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Heart Failure

This is a pathophysiological syndrome in which, as a result of one or
another disease of the cardiovascular system, there is a decrease in the

pumping function of the heart, which leads to an imbalance between

Cases (x1000)

the hemodynamic demand of the body and the capabilities of the

heart.
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Risks of Cause-Specific Death after
Hospitalization patients with Heart Failure
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Timeline ICD to Achieve Treatment Goals

DeFilippis et al; Waiting Period Before ICD Implantation Circ Heart Fail. 2017




The main goals of treatment of patients with HF

1. Elimination of clinical symptoms
2.Prevention of target organ damage
3.Risk reduction SCD

4.Improving the quality and duration of life



Guideline-Directed Medical Therapy
(GDMT)
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DefFilippis et al; Waiting Period Before ICD Implantation  Circ Heart Fail. 2017




Surgical methods of treatment HF

Cardiac Resynchronization Therapy (CRT)
Cardiac Contractility Modulation (CCM)
Left Ventricular Assist Device (LVAD)

Orthotopic heart transplantation



Cardiac Resynchronization Therapy

Table 1 2022 AHAJACCIHFSA guidelines for the mamagement of heart failune

For patients who have LVEF < 35%, sinus rhythm, left bundle branch block (LBBB) with a

| m p rovem e nt i n LVE F ORS duration 2150 ms, and NYHA& elass 1, 1, or ambulatory 1V symptoms on GDMT, CRT is
after 3’ 6, 1 2 months Of CRT 1i:lnI:i:a.tnul to reduce total mortality, reduce hospitalizations, and improve symptoms and

For patients who hawve LVEFS 35%, sinus rhythm, LBEE with a QRS duration of 2150 ms, and
NYHA class 11, 1, or ambulatory IV symptoms on GDMT, CRT implantation provides high

econamic valee.

n For patients who have LVEF 235%, sinus riwthm, 2 non-LEBB pattern with a QRS duration
2150 s, and NYHA class 11, IIL, or embulatory class IV symptoms on GOMT, CRT can be

useful to reduce total mortality, reduce hospitalizations, and improve symptoms and Q0L

15 M Baseline n In patients with high-degree or complete heart block and LVEF of 36% to 50%, CAT is
10 " 3m/6m reasonable to reduce total mortality, reduce hospitalizations, and improve symptoms and
QoL
5 W12m n For patients who have LVEF £35%, sinus rhythm, LBEB with a QRS duration of 120 ta 149

-

e 8 g

ms, and MYHA class I, 111, or ambulatory IV symptoms on GDMT, CAT can be useful to

Left Ventricular Ejection Fraction (%)
s &

reduce total mortality, reduce hospitalizations, and improve symptoms and QOL.

FTy In patients with AF and LVEF 235% on GDMT, CRT can be useful to reduce total mortality,

improwve syrmptoms and Q0L and increase LVEF, if: &) the patient requires ventricular

CARE-HF

pacing or otherwise meets CRAT criteria and b) atrioventricular nodal ablation or

pharmacological rate contral will allow near 100% ventricular pacing with CRT.

PATH-CHF
uUs

MIRACLE

COMPANION

n For patients on GOMT who have LVEF <35% and are undergoing placement of a new or

NYHA Class IlIi-IV

replacement device implantation with anticipated requirement for significant (=40%)

lem
Auriochio A &t a3l m © cargiac m - wentricular pacing, CRT can be useful to reduce total mortality, reduce hospitalizations, and

resyenronization
The Magniuge of he Prodlem and he issuee. Circ J 2011.75521-7. impeove symptoms and QOL.

2B For patients who hawve LVEF 235%, sinus rivwthm, a non-LBBB pattern with QRS duration of
120 to 149 s, and NYHA class Nl or ambulatory class IV on GDMT, CRT may be considered

Reduction in OVerall mortality by 2‘9% to reduce total mortality, reduce hospitalizations, and improve symptoms and OOL.

2B For patients who have LVEF <3089, ischemic cause of HF, sinus rhythm, LBBB with a ORS

Reduction in mortality due to Progressive H F by 38% duration =150 s, and NYHA elass | symptoms on GDMT, CRT may be considered to reduce

hospitalizations and improve symptoms and Q0L

In patients with ORS duration <120 ms, CAT is not recommended.

M I RACLE ) COM PANI ON, CARE - For patients with MYHA class | or Il symptoms and non-LBEB pattern with ORS duration <

150 rris, CAT is mot recommended.

H F, REVE RS E y MAD IT' C RT, RAFT. For patients whose comorbidities or frailty limit survival with good functional capacity te <

1 year, IOD and cardiac resynchronization therapy with defibrillation {CRT-D) are not

indicated.




Dyssynchrony is a pathological dissociation of contraction or relaxation of individual chambers of
the heart and segments of the myocardium as a result of disturbances in impulse conduction, which
leads to a violation of the contractility of the heart and an increase in energy consumption by the

myocardium.
<4

CFR/LY perfusion

Altered LV

shape

Ventricular
arrhythmias

Electrical

dyssynchrony

L

Meurohumaoral
activation

Fibrosis

\h
dyssynchrony v

Changes in cell metabolism

~

LW wall stress

-

MVA dilatation/dysfunction

\

\»

LV remodeling

Mechanical

Y

Cardiac
denervation

Gene Heart function

~
k4

expression (EF)

Vs




‘ ) /mid-QRS notchingo QECG 1 rS pattern in V, \

BN ECG - parameters LBBB. | | dsoremetwie Tn o 4 U (U4
' . (QRS duration and morphology) - =

k A‘\}' uC‘IS p.éttern wi.th positi\;e T b
QﬁSd ;30ms ] - 1D éGOms
ECG parameter for complete LBBB ESC AHA Strauss MADIT REVERSE | - E T SRt b AR
vmid-QRS slqrring : : ECG 2 rS pattern in V, _
RS durton ) > oW | WM 1 SR AR AR
no discordant T wave | ‘ |

QSorrSin V), Yes Yes Yes Yes Yes ESrEEEnEEANEEN T DR L ! A S
Positive Tin V) Yes No No No No ; ‘* | | i
Nomal [D R m V|-V, No Yes No No No = Qs pa’"“e',m wi;h prosi‘;'ive 1 Y-8 ¥ .' A Y '
DRin Vs 260 ms N Ve | N No No e e e i B | |
[DRin V; 260 ms Yes Yes No No No oA AR LA Vi St i
DR inT>60 ms Yes No No No No ; ananEEG | = - 10 26pms
Notch-/shurred R in I, aVL and V-V, No Yes No No No : . E AR ECE‘- . e baar & s | 1]
Mid-QRS notcisumng i >2 kads of V-V, VeV LVl Noo Mo Yes No No TSES FESTSEw (Ee ma BR 7 REmErm=enmchuseepo
RS pattemn allowed in V-V No Yes Yes Yes Yes IS AT T i b1
Absent q in V-V, No Yes No Yes Yes 3;‘
Absent qin | No Yes No No No a3 | IREE BEE %
08 with posidive T in aVR Vs No No No No B3 R B
Ustally discordant T Yes Ys No No No

C.J.M. van Deursen et al. / Journal of Electrocardiology 47 (2014) 202211

QRSd >130ms

< no ID 260ms

N

absent g waves




Who Responds to CRT?

Overall response rate 70%

status A CRT Super-
Implan Responder
Responder
“Non
progressor”
Likelihood to Respond to CRT
Very high
None
Negative Non-responder )
responder : :
) v e } "
Time : '
Parameters Z : ' Estimated relative
» Significant dyssynchrony £y : importance
3 QRS Duration ¥150 ms Very High
a =
LBBB, QRSD > 150 msec. 5§. .
% w ®| QRS Morphology | KBA
3D ECHO IVD >40 msec. +L
8 % High
e« Minimal lateral LV scar « @
High
MPI/SPECT/MRI < 13-15%
e A natom
dequate CS anatomy | e
Arioonio A et 31, NOT-Tespon0ers om F————
Lead placement The Magniuse of e Prodiem and Me ssues. Cire J 2011758217
Pace site of latest activation




Understanding non -response to cardiac resynchronization therapy

Factors associated with Interventions associated with
suboptimal CRT response Prevalence improved CRT response

- Suboptimal AV timing —;:;;{s:gaﬁ.;:;uptlmlzatmn: echo, ECG or
- Medical therapy or electrophysiological

- Arrhythmia procedures

- Anemia - Iran therapy, transfusion, etc.

- =90% biventricular pacing ) ;ri':p :P{;Egﬂr;:rmf‘;hmm' ATgrOvEmeEnt
- Suboptimal LV lead position -;:ﬂls;i:gfélg:;:l;ilﬁ;quadrlr:n::lar Machmutiposr
i , ! - Initiation and/or uptitration of neurohumoral

Suboptimal medical therapy blockers, treatment of comorbidities

- Persistent Mechamica dyssyndhnory - LV lead repositioning/quadripolar lead/multipolar

-

pacing/leadless pacing
- Underlying narrow QRS - Consider withholding CRT pacing
- Compliance issues - HF education
- Primary RY dysfunction
I:&l 1r|:} ZID 3lﬂ 4ID SIE} %

Wilfried Mullens, Petra Nijst
Journal of the American College of Cardiology. 2017 69(17):2130-2133



Decision Tree for CRT Non-responders

”

Labs and work-up
for non-cardiac
causes of congestive

Treat metabolic
disorder or anaemia

heart failure

Chest X-ray for lead position

p
ECG with right ventricle only,
left ventricle only and CRT
on/off to assess percentage

hBI"v" pacing

[CRT

non-responder

Device check to
settings and assess
BIV pacing %

\

rﬁblation or drug therapy )
for low BIV pacing from
ventricular arrhythmias to
achieve near-100% BIV

Atrioventricular nodal
ablation or increase rate
control to achieve

near-100% BIV pacing

hscar

Lead revision if poor
lead position or

] ineffective LV pacing.

Consider imaging to

target dyssynchronous

segments and avoid

o

iy . . Ty
* Turn on multipoint

pacing from

quadripolar lead
* His bundle pacing
J * Second coronary

sinus lead for
dual-sitelV pacing

r ™)
CDF‘ISIC'EF assessment

Good lead position and
CRT pacing morphology

Optimise atrioventricular
and ventriculoventricular timing

N

pacing
L

* Echo-based optimisation

* Device-based with IEGMs

* ECG-based using QRS, ECGI or
vectorcardiography

* Non-invasive haemodynamic
with continuous blood pressure
monitoring (Finapres) or
impedance cardiography, finger
plethysmography or acoustic
cardiography

of residual * LV endocardial free
dyssynchrony via wall lead via either
echo, MR], transseptal arterial or

ventricular approach,
LV septal pacing or
leadless approach

vectorcardiography,
ECGI or nuclear
imaging or empirically
consider advanced

| CRT lead options

.

-,

,
Consider turning off CRT if negative
responder, especially if at baseline the
patient had relatively narrow QRS,
non-left bundle branch block, lacked
dyssynchrony and/or had significant

Llateral wall scarring

o

Improving Cardiac Resynchronisation Therapy
George Thomas, Jiwon Kim, Bruce B Lerman Arrhythmia &
Electrophysiology Review 2019:8(3):220-7.



https://www.radcliffecardiology.com/authors/george-thomas
https://www.radcliffecardiology.com/authors/jiwon-kim
https://www.radcliffecardiology.com/authors/bruce-b-lerman
https://www.aerjournal.com/editions/aer-volume-8-issue-3-autumn-2019

Great cardiac vein

Coronary sinus

Coronary venous anatomy

The coronary venous tree as seen on a rotational angiogram.
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Pressure-volume (PV) loops from a patient with LBBB
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O. A. Breithardt et al. Multisite pacing as a new treatment option in heart failure
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CRT - Optimization

Adaptiv CRT (Adaptiv BiV + LV)

LV compared to BiV pacing: Do you really need RV pacing?

AdaptivCRT®: Operation

Regular rhythm?

Adaptive LV pacing

Optimal AV and

A har
Optimal AV Delay VV Delay?

Adaptive LV pacing leverages intrinsic RV
conduction by pre-pacing the LV to
synchronize with intrinsic RV activation.

» AdaptivCRT® promotes physiologic pacing by
reducing RV pacing by 44%'

+ In addition to the potential for an increase in CRT
response, reducing RV pacing increases device
longevity'2

Adaptive LV pacing

“ew patient oPti"”/’s@
q

Normal AV Conduction Prolonged AV Conduction

ASSESSES
INTRINSIC
CONDUCTION

Adaptive LV pacing Adaptive BiV pacing

TOTAL SURVIVAL ADAPTIVCRT VERSUS STANDARD CRT

96.6%

90 851 e 88._3“/0
0.6 e I
3 —
= 80 1
o 83.7
=
; 70 CRT
w —— AdaptivCRT
= . .
o 60 Standard CRT
2
Hazard Ratio = 0.68 (0.50-0.91)
50 Log-rank p = 0.0092
0 12 24 36
Months Since Implant
No. at Risk
Number 1,162 856 548 242
Remaining 652 529 395 257

*Patients who received AdaptivCRT were associated with a 29% relative reduction in all-cause
mortality versus conventional CRT (after adjusting for other potential risk factors including age,
gender, LVEF, NYHA class, QRS duration, AF, CAD, hypertension, AV block, and LEBB).
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Effective CRT During AF Algorithm

Modes/Rates Atrial Lv

i
v.SenseReq conducted AFResponse [0 ) o || f%"
Avlel Trackin Response Level Medium o J ﬁ
Conducted Al M Rate 120 _—m On | J wains
V. Rate Stabi R On |
< Tests

Undo Pending | | ok |
l —cill | JH,
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| Undo Pending || Print.. ][ PROGRAM |
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Conducted AF Response
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The EffectivCRT™ During AF Algorithm automatically changes the pacing rate
to increase effective CRT delivery during AF by up to 15%!1

» EffectivCRT During AF increased effective pacing, from 81% to 88% (p < 0.001).
Heart rate increased by 3 beats per minute, from 77 to 80 BPM (p < 0.001).

% Effective CRT during AF

Patients with baseline (< 80%)

paced received the greatest benefit.

100 1
s 93 94 P<0.001
90 86 +15%
i 81 82
80
701 67
60
Overall (n=54) >95% paced 80-95% paced < 80% paced
(n=12) (n=23) (n=19)

CRT

AdaptivCRT
V. Pacing
V-V Pace Delay
Paced AV
Sensed AV

Adaptive Bi-V and LV

LV->RV @
0 ms o
130ms @
100 ms @

EffectivCRT During AF

Maximum Rate

On
110 bpm

Rate Histograms

CardioSync

Undo Pending

OK




Case Ne3. Patient X, 63 y.0. DCM. Paroxysmal AF/AT. VT. LBBB. HF - II-1II (NYHA). CRT-D - 2015,
Ablation- VT- 2021r, Ablation AF/AT - 10.03. 2021r, re CRT-D + LV lead optimization 23.03.202ir.
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Benefits of using a quadripolar LV lead

- Better CRT

- Implant at most stable location
- Pace at anatomically superior sites for CRT

R

A Xy 'q - Lateral LV, Basal to Mid LV
witnscar < | N 16 Programmable Pacing Vectors Provide Flexibility
. .. in Customizing CRT Delivery for Each Patient
- Lead stability
out of scar CMR derived { . Programmable Vectors (n=16)
e - Implant at most stable site

- Least chance of dislodgement
- Pace from available poles

- Phrenic Nerve Capture
- Change pacing poles to eliminate phrenic
capture without moving lead

- Lowest Threshold

- Multiple Pacing Vectors
- Superior vectors for CRT
- Best pacing threshold




The Family of quadripolar leads

Small
Vessels
|
=5 w &
/e\
i R
i — T
= e -
Attain Performa Attain Performa Attain Performa Attain Stability
4598 4298 4398 Quad 4798
5.3 Fr; S-shape 5.3 Fr; double- 5.3 Fr; straight 4.4 Fr; single cant
canted with tines with active

fixation side helix



Case N22. Patient R. women 72 y.0. Ds: DCM. OA - angioplastic (08.12.2018r). LBBB ( I type).
HF - 111 (NYHA).

After CRT-D, EF- 53%,
QRS - 120ms.

ECHO - EF 27%. ECG - LBBB (QRS - 160 ms.)




Case N2 4 Patient: X., man 57Y.0.
Ds: ICM 2006 1. LIMA - LAD, CABG-DA, DOR - procedure (2007 1.). LBBB. VT. HF - III (NYHA).

I\

 Mpyocardial infarction

* Angiography: LAD - occlusion, aneurysm LV e L e e
« ECHO: - EF-37%

- LIMA - LAD, CABG-DA, DOR - procedure jEcs pamask pharass sew

* Covid - 19 Jewbiil Heaya0Uek
KIIP- 8,1 et (N 20 5,5¢m), KCP- 7,6 ¢y, TMATI- 1,0 cu, T3CIDK- 1,3 ev, KJIO- 263 sia, KCO- 193 wa, YO- 70
s, KIOmna- 108,0 s, KCOma- 19,3 sanise?, OH- 27 % (no Cinnincony).
VS0 § es/e (N 7«11 ew/e), VSryk-neper 3 cse ™ 68 eni)
JIOKAABIAR COKPATHMOCTD BEPXYLLIKA JaKDY IACHA, NEPEropo0tHO -BEPNYUICYHBIC CerMeHTHI
* ECG - normal sinus rhythm, LBBB peACTaBICH! PyGLOBOI TKAHBIO, AKIHETIHbI, BI3YANISHPYETCA TeHb OT 3aILATLL ( AACTIIKA 1CBOTO
. . 5,0 _ KY/104Ka), HeMb3A ICKAIOYHTL HAAWYKe TPONGA B 00nacTiH BepXywkm, paswepayi | 4X2.6, HeoHopoatoli
ECHO: EF 24 A)’ LVEDV 263 ml INOTCHHOCTH, ¢ BRAKYEHIAMI KIbLUA, napaokcanbioe asirkenie MAI |
‘ CEFMEHTBL:
basarbtuii Cpeannii Bepxywednii
[Tepeumit HOPMOKMHES FHIOKIHE akies (pydeu)
lepeane-neperopotounbiii | akmes (pyGew) | akimes (pyben) anaara
| Tleperopoaosmbi akies (pybew) | akimes (pydew) AT
| Hikeuii FIN0=AKIHES THN0-aKIHes ammcz(p_\‘écm
it HOPMOKHHE3 THIOKIHE3 akimes (pybew) |
Bokosol HOPMOKIHE3 THNOKHKE? akies (pyer) |
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Case Neg. Patient T. man, 45y.0. Ds: AV Block - III. IPG (2015r). DCM. HF -1I (NYHA).
Muscular Dystrophy.

« At the age 25 years, the onset of muscular dystrophy was diagnosed.
* DCM, muscular dystrophy twin brother.

before 2015

* Syncope (MAS).

* ECG: AV Block III.
* ECHO: EF 66%.

* IPG 06.11.2015.

* ECHO-04.04.2023: LVEDV- 343 ml, EF 21%.
+ GDMT.




ECHO before CRTD:

Jlenblil &eay10uex

KJIP- 7,5 em (N 10 5,5¢M), KCP- 6,7 em, TMIKIT- 1,0 em, T3CIIK- 0,9 em, KJIO- 270 M, KCO- 210 ma, YO- 60
a1, KJOmsa- 179,9 mn/s?, KCOmma- 139,9 ma/se®, OH- 22 % (no Cumncony).

VSdxmk-Gok 8 cm/c (N 7-11 em/c), VSdkmx-neper 8 em/c (N 6-8 ew/c)

NOBbILUEHHAN TPAOEKYIAPHOCTE CTEHOK, B 00.1aCTH BEPXYLIKH JOLMPYETCA HECKOBKO NONePeHHbIX H
JIHArOHANBHBIX XOPI

JIOKAALHAS COKPATHMOCTS CHHXPOHHOE COKPALLICHHE MEPEropoI0dHO-BEPXYIICUHBIX CErMEHTOB Ha (oHe
paBotsi IKC, runokumes GasanbhbIX cerMenToB GokoBof, HIDKHeN, nepe/nei, 3aHed CTEHOK, OCTaNbHbIe
CermenTsl - Andgy3ubiit runo-akukes
MMpassiii aeayaodex 2,1 cm (N 20 3,0 cm) Ha yposse BTIDK 2,7 em (N 2,1-3,5 em),
npurounbii oraen 34 om (N 2,5-4,2 om), cpesinii otaen 14 em (N 1,9-3,5 om), amnnn 8,0 oM (N 5,9-8,6cm).
VSdkrx 11 em/c (N 9-14 em/e)

ECHO 1day after CRTD:

Jlesniit wenypouex
KO- 245 mg, KCO- 180 ma1, YO- 65 ma, KJ1Ouua- ma/m?, KCOuna- ma/m?, ®H- 27 % (no
CHMIICOHY).

JIOKAABHAR COKPATHMOCTb ACHHXPOHHOE COKPALLEHHE NNEPEropOAOHHO-BEPXYILIEYHBIX CErMEHTOR
Ha dore padorel DKC, ocranbHble cermMenTsl - AMPOYIHbIA rHNOKHHES

Ouenka aCHHXPOHHN:
Mexcowceaydoukosan (1eso-npasan) sadepycka: PEP (nepuon npeanarnanus) Ao - JIA = 170 - 140
= 30 Mc (N<40 mc).



Case N26. Patient T. Sergey, man 45 y.o. Ds: DCM. HF -III (NYHA).
Muscular Dystrophy. CRT-D Viva Quad XT 02.05.2023r.

Attain Performa

4298
5.3 Fr; double-
canted
JleBbiii eaynouex
KJIP- 7.8 cMm (N 10 5,5¢m), KCP- 6,5 cm, TMIKTI- 0,7 em, T3CJDK- 0,8 oM, KJ1O- 353 ma, KCO- 259 ma, YO- 94

s, KIOuna- 232,0 m/sm?, KCOuna- 170,2 ma/v?, @H- 27 % (no Cumncony).
VSdrmr-6ok § em/c (N 7-11 em/c), VShrmk-neper 4 cm/c (N 6-8 cm/c)
nossienHas Tpabexynaprocts creHok JDK
JlokanbHas COKPATHMOCTD BbIPAKEHHOE ACHHXPOHHOE COKPAILEHHE NePeropoa0 HO-BePXYIedHbIX
cermenToB Ha (ore BJIHIIT, octansHbie cermenTsl - An(Qy3HbI rHNOKKHHEs
' Ouenka aCHHXPOHHH:
Mexcoceaydouxoean (neeo-npasas) zaoepycka: PEP (nepuon npeausrnanus) Ao -JIA = 177-81= M(N
<40 mc).

-



Survival
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Kaplan-Meier Estimates of Cumulative Probability

Efficiency of CRT-D application
80
(5:3%) (3,7%) (1,2%)
NR NP TEE
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 5 — year survival rate was - 162 (87%)

Time (months) after CRT-D 10 — year survival rate was - 153 (82,3%)



RESULTS

The experience of surgical treatment of 188 patients with (HF) II-IIT (NYHA) and typical LBBB
(during the observation period 67,4 + 2,7 m (QRS 167.9 + 1.5 ms), EF - before CRT-D 27.2% + o.5;

after treatment 44,5% + 0.9
Implantation of CRT-D/CRT-P with: quadripolar - 28, multipoint pace - 2, bipolar - 153,

epicardial leads - 5.

The 152 patients are currently being monitored; 33(17,7%) -died; heart transplantation -1;
explantation CRTD - 2 (pocket infection).

- LV lead repositioning - 32 ( 5 - quadripolar LV lead);
- AV node ablation - 22;

-AF/AT/VT - ablation- 14;

5 — year survival rate was - 162 (87%).

10 — year survival rate was - 153 (82,3%).

Initially the number of non-responders was 29.7%.

After the treatment, the number of non-responders and non - progression decreased to 9%.



CONCLUSIONS

CRT is an affordable and clinically effective treatment for patients with HF and typical left
bundle branch block.

The position of the LV lead is one of the main factors determining the response to CRT.

Systematic optimization of CRT parameters, the use of a remote monitoring system,
optimization of the position of the LV lead using multipoint pacing, AV node/ AF/AT/VT -
ablation against the background of optimal drug therapy, can improve the quality and life

expectancy of patients, as well as significantly reduce the number of non-responders.






