival according to prevalence of permanent pacemaker (PPM) lead and
i ion of a permanent ker lead. significant tricuspid regurgitation (STR). HR = hazard ratio.

sUnni 9 nsiwesduiilalasAalaiunisilaesesnseduiila

wenMNUInvhlasIuTInteyansfinuirusnfediugtinsalvesnssivesiu

Wlalnsfatanasannnisilaesesnsequlniialasiinassivsulidauandy a9 2
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A13197 2 uanaRanIsiudayannuatemsiinwiiesiugifinisalveinissivesauiile

lnsAaUandannnisilansaansedulniilayinn1is

Author
Year
Place of
publication

Timing of TR
Assessment After
Implantation

Assessment of Onset or Worsening
of TR

Reported
Frequency, %

Main findings/Comments

Francesca N. 58,556 PPM NA Prevalence of STR (= 3+) 204 (16%) *  The prevalence of STR was higher in patients after PPM
Delling et al. individual among all echo- cardiograms STR placement (mean age 79 - 3 years; 54% men) compared
(2015) patients (634 performed from 2005 to 2011 (=34 with those without a PPM (adjusted odds ratio 2.32; 95%
with PPM) excluding those with defibrillators. confidence interval [CI] 1.54 to 3.49; p <0.0001).
*  Among patients with a PPM lead, the presence of STR
was i with i mortality (adj
hazard ratio 1.40; 95% Cl 1.04 to 2.11, p [ 0.027, vs no
STR).
*  Compared with having neither a PPM lead nor STR,
adjusted hazard ratios for death were 2.13 (95% C1 1.93
to 2.34) for STR but no PPM, 1.04 (0.89 to 1.22) for PPM
without STR, and 1.55 (1.13 to 2.14) for PPM with STR.
+  **STR (defined as moderate-severe or >= 3+)
Eleid et al. 58 patients PPM or AICD First week Significant TR developed in none of 5 patients (9%) with +  Over a mean follow-up of 25 months, in 5 patients (9%)
(2012) (52 with PPM 1 month the patients in the transvalvular lead significant with a lead signif or
and 6 with 20 months group in the first week after BTV (moderate or greater) prosthetic TR developed compared with 12
AICD) implantation. Moderate or greater TR greater) prosthetic patients (5%) in the control group (p = 0.20).
was detected 1 month after lead TR *  Kaplan-Meier analysis revealed no significant difference
implantation in 1 patient and 20 in the incidence of TR in BTV patients with and without
months later in 4 patients. transvalvular leads (p = 0.45).
«  Significant prosthetic TR in patients with and withouta
transvalvular lead more commonly occurred 2 years or
later after lead or BTV implantation (4 of 5, 80% and 10
of 12, 83%, respectively).
Paniagua et al. 374 PPM NA Onset 7 «  Severe TR was defined as 3+ to 4+ TR
(1998)
De Cock et al. 96 PPM Mean: 7.4 +2yrs  Onset 21 *  Severity of TR was not specified
(2000)
Seo et al. 87 PPM =50, Range: Onset 15 *  100f the 12 patients who developed severe TR had
(2008) (TR data ICD=17, CRT= 0 to 240 months nse nonsevere TR prior to CIED implantation.
available 20
only in 82)
Kim et al. 248 PPM =174, Range: Worsening by at least 1 grade 24 *  21.2% of patients developed new, 199 days clinically
(2008) ICD=74 23to 199 days significant TR (1.5 to 3+).
Webster et al. 123 PPM Median: 827 days Worsening by at least 1 grade 25 *  Study population consisted of pediatric and congenital
(2008) heart disease patients.
Klutstein et al. 410 PPM Range: Worsening by at least 2 grades 18 * Improvement by at least 2 grades was observed in 4.4%.
(2009) 1to 3,549 days
Hoke et al. 239 PPM =48, Within 1.5 yrs Worsening to a grade =2 38 *  Significant TR was defined as grade Significant TR was
(2014) ICD =191 defined as grade = 2.
Fanari etal. 206 PPM =120, Mean: 29 + Worsening by at least 1 grade 45 *  Post-i i i was at
(2015) ICD =86 19 months least 6 months after lead insertion.
Leeetal. 382 PPM =203, range: Worsening by at least 2 grades 10 * TR was assessed on a 6-point scale.
(2015) ICD=179 1to 1,200 days
Arabi etal. 41 PPM=7, 1,6,and 12 months ~ Worsening by at least 2 grades 17 * TR was worsening by 1 grade in 71% of patients.
(2015) ICD =25,
CRT=9
Al-Bawardyetal. 1,59 PPM=611,  Range: Prevalence of severe TR at 4 yrs 35 *  Prevalence of severe TR pre- implantation was 27%.
(2015) ICD = 985 1to 6.5 years
Delling et al. 634 PPM NA Onset 16 *  Significant TR was defined as =3+.
(2016)

CIED =cardiac implantable electronic devices; ICD =implantable cardiac defibrillation; NA =not available; PPM =permanent pacemaker; TR =tricuspid regurgitation.
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Ui 3

A5andun1sIy

3.1 3UuUUN15Y (Research design)

<

nMFeiiiluguwuunsfnwinuuluinmii wazdoundalianssai (Mixed observational

descriptive longitudinal(or cohort) prospective and retrospective study)

3.2 52108U75n19938 (Research Methodology)

*  UszansiUuung (Target population)
o gUreilasunisilunsasnseduliiiimlaviinansasusnilsmeua
PNAINTURIUAT WA, 2560-2564

Patient undergoing CIEDs insertion in KCMH between 2017-2021
gy a30enszaulalivihlavianins (CEDs) Uszneulude

PPM (Permanent pacemaker), AICD (Automated Implantable Cardioverter-
Defibrillator), CRT-P %38 CRT-D (Cardiac Resynchronization Therapy Pacemaker/

Defibrillator)

*  TBn1snfsenanaiing (Approach to participant)
o {heynmeiidniunsiiaaiesnsedulnihilaviannsadusni
lsang1unagnansal waeneiTeasvemBugaunaudnTINMsANK
All patients undergoing CIEDs insertion in KCMH and resercher will

request for inform-consent to participate in the study
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dmsuidhsaunuidelunguinurludramii (Prospective group)

WNUTINSARLEEND1ANENATU15ULATINTSIFY (Inclusion criteria)

Patients age>18 years who had been underwent first CIEDs insertion at

KCMH.

LNUNNITAALADNDNAAIATEDNINIATINNGTIVY (Exclusion criteria)

Patients with severe TR
Immmaﬁ%éfmﬁ’maaﬂLﬁaqmﬂéfaamﬁﬂmmLmﬂmwaaﬂmﬁmmﬁa
vosrwilalnsdalinfifindy mnfthegnidadedungy severe TR uddlu
v1see1aLfu Torrential TRud 9y lalanansadelinzuuunissaiiuaule

e
17N

Patients with history of RV systolic failure
11999175 NAUSEIRUINITHN1IL AN DIUINAULARIDIVAINAYIN LIALAA

ns51vesaulalasratansaiutula

Patient with known case primary TR
Wenagldaunsauenlatunmssiiiinduainnisiagunsalinsaensedu

Islaviinnnns Gafilunissauuu Primary TR wulieniu

Patients diagnosed severe pulmonary hypertension
\WesnmsniuseiAvesnsinnzussiuluduionnuengeeadamarinl

\ARN1532v09RulalasAalanswRuIule
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Patients with moderate to severe mitral regurgitation
\18997n moderate to severe mitral regurgitationovaswainliinig
Pulmonary hypertension @s13azdswaiinlminnnizaumlalasfalniag

Wnaule

Patients with intracardiac shunt

A | a = ° v a Y v oa U a X I
WasnnenvdmaduilaainliinnnzauilalasaalasMiudule

Patients with ongoing heart transplantation
= I a Ly 1o ' a Y] Qy
LuaqmﬂLﬂumsmawm’tamﬂwwﬂﬁlummmmmmwasuaqmiiwmau

mlanule

Patients with ongoing tricuspid valve surgery
dl' I3 Qy Ly 1 o 1 a QIJ qy
Weasanndunisunbvaumlaludvinlvluaiuisofnnunauednissiveaay

lasiule

o o Y Y a o = v o/ .
ﬂ"m‘J'UQL‘U'ﬁ’)ﬂN’]‘U’Jﬁ]EJI‘I.JﬂQQJﬂﬂ‘UﬁEJE]‘UﬂﬁU (Retrospective group)

LNUNNSAALADNBNEEANATLU151TASINNSTIFY (Inclusion criteria)

Patients age>18 years who had been underwent first CIEDs insertion at

KCMH.

INTINSARLEDNDIENEIIATEBNAINLATINTINY (Exclusion criteria)

* Patients with severe TR lngamniagiedfneontiiosainiean1sinaiy

wANA1YeINTSinNsTvesauiilalnsfalaiiiudu vingUiegnitdady
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Junqu severe TR ud3luunsieanailu Torrential TRuA9gla w1500
Tiaguuunsiinuliunnila

Patients with history of RV systolic failure

- Ao wa = o v Y | o § ¥ a
\esanmsnivseiAvenisinnigiilaveauwaietvdnayilige
nsTvesaunlalasdatansuiudula

Patient with known case primary TR
\Wesnagldaunsauenlanunissniiinduainnisiligunsalniaanseiu

Tolinlawtinnns Fafdun1sSawuu Primary TR wuldgaiy

Patients diagnosed severe pulmonary hypertension
\esnmsniusedAvasnisiinnzuswiuluduibonnuengieadaayinli

Wnn1ssvesduinlalasfatlensnudule

Patients with moderate to severe mitral regurgitation

11189970 moderate to severe mitral regurgitationoaaswavinlwiin1g

(%
a Y

Pulmonary hypertension @s13azdswaiinliinnizaumlalasfalniag

Windula

Patients with intracardiac shunt

Wagannenvdmaduiiaainliinnzauiilalasealnsiiudule

Patients with ongoing heart transplantation
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= [d = Y 1o ! a & 2
LuaﬂmﬂLﬂumslfdaﬂum%mﬂ‘mwniﬁlmmmﬂsammmamaamsi’maaau

mladule

® Patients with ongoing tricuspid valve surgery
= I ay Y 1o 1 a Y] ay
L‘L!’ENR]'WﬂLﬂuﬂ’]ﬁLLfYﬂGEJa‘lJ‘VI’JGL‘UIMMVIWiﬁl&lﬁ?ﬂ’ﬁﬂ@]ﬂ@’mNﬁ%@\iﬂ?ii’)sﬂaﬂau

ladule

® No echocardiography before CIEDs insertion within 2 years and after
CIEDs insertion within 5 years
*  NIEUIUNTVANNEUNDY (Informed consent process)
® Researcher provides data for the participants and then researcher
requests for inform-consent to participate in the study at the King
Chulalongkorn Memorial hospital when patients admitted for CIEDs
insertion in prospective group or at outpatient department if in

retrospective group.

3.3 N13359usUdaya (Data Collection)
WU

nsanwassiilunisAneaiia Mixed observational descriptive longitudinal(or cohort)

prospective and retrospective study
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Aususadeyaiitely snmansaifiihiunsnsaiiuunliinile
wagldsunevhiinilaedesnseduilalu swnasnsel Tnedeyarioun
astuiinlu Case record form

yhmsmsadaniimianuiigeiila (Echocardiogram) lugfthetasnewi
wnansldiiu 3 ey wazyinlugag periprocedure nawiimanisnnglu 7
fu Wisuiisuiumaidanirwnanuiigeiala (Echocardiogram) Tu

AUedavasyiinanislutiessesaan Luag 6 ou mugunawi 10

(2
a Y

mnoaalinsiinswITengiulat visenmanuanuinuniauln
NNN15ATITaR5191HIR MaIdeaslavuaneasiden wagisn1Insaa

Ansusnuaaly
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Data collection

| Prospective group |

-Review CRF E—) CIEDs insertion | pmmmp | F/U within 1 mo — F/U withins mo

-Review Echo within 3 mo after after
before CIEDs implantation CIEDs insertion CIEDs insertion

-Review CRF

-Review Echo immediate (SOP
and echo protocol for evaluate
TR severity) post procedure
after CIEDs implantation
(within 7 days)

Data collection

| Retrospective group |

Review CRF w—) CIEDs insertion | mmmmm) [ FU within5

-Review Echo within 2 years years after
before CIEDs implantation CIEDs insertion

-Review CRF

=g Tutisdaunmsalnisunsszuiavestolsaladn-19: fneraainshiszanudinsindansrenimla A

o

anunsadeulduazdavilidnseganneluy 1 U Tnetuiudasszeznadl

- mMsUszidiu outcome Andsnsyinani1saelu 7 Yu: vnerandinsilazainlutisiansanan vinnstindaniieni

wilaleglurmdinsilegunsainseduimilagiinn1as audenelu 2 damivaanislagunsainseduiilariingnds ax

Judunavas outcome Andansviwimanisanelu 7 Ju

- M3UszAiu outcome 7 1 iew: mnenansiashiazanlugisimdna ihnnsiadanseniilaleglugag 2

duaindsnisilsgunsalnszduiilariinanns aufannelu 3 wew azduilunaves outcome 71 1 ifou

- M3UszAiu outcome 1 6 iew: mnenansiashiazanlugisimdnan ihnsdadandenimlalieglut 3 weu

uianelu 1 U avtiudunaves outcome f1 6 fau

FUA N 10 UaAIN1ITIVTINTRYA



26

mafutoyaasisasBondel
1) Enrollment number
2) Patient identification : Sex (M,F) ,age (year) , BMI , underlying
disease
3) Type of CIEDs insertion : AICD,PPM,CRT-D/CRT-P ; number of leads ;
leads position : RA, RV, CS to LV ; Product name ; Procedure time ;
Technique : lead tip configuration: tined, screw-in, choice of prolapsing
technique, complication
4) Indication for CIEDs insertion : as followed
* AICD
® Presumed dual pathology with HCM
®  Symptomatic VT
® Multiple risk factors
® PPM indication with asymptomatic NSVT
® Other (LQTS with syncope)
® Others
® PPM
® Tachy-brady with coexisting AF
® Sinus node dysfunction

® Bifascicular and trifascicular block
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® Second degree AV block
® Third degree AV block
® Others
®* CRT
®* Symptomatic LVSD (NYHA class 3) with LBBB
® Others
5) Echocardiographic data :

Lﬁ‘wﬁagaLﬁai’mzﬁ’umi%"asuméjuﬁﬂalmﬁa% (TR grading severity) lnggszau
AUAILULLENUBY American Society of Echocardiography® I@aiﬁ’fﬁi’fayjaﬁdﬁl
Structural parameters of tricuspid valve (TV) morphology, right atrium (RA) size, right
ventricle (RV) size, inferior vena cava (IVC) diameter
Qualitative Doppler parameters of color flow jet area, flow convergence zone,
continuous-wave-Doppler jet
Semi-quantitative parameters of color flow jet area, vena contracta width, PISA
radius, Wag hepatic vein flow.
Tunsfinuniiinsudessiuresnssvedumlalnsialneendu 9 sedu feil
absent (5zAU 0), minimal/trace (5gAu 0.5), mild (52U 1), mild-moderate (5gAU 1.5),
moderate (52AU 2), moderate-severe (5¢aU 2.5), severe (AU 3), massive (5¥AU 3.5)
and torrential (s¥8fu 4) TnglunnsAnwiiitimswieuifisunmsiasuulassiaveauiila
lnsfaaifisunou uazndanmsilandesnseduiila®
n5inn1TYIeuYesialaesasdne (LV systolic function) kagn15¥1191Ua84
wilaiesarswa (RV systolic function)

(%
a

wenanifinisnudeyadaniretiiladiudunu case record form fauans
6) Clinical outcome :
* HF

® HF hospitalization



®* Mortality

*  Uszinaratayanasauanuide

sooxdgiuginluilunisuans Case Record Form #iltiiudayalunisfinunidail xoe
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Case record form Enrolmant namber

Incidence and Characteristics of Worsening Tricuspid Regurgitation Following Cardiovascular Implantable Electronic
Devices (CIEDs) Implantation  gifmmfussimenznaeminislaladatn i Wi eduteanmeails

1. Date of visit

date(iu) /manth (W) fvear (D W) I:I mare than 3
| J [ | | | 8. Leads implantation technique
Serew-in
2. Date of CIEDs implantation || Tined-in
date(iu) /manth (W) fvear (D W) l:l Others

9. Leads placement technigue

3. Patient identification Prolapsing technigue
Gender | |male Ethnicity Thai Direct crossing technique
| | female Other Drop-down technique
Othars
4. Date of birth
date(fu) imonth (Raw) jyear (1 W) 10. Packet site
i o [ — L]
| Rnt

5. Underlying disease (Other than arrthymia) I:l Both
| HTN | T2DM TIDM
DLP | AF IHD 11 Oﬁlicaliun during procedure
' HF VHD COPD Yes
CKD Cancer | | Others [
6. Tvoe of CIEDs insertion 12. Inclusion criteria
| ppu || Age > 18 years underwent 1st CIEDs
AlCD insertion at KCMH
CRT-D
I:I CRT-P 13. Exclusion criteria
.| Severe TR

7. Mumber of leads insertion RV systolic function
1 Primary TR

5 | severepHT
X ] severe MR

l:l Patient did not want to participate

Version 02_20210219



Case record form

Incidence and Characteristics of Worsening Tricuspid Regurgitation Following Cardiovascular Implantable Electronic

Devices [CIEDs) Implantation

14. Indication for CIEDs insertion

d. PPM

C. CRT
L1

Tachy-brady with coexisting
AF

Sinus node dysfunction
(Sinus bradycardia/

Sinus arrthymial

SA exit block/

Sinus arrest-pause > 3 sec/
AF with SVR/
Bradycardia-tachycardia
syndrome)

Bifascicular block
Trifascicular block

. 2nd degree AV block

3rd degree AV block
Others

Presumed dual pathology with
HCM

. Symplomatic VT
.

|:| iv.

v
D vi.

Multiple risk factors

PPM indication with

asymplomatic NSVT
LQTS with syncope

Others

Symptomatic LVSD (NYHA
class lll) with LBBE
Others

Version 02_20210219

Enrelimant number
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- . LI . e w .
ORI AnE s b A Funfrean s winla
o lmaAn Tl Tufaloit A It

15. Clinical data

Measurement

i. Weight (kgs)

ii. Heighticm)

|:]iii. BMI(kg/imz2)

b.

Habit

Smoking I:] == 10PY

|:]-:1np~r

Alcohalic drinking Yes

C.

[TTT 1T [CTTTERL]

Mo
HF history
Yes
Killip 1/2/304
wel/dry
coldhwvarm
Hospitalization/not
Mo
Clinical presentation
MNYHAFC |
NYHA FC I
MYHA FC I
MNYHA FC IV

Physical examination
JVP engorgement
Loud P2

Pulmanary rale
Peripheral edema
Pulsatile liver

Murrmur



Case record form Ervolmant rumber.

Incidence and Characteristics of Worsening Tricuspid Regurgitation Following Cardiovascular Implantable Electronic
Devices (CIEDs) Implantation qﬁn'|rri'uﬂ:ﬁ'rm'a.""nﬁ'umimhhhﬁﬂﬂnh%ﬂwﬂﬁ“wﬂﬁdmﬁqnr:ﬁwﬁ'l\

16. Investigations: 19. Echocardiographic data
a. Ho a. Lv
b. cr Size:
C. GFR Normal/Dilate/Small/Others
d. Na Thickness:
e. o Eccentric/Concentric/Marmal
f rrG LVEF:
g. HoAlc NormalMildly/Moderately/Severely

17. Chest X-ray

o

Cardiomegaly

D Pulmonary congestion
D Others Inferoseptal

18, EKG
Rhythm

LV diastolic function:
Normal/Grade /11 Undetermined

. RWMAs  Anteroseptal

Rate
Axis
PR
8TE
8TD

Inf

(g}

O wave
BBB
Arrthymia

=

[y

Version 02_20210219

. RV

Size: Post
Mormal/Dilate/Smal/Others

. Alria:

LA:Normal/3mallEnlargement
RA:Normal/Small{Enlargement

. Severity:

Mild (Mi); Moderate (Mo);Severa(5v)
Aartic valve: AS/AR MifMa/Sv

Mitral valve: MSIMR. MifMo/Sv
Pulmanic valve: PS/PR MiMo/Sv
Tricuspid valve; TS/TR MilMo/Sv

Lat
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Case record form Enollment number

Incidence and Characteristics of Worsening Tricuspid Regurgitation Following Cardiovascular Implantable Electronic
Devices (CIEDs) Implantation qﬁin'|rrinﬂxﬁn&m:"n?qumimhhwﬂﬂnhQﬂquﬁﬁ“ﬂ“ﬂfamﬁannﬁhﬁh

f. ® grading severity:

Grading Severity of TR:
Absence 0

Minimal (trace) 0.5

Mild 1

Mild - moderate 1.5

Moderate 2
Moderate-severe 2.5

Severe 3

Massive 35

Torential 4.0

E. Pulmonary hypertension
D Yes : Degree
PA pressure (mmHg)
SPAP__
DPAP:
mPAP:

[ ] No -

h. Pericardial effusion

[:l Yes
|:| Mo

20. Mortality

D Yes
|:| Mo

Version 02_20210219
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3.4 MIATLIUVUIARIBES (Sample size calculation)

Sample size calculation = 195 518 @

Observational descriptive longitudinal(or cohort) prospective study :

Primary outcome : Qualitative (Categorical) : Multiple >> Ordinal (TR grading severity)

n = Desired sample size

p = Incidence of worsening tricuspid regurgitation at least 1 grade after CIEDs insertion =
24.2%%**

g=1p

d = Margin of error or precision (d < 1/4p >>>> d < % (24.2%) < 6.05% >>> d=6%
=0.06)

_(22)" (P)()

(d)”

Sample size(n)

Sample size = (1.96)%(0.242)(1-0.242) = 195

0.06°

1
aad

3.5 nMsAaszidayauasainildinsnzi (Data Analysis and Statistics)

- 14 SPSS:program.
- Qualitative variables were expressed as percentage.
- Quantitative variables were expressed as means,standard deviation,median.

- Calculate difference of event by Fisher’s exact test ; Chi-squre test with
determine p-value < 0.05 considered statistically significant; Independent t-test;

Paired t-test; McNemar test
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3.6 YaNa150U1N1UR38555U (Ethical Consideration)

Mé’ﬂm’mLﬂ’]iWMUﬁﬂﬁ(Respect for person)

sziasnlunisiiusneiaudureseotaadas lnenisdnwiasslazlissy

Hospital Number (HN) Tun1sideulestoyaresUie wavdayantnainn1s@nuyisiuna

=X a

UsziRvesireazgnifiusnuwnduanudulaededsdnsfiaaludfy uazmsiiauena

Y

msfinwazunmsiuveamsfinwnvun Swgliviavedeyaseyaea
pannstivselevd linaliindunsie (Beneficence/Non-maleficence)

I dldfianudssiuenaasag ﬁ‘ifﬁ'&l%LﬁU%ﬂ@ﬂﬂawuﬁumaﬂaﬂawaﬂﬂﬂ,ma

'
¥ = = U U =

luwuuduiinteyaszlifiteyanssufisireaadas duselovisionaradas iwanisul

AANINDINIT LAZAIIZUNINTaUNR D1NATU 5aulUT s nalun1snensallsetiloiin

outcome @sluswprausatiaInn1sal mortality vesrUele
NANANULFASITU (Justice)

A15ANYIIFLTTNUINISANLT AL DBNTALIL BLIAIUNTES1VU A RAVNIN

g7} q

| v o

WASYIR W.A.2550 T1E33ResvenI e ugananyUIe

Y

3.7 Uszlewunianninazlasuainnnsive (Expected or Anticipated Benefit Gain)
Usglgyuiianinaglasunienaans

(%
Y

1) nywiamsldmainandanirgiiiila (Echocardiogram) wuszenadlunisadinluy

Adreninngvedumlalasdaln (Significant TR) ndanldnsaansesuiila

2) NIVAINTTIUNBRNASNSAEIAUSNTINISIAATIIAIY §RTINITAY NASNTDUGTIAILLN

MnMsfianzivetunlalasfalalugiienlasunisiluaiesnsequinla (Significant

[
Y [

TR) vasannmsldinsaanseiurialy lngondudiyinaindansngnauiiala (Echocardiogram)

Jsznaunisinaulasne

3) dnanumsiauananuluMIUTEYNTEAUYR / SgRuuiuIALas ANuWluNTans

sgRuvIRkasiauenan1fITelun1sUsEgNsEAUUIUN IR LA
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mguninanisIseluly

1) Ussmduiusuiwnndlimsuuagasentnlunisfanugdieilasunisldnioanssiu
Wlawaglasunisvindaniigniiila (Echocardiogram) inuseyndldlumiendiin ety

supnazlalfiduninsguiazinsmans
2) ansavihmsideluwundn Inglideyavedasinisiiiudeyaiiugiu

3) Wuwwimdlunisusudsnsguasnwidiieniinneivesdunlalasdataluited

losunisilansaanseduiiila

3.8 gUs53AN01932AAY (Challenges)
Wesmnedagduiianiunisainisseuinavesalifalainlg (COVID-19) Fuvinlvd
Hansenulunisandugtisuenlunisiaurivinanisilaesesnseduimla 91ainavinli

maivteyaandn uazenalifisanelunisise

WINeNSUATN nRRRTLEUagYiTy Prospective study Fsiinnsusuiuaeu
sULUUNTITY Mensinisideiludnuae mixed retrospective and prospective

observational descriptive longitudinal(or cohort) study Lnu

3.9 AnuLdsaziinTuLazA2uSuRAYaY (Risk and Investigator’s Responsibility)

ANUFINIAATY Ap ToyaTuiinlinnnuseileuldiieane

ANUTURAYEUYRIITY A wengnumdeyangnaedlilauiniigauszneuniside

Y Y

v A < o aa 1

MaHuszlguITNsvienu Aeseyniefiiientes yaeiuiu wazdsnwtneada asteoya

9 Y

a L824 av v o a v ]
LLaS’JLﬂi’]%ﬁﬂ@yjawiﬂuagunﬂLﬁu@IUEULLUUVIL‘Uﬂﬁ]Q"IEJ

3.10 szezianfldlun1sideasudisudiuauiugalasenis (Timeline)

Jr8zIan 14 Hay



3.11 #aufii3se (Venue of the Study)

wHuAN Noninvasive unit ag MATweesmansLsaiilanagasniion
AR LINVIEAIARSPUIRIN TN ING S

renyseilounagaia Lsame1unaguiansal

36
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3.12 MSUTMTNUITBUALAN319NTUJURU (Tabulation of Research Activities and

Timeline)

A139991 3 NTUTMTNUITBRATANTNNTUH TR

nnUszan

LAY

I9YLLIAN

LAOUN
1-2

Woud
11-14

ioud
3-10

1. Anwmdeya
Renfuamznnsiives
fulalasdadaly
Fedlesunnsils

WA3RINTEAUMILA

1.1 ﬁﬂm%;ﬂalﬁmﬁ’uﬁ
1184 Significant TR
after CIEDs insertion
wazn1sUszenaliveaa
(Review literatures)

1.2 WaulAs9s19n15IdY
(Research proposal)
Lavimseuienanssilety

293385554N15399 (IRB)

<+“—>

HARYUAN
Y

LaYe5eNUSAW

2. TIUTTBYAN
Vsl

2.1 uTuuazduiin
Joyaniavselou
(Data collection)

2.2 Wannuwuutuiindeya

(Clinical record form)

YA o v

IR nuALE

8

Wennvinu

3. agunan1sAinwm

3.1 s doyaitld
1NNSANYT

3.2 AATIEMRANISANEN
Tag

Towmaliansada

3.3 [YUTIPIUNTIVY

3. 41@UBNANTIVY

BIVUUAN

LaY®1INUS NN
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3,13 JunsuMsinganireniialalunisinen (Standard Operating Procedure (SOP)
for performing echocardiogram)

Echocardiographic protocol for Incidence and Characteristics of Worsening Tricuspid
Regurgitation Following Cardiovascular Implantable Electronic Devices (CIEDs)

Implantation.

gURnsaluazdnuen1sIvetunlalnsfalaniinduludelasunisilaniaansedu

ila

HAN19UATY unndvdenuiuseia sunseu
911sEAUTNENNUATEVEN  8.as g adnssuing
91915ENUINY A3 He ey AUNS Yoz S aeuiles

dlofUreufenieansin usussuade mthenniesudgas lieinmsiunmautunay

1Y

Al
NMSAUAMN Images acquired:

3 beats with Sinus rhythm
AUAN 3 92 VBINSIAUVRILR §115U Sinus rhythm

5-10 beats with AF, arrhythmia

WAUAN 5-10 Jamazvasnisiduvessinla 195U AF, arrhythmia

< 1 . .
BAZNITNUAINIINYUANAU standard echocardiographic protocol

Parasternal Long Axis (PLAX)

1. 2D for LV, MV, AV, pericardial and pleural effusion (cine)
Aunm 2 36 dwsunsesiag wlavesanste, auilalunsa, Auiilaesesdn, iiludes

\Wovuiila, Wnludeuteviuden



39

2. 2D zoom for AV,MV (cine)

Aunm 2 Sfwuuguszeglng dmsunisnsiag auiilaluvda, awhlawessdn

3. M mode for LV cavity

AUV M-mode @ wSun1sin LVEF by Teicholtz’s method, LV cavity

4. Color MV (cine)

Wunnld Color flow dmsuaulalunsa

5. Color AV (cine)

Wunnld Color flow d@nsuauinlateeasin

RV Inflow View
6. 2D RV/RA (cine)

6.1 Color TV, for TR Severity (cine loop)(for color flow jet area) + assess vena
contracta/PISA radius
\iunwld Color flow dusuauilalasialn Lﬁlaa TR severity (Color flow jet area)

Ilae Vena contracta/PISA radius

6.2 CW of TV for TR Doppler
\iu Continuous Wave Doppler dwsuaurlalasaaln Lﬁa@m'ﬁ%"gﬁuaaéuﬁﬂa

*Use sweep speed of 100 mm/s (still frame)

Parasternal Short Axis (PSAX)
7.2D LV - basal + mid + apical (cine)
AUNIN 2 fRnuuguszerlng d1msun1InTiag alaresaadng 11s 3 seeu Ae basal, mid,

apical LV

8. 2D MV level



8.1 2D for MV anatomy (cine)

8.2 Color of MV for MR (cine)

9. 2D AV short axis (cine)

9.1 Color AV for AS and AR (cine)

9.2 2D for MPA size

9.3 Color for PR (cine)

9.4 CW of PR (still frame)

*Use sweep speed of 100 mm/s (still frame)

Apical 4 Chamber (A4C)
10. 2D all 4 chambers — LA/LV, RA/RV (cine)

11. 2D zoom LV for biplane trace (cine)

12. 2D zoom LA and RA for LAVI and RA A4C area (cine)

13. Color MV for MR/MS and mitral inflow (cine)

14. PW Mitral inflow at MV leaflet tips, E/A velocities

*Use sweep speed of 100 mm/s (still frame)

15. CW of MV for MR/MS,

*Use sweep speed of 100 mm/s (still frame)

For significant MR, perform

40



- PISA with baseline shift to 20-40 cm/sec (Cine)

- Vena contracta at baseline velocity 20-40 cm/s (cine)

16. TDI velocity of MV annulus, septal & lateral annulus for lateral and septal E’

*Use sweep speed of 100 mm/s (still frame)

17. 2D RV focused view (cine loop) *******Very important part********x

Please pay attention to TR

17.1 Color for TR, vena contracta, and color flow jet area (cine)

17.2 zoom RV, optimized for chamber dimensions and RV FAC for RV systolic

function.(cine)

17.3 zoom RA, optimized for volume trace (cine)

17.4 For significant TR
- PISA with baseline shift to 20-40 cm/sec (Cine)

- Vena contracta at baseline velocity 20-40 cm/s (cine)

17.5 CW TR for peak TR velocity (still frame)

17.6 TDI of lateral TV annulus for Tricuspid S' velocity (still frame)

17.7 M-mode of lateral TV annulus for TAPSE

Apical 5 Chamber (A5C)
18. 2D for LV, LVOT, AV (cine)

19. Color of AV/LVOT for AS/AR (cine)
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20. PW of LVOT

*Use sweep speed of 100 mm/s (still frame)

21. CW of AV (still frame)

Apical 3 Chamber (A3C)
22. 2D of LV/LA (cine)

23. Color of AV for AS/AR (cine)

23.1 PW of LVOT

23.2 CW of AV

Apical 2 Chamber (A20)
24. 2D zoom LV for biplane method (Cine)

25. 2D zoom LA for LAVI (cine loop)

26. Color of MV for MR/MS (cine loop)

3 a" [~4 1 ) 1
NUULUAULTUINUDUMNY Lazyinn15AsIanell

Subcostal

27. 2D 4 chamber (cine) and color across interatrial septum (cine)

28. 2D IVC maximal diameter (cine)

29. Color with PW Doppler Hepatic vein in presented significant TR for hepatic

vein systolic reversal flow



uni 4

HaN13ATITTRYA

4.1 Uszannsiithun@nen (Population)

IINMITIVTINUPEFUETTUNUNNTANINIMUA 587 ATIvRINTTEN

iwsaensyiulniilavlinanisawsl w.e. 2560-2564 figUiegnAneanaNnsAny 318

sefieannnuiuiilalasdalnilussauuwsaneulasumstlanieswas/vioteyadansn

XY ! Y a Y Y = v o a A v ¢
griilaliasudi ffUhefidisunisilaaiosnsedulniilevdnonsidun e

msfinwianun 180 518 lnsunannguidnewuuludraii 30 918 wasdunquil@n

Wuudoundu 150 51¢ fegunind 11

JUANT 11 UanensTIuTnUssnshunisiing

All patients underwent CIEDs insertion
At KCMH 2017-2021
n =587

Excluded: n =318

- 292: No echo data at 2 years before and 5 years after CIEDs
implantation

- 26: Severe TR before CIEDs implantation

Enrolled: n =180

PPM
n=94(52

22%)

1

AICD CRT
n =53 (29.44%) n =33 (18.33%)

[ ] [ 1]

+ve worsening TR
n=22(12.22%)

-ve worsening TR

n=72(40%)

+ve worsening TR
n =13 (7.2%)

-ve worsening TR +ve worsening TR -ve worsening TR
n =40 (22.2%) n=4(222%) n =29 (16.11%)
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anwariiugiuvesUszanslunisnwiduduandly ansein 4 wag 5 lnedegade

70.71%14.6 U $owar 60.6 Wumane SruaudithediléfunisiligUnsaiCIEDs wonauvie
St PPM = 94 518 (Fawaw 52.22), AICD = 53 118 (Favaw 29.44) uag CRT = 33 51 (So8
ag 18.33) sveznanisegnlunsihdanieniiiiladewhnsilaedesnsyduilaniniy
17 fu (svpziansausnousi 8 -35 ) uazsveznaisogilunisvhdansemidiilands
yhnsilaeiesnseduilawiniu 219 Ju (szziraausindei 181 - 278 $u) (Aadl 11)
Tunsvidanrenaiilanounsiliedomuinginedesas 78.8 (142 $8) luwudwile
lnsfatinda (szu 0) vienuiiilussiutionnn (sefu 0.5-1) (Agsil 9) lainwuaany
wansndlumstssifiuaudeshussvhesnduseduausunsosiuilalnsdaalaed

MsUsEIUTEAUNTSvesAUI AN LNALAa Y nAARIANULANEAULRENIN 0.5 SEAU

Andusesay 98

4 o &
M990 4 aﬂwmzwug’m%aﬂszmﬂi

Total (n=180) Worsening TR Non-worsening TR p-value
group group
(n=39) (n=141)

Gender

Male 109 (60.6%) 24 (61.5%) 85 (60.3%) 0.887

Female 71(39.4%) 15 (38.5%) 56 (39.7%)
Ethnics

Thai 175 (97.2%) 37 (94.9%) 138 (97.9%) 0.313

Others 5(2.8%) 2(5.1%) 3(2.1%)
Age 70.71 + 14.6 73.38 + 15.46 69.97 + 14.32 0.197
HTN 93 (51.7%) 22 (56.4%) 71 (50.4%) 0.503
DLP 71 (39.4%) 13 (33.3%) 58 (41.1%) 0.378
HF 67 (37.2%) 12 (30.8%) 55 (39%) 0.346
CKD 43 (23.9%) 13 (33.3%) 30 (21.3%) 0.118
T2DM 52 (28.9%) 10 (25.6%) 42 (29.8%) 0.613
AF 51 (28.3%) 14 (35.9%) 37 (26.2%) 0.236
VHD 47 (26.1%) 7(17.9%) 40 (28.4%) 0.190
CA 11 (6.1%) 2(5.1%) 9 (6.4%) 0.772
TiDM 0 (0%) 0 (0%) 0 (0%)
IHD 67 (37.2%) 17 (43.6%) 50 (35.5%) 0.353
COPD 3 (1.7%) 1(2.6%) 2 (1.4%) 0.621
PPM

Yes 94 (52.2%) 22 (56.4%) 72 (51.1%) 0.554

No 86 (47.8%) 17 (43.6%) 69 (48.9%)
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AICD
Yes 53 (29.4%) 13 (33.3%) 40 (28.4%) 0.547
No 127 (70.6%) 26 (66.7%) 101 (71.6%)

CRT
Yes 33 (18.3%) 4 (10.3%) 29 (20.6%) 0.141
No 147 (81.7%) 35 (89.7%) 112 (79.4%)

No. of leads insertion
1 28 (15.6%) 9 (23.1%) 19 (13.5%) 0.203
2 142 (78.9%) 30 (76.9%) 112 (79.4%)
3 9 (5%) 0 (0%) 9 (6.4%)

Pocket site
Left 168 (93.3%) 36 (92.3%) 132 (93.6%) 0.772
Right 12 (6.7%) 3(7.7%) 9 (6.4%)

Complication
No 179 (99.4%) 39 (100%) 140 (99.3%) 0.598
Yes 1 (0.6%) 0 (0%) 1 (0.7%)

PPM (indication) 0.743
Tachy-bradycardia syndrome with coexisting AF 16 (8.9%) 4 (10.3%) 12 (8.5%)
Sinus node dysfunction 30 (16.7%) 9 (23.1%) 21 (14.9%)
Bifascicular block 2 (1.1%) 1(2.6%) 1(0.7%)
Trifascicular block 4(2.2%) 1(2.6%) 3(2.1%)
Second degree AV block 41 (22.8%) 7(17.9%) 34 (24.1%)
Third degree AV block 2 (1.1%) 0 (0%) 2 (1.4%)
Others 16 (8.9%) 4.(10.3%) 12 (8.5%)

AICD (indication) 0.057
Presumed dual pathology with HCM 1 (0.6%) 0 (0%) 1 (0.7%)
Symptomatic VT 17 (9.4%) 7(17.9%) 10 (7.1%)
Multiple risk factors 31 (17.2%) 4.(10.3%) 27 (19.1%)
PPM indication with asymptomatic NSVT 1 (0.6%) 1 (2.6%) 0 (0%)
LQTS with syncope 0 (0%) 0 (0%) 0 (0%)
Others 0 (0%) 0 (0%) 0 (0%)

CRT (indication) 0.484
Symptomatic LVSD (NYHA Ill) with LBBB 16 (8.9%) 2(5.1%) 14 (9.9%)
Others 19 (10.6%) 3(7.7%) 16 (11.3%)

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.
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Total (n=180) Worsening TR Non-worsening TR p-value
group group
(n=39) (n=141)
BMI(kg/m2) 2378 + 4.44 23.09 + 3.74 23.96 + 4.6 0.170
smoking 20 (11.1%) 5(12.8%) 15 (10.6%) 0.701
>=10 PY 15 (8.3%) 4(10.3%) 11 (7.8%) 0.624
<10PY 5(2.8%) 1 (2.6%) 4 (2.8%) 0.926
Alcohol 10 (5.6%) 1 (2.6%) 9 (6.4%) 0.355
HF Hx 67 (37.2%) 13 (33.3%) 54 (38.3%) 0.57
Killip 0.693
1 10 (5.6%) 1 (2.6%) 9 (6.4%)
2 11 (6.1%) 2 (5.1%) 9 (6.4%)
3 30 (16.7%) 8 (20.5%) 22 (15.6%)
4 16 (8.9%) 2 (5.1%) 14 (9.9%)
Wet or dry HF 0.531
Wet 63 (35%) 13 (33.3%) 50 (35.5%)
Dry 4 (2.29%) 0 (0%) 4 (2.8%)
Cold or warm HF 0.849
Cold 16 (8.9%) 3 (7.7%) 13 (9.2%)
Warm 51 (28.3%) 10 (25.6%) 41 (29.1%)
Hospitalization 0.85
No 123 (68.3%) 28 (15.6%) 95 (52.7%)
Hospitalization 57 (31.7%) 11 (28.2%) 46 (32.6%)
NYHA FC 0587
1 92 (51.1%) 20 (51.3%) 72/(51.1%)
2 58 (32.2%) 10 (25.6%) 48 (34%)
3 16 (8.9%) 5 (12.8%) 11 (7.8%)
4 14 (7.8%) 4 (10.3%) 10 (7.1%)
JvpP 7(3.9%) 2 (5.1%) 5(3.5%) 0.651
Loud P2 1 (0.6%) 0 (0%) 1(0.7%) 0.598
Pulmonary rale 22 (12.2%) 7(17.9%) 15 (10.6%) 0.217
Peripheral edema 17 (9.4%) 4 (10.3%) 13 (9.2%) 0.845
Murmur 36 (20%) 9 (23.1%) 27 (19.1%) 0.587

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.
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4.2 NAANSUBINSANYY (Outcomes)

HaAWsUguUn3 (Primary outcome):

HansznuanNnsilaasansedulninialastinanissenissivesauialalasiala (Effect

of CIEDs implantation on tricuspid regurgitation)

fthe 39 18 Gevay 21.7) wuianismesduilalnsdalnfidiutuegation 1
seiundsldiunsiiaasenseduliinilavinnns (asedt 6) Tnsudaduwudine 32 3
(oway 21.3) MnnguilAnwdoundu (Retrospective group) waznugUe 5 918 (Seeay
16.7) Mnnguidnuludramth (Prospective group) Tngliinuauuandnegsiifudidy
Lﬁ'aaﬁumaﬁwéﬂgmgﬁizm’mﬂdm (prospective, retrospective and overall groups)

(p=0.564)

P o 2o o a da X o < Yy o a
ANTINN 6 mimm@muuﬂﬂmmﬂmwmeumw’mmiﬂqLm@qm:ﬁlumlwumm

Total Retrospective Prospective p-value
(n=150)
(n=180) (n=30)
TR grading changed positive
Positive (>=1) 39 (21.7%) 32(21.3%) 5(16.7%) 0.564
Negative (<1) 141 (78.3%) 118 (78.7%) 25 (83.3%)

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation

TunquilufinssivesduiilalnsdalansesiluszAuios (normal, trace or mild

TR (56U 0-1)) NaulasuNISHLATEY WU SpEay 23.94 (34 578) Jnsvesdumlalnsaa

[
1 2

ANUTUDEIUDY 1 SEAU warseway 17 (24 518) In1s51vesaumlalaseatnagsdl

)

CY

oy (mild-moderate to torrential TR (526U 1.5-4)) (#1574 9)

lunguiniinssivesdumlalasdalnluseduiigandt (mild-moderate, moderate

and moderate-severe TR (szsfu 1.5-2.5)) Alaulgsunsilandes wuin Seeay 13 (5 919) 3
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£%
v a

n1551v9auIlalnsAalaiutueg19ties 1 s¥eU warsesay 55 (21 518) 1N15572U09AU

CY

wlalnsdalnegadifddey (mild-moderate to torrential TR (5efu 1.5-4) (115199 9)

M19199 7 N1s5veshumlalasfalaniindundninnsianieanseduiilasiina1isiuns
NANAANTTINYDINTSEAARILIAUMATL, NTUBULTINYIUIAIINIILIAUMAT LALBNTINITANY

#1 6 Wweoulunquiinisirvesdumlalasfalniiiuyy

Total Worsening TR Non-worsening TR p-value
(n=180) srodp srodp
(n=39) (n=141)
HF 9 (5%) 2 (5.12%) 7 (4.96%)
HF hospitalization 9 (5%) 2 (5.12%) 7 (4.96%)
Mortality 11 (6.1%) 2 (5.12%) 9 (6.4%)
Composite outcome 18 (10%) 3 (7.6%) 15 (10.6%) 0.587

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.

A15199 8 LUSHULTIBUNISYINIUTDIILAT09a19978 LAZANNYINTENINNDY LasNAIlasU

= Y
nsilanIeenseumla

Before CIEDs After CIEDs Mean Changed (95%Cl) p-value
implantation implantation
Overall group
LVEF 45,99 + 22.31 44.63 + 21.46 -1.36 (-3.43, 0.71) 0.196
TAPSE 207 +1.38 2.08 + 1.58 0.01 (-0.11, 0.14) 0.870
Worsening TR group (n=39)
LVEF 50.09 + 23.11 42.72 + 21.36 -7.37 (-11.75, -2.99) 0.002*
TAPSE 214 +1.44 205+ 1.7 -0.1 (-0.38, 0.18) 0.475

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.
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A157199 9 ANLRAYNSUABUMUAITEAUNITTIVRIRUINI LA LASARUAIBUTENININDULAE S

nsHaAIRINTEAUML

Post procedure
Total Worsening TR group Non-worsening TR group
n Mean change (95%Cl) n Mean change (95%Cl) n Mean change
(95%Cl)
Pre-procedure | 180 0.13(0.01, 0.25) 39 1.36 (1.18, 1.54) 141 -0.21 (-0.3, -0.13)
p-value 0.041*% <0.001* <0.001*
0-1 142 0.24 (0.11, 0.37) 34 1.37(1.16, 1.5) 108 -0.12 (-0.2, -0.04)
p-value <0.001* <0.001* 0.003*
1.5-2.5 38 -0.28 (-0.57, 0.01) 5 1.3 (0.96, 1.64) 33 -0.52 (-0.75, -0.28)
p-value 0.061 <0.001* <0.001*

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.

M15197 10 Aedenisildsuwlasszaunsiivesauilalasdalniisuseninangu CIEDs

n Pre procedure Post procedure Mean change p-value
(95%CI)
PPM 94 0.89 + 0.66 0.98 £ 0.78 0.09 (-0.07, 0.25) 0.276
AICD 53 0.87 = 0.65 1.23 +0.92 0.36 (0.11, 0.6) 0.005*
CRT 33 0.95 £ 0.72 0.82 + 0.86 -0.14 (-0.4, 0.13) 0.306

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.

M19197 11 seEzaInsvihdaniwntmlaneutasrainisiiaeiosnsequlniile

Echocardiogram Total Worsening TR group | Non-worsening TR group | p-value
Days before CIEDs implantation -17 (-35, -8) -26 (-65, -6) -12 (-35, -7) 0.558
Days after CIEDs implantation 219 (181, 278) 300 (171, 419) 213 (178, 277) 0.341

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.
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nsiBsuiisunansznuainnisianiasnsedulniiilaviinandsusazaiie

(Comparison of effect among CIEDs types)

nasanlasunsilaesaansedulniilaginansnuirdimesivesduiilalasda

[
¥

Uniiiutusgnetion 1 5wy uwonaugunsnl fail fevas 23.4 (22 :8) Tunga PPM (OR
1.24, mean change 0.09 (95% Cl -0.07, 0.25, p = 0.276)), Seway 24.5 (13 579) Iumju
AICD (OR 1.26, mean change 0.36 (95% Cl 0.11, 0.60, p = 0.005)) wazsosaz 12 (4 5v)
1uﬂ’q'm CRT group (OR 0.44, mean change -0.14 (95% CI -0.40, 0.13, p = 0.306)) (§Ua W
i 12) Taonudifte 39 18 Gevay 21.7) numaAnnisivesauiilalasfalnfidiuty

1 2% U A I ! 2 dll = a sg | At vo 1 IS5
D819UDY 1 FTAULLBLNEUNDULAZUAINITE AT “NLﬂWUUIUﬂQZJVlVLWiUﬂ'ﬁE:]Q AICD 28134

o w

Wed1figy (p = 0.005) (A15197 10) FLAUNIINTEIWANNTURIIVBINTTIRFWTILAlnTAa
Un warn1sdsuuwdasseAunisinseninaney uasvadldsunmstanseuandusunini 13

uay 14

Wors%r:wg TR at least 1 grade after CIEDs implantation

100 52.22%
90
80

70
n=53,
60 29.44%
50 n=33,
40 =22, 18.33%

30 12.22% n=13,

20 7.2% n=4,
o . ] —
0 ||

PPM AICD CRT

B Worsening TR at least 1 grade after CIEDs implantation H Total

sua? 12 nsiwestuiilalasfalaniiivdundslasunisilaasesnsedulniiilayiia

AMIPP]
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TR grading severity in worsening TR group before and after CIEDs implantation

(n=39)
25 n W Before CIEDs implantation W After CIEDs implantation
20
16

15 12
0 9 10

5 X 3 5 I 4 I

0 0 - 0 . 0 - 0 . 0 0 O 0

Absent TR Trace TR Mild TR Mild to moderate TR Moderate TR Moderate to severe TR SevereTR ~ Massive TR Torrential TR

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.

UMMM 13 SEAUNINTEANEANNTULTINBINITTIvesau lalnsfalalunduiniinssives

AuilalasAataAiiutu (n = 39 919) WBUTENINNDY WarnadlasunIsHaAIos

3.5
3
2.5
2
1.5
1
s /
0
TR grading severity before CIEDs implantation TR grading severity after CIEDs implantation
qodayat P godonns godonad godouns qodenas gadoyar qodonns
godaya qadayato adayat aodayat2 ndaya1s godayata odaya1e
— pdaa17 gadeynis qndayato gdeynz0 gadoyn2t andeyn22 P e
qrdoyas qadoyn2e qrdoyn2r qadonzs qdoynze 0300 em— o3| e—edayn32
P e qadeyass qedenass qadenass qdennsr e qadeyns0

**worsening TR = TR grading changed at least 1 grade after CIEDs implantation.

UMM 14 szAunsidsulUasnnusussivesnisivesduiilalesdatalunguininiss

R
a a =

YU lalasAalaiiudu (n = 39 518)



52

S

NaawsRegll (Secondary outcomes):

HANIZNUIINNITTINNNVUVsAURI lalnsAaUnsdagURAnsalvaInIsiiANAa WS SIS
W2lRaUIA%, N1SUBULTINYIUIARINI LAAULNAT WazdnsIN15ANe (Effect of
worsening tricuspid regurgitation with composite end points of heart failure,

heart failure hospitalization and mortality)

wuduin 3 aUiin1salnadnssinvesmsiaiiladumas, MIueulsaneIu1aIN

Wiladuman wazdnsIn1smed 6 weundslasunisiluasosnsegulniimile @adudovas

] ' £
a a = 1 ¥

16.7) Tudsgynsiinunmssivesduiilalnsdalaiinvuegeios 1 seau lnelgUfinisal
a o 1% o v < o S Aa
nsiierialaduman 1 91g, Mldumainaraizdenainlsamila 1 519, nsidedinanden

Y a d’lj o/ a a = 1o v § 1 ISIKY a
gnauannsindalisalain-19 1 518 (®15799 7) %QIMﬁiJWUﬁﬂU@EI'N@JUEIﬂ?F’]QJJ‘V]’NEGG]

(p = 0.587)

nansEmuamMsilaasasnszdulnivialasenistudivesialaviesansdne (Effect of

CIEDs implantation on LV systolic function)

nstusvesiilaesansdie (LV Ejection fraction; LVEF) din1sanasoenglaidl
todflugtaeildsunsilansosnssdulniwilalagnngiu (Overall) (mean change -
1.36% (95% Cl -3.43%, 0.71%, p = 0.196) uwinuinduiusiunstuifianasesiilaries
a'w%’wasjNﬁﬁfaﬁwﬁmiumjmﬁﬁmi%"wmgulmﬁaﬂﬂﬁLﬂ'u%u (worsening TR group) (mean

change -7.37% (95% Cl -11.75%, -2.99%, p = 0.002) (Gl']i']xi‘ﬁ 8)

nansenunMsilaasasnsedulniivialasenistudivesialaviesdnsvn (Effect of

CIEDs implantation on RV systolic function)

] v £ ¥ U 124 . . . .
nstuvesialaviesarsvilagld Tricuspid annular plane systolic excursion;

(%
Y Y

TAPSE $in1sanasegalifidudfgslugilsnlasunisilansesnsedqulniilalaenimsy

o

(Overall) (mean change 0.01 (95% Cl -0.11, 0.14, p = 0.87) LLaﬂuﬂejmﬁﬁms%’maa?:u



' £
a =

InsFadaiiintu (worsening TR group) (mean change -0.1 (95% Cl -0.38, 0.18, p =

0.475) (mswﬁ 8)
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uni 5

2AUTEHa d5UNANTIITY UazUalauaLuL

5.1 aAUsnena (Discussion)

¥
1 = o

NMsfnwinuInAngifinisalnsiivesduiilalnsdalaiuduegnadited Ay

Y

murasanmsldnsaansedulniilasinaisiaoinedrdfiteddglungdunlasunisils

o

[

1A599 AICD wananddanulndiuszanns 24 518 Gevay 17) Ninssivesauimilalasaale

seAuUNADeLeY (normal to mild TR (5gsU 0-1)) 1inn1s3vesaumlalasAatnunniu

e

(significant TR (mild-moderate to torrential TR (s¥#u1.5-4)) mumdansilaedesnsegu

Qe -

Tniilavtinanas Inglungquiinunisirvesaumlalasralefiiinduegatdes 1 sy

=

Y
Fadgunusiun1stiuiNanasuaeiilaresalsgieunu
= d' 1 a a Qy U q.'/ 1 d' 1%
MNNSANWTULNEINIsaesUIenalnnsianazauilasinnnslaniaansedu

mlalanavun 5 naln Tawn

1. anenseauiilalurisegnsasuaumlalasdaln (Valve obstruction caused by lead

placed in between leaflets)

2. mensziumlalufned funswuruauilalasfalalipsnusnuidinaiinanugniauyi
TaRanuundumegliawiilalasfataUnlaliauysal (Lead adherence due to fibrosis

and scar formation to valve causing incomplete closure)

3. aenseaunlalivnvegnsaiudiuvesduilalnsfaln (Lead entrapment in the

tricuspid valve apparatus)

4. anenseAuilainlminnsneauseyiiiinnis@nvinvesdumilalasdaln (Valve

perforation or laceration)
5. msldnIaanssiuialaiibiinnisveevedsdulasdaln (Annular dilatation)

agdlsinunsmanmnduiienaiiiansiaveduiilalasdalafiinduiudu

'
¥ o =2

a a =2 1 a [ a X [ d' £ Y
AINHDIATUINN I@EJLQ‘W’]Z@EJ’NIEN‘VHﬂLUUﬂWiLﬂWUUﬂWEJ‘WEN%’]ﬂﬂ’]imﬂLﬁi@ﬂﬂi%@ﬁlWﬂﬂWﬂﬁ]

ginamsiunauiuni 2 U Janmsfinuiinuinsseziaiisegiulunisindaniigny
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Wlamunaannnisilaesesnsedulniilavlinansiuegn 219 fulunsnis@nwi(Overall
population), 300 Julunguiiinissivesduilalasdalaiiiudu(Worsening TR group)
wag 213 JulunguilainunisiivesdumlalasAaUauiiuau(Non-worsening TR group) @48

ldwuAuszezian 2 Ulnediulug)

[
=

guin1sainsivesduilalasdatanindulunguilasunisils AICD duanunse
asunglasamanaiin AICD Janefinuindi wiisndy wasninnin CIEDs wiinduisdenalid
nsnafduy vsensliiansuiaduseauiilalasdaln egnslsinuanmaiuiasedudsly

aunsaseybaunid

= & & Ay 1 O A oa & Y (Y)Y [
nsAnw i duAsusnNAuNUIINITFIIYRosauia b lasAataaumaanisils
al v Y < . . = v ) AN v oa
wsoansedulniviala (worsening TR after CIEDs implantation) {gavesiunsdusai

anasveunlaesasdneg (worsening LV systolic function) Ineasnsaeduialaain 3 naln

1Y

D!

1. LﬁmmﬂﬁﬂiﬁLamaa;:iﬂasﬁﬁmméawmmiﬁuéf’maaﬁﬂﬁ]ﬁaad’m’haﬁﬁ%ﬁum
ausssUTRvedlsAsfunIsanIsSaeaulalasdatamumdaainnisils
L?ﬁlaﬂﬂizﬁﬂﬂﬂﬂﬁﬂ%ﬁﬂmﬁw%uG]ﬁu (incidental progression of underlying
left-heart disease with lead-related TR)

2. LﬁmmﬂﬁﬂiﬁLammﬂﬂasﬁﬁmiLLsJawam’lsﬁuﬁwmﬁﬂf\]ﬁmd’lﬁwaﬁﬁ%ﬁum
pussInAvedlsaiuiumainnizadureadudeniivenguauriiliiingy
Hlalasraada i (progression of left-heart disease with pulmonary
hypertension caused worsening TR)

3. Arenamzmaiheuresiilafiugasninnislawdes PPM (pacemaker-induced
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