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Abstract 

Conduction system pacing (CSP), encompassing His-bundle pacing (HBP) and left bundle branch area pacing (LBBAP), 
revolutionizes cardiac pacing, allowing a more physiological left ventricular activation than conventional right ven-
tricular (RV) pacing through electrode placed in RV apex, interventricular septum or right ventricular outflow tract. 
Echocardiography plays a pivotal role in patient assessment, primarily by measuring left ventricular ejection fraction 
(LVEF) to determine the pacing strategy in alignment with current guidelines. Clinical data, simulations and ongoing 
trials on CSP explore CSP viability across various LVEF conditions. CSP is supposed to defer pacing-induced cardiomyo-
pathy (PiCM) associated with conventional right ventricular pacing (RVP). This paper aims to review the current litera-
ture regarding the use of echocardiography in CSP. Images from our experience in the echocardiographic lab were 
used throughout this document to show our proposals of imaging in CSP. Echocardiography may help to determine 
lead localization within the interventricular septum (IVS), customizing pacing to individual anatomy and electrome-
chanical indices (like atro-ventricular delay) and evaluates often-overlooked valvular function, a potential PiCM con-
tributor. Three-dimensional (3-D) echocardiography widens the knowledge of lead localization and valvular dysfunc-
tion, as well as dyssynchrony assessment. Dyssynchrony, crucial both to resynchronization per se and physiological 
stimulation is quantified via echocardiography, especially using speckle-tracking imaging. Baseline LVEF and follow-up 
observation of CSP effects: early in Global Longitudinal Strain (GLS), afterwards in LV volumes and LVEF may improve 
the future proper qualification of patients. Limited left atrial (LA) and right atrial (RA) strain assessments hold potential 
in the CSP qualification and response assessment context. Echocardiography complements other imaging modali-
ties for comprehensive patient evaluation. Echocardiography is integral in the CSP clinical use, from patient selection 
(by showing subtle changes in myocardial function) to post-procedure follow-up (tricuspid regurgitation, LV and RV 
function, leads and synchrony assessment). GLS, assessed by speckle tracking imaging and profound 2D and 3D 
(lead placement, septum morphology and global heart function under CSP) analyses show promise in CSP outcome 
assessment, though standardization is needed.
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Graphical Abstract
 

Cardiac Physiologic Pacing for the avoidance and mitiga-
tion of heart failure includes:

1.	 a decline in LVEF of ≥ 10% with a baseline LVEF 
≥ 50% before RVP,

2.	 pacing percentage ≥ 20%, and
3.	 no alternative explanation for the decline in LVEF 

following RVP [6].

The mechanism underlying the development of PiCM 
is not fully understood. Dyssynchrony, caused by non-
physiologic pacing of the RV, seems to play a pivotal role. 
This parameter can be measured and quantified using 
echocardiographic methods, as demonstrated later in 
this paper [6].

However, there are more potential roles for echocar-
diography in the rapidly evolving field of CSP, like lead 
positioning, and longitudinal strain assessment. This 
paper aims to review the current literature regarding 
the use of echocardiography in this field. Images from 
our experience in the echocardiographic lab were used 
throughout this document.

Background
Conduction system pacing (CSP) is a novel method of 
cardiac pacing, which includes His-bundle pacing (HBP) 
and left bundle branch area pacing (LBBAP). It allows for 
physiological activation of the left ventricle through the 
conduction system. [1]

Echocardiography plays an essential role in patient 
qualification, as left ventricular ejection fraction (LVEF) 
remains an essential marker for the systolic function 
assessment. Based on this parameter, clinical decisions 
regarding the optimal pacing strategy are made as recom-
mended in current guidelines. Patients with LVEF above 
40% with presumed pacing rate more than 20% may be 
considered to His bundle pacing [2] Clinical data and 
computer simulations show the benefit of this technique 
over right ventricular apex pacingc(RVAP) [3]. Several 
trials are outroled to determine the feasibility of CSP in 
patients with preserved or impaired LVEF. [4]

CSP is hoped to avoid pacing-induced cardiomyopathy 
(PiCM) caused by “traditional” pacing of the right ven-
tricle (RVP). The definition of PiCM varies; [5] the one 
proposed in the 2023 HRS/APHRS/LAHRS Guideline on 
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Localisation of the lead
In contrast to “classic” pacing, where the electrode is 
placed in the apex, septum or outflow tract of the RV, in 
CSP, it is inserted into some part of the interventricular 
septum (IVS) as determined by electrophysiologic param-
eters (namely, ECG parameters) to accomplish optimal 
stimulation. [Fig.  1] Echocardiography allows for ana-
tomical localisation of the pacing lead, after implantation. 
Using classical acoustic windows, in transthoracic echo-
cardiography, we can determine which part of the inter-
ventricular septum the lead is implanted in and which 
is presumably paced. The first step is to assess whether 
the lead is located anteriorly or inferiorly, although the 
clinical implications of this positioning during implanta-
tion or follow-up are not yet fully established. We may 
achieve this using classic transthoracic acoustic windows. 
If the lead is visible in the four-chamber view (4 CH), this 
means it is positioned more posteriorly; if it is visualized 
in the three-chamber view (APLAX)—it is placed more 
anteriorly in the IVS [Fig. 2].

Similarly, we can track the lead in the left ventricle’s 
parasternal short axis (PSAX) view. Here, we can deter-
mine the “height” (from base to apex) of the IVS where 
the lead is placed. We compare the localisation with the 
one visible in 4CH and APLAX. The substernal view may 
also be helpful. More experienced echocardiographers 
may use modified imaging angles for optimal image qual-
ity and more precise lead localisation. Three-dimensional 
(3-D) imaging modalities (e.g. multislice imaging) may be 
helpful [Fig. 3].

Besides the implant target point, we can assess echo-
cardiographically at which angle the electrode is inserted 
into the IVS. Based on this, we can differentiate three 
situations: the electrode tip located perpendicularly to 
the IVS or pointing towards either the apex or the base 

of the heart. Noteworthy in the last case is that the whole 
electrode has to make a full turn virtually in the RV. The 
tension caused by this may be a risk factor for future lead 
displacement. Further research is needed to check the 
relation between lead localized in the septum on different 
levels and tricuspid regurgitation.

When localizing the pacing lead, 3-D echocardiog-
raphy may add an additional benefit. It is currently the 
method of choice to evaluate the LVEF and, therefore, 
left ventricular function. This technique can also be used 
to evaluate valvular dysfunction, which we discussed ear-
lier in this paper.

Another utility of 3-D echocardiography imaging in the 
context of CSP is the assessment of potential lead perfora-
tion through the IVS. In classical 2-D echocardiography, the 
sonographer may easily misdiagnose the lead piercing into 
the LV. This can be verified with 3-D modality. However, 
experiences indicate that assessment of device function is 
the most feasible and reliable method of inspecting for this 
potentially dangerous complication. [7]

Although fluoroscopy is routinely used to guide lead 
placement during device implantation, it has notable 
limitations, particularly in assessing precise lead location. 
For instance, a recent Danish registry study on traditional 
right ventricular pacing (RVP) revealed that up to 20% of 
leads were unintentionally positioned in the RV free wall, 
as later confirmed by CT imaging [8]. In the context of 
conduction system pacing (CSP), fluoroscopic views can 
be even more challenging due to the proximity of the tar-
get areas (e.g., His bundle or left bundle branch) to ana-
tomical landmarks. While no large-scale studies have yet 
assessed lead misplacement in CSP using advanced imag-
ing, modalities such as CT or echocardiography may be 
valuable in confirming accurate lead positioning beyond 
fluoroscopic assessment alone.

Fig. 1  Conventional lead placement in current right ventricular pacing – apex of right ventricle (a—arrow) and conduction system pacing – lead 
in interventricular septum (b – arrow)
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There is no data about the long-term lead function 
considering the angle of lead tip implantation into the 
muscle of septum. It may be deemed that acute angle 
(looking from the apex) between septum and lead tip 
may be related to more frequent dislodgement or—due 
to the wire tension—to more frequent tricuspid regur-
gitation [Fig. 4].

The potential differences in the clinical course in 
patients with leads placed in different localisations, as 
determined by echocardiography, should be controlled 
in serial echocardiographic studies.

Valvular function
In some cases, classic RV pacing may lead to mitral 
regurgitation as a result of cardiomyopathy induc-
tion (mitral annulus widening, atrial remodelling and 
fibrillation onset) [9]. In a recent study by Boczar et al. 
concerning CRT with CSP, mitral regurgitation was 
graded—only during RVP mitral regurgitation wors-
ened. There is a paucity of original research concerning 
the long-term effect of CSP on mitral valve function. 
In some papers, moderate to severe valvular patholo-
gies were even an exclusion criterion [10]. Mitral 

regurgitation may be one of the factors contributing to 
the development of PiCM [6].

The incremental beneficial effect of CRT on mitral 
valve function is well studied and established [11]. CSP 
seem to have a similar benefit [12] [Fig. 5].

Valve assessment techniques can also be helpful in 
CSP implantation. The Doppler trace of sufficient mitral 
regurgitation may be used to assess dP/dtmax. A recent 
review shows that this hemodynamic response parameter 
may be used to optimize device implantation [13]

On the other hand, CSP lead implantation may have 
a detrimental effect on the tricuspid valve apparatus, 
causing tricuspid regurgitation, as the lead course may 
cause tension on valve leaflets [Fig.  4]. A more acute 
angulation of the lead implanted closer to the TV annu-
lus should, therefore, be a risk factor. This pathomecha-
nism seems to be confirmed by a recently published 
study, where a distance between the lead-implanted 
site and the tricuspid valve annulus of ≤ 16.1 mm was 
independently associated with TR deterioration after 
left bundle branch pacing (LBBP) [14]. This distance 
and lead placement in the commissure can be assessed 
more clearly using transesophageal echocardiography 

Fig. 2  Evaluation of the conduction system pacing lead placement: posteriorly, if visible in the apical four-chamber view (a); more anteriorly 
in the interventricular septum., if visible in apical long axis view (APLAx) (b); in the left ventricle’s parasternal short axis—determination 
of the “height” (from base to apex) in interventricular septum (c); the substernal view – insight on the lead and tricuspid valve (d)
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(TEE). TEE performed during implantation may offer 
precise visualization of the catheter’s position relative 
to the valvular commissures and its potential impact 
on leaflet motion. It has been demonstrated that TEE-
guided placement of the lead in the commissural area, 
most commonly posteroseptal, was achievable in 95.2% 
of cases without worsening tricuspid regurgitation. 
Furthermore, in the group of patients who underwent 

TEE during the procedure, no deterioration of TR was 
observed at discharge when compared to baseline. To 
further assess lead stability, a subset of these patients 
also underwent 3D transthoracic echocardiography 
(TTE) in addition to standard TTE at discharge. In all 
examined individuals, the lead remained in the same 
position as during the procedure, with no displacement 
observed during respiratory cycles or with changes in 

Fig. 3  Evaluation of the conduction system pacing lead placement—three-dimensional imaging modalities—multislice imaging. The lead 
placement in the interventricular septum is shown on the scheme

Fig. 4  Tricuspid regurgitation (TR) caused by deflection of the septal tricuspid leaflet by a CSP lead (a). TR jet is shown in color Doppler (b)
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body posture, indicating short-term mechanical sta-
bility of the lead. However, it is worth noting that this 
study was not conducted exclusively in a CSP patient 
population [15]. Cases of lead entanglement in chordae 
tendineae were also described [16].

Dyssynchrony assessment
Dyssynchrony assessment
The main point of the novel CSP method is to establish a 
more physiologic, synchronized stimulation of both ven-
tricles compared to traditional pacing sites. This should 
allow us to avoid pathologic changes—first in function 
and later in the morphology of the heart—thereby pre-
venting PiCM. Therefore, dyssynchrony assessment 
seems crucial regarding CSP and pacing in general. 
Besides ECG markers, echocardiography provides a vari-
ety of parameters to determine the interplay between RV 
and LV. Nowadays, strain imaging is becoming increas-
ingly important in this field. One parameter to meas-
ure dyssynchrony is peak systolic dispersion (PSD). It 
is a parameter derived from systolic time intervals that 
describes the standard deviation of periods to peak sys-
tolic segments from all 16 LV segments.

PSD plays an important role in evaluating the coordi-
nation and synchronization of myocardial movement and 
provides a more accurate and sensitive index of early LV 
systolic function. Beyond being a quantitative marker 
of mechanical dyssynchrony, it has also been used as an 
early indicator of LV dysfunction in various clinical con-
texts—for example, in diabetes mellitus—suggesting its 

potential utility in the early detection of LV deterioration 
[17]. Similar insights may emerge in the CSP population. 
However, at this point, we still lack consistent and robust 
data. In the studies analyzed so far, results differ—likely, 
as we discuss in this paper, due to heterogeneity in study 
designs, patient populations, and follow-up durations.

Chen et  al. reported no significant difference in PSD 
between LBBP, LBFP, and LVSP in patients with QRS 
< 120 ms and EF ≥ 50%  [18]. Conversely, Pujol-López 
et al. [19] showed a decrease in PSD in CSP compared to 
BiVP. Dell’Era also demonstrated a reduction in PSD in 
LBBAP patients, while Liu reported a greater improve-
ment in PSD in the LBBAP group than in the BiVP group. 
On the other hand, Michalik et  al. found no significant 
difference in PSD between HBP and RVP after 6 months 
of follow-up. These inconsistencies highlight the need for 
longer-term studies to clarify the role of PSD in assessing 
mechanical synchrony and predicting outcomes in CSP 
recipients [20–22].

Strain imaging
Speckle tracking echocardiography (STE) allows for a 
more precise and repeatable quantification of each heart 
muscle region’s function. Global longitudinal strain 
(GLS), which can be measured using this method, is a 
prognostic marker in cardiac resynchronisation therapy 
[23]. Pre-implant LV GLS appeared to be of prognos-
tic value for future LVEF improvement both in CSP and 
biventricular pacing. Cut-off value of −7.1% discrimi-
nated LVEF responders [19].

Fig. 5  Change in mitral regurgitation severity during pacing mode shift visualized using M-mode and color Doppler
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STE is a robust and repeatable method for assessing 
myocardial synchrony. Therefore, repeated analysis by 
the bedside during pacemaker interrogation may allow 
for a more precise individualized setting of parameters, 
allowing for optimal pacing [10]. Echocardiographic fol-
low-up of patients with systolic heart failure (HF) after 
CSP within 3–12 months is a class I recommendation 
according to current guidelines [6].

CSP device optimization
Optimization of CSP comes from the algorithms of CRT 
ultrasound optimization. LV atrio—ventricular dyssyn-
chrony is of concern. CSP optimization elements are as 
follows (based on CRT criteria): atrioventricular (AV) 
dyssynchrony—diastolic filling time in relation to RR 
cycle should be more than 40% The optimization itself 
is based on AV delay shortening or prolongation in the 

device setting. Based on the E/A wave profile we can con-
clude, which way to go:

- if AV delay is prolonged—E and A wave are fused, 
diastolic filling is shortened and late diastolic mitral 
regurgitation may occur; AV delay should be shortened,

- if AV delay is reduced—A wave is truncated, LV filling 
is interrupted by mitral valve closure and thus not com-
pleted; AV delay should be prolonged.

The optimization of CSP devices focuses on AV the 
conduction disturbances—namely PR prolongation. It 
reveals the fusion of E and A wave: suboptimal filling 
with the early filling wave interrupted by atrial filling 
wave. In CSP optimization attention should be paid on 
AV delay shortening [19].

If needed the optimization of interventricular (V-V) 
delay (in LOT-CRT devices) should be performed, espe-
cially if bundle branch block was observed prior to device 
implantation [Fig. 6].

Fig. 6  Longitudinal strain and time to peak strain “bulls eye” plots for baseline, CSP and LOT-CRT (left bundle branch-optimized cardiac 
resynchronization therapy) in the same patient. In the strain bull’s eye and myocardial work analysis, the red areas represent regions with normal 
longitudinal strain, while the pink areas indicate regions with impaired longitudinal strain. For myocardial work, blue values indicate the shortest 
times to maximum deformation, red values indicate the longest times, and green values represent normal times
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The clinical concern is, that after every AV of VV delay 
change, AV and VV dyssynchrony the AV and VV dys-
synchrony parameters should be checked again and 
matched (iterative method). It may be time consuming. 
However—until now, the CSP device setting is focused 
on the short AV delay.

It was proved that electrophysiology-guided sensed 
atrioventricular delay programming is concordant with 
echocardiography based (LV filling profile) iterative 
method in 71.8% of 71 pts group with CSP devices [24].

Chamber quantification
LV
As changes in GLS are a much more sensitive marker for 
the deterioration of LV function, STE has been used to 
compare RVP and CSP. In a study by Wen et al., no differ-
ence between these two groups (in terms of global strain) 
after 6 months has been shown [25]. Similarly, a study by 
Sun et  al. showed no difference between systolic strain 
at baseline and after pacemaker implantation, compar-
ing RVP and LBBP groups. Notably, the measurements 
were taken right after implantation. [26]. In the study 
with one of the longest follow-ups (18 months) with GLS 
measurements comparing LBBP and RVSP—GLS was 
significantly higher in the CSP group. This effect, never-
theless, became visible after 6 months and peaked at 12 
months (with a slow rise till 18 months) [27]. Michalik 
et al. showed no increase in GLS after six months in the 
HBP group, but also no decrease as measured in the RVP 
arm [20]. Longer follow-up (at least 6  months) periods 
are necessary to determine the differences in myocar-
dial strain. Changes in GLS may be linked to the base-
line values of LVEF, as shown in research by Bednarek 
et  al. in patients with LBBAP. GLS and LVEF improved 
in patients with an LVEF < 50% while remaining constant 
in patients with an LVEF > 50% at baseline [28]. Myocar-
dial strain changes may take months or years to manifest, 
particularly with CSP, where remodeling is often subtler. 
Thus, longer follow-up periods and larger studies are 
needed to validate these trends.

LA
In a recent study by Liu et  al., comparing RVAP with 
LBBP left atrial strain was analyzed, however, no sig-
nificant differences between the two groups were found. 
[Liu 2021] Neither in a study population of patients with 
HOT-CRT (combined pacing: lead on LV via coronary 
sinus and LBBP) between different stimulation modes 
[10]. Further studies with longer follow-up are needed (as 
in LV myocardial function). Deterioration of LA function 
was a part of the pathomechanism of PICM [9]

RV
The primary goal of CSP is to achieve interventricu-
lar synchrony. The echocardiographic assessment of 
the free wall of the right ventricle seems to be a neces-
sary step. No difference in RV GLS between baseline and 
after 3 months of LBBAP was measured by Dell’Era and 
his team [21]. Tian et  al. divided the study group into 
normal and abnormal RV function subgroups (based 
on 3-D RV ejection fraction—3-D RVEF). It was con-
firmed that in the 6  months of follow-up RV dyssyn-
chrony improved in both groups, but RVEF only in the 
previously RV dysfunctional group [29]. Other research-
ers found a reduction of this parameter regardless of 
whether"traditional"or CSP was used [30].

RA
Strain assessment of the right atrium (RA) is a novel 
imaging approach and, to our knowledge, has not been 
used yet in the setting of CSP.

In Table 1 we summarized the current medical litera-
ture concerning speckle tracking parameters in CSP.

Conclusion
Echocardiography in the context of pacemaker implanta-
tion and pacing may add a valuable tool for the assess-
ment of: lead localization, dyssynchrony, chamber and 
valvular function.

Strain imaging seems to be the method of choice to 
evaluate and quantify myocardial function under the CSP 
in different patient populations.

It seems that shortly after CSP implantation both GLS 
and LVEF increase. After 6  months, in most studies, 
this effect is maintained, or no significant differences in 
LVEF and GLS are found between classical pacing and 
CSP. However, long-term follow-up (18 months) con-
firms a beneficial effect on both LVEF and GLS in the 
subgroup of patients who had reduced LVEF (< 50%) 
prior to CSP implantation. The literature, so far sparse, 
regarding echocardiographic parameters in the context 
of CSP is incoherent, as the effects on LVEF and GLS 
vary. In some studies, there is no difference compared to 
“traditional” pacing modes, while in others, a decrease of 
these parameters is observed in the latter. Comparison 
between different studies is difficult due to dissimilarities 
in inclusion and exclusion criteria, as well as varying fol-
low-up periods. Making assumptions about the underly-
ing mechanisms of these findings is demanding. Another 
important aspect is the fact that CSP includes a variety 
of pacing sites and modes, so a detailed evaluation of the 
mechanical effects of the septal lead position and stim-
ulation has to take this into account. Some reports also 
suggest that CSP may help avoid PICM. However, longer 
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follow-up periods are needed, as the deteriorating effect 
of pacing on ventricular function may present itself later 
on. Furthermore, LBBAP appears to have no effect on 
the severity of mitral regurgitation [10]. Regarding QRS 
width – it is deemed that LBBAP in routine practice pre-
serves synchrony in patients with narrow and RBBB QRS 
and reduces dyssynchrony in patients with LBBB [37]

Echocardiography is not only crucial in preprocedural 
screening and selection of patients, but it also allows 
optimization of device programming and follow-up 
of patients. Future progress in the field of CSP will be 
accompanied by novel findings in the field of echocar-
diography, allowing for optimal patient treatment and 
improved long-term outcomes.

Limitations
The current literature demonstrates a lack of consistency 
among studies evaluating CSP, with some reporting clini-
cal benefits while others show no significant advantage 
over conventional pacing. This variability in evidence 
underscores the need for further research to clarify the 
long-term efficacy of conduction system pacing.
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