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T-wave inversions during conduction system pacing:  
A marker of more physiological ventricular activation 
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Permanent myocardial pacing can preserve 
adequate heart rates and improve symptoms 
and mortality in patients with bradycardia [1]. 
Conventional right ventricular (RV) pacing is 
far from the optimal treatment since up to 
20% of patients experience a reduction in the 
left ventricular (LV) ejection fraction, which 
can lead to heart failure (HF) [2]. This was the 
main incentive for developing ‘conduction 
system pacing (CSP)’ techniques that target 
(directly or indirectly) the capture of con-
duction tissue, initiating more physiological 
ventricular activation. Although His bundle 
pacing (HBP) leads to the best ventricular 
synchrony [3], proper positioning is compli-
cated, requires high pacing thresholds, and 
is associated with lower sensing values. For 
these reasons, left bundle branch area pacing 
(LBBAP), where the lead tip is deployed in the 
left subendocardial septal area, is currently 
preferred over HBP. 

While ventricular activation is reasonably 
well understood [4, 5], little is known about 
the repolarization sequence during LBBAP. 
In a sizeable group of patients, Geng et al. [6] 
investigated the effect of LBBAP on occur-
rence and characteristics of T-wave inversions 
(TWIs). They showed that TWIs frequently (in 
66% of cases) occurred one day after initiat-
ing LBBAP. TWIs appeared more frequently 
in patients with bundle branch blocks, and 
the main TWI predictor was QRS duration 
≥120 ms. TWIs were unrelated to myocardial 
ischemia and, in most patients (88%), partially 

or entirely disappeared during a median fol-
low-up of 10 days. 

It is 40 years since Rosenbaum described 
the occurrence of transient TWIs in animal 
experiments [7]. He showed that temporary 
ventricular pacing could lead to changes in 
T-wave vectors and polarities that persisted 
after cessation of pacing and restoration of 
physiological ventricular activation. Inter-
estingly, T-wave inversions were observed 
in the same leads in which the polarities of 
QRS complexes had been changed during 
pacing. Rosenbaum coined the term “cardi-
ac memory” to note this phenomenon. This 
phenomenon has been observed in patients 
after cessation of RV pacing, successful abla-
tion of accessory pathways associated with 
intermittent LBBB and ventricular tachyar-
rhythmias [8]. 

In a normal heart, the last activated re-
gions of the ventricular wall generally have 
shorter action potential durations (APD) com-
pared to the ones activated earlier. Myocytes 
that depolarize last will therefore repolarize 
first [9]. However, when the ventricular acti-
vation sequence suddenly changes, the dis-
tribution of APD does not immediately adapt 
to this change. Consequently, ventricular wall 
regions that were previously activated late 
(with shorter APD) may become activated 
sooner, creating a situation where myocytes 
that depolarize first also repolarize first. A sim-
ilar situation was reported in patients with HF 
and wide QRS complexes [9]. 
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This property appears to explain the observation by 
Geng et al. that TWI locations depend on the type of the 
bundle branch block; i.e., in LBBB patients, they occurred 
more frequently in leads V1–V4, II, III, and aVF, but in 
RBBB patients, leads I and aVL were affected more often. 
Figure 1 visualizes the incidence of TWIs per ECG-lead 
using data from Geng et al. (Table 3) [6] and assumes the 
following lead associations: leads V1 and 2 with the septum, 
V2 and V3 the anterior, V5, V6, I, and aV — the lateral wall, 
and II, III, and aVF — the inferior wall. In this representa-
tion (Figure 1), it becomes clear that TWIs in LBBB patients 
occurred most often in regions in which the sequence of 
ventricular activation and polarities of QRS complexes 
changed significantly during LBBAP. It would be interest-
ing to determine if TWIs distribution in RBBB patients was 
associated with fascicular hemiblocks, which lead to less 
physiological LV activation. That was, however, not analyz-
ed by the authors. Another reason may be including the 
patients with heart failure, which may lead to the inclusion 
of altered activation-repolarization relationships even in 
the absence of conduction disturbances [9]. Few studies 
have investigated repolarization changes following biven-
tricular pacing in HF patients. Dispersion of repolarization 
appears to have a time-dependent character, with a high 
amount of dispersion observed within one month after 
implantation and decreasing over time [10].

Interestingly, computer simulations have demonstrated 
that acute biventricular pacing reduces LV repolarization 
dispersion on a regional level while increasing RV repolariza-
tion dispersion, leading to a higher degree of interventricu-
lar repolarization dispersion. During chronic biventricular 
pacing, however, an adaptation of APDs occurs, leading 
to a reduction in repolarization dispersion [10]. These pro-
cesses are compatible with physiological adaptations to 
minimize dispersion of repolarization, so the disappearance 
of TWIs appears to be a physiological process.

Although inverted T-waves concern cardiologists, it is 
unclear to what extent TWIs related to cardiac memory 
are associated with an elevated risk for arrhythmias. Most 
clinical studies investigating the efficacy of conventional 

biventricular pacing did not find an association with ven-
tricular tachyarrhythmias [11–13]. However, multiple indi-
vidual cases describing the occurrence of electrical storm 
shortly after CRT implantation raised concerns about the 
pro-arrhythmic effect of LV epicardial pacing [14]. While 
Geng et al. [6] did not investigate T-wave changes during 
conventional biventricular pacing, Gupta et al. [15] recently 
demonstrated that CSP (both HBP and LBBAP) was associ-
ated with reduced repolarization heterogeneity (defined as 
Tpeak-Tend on a surface ECG) and greater cardiac memory 
resolution compared to conventional biventricular pacing. 
Additional studies comparing the temporal evolution of 
repolarization changes during biventricular vs. conduction 
system pacing are certainly warranted. More mechanistic 
insights can be obtained using invasive or non-invasive 
electro-anatomic mapping techniques. 

Article information
Acknowledgments: The authors thank Prof. Frits W. Prinzen for his 
scientific contribution to this editorial and Dr. R. Meiburg for his as-
sistance in preparing Figure 1.

Conflict of interest: None declared.

Funding: This work was supported by the National Institute for Re-
search of Metabolic and Cardiovascular Diseases project (Programme 
EXCELES, ID Project No. LX22NPO5104) — Funded by the European 
Union — Next Generation EU and a personal grant from the Dutch 
Heart Foundation (2021T016).

Open access: This article is available in open access under Creative 
Common Attribution-Non-Commercial-No Derivatives 4.0 Interna-
tional (CC BY-NC-ND 4.0) license, allowing to download articles and 
share them with others as long as they credit the authors and the 
publisher, but without permission to change them in any way or use 
them commercially. For commercial use, please contact the journal 
office at kardiologiapolska@ptkardio.pl.

REFERENCES
1. Glikson M, Nielsen JC, Kronborg MB, et al. 2021 ESC Guidelines on cardiac 

pacing and cardiac resynchronization therapy. Europace. 2022; 24(1): 
71–164, doi: 10.1093/europace/euab232, indexed in Pubmed: 34455427.

2. Kiehl EL, Makki T, Kumar R, et al. Incidence and predictors of right 
ventricular pacing-induced cardiomyopathy in patients with complete 
atrioventricular block and preserved left ventricular systolic function. 
Heart Rhythm. 2016; 13(12): 2272–2278, doi: 10.1016/j.hrthm.2016.09.027, 
indexed in Pubmed: 27855853.

3. Curila K, Jurak P, Halamek J, et al. Ventricular activation pattern assess-
ment during right ventricular pacing; ultra-high-frequency ECG study. J 
Cardiovasc Electrophysiol. 2021; 32(5): 1385–1394, doi: 10.1111/jce.14985, 
indexed in Pubmed: 33682277.

4. Curila K, Jurak P, Jastrzebski M, et al. Left bundle branch pacing compared 
to left ventricular septal myocardial pacing increases interventricular 
dyssynchrony but accelerates left ventricular lateral wall depolarization. 
Heart Rhythm. 2021; 18(8): 1281–1289, doi: 10.1016/j.hrthm.2021.04.025, 
indexed in Pubmed: 33930549.

5. Curila K, Jurak P, Vernooy K, et al. Left Ventricular Myocardial Septal 
Pacing in Close Proximity to LBB Does Not Prolong the Duration of the 
Left Ventricular Lateral Wall Depolarization Compared to LBB Pacing. 
Front Cardiovasc Med. 2021; 8: 787414, doi: 10.3389/fcvm.2021.787414, 
indexed in Pubmed: 34950718.

6. Geng J, Jiang Z, Zhang S, et al. Reversible T-wave inversions during left 
bundle branch area pacing. Kardiol Pol. 2022, 80(10): 1002–1009, doi: 
10.33963/KP.a2022.0167, indexed in Pubmed: 35836370.

7. Rosenbaum M, Blanco H, Elizari M, et al. Electrotonic modulation of the 
T wave and cardiac memory. Am J Cardiol 1982; 50(2): 213–222, doi: 
10.1016/0002-9149(82)90169-2.

Figure 1. Visual representation of regional T-wave inversion distri-
bution in LBBB (left) and RBBB (right) patients. data presented in 
Table 3 in the study by Geng et al. [6] was used as input. The regio-
nal TWI percentages were computed by averaging the percentages 
belonging to leads V1 and V2 (septum), V2 and V3 (anterior), V5, V6, 
I, and aVL (lateral), II, III, and aVF (inferior)

Abbreviations:  LBBB, left bundle branch block; RBBB, right bundle 
branch block; TWI, T-wave inversion

http://dx.doi.org/10.1093/europace/euab232
https://www.ncbi.nlm.nih.gov/pubmed/34455427
http://dx.doi.org/10.1016/j.hrthm.2016.09.027
https://www.ncbi.nlm.nih.gov/pubmed/27855853
http://dx.doi.org/10.1016/j.hrthm.2021.04.025
https://www.ncbi.nlm.nih.gov/pubmed/33930549
http://dx.doi.org/10.3389/fcvm.2021.787414
https://www.ncbi.nlm.nih.gov/pubmed/34950718
http://dx.doi.org/10.33963/KP.a2022.0167
https://www.ncbi.nlm.nih.gov/pubmed/35836370
http://dx.doi.org/10.1016/0002-9149(82)90169-2


w w w . j o u r n a l s . v i a m e d i c a . p l / k a r d i o l o g i a _ p o l s k a 971

Karol Curila et al., T-wave inversions during conduction system pacing

8. Jeyaraj D, Ashwath M, Rosenbaum DS. Pathophysiology and clinical 
implications of cardiac memory. Pacing Clin Electrophysiol. 2010; 33(3): 
346–352, doi: 10.1111/j.1540-8159.2009.02630.x, indexed in Pubmed: 
20025710.

9. Maffessanti F, Wanten J, Potse M, et al. The relation between local 
repolarization and T-wave morphology in heart failure patients. Int J 
Cardiol. 2017; 241: 270–276, doi: 10.1016/j.ijcard.2017.02.056, indexed 
in Pubmed: 28318665.

10. Verzaal NJ, van Deursen CJM, Pezzuto S, et al. Synchronization of repolar-
ization after cardiac resynchronization therapy: A combined clinical and 
modeling study. J Cardiovasc Electrophysiol. 2022; 33(8): 1837–1846, doi: 
10.1111/jce.15581, indexed in Pubmed: 35662306.

11. Roque C, Trevisi N, Silberbauer J, et al. Electrical storm induced by cardiac 
resynchronization therapy is determined by pacing on epicardial scar 
and can be successfully managed by catheter ablation. Circ Arrhythm 
Electrophysiol. 2014; 7(6): 1064–1069, doi: 10.1161/CIRCEP.114.001796, 
indexed in Pubmed: 25221332.

12. Cabanelas N, Oliveira M, Nogueira da Silva M, et al. The proarrhythmic 
effect of cardiac resynchronization therapy: an issue that should be borne 
in mind. Rev Port Cardiol. 2014; 33(5): 309.e1–309.e7, doi: 10.1016/j.
repc.2014.01.011, indexed in Pubmed: 24931180.

13. Medina-Ravell VA, Lankipalli RS, Yan GX, et al. Effect of epicardial or biven-
tricular pacing to prolong QT interval and increase transmural dispersion of 
repolarization: does resynchronization therapy pose a risk for patients predis-
posed to long QT or torsade de pointes? Circulation. 2003; 107(5): 740–746, 
doi: 10.1161/01.cir.0000048126.07819.37, indexed in Pubmed: 12578878.

14. Gold MR, Linde C, Abraham WT, et al. The impact of cardiac resynchroniza-
tion therapy on the incidence of ventricular arrhythmias in mild heart fail-
ure. Heart Rhythm. 2011; 8(5): 679–684, doi: 10.1016/j.hrthm.2010.12.031, 
indexed in Pubmed: 21185401.

15. Gupta A, Pavri BB. Conduction system pacing versus biventricular 
pacing: Reduced repolarization heterogeneity in addition to improved 
depolarization. J Cardiovasc Electrophysiol. 2022; 33(2): 287–295, doi: 
10.1111/jce.15329, indexed in Pubmed: 34911154.

http://dx.doi.org/10.1111/j.1540-8159.2009.02630.x
https://www.ncbi.nlm.nih.gov/pubmed/20025710
http://dx.doi.org/10.1016/j.ijcard.2017.02.056
https://www.ncbi.nlm.nih.gov/pubmed/28318665
http://dx.doi.org/10.1111/jce.15581
https://www.ncbi.nlm.nih.gov/pubmed/35662306
http://dx.doi.org/10.1161/CIRCEP.114.001796
https://www.ncbi.nlm.nih.gov/pubmed/25221332
http://dx.doi.org/10.1016/j.repc.2014.01.011
http://dx.doi.org/10.1016/j.repc.2014.01.011
https://www.ncbi.nlm.nih.gov/pubmed/24931180
http://dx.doi.org/10.1161/01.cir.0000048126.07819.37
https://www.ncbi.nlm.nih.gov/pubmed/12578878
http://dx.doi.org/10.1016/j.hrthm.2010.12.031
https://www.ncbi.nlm.nih.gov/pubmed/21185401
http://dx.doi.org/10.1111/jce.15329
https://www.ncbi.nlm.nih.gov/pubmed/34911154

