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Abstract Coronary sinus mapping is commonly used to evaluate left atrial activation. Herein, we propose to
 use it to assess which right ventricular pacing modality produces the shortest left ventricular activation 
times (R-LVtime) and the narrowest QRS widths. Three study groups were defined: 54 controls without intraven-
tricular conduction disturbances; 15 patients with left bundle branch block, and other 15 with right bundle branch 
block. Left ventricular activation times and QRS widths were evaluated among groups under sinus rhythm, right 
ventricular apex, right ventricular outflow tract and high output septal zone (SEPHO). Left ventricular activation 
time was measured as the time elapsed from the surface QRS onset to the most distal left ventricular deflection 
recorded at coronary sinus. During the above stimulation modalities, coronary sinus mapping reproduced electri-
cal differences that followed mechanical differences measured by tissue doppler imaging. Surprisingly, 33% of 
the patients with left bundle branch block displayed an early left ventricular activation time, suggesting that these 
patients would not benefit from resynchronization therapy. SEPHO improved QRS widths and left ventricular acti-
vation times in all groups, especially in patients with left bundle branch block, in whom these variables became 
similar to controls. Left ventricular activation time could be useful to search the optimum pacing site and would 
also enable detection of non-responders to cardiac resynchronization therapy. Finally, SEPHO resulted the best 
pacing modality, because it narrowed QRS-complexes and shortened left ventricular activations of patients with 
left bundle branch block and preserved the physiological depolarization of controls. 

 Key words: artificial cardiac pacing, cardiac electrophysiological study, coronary sinus, cardiac resynchronization 
therapy, left bundle-branch block 

Resumen Abordaje eléctrico para mejorar la activación ventricular izquierda durante estimulación del
 ventrículo derecho. El mapeo del seno coronario se utiliza comúnmente para evaluar la activación 
de la aurícula izquierda. Aquí, investigamos su utilidad para evaluar qué modalidad de estimulación ventricular 
derecha produce los menores tiempos de activación ventricular izquierda (R-LVtime). Se definieron tres grupos: 
54 controles; 15 pacientes con bloqueo de rama izquierda y 15 con bloqueo de rama derecha. El ancho de QRS 
y los tiempos de activación fueron evaluados en cada grupo bajo las siguientes modalidades: ritmo sinusal, ápex 
del ventrículo derecho, tracto de salida del ventrículo derecho y alta salida en septum (SEPHO). El R-LVtime se 
midió como el tiempo transcurrido desde el inicio del QRS de superficie y la deflexión ventricular izquierda más 
distal del seno coronario. Durante las distintas modalidades de estimulación, el mapeo del seno coronario reprodujo 
diferencias eléctricas acompañadas por diferencias mecánicas que fueron evaluadas mediante Tissue Doppler 
Imaging. El 33% de los pacientes con bloqueo de rama izquierda mostró R-LVtime tempranos, lo que sugiere 
que estos pacientes no se beneficiarían con terapia de resincronización. SEPHO mejoró el ancho de QRS y el 
R-LVtime de todos los grupos, especialmente en los pacientes con bloqueo de rama izquierda. En conclusión, el 
R-LVtime serviría para identificar el sitio óptimo de estimulación y permitiría detectar ciertos no respondedores 
a la terapia de resincronización. Además, el SEPHO resultó la mejor modalidad de estimulación porque estrechó 
el QRS y acortó el R-LVtime de los pacientes con bloqueo de rama izquierda pero no alteró la despolarización 
fisiológica de los controles.

 Palabras clave: estimulación cardíaca artificial, estudio electrofisiológico cardíaco, seno coronario, terapia de 
resincronización cardíaca, bloqueo de rama izquierda
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Cardiac resynchronization therapy (CRT) has become 
a widely accepted therapeutic strategy for patients with 
chronic heart failure and left ventricular conduction distur-
bances1-3. Recent studies have demonstrated that the ini-
tiation of the electrical impulse at right ventricular locations 
associates with muscle fiber conduction not dependant 
on His-Purkinje propagation, causing an asynchronous 
right ventricle and left ventricle contraction4-6. Left bundle 
branch block (LBBB) and other non-specific intraven-
tricular conduction disturbances also create functional 
abnormalities because of interventricular asynchrony7, 8.

 Conventional ECG is of limited value in the descrip-
tion of complex intraventricular conduction disturbances, 
as are two-dimensional dual M-mode echocardiograms9 
and tissue doppler imaging10. More recently, high density 
left ventricular endocardial activation maps have been 
performed using an electroanatomic mapping system 
(CARTO), and left ventricular conduction abnormalities 
based on endocardial activation patterns have been 
successfully analyzed11. However, this system is very 
expensive and time-consuming, and fails to provide a 
universal solution to the assessment of intraventricular 
conduction disturbances. 

This study presents a new simple method to invasively 
analyze left ventricular activation during an electrophysi-
ological study by monitoring deflections from the most 
distal coronary sinus. Coronary sinus mapping is widely 
used in electrophysiological studies to evaluate left atrial 
activation, especially in atrioventricular re-entrant tachy-
cardias12. However, it is rarely used to monitor left ven-
tricular activation and study contraction patterns initiated 
at different pacing sites. 

Materials and methods

This study enrolled 84 consecutive adult patients with indica-
tion of an electrophysiological study. Three study groups were 
conformed. The control group consisted in 54 patients with 
no intraventricular conduction disturbance (51.9 ± 17.1 years 
old, 23 women) referred for electrophysiological evaluation. In 
this group, the indications for electrophysiological study were 
sick sinus syndrome and supraventricular tachyarrhythmia 
ablation surgery. The LBBB group included 15 patients (59.2 
± 16.1 years old, 7 women) presenting baseline left branch 
bundle block. The RBBB group included 15 patients (57.4 ± 
20.6 years old, 9 women) with baseline right branch bundle 
block. This study complies with the Declaration of Helsinki, the 
research protocol was approved by the San Camilo’s Clinic 
ethics committee and in all cases patients provided written 
informed consent to the study.

The modalities of stimulation analyzed were the following: 
right ventricular apex (RVA), right ventricular outflow tract 
pacing (RVOT), and high output septal stimulation (SEPHO). 
A Medtronic 5328 device was used for RVA and RVOT with 
the following parameters: bipolar configuration with double 
threshold voltage and 0.5 ms pulse width. The device was 
programmed to VVI mode at a frequency of 10 beats above the 
basal rhythm to ensure capture. High output parahisianseptal 
stimulation was accomplished with a 10V biphasic waveform. 

In the latter case, the stimulation catheter was moved around 
until a narrow QRS was observed or the QRS width suffered 
as little as possible.    

Pacing was performed with one standard bipolar catheter 
having an interelectrode distance of 2.5 mm and a 4 mm tip. 
For epicardial mapping a decapolar catheter with an interelec-
trode distance of 2.5-5-2.5 mm was inserted via the coronary 
sinus, considering the latest local bipolar electrogram for the 
measurement of the left ventricular activation. A third standard 
bipolar catheter was placed in the right atrium. 

The right to left ventricle time (R-LVtime) was measured 
from the beginning of surface QRS to the most distal left ven-
tricular deflection recorded from coronary sinus in all patients. 
The terms “left ventricular activation” and “R-LVtime” will be 
used indistinctively along this work. 

The following measurements were performed: (i) QRSw: 
Surface QRS width, defined as the widest duration among all 
the leads; and (ii) R-LVtime: conduction time from right to left 
ventricle measured as the most distal left ventricular deflection 
recorded from coronary sinus referred to QRS onset. QRSw 
and R-LVtime were measured at sinus rhythm and under pac-
ing at different sites in all the groups. 

Septal-to-posterior wall motion delay (SPWMD) was utilized 
to measure left ventricular dyssynchrony. Parasternal long-axis 
M-mode echocardiography and the moving curve of the left 
ventricular back wall were analyzed. SPWMD was measured 
as the delay from the peak of ventricular septum contraction 
either to the peak of left ventricular posterior wall or to the 
lateral wall contraction, whatever was more delayed,generally 
not exceeding 130 ms.

Data are presented as mean ± SD. Since data did not 
pass the D’Agostino & Pearson normality test, results were 
analyzed by the nonparametric two-tailed Sum Rank Wilcoxon 
test, against sinus rhythm at the same pacing modality in all 
the cases.

Results

Physiological left ventricle contraction patterns under 
sinus rhythm were defined for every group. Table 1 pre-
sents mean ± SDR. LV-time and QRSw values for the 
three groups under study. In spite of the widened QRS 
complexes, left ventricular activations remained close to 
normal values in the RBBB group starting approximately at 
the middle of the QRS complex. Interestingly, 5 out of 15 
LBBB patients (33%) presented a physiological R-LVtime, 
suggesting a normal electrical activation of the left ven-
tricle, in other words, a synchronic ventricular activation. 

The fact that RBBB patients did not show late left ven-
tricular activations despite their wide QRS complexes sug-
gests that these patients would not benefit from CRT since 
it is not possible to improve what already is physiologic. 
The same reasoning holds for 33% of LBBB patients 
who presented a normal left ventricular activation. These 
observations would lead to new criteria for the detection 
of potential non-responders to CRT.

In Table 2, mean ± SD. R-LVtime values produced by 
different pacing modalities can be found, together with tis-
sue doppler imaging measures and p-values for statistical 
significance. RVA and RVOT widened QRSw and delayed 
R-LVtime with respect to sinus rhythm for every group. 
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Accordingly, the mechanical delay between the septum 
and the free wall of the left ventricle (SPWMD) for the two 
stimulation modalities was longer than under sinus rhythm. 
SEPHO remarkably improved the ECG characteristics of 
LBBB patients and preserved those of controls. As an 
example, Fig. 1 shows the beneficial effects of SEPHO on 
a patient with narrow QRS (top), an LBBB patient (mid-
dle) and a RBBB patient (bottom). SPWMD values are 
also displayed at the bottom of each analyzed beat for 
every group (TE, for Tissue Echo; abbreviation used by 
the echocardiographist). Note in this case how consist-
ently the mechanical dyssynchrony follows the electrical 
dyssynchrony. Fig. 2, on the other hand, shows the tissue 
doppler imaging of a LBBB patient under sinus rhythm 
(left), RVA pacing (middle) and SEPHO (right). SPWMD 
shows its minimal value for SEPHO and maximal for sinus 
rhythm, with an intermediate value for RVA. 

Fig. 3 illustrates the effects of different pacing sites in 
a patient without intraventricular conduction disturbances 
(control). Panel A shows RVA (QRSw: 144 ms, R-LVtime: 
100 ms), Panel B displays SEP(HO) showing a QRS close 
to normal (QRSw: 82 ms, R-LVtime: 58 ms). Panel C il-
lustrates RVOT with an elongation of QRS duration and 
R-LVtime similar to those produced by RVA (QRSw: 120 

ms, R-LVtime: 100 ms) and finally, SR in Panel D present-
ing the native narrow QRS characteristics (QRSw: 74 ms, 
R-LVtime: 54 ms). 

Discussion

Cardiac depolarization is not a simultaneous phenom-
enon. Postero-lateral and basal areas of the left ventricle 
are normally delayed. This phenomenon is further mag-
nified by right ventricle apex stimulation13. The objective 
of CRT is to restore synchrony in those left ventricular 
regions which are activated lately14, 15. Our group has 
long studied the electrical aspects of different pacing 
sites and observed the left ventricular activation as an 
important marker of intraventricular synchrony (Ortega 
DF, Barja L, Amor M, et al. Effect of different right ventricle 
pacing places on left ventricular electromechanical time. 
Europace 2007; 9 (Suppl 3): iii69-70. Ortega D, Chirife R, 
Barja L, et al. Virtual electrode and high output pacing, 
Effects on QRS duration. PACE 1999; 22(A12):048)16,17. 
Recently, analogue concepts such as electrical activation 
were utilized elsewhere for the right ventricle exclusively18. 

When used regularly during electrophysiological stud-
ies, this simple method proved to be useful to evaluate the 

TABLE 1.– Mean ± SD QRS characteristics under sinus rhythm (SR) for patients with and 
without intraventricular conduction disturbances. QRSw: QRS width, R-LVtime: right-to-left 

ventricular time, LBBB: left bundle branch block, RBBB: right bundle branch block. *p < 0.05, 
against normal QRS

 Controls (n = 54) LBBB (n = 15) RBBB (n = 15)
 QRSw R-LVtime QRSw R-LVtime QRSw R-LVtime

 (ms) (ms) (ms) (ms) (ms) (ms)

SR 88.8 ± 10.1 42.7 ± 9.7 177.1 ± 34.5* 125.3 ± 24.9* 147.2 ± 12.4* 70.5 ± 22.5*

TABLE 2.– Mean ± SD QRS widths and activation times for different pacing sites across 
groups. LBBB: Left bundle branch block, RBBB: Right bundle branch block,QRSw: width of 

the QRS complex, R-LVtime: right-to-left ventricular time. RVA: Right ventricular apex, RVOT: 
Right ventricular outflow, SEPHO: High output in septum, SR: sinus rhythm, SPWMD: septal-to-

posterior wall motion delay. *p<0.05 vs. SR at the same pacing modality

  RVA SEPHO RVOT SR

Controls QRSw(ms) 151.5 ± 29.1* 85.2 ± 13.6 148.3 ± 16.8* 88.8 ± 10.1
(n=54) R-LVtime(ms) 116.7 ± 17.3* 58.0 ± 12.9 113.8 ± 18.9* 42.7 ± 9.7
 SPWMD (ms) 201.5 ± 24.7* 148.1 ± 14.9 203.3 ± 32.5* 150.9 ± 22.7
LBBB QRSw(ms) 203.5 ± 29.2* 117.3 ± 21.4* 183.3 ± 37.2 177.0 ± 34.1
(n = 15) R-LVtime(ms) 139.1 ± 22.0 63.3 ± 13.2* 124.1 ± 19.6 125.9 ± 24.1
 SPWMD (ms) 223.3 ± 37.5* 130.8 ± 9.3 225.6 ± 5.2* 140.0 ± 13.2
RBBB QRSw(ms) 187.6 ± 12.7 133.9 ± 26.5 170.6 ± 12.8 172.0 ± 12.5
(n = 15) R-LVtime(ms) 113.3 ± 13.5* 69.6 ± 9.2 127.6 ± 10.9* 74.2 ± 14.7
 SPWMD (ms) 252.0 ± 45.6 202.5 ± 62.4* 265.7 ± 51.9 263.3 ± 51.6
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depolarization of the delayed portions of the QRS complex, 
allowing an easy comparison of different conduction pat-
terns during three pacing modalities. It also enables the 
electrical assessment of patients unlikely to benefit from 
CRT, contributing to the selection of CRT non-responders, 
a field that has been taken over by echocardiography19-21. 
Two different cases of potentially CRT non-responders 
have been evidenced by means of this simple method; 
the RBBB patients and the LBBB patients presenting 

normal R-LVtime. This observation is in line with findings 
by Emerek et al. on R-LVtime of responders being longer 
than that of non-responders22, and controverts the view 
of other authors who argue against the usefulness of 
electrical assessment of CRT responders23. In the present 
study, electrical improvements led to mechanical improve-
ments, as shown by tissue doppler imaging measures (see 
Table 2 and Fig. 2). Furthermore, much evidence is in 
favour of the electrical assessment of CRT performance. 

Fig. 1.– Effect of SEP(HO) on the three groups under study. Paced beats (capture/
no capture) start the recording and are preceded by the stimulation spike. Basal 
measures are done on the second non stimulated beat. QRSw values are marked 
on top of lead I for each recording and R-LVtime at the bottom, on top of CS67 
channel, spanning from the QRS onset to the coronary sinus activation. At the very 
bottom, the tissue doppler imaging interventricular dyssynchrony is displayed for 
both paced and sinusal beats.
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Fig. 2.– Tissue doppler imaging interventricular dyssynchrony for a LBBB patient un-
der SR (left), RVA (middle) and SEP(HO) pacing (right). SPWMD is marked by TE 
(Tissue Echo, abbreviation of the echocardiographist) at the bottom of each panel. 

Fig. 3.–  Patient with native narrow QRS paced at different sites. A) SR (QRSw = 74 
ms; R-LVtime = 54 ms), B) RVA (QRSw = 144 ms; R-LVtime = 100 ms), C) RVOT 
(QRSw = 120 ms; R-LVtime = 100 ms), and D) SEPHO (QRSw = 82 ms; R-LVtime 
= 58 ms). SR and SEP(HO) produced similar QRSw and R-LVtime. Meanwhile RVA 
and RVOT prolonged significantly R-LVtime and widened QRSw.

Unfortunately, these studies involve expensive and time-
consuming procedures24, 25.  

Silvestrini et al. also studied the potential of coronary 
sinus mapping to measure left ventricular activation, but 
without echocardiographical validation26. R-LVtime values 
assessed in the present work are consistent with Silves-
trini’s except for septal stimulation, where they failed, and 
we succeded, to find improved left ventricular activation. 
This difference might be explained by the improved ef-
ficiency of high output stimulation for septal pacing. 

In patients with narrow QRS, QRSw and R-LVtime suf-
fered under RVA and RVOT (see Fig. 3). This finding is 
consistent with reports showing similar deleterious effect 

of both acute stimulation modalities27. However, the impair-
ment was not as strong as in LBBB patients. This could be 
due to the fact that normal-ECG patients, unlike baseline 
LBBB patients, do not present structural myocardiopathy, 
and therefore, stimulation close to the conduction system 
would shorten R-LVtime, which explains why not all pa-
tients undergoing RVA develop heart failure.

Finally, SEPHO clearly outperformed all the other 
pacing modalities (Fig. 1 and Table 2). Many reports 
point to septal pacing as the most physiological pac-
ing modality but fail to agree onthe optimal stimulation 
site28. We hypothesize that the nature of the high out-
put stimulation would ease the way to the conduction 
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system, making the “sweet spot” concerning septal 
pacing less critical.

The main limitation of this study is that only acute record-
ings were carried out for the search of different pacing sites. 
Recently, Zaho et al. found no echocardiographical differ-
ences between RVA and RVO in acute recordings before 
implantation, but did find a clear SPWMD separation with 
1-month and longer follow-ups29. Therefore, to complete the 
picture, a prospective study should be carried out.

As a conclusion, coronary sinus mapping evidences 
delayed left ventricle activation in patients with intraven-
tricular conduction disturbances. Thus, it may be useful 
to evaluate candidates for cardiac resynchronization by 
detecting potential non-responders, being the cases where 
left ventricular activation is preserved (not delayed) even 
though a conduction disturbance is present. Also, this 
simple method provides a simple, fast and cheap tool for 
acute testing of alternative pacing sites. 
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