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CSP AVANZATA, POPOLAZIONI SPECIALI E SCENARI FUTURI

HOT/LOT-CRT: Quando? Come?

Mario Volpicelli
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New CSP Clinical Consensus Statement EHRA
CSP for heart failure without bradycardia pacing indication

CRT indication
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Figure 8 Indication for CSP-CRT. BiV-CRT, biventricular pacing cardiac resynchronization therapy; BiVP, biventricular pacing; CSP, conduction sys-
tem pacing; HOT/LOT-CRT, His-optimized or left bundle-optimized cardiac resynchronization therapy; LBBB, left bundle branch block; LVEF, left ven-
tricular ejection fraction; PICM, pacing-induced cardiomyopathy.
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Advice: CSP-CRT Strength of evidence

Advice TO DO
In candidates for BiVP in whom coronary /dj\

sinus lead implantation is unsuccessful, L U\"m )
CSP is advised as rescue therapy.'>2%! %

May be appropriate TO DO

For patients with LVEF < 35%, LBBB with - J\
QRS >130 ms, and Class Il-IV HF ba1 ()
mese el T Uty

While awaiting results from ongoing
large randomized controlled trials
assessing the role of CSP in patients
I with HF, CSP-CRT may be used as o
an alternative to BiV-CRT in
selected patients. This is particularly
applicable as rescue therapy when
n effective CRT cannot be achieved due

to the inability to place a coronary

sinus lead in a suitable, stable ¥
location, or in non-responders to BiV- hr
CRT.

account operator experience
Areas of uncertainty

For patients with a CRT indication and 00000 0g, 0
non-LBBB, the clinical impact of CSP is “H““ nnnﬂ-”
uncertain$667.208

>90% agree

For patients with HF and LVEF >35% c00® Q0o 000

without an indication for ventricular “ H”"

pacing, the clinical impact of CSP is JI

uncertain
>90% agree
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Two hybrid pacing modalities combining CSP and coronary sinus pacing
were recently introduced: His bundle-optimized CRT (HOT-CRT) and
left bundle branch-optimized CRT (LOT-CRT). Delayed activation of
the LV lateral wall in patients with HF may result not only from a
e Psent ey discrete lesion in the left bundle branch that can be

(RVP +CS) (LBBAP + BiVP) (LBBAP +CS)

bypassed/corrected by CSP, but also from widespread delay, distal
focal lesion(s) in the conduction system, electrical uncoupling,
myocardial scar, and functional conduction block. In patients
with wider QRS, non-typical LBBB and more advanced HF, both
mechanisms (focal proximal lesion and distal delay) often coexist.
Analysis of V6RWPT—an electrocardiographic marker of LV lateral wall
frkieeis o a8 HornT activation time, indicates that such conduction delay cannot be
corrected by CSP alone. On the contrary, conventional BiV-CRT is also
H limited in its ability to fully restore physiological LV activation. This is
L‘.& U due to several factors: potentially desynchronizing effects of
[ myocardial pacing with the RV lead, localized non-physiological
i epicardial LV pacing, latency, and suboptimal LV lead position
(paraseptal/apical) due to unfavourable cardiac venous anatomy
Figure 9 Schematic illustration of ventricular activation wavefronts BiV-CRT, HOT-CRT, and LOT-CRT. Approximate activation by the right ven- and/or LV scar. Failure of BiV-CRT to restore physiologic activation
tricular lead is indicated in blue, by the conduction system pacing lead in green, and by the coronary sinus lead in red. Adapted with permission from may manifest as QRS prolon gation ra ther than narrowing.

Zweerink et al.*® BiV-CRT, biventricular pacing cardiac resynchronization therapy; BiVP, biventricular pacing; CS, coronary sinus pacing: HBP, His bun-
dle pacing; HOT-CRT, His bundle pacing-optimized cardiac resynchronization therapy; LOT-CRT, left bundle branch-optimized cardiac resynchroniza- Furthermore, His-optimized and left bundle branch pacing-

tion therapy; RBB, right bundle branch block; RVP, right ventricular pacing. op timized cardiac resynchroniza tion therapy ( HOT/LOT- CRT) is
an option in patients who do not respond clinically to BiV-CRT
or to CSP-CRT and in whom the paced QRS is considered
suboptimal.
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His-optimized and left bundle branch pacing-optimized cardiac resynchronization therapy
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Figure 10 Superior clectrical resynchronization with LOT-CRT compared with BiVP. Note the presence of QRS notching with BiVP and LBBP,
which disappears with LOT-CRT. BiVP, biventricular pacing: LBBP, left bundle branch pacing; LOT-CRT, left bundle branch-optimized cardiac resyn-
chronization therapy.
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The prevailing expert opinion is that there is no necessity to add
a coronary sinus lead to a CSP-based CRT system if the obtained
paced QRS already indicates a physiological, i.e. fast and synchronous
LV activation.
If the paced QRS is not deemed satisfactory (based on criteria outlined
in Table 4), there may be benefit from the HOT/LOT-CRT approach.

Advice: HOT/LOT-CRT Strength of

evidence

Table 4 Criteria used to determine whether HOT/LOT-CRT

May b iate TO DO
lay be appropriate may be required after having implanted a CSP lead

It may be appropriate to propose HOT/LOT-CRT at

implantation in case of suboptimal Paced QRS width
aces widt!

Presence of conduction system capture
Vg or aVL RWPT

electrocardiographic results of CSP or BiVP, taking
into account operator experience and patient risk.

It may be appropriate to propose HOT/LOT-CRT as
an upgrade procedure in selected CRT candidates
in case of suboptimal clinical and

VgV interpeak interval

Paced QRS notching

electrocardiographic result with CSP-CRT or RS ol P
BIV-CRT, especially in the setting of non-specific axis (normal vs. axis deviation)

intra-ventricular conduction delay or mixed Anatomical position of LBBAP lead (basal, mid, or apical)
conduction disease* 3123133132226 227 taljng Absence or minimal acute haemodynamic response to pacing

into account operator experience and patient risk.

LBBAP, left bundle branch area pacing; RWPT, R-wave peak time.

3Mixed conds d i fbund

delay with peripheral conduction disease and/or intra-myocardial propagation delay,
which cannot be corrected by CSP alone.
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The selection of LOT-CRT over HOT-CRT or
vice versa is currently based on the
operator’s preference, experience, and ability
to implement HBP and LBBP, as well as on
case-dependent anatomical and physiological
factors that influence the feasibility of HBP
and LBBAP. It is important to note, however,
that LOT-CRT usually offers superior
pacing parameters and normal sensing
without compromising arrhythmia
detection in cardiac resynchronization
therapy defibrillator (CRT-D) systems,
while HOT-CRT may provide superior QRS
narrowing due to the direct recruitment
of the right bundle branch in the setting
of LBBB.
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Patients with permanent AF cannot
benefit from algorithms which adjust AV
delays to promote fusion between intrinsic
conduction and ventricular pacing, used in
BiV-CRT. In these patients, HOT-CRT with
HBP (usually using the off-label
configuration of connecting the lead to
the unused atrial channel of the
generator) combined with coronary sinus
and/or RV pacing may be used to deliver
controlled and constant fusion pacing by
adjusting AV delay, even in patients in whom
bundle branch block remains uncorrected by
HBP.

Although there are no dedicated randomized
studies on HOT/LOT-CRT, it is pertinent to
note that, unlike CSP-CRT, these pacing
modalities do not deviate too much from
conventional BiV-CRT as they also include a
coronary sinus lead and a septal pacing lead.
In contrast to CSP-CRT, the HOT/LOT-CRT
approach does not replace key BiV-CRT
components, but builds on them. Therefore,
it is anticipated that favourable major
endpoint results from CRT trials will be
maintained with HOT/LOT-CRT.

Nevertheless, operator experience and
patient risk need to be carefully taken into
account, particularly when evaluating
upgrade procedures.

Randomized clinical trials are still
needed to determine the safety of a
more complex procedure and whether
the superior electrical resynchronization
translates into hard outcomes such as
mortality and hospitalization for HF.
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Echocardiographic response from Left Bundle Branch Area Pacing Optimized

LOT-CRT versus traditional CRT b {7 Cardiac Resynchronization Therapy (LOT-CRT) versus traditional CRT.
Gaurav A. Upadhyay, MD * - Marek Jastrzebski, MD, PhD ? - Paul Foley, MB ChB, MD Res, FRCP 3 - ... - Jonathan Lyne, MD *° -

Left ventricular dysfl.l I'ICtiOI‘I 2025 Bengt Herweg, MD * - Pugazhendhi Vijayaraman, MD. & & .. Show more
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QRS duration (< 171ms or = 171ms). Panel A/B-left denotes absolute,
and A/B-right denotes percentage change after 6 months pacing from
baseline in LVEF, and LVESV, respectively. Bar height represents mean
and error bars represent 95% confidence interval. The 171ms cut off
value was the mean baseline QRS duration in the original CSPOT cohort.

> )

Especially in patients
with baseline QRS
width2171ms

6-Month Relative LVESV Improvement (%) @

LOT-CRT BVP
N=34 N=34

n=34 n=34
3 BVP LOT-CRT

This study suggests that LOT-CRT may be especially beneficial in patients with longer QRS duration (i.e. 2171ms), which has been shown to be a strong predictor of
BVP echocardiographic response by other investigators.

The larger improvements observed in our LOT-CRT recipients are impressive (both low non-response and high super-response rates). Longer QRS duration may reflect
greater electrical dyssynchrony, scarred or delayed activated regions, resulting in mechanical dyssynchrony.

Multi-site LV pacing (similar to that found in the present study) has been shown to be particularly effective in these patient

cohorts perhaps by increasing the probability of stimulating the viable and late contracting myocardium and/or optimizing LV filling by more effective AV timing of the LV.

https://doi.org/10.1016/j.hrthm.2025.04.026
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LOT-CRT versus traditional CRT | ey
A Review 2025 Review
Understanding LOT-CRT: Current Insights, Limitations, and Our

Center’s Experience

Georgios Leventopoulos *3, Kassiani-Maria Nastouli !, Maria Bozika 100, Eleni Papastavrou ,
Anastasios A postolos 2, Rafail Koros '), Angelos Perperis *, loanna Koniari '3, Niki Vlassopoulou ?,

Panagiotis Cl P 1, Chrie K. Travios 40, Ath. ios Moulias ' and Periklis Davlouros !
This review evaluates the feasibility, advantages, disadvantages, and e X A
E. 2R

clinical outcomes of LOT-CRT;
10 clinical studies ON LOT-CRT;

WHEN

LOT-CRT is a promising modality that can be applied in clinical settings
where the use of Conventional Biventricular Pacing is unsuccessful and
when LBBAP alone does not deliver the expected outcomes as in atypical
LBBB patterns or when LBB capture is not unsuccessful.

PROs

The technique, provides enhanced QRS shortening, an increase in the
percentage of the LVEF in the patients, an improvement in NYHA
class, and most studies reported a reduction in NT-pro-BNP levels.

Algorithm of resynchronizationidefibrillation

CONs

When a defibrillator is needed (LOT CRTD), the device is rendered not
compatible with MRI due to the capped DF 1 lead.

The procedural complexity and required expertise limit the widespread
use of LOT-CRT in routine clinical practice.

+ DOI: 10.3390/jcm14093025
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Medical Case

66 year old patient

Hypokinetic valvular
dilated cardiomyopathy
(aortic valve
replacement and mitral
valvuloplasty).
Permanent atrial
fibrillation with ICD-CRT.

Non-Responder
undergoes upgrade with
LOT-CRT
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LOT-CRT HE0E
Negli ICD - CRT-D DF4 RA: P
1o AN @] T
LOT-CRT: CRT come combinazione di @ Terapia | | AF V: El =T W N [Sallll(v]
LV-CS e LBBAP antitachicardica permanente IS4-LLLL COIL
RV: D =T L [__DOFALHRY
DF4-LLHH
BRADY TACHY
Modalita: DDI(R) Discriminanti tachy:
Autocatture: OFF su tutti i canali - Stability: ON
Soglia minima di sensing canale atriale: almeno 1.5 mV - SVT, onset e Morfologici: OFF
y :

Cambio modo: OFF di default in DDI
Frequenza massima atriale: OFF
Ritardo AV: AV, = AVjeq — 20 ms
Sincronizzazione: OFF

La programmazione_in que_sti_ casi_ particolari
CRTAA. OFF andrebie fatta trg::f%gglmlmino:e SN

scegliere:
+ Ritardo AV, che funge da ulteriore VV (non
pil lungo di 100 ms per evitare pacing su T)

+ BIV o LV-only, e quale camera stimolare per
prima, scegliendo se il coil contribuisce o meno
alla stimolazione

« Ritardo VV

Terapie atriali automatiche: OFF

Episodi per registrazioni TA/FA: OFF

-~
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Medical Case | ECG

66 year old patient

Hypokinetic valvular
dilated cardiomyopathy Start
(aortic valve
replacement and mitral
valvuloplasty).
Permanent atrial
fibrillation with ICD-CRT.

Non-Responder
undergoes upgrade with
LOT-CRT

Final
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Medical Case | Eco 1M Start

66 year old patient - 1¥os/202507:1347
o oA s . A Sl an FE 35%

Hypokinetic valvular
dilated cardiomyopathy
(aortic valve
replacement and mitral
valvuloplasty).
Permanent atrial
fibrillation with ICD-CRT.

Non-Responder
undergoes upgrade with
LOT-CRT
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Medical Case | ECG 1M

66 year old patient ‘ =

Hypokinetic valvular
dilated cardiomyopathy
(aortic valve
replacement and mitral
valvuloplasty).
Permanent atrial
fibrillation with ICD-CRT.

Non-Responder
undergoes upgrade with
LOT-CRT
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Grazie
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