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ABSTRACT　Cardiac  resynchronization  therapy  (CRT)  is  an  evidence-based  effective  therapy  of  symptomatic  heart  failure
with reduced ejection fraction refractory to optimal medical  treatment associated with intraventricular conduction disturbance,
that results in electrical dyssynchrony and further deterioration of systolic ventricular function. However, the non-response rate
to CRT is still 20%−40%, which can be decreased by better patient selection. The main determinant of CRT outcome is the pres-
ence or absence of significant ventricular dyssynchrony and the ability of the applied CRT technique to eliminate it. The current
guidelines recommend the determination of QRS morphology and QRS duration and the measurement of left ventricular ejection
fraction for patient selection for CRT. However, QRS morphology and QRS duration are not perfect indicators of electrical dys-
synchrony, which is the cause of the not negligible non-response rate to CRT and the missed CRT implantation in a significant
number of patients who have the appropriate substrate for CRT. Using imaging modalities, many ventricular dyssynchrony cri-
teria were devised for the detection of mechanical dyssynchrony, but their utility in patient selection for CRT is not yet proven,
therefore their use is not recommended for this purpose. Moreover, CRT can eliminate only mechanical dyssynchrony due to un-
derlying electrical dyssynchrony, for this reason ECG has a greater role in the detection of ventricular dyssynchrony than ima-
ging modalities. To improve assessment of electrical dyssynchrony, we devised two novel ECG dyssynchrony criteria, which can
estimate interventricular and left ventricular intraventricular dyssynchrony in order to improve patient selection for CRT. Here
we discuss the results achieved by the application of these new ECG dyssynchrony criteria, which proved to be useful in predict-
ing the CRT response in patients with nonspecific intraventricular conduction disturbance pattern (the second greatest group of
CRT candidates), and the significance of other new ECG dyssynchrony criteria in the potential improvement of CRT outcome.

  

T he most recent European Society of Cardi-
ology (ESC) guidelines[1] recommend only
the electrocardiographic criteria of QRS

morphology and QRS duration (QRSd) for patient
selection for cardiac resynchronization therapy
(CRT). Only heart failure with reduced ejection frac-
tion (HFrEF) patients with left bundle branch block
(LBBB) pattern and a QRSd ≥ 150 ms or ≥ 130 ms
and patients with non-LBBB pattern with a QRSd ≥
150 ms have either a class I or class IIa recommendations
for CRT. The guidelines are based on recent large
randomized studies, which demonstrated benefits
of CRT only in patients with LBBB pattern or with
QRSd ≥ 150 ms, but CRT did not decrease the total
mortality and/or non-fatal heart failure (HF) events
in patients with non-LBBB pattern and a QRSd of
120−149 ms.[2−8] Moreover, a subgroup analysis of
the EchoCRT trial[8] demonstrated that CRT in pa-

tients with a QRSd < 130 ms may be harmful, there-
fore the current ESC guideline contraindicates CRT
in these patients. For these reasons the indication of
CRT in patients with non-LBBB pattern and a QRSd
of 130−149 ms is questionable (class IIb recom-
mendation). Although CRT is an evidence-based
therapy of symptomatic HFrEF associated with in-
traventricular conduction disturbance and refract-
ory to optimal medical treatment, the current criteria
of patient selection for CRT are not optimal, as the
non-response rate to CRT is still 20%−40%. In our
opinion, the main determinant of CRT outcome is
the presence or absence of significant ventricular
electrical dyssynchrony and the ability of the ap-
plied CRT technique to eliminate it. The response to
CRT depends on a great extent how effectively the
patient selection criteria are able to determine the
presence or absence of significant ventricular elec-
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trical dyssynchrony. We think that the significance
of QRS morphology in patient selection for CRT is
currently somewhat overemphasized. A recent
meta-analysis of randomized CRT trials using indi-
vidual, instead of aggregate, patient data has shown
that QRSd was the only independent predictor of
CRT effect on all-cause mortality and HF hospitaliz-
ations.[9] Especially QRSd > 140 ms indicated a high
probability of benefit from CRT. After adjusting for
QRSd in their analysis, QRS morphology was no
longer a determinant of the clinical response to
CRT.[9] In another study[10] the authors investigated 11,861
patients without an intracardiac device of the
PARADIGM-HF and ATMOSPHERE trials. Among
these patients 1,789 (15.1%) had LBBB, 524 (4.4%)
right bundle branch block (RBBB), 454 (3.8%) non-
specific intraventricular conduction disturbance
(NICD) patterns, 2,588 (21.8%) mildly abnormal
QRS (QRSd: 110−129 ms) and 6,506 (54.9%) a QRSd <
110 ms. During a median follow-up of 2.5 years the
risk of primary composite endpoint (hospitaliza-
tion for HF or cardiovascular death) and all-cause
mortality was significantly higher in all patient
groups with a QRSd ≥ 110 ms than in patients with
a QRSd < 110 ms, irrespective of QRS morphology.
Thus, the finding of similarly high risk in patients
with modest increases in QRSd and in patients with
RBBB and NICD as well as LBBB patterns, is in
sharp contrast to the evidence that CRT is most
clearly beneficial in HFrEF patients with a QRSd >
130 ms and LBBB pattern and may even be harmful
in patients with a QRSd < 130 ms.[10] Although
QRSd irrespective of QRS morphology and ejection
fraction (EF) is a robust and independent marker of
mortality, morbidity and CRT response in HF pa-
tients, QRSd is only a rough measure of dyssyn-
chrony and correlates poorly with CRT res-
ponse.[9,11]

Recent studies supported the view that the pres-
ence of significant intraventricular dyssynchrony
(intraD) and/or interventricular dyssynchrony (in-
terD) is the main determinant of CRT outcome in
patients with non-LBBB pattern. When intraD or in-
terD was revealed by speckle tracking echocardio-
graphy or when the left ventricular (LV) electrode
was placed at the latest activated or adjacent LV re-
gions, the outcome of CRT evaluated with hard
primary clinical end points was as beneficial in pa-
tients with non-LBBB (either NICD or RBBB) pat-

tern as in patients with LBBB pattern and/or ≥ 150
ms QRSd.[11−15]
 

CAUSES OF WORSE CRT OUTCOME IN
PATIENTS WITH NON-LBBB PATTERN

The worse outcome of CRT in patients with non-
LBBB pattern than with LBBB pattern might be due
to less dyssynchrony manifested as shorter QRSd
and unfavorable patient characteristics for CRT out-
come, such as more ischemic etiology and predom-
inance of male patients among patients with non-
LBBB pattern.[2,11,12,16] Another important reason for
worse outcome of CRT in patients with non-LBBB
pattern is that the current CRT technique position-
ing the LV electrode to the anterolateral or inferolat-
eral area is devised to eliminate dyssynchrony caused
by LBBB pattern, but it is not appropriate in pa-
tients with pure, typical RBBB pattern [without as-
sociated left hemiblock or without being an atypic-
al RBBB, defined as the absence of characteristic S
waves (S wave of greater duration than R wave or >
40 ms) in leads I and aVL] and may not be appropriate
in patients with NICD pattern to eliminate dyssyn-
chrony.[17−19] The worse outcome after CRT apply-
ing the current CRT technique of HF patients with
non-LBBB pattern compared with LBBB pattern in
large randomized studies is not surprising at all, be-
cause the comparison of QRS morphology sub-
groups in these trials was biased, as the comparis-
on of subgroups was unfair, because the applied
CRT technique, originally devised to eliminate dys-
synchrony in patients with LBBB pattern is ineffect-
ive in patients with pure, typical RBBB pattern and
its effectivity is elusive in patients with NICD pat-
tern, had not even the chance before the start of
these trials to be equally effective in the investig-
ated QRS morphology subgroups. For a fair com-
parison a CRT technique, that is at least theoretic-
ally potentially equally effective in all QRS morpho-
logy subgroups should have been applied in these
trials. 

THE PURPOSE OF OUR STUDY

The intraD and interD parameters measured by
imaging modalities are based on alteration in the se-
quence of mechanical contraction of the ventricles.
However, the primary determinant of dyssyn-
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chrony is the electrical activation of the heart, which
determines the sequence of mechanical contraction.
CRT can only eliminate mechanical dyssynchrony
due to primary electrical dyssynchrony and inef-
fective in the treatment of mechanical dyssyn-
chrony without primary electrical dyssynchrony
(such as inflammation, myocardial ischemia, myo-
cardial scar). Thus, ECG should be able to better or
at least as reliably indicate ventricular dyssyn-
chrony than imaging modalities.[8,20] We sought to
find electrocardiographic criteria that indicate bet-
ter the presence or absence of electrical ventricular
dyssynchrony than QRS morphology and QRSd,
therefore we devised two novel surface ECG criter-
ia for the estimation of interD and LV intraD in or-
der to improve patient selection for CRT. 

OUR STUDY INVESTIGATING THE TWO
NOVEL ECG DYSSYNCHRONY CRITERIA
 

Patients

The results of our study[17] we briefly discuss here
were published in 2018. We retrospectively ana-
lyzed de-identified data of 124 consecutive patients
who underwent CRT between February 2003 and
January 2009 at the Heart and Vascular Center of
Semmelweis University, Budapest and had pre-im-
plantation 12-lead ECG as well as all pre-implanta-
tion and 6 months follow-up data necessary to de-
termine the response to CRT. Among the 124 pa-
tients 70 had LBBB, 43 NICD, 7 RBBB plus left an-
terior fascicular block, 2 masquerading bundle
branch block patterns and 2 had normal QRS dura-
tion. Intraventricular conduction disturbances were
defined according to the 2009 AHA/ACCF/HRS re-
commendations.[21] Response to CRT [clinical re-
sponder (R)] was defined as improvement of NYHA
class ≥ 1, being alive and having no hospitaliza-
tions for HF during 6 months of follow-up as pro-
posed by Packer.[22] Patients were selected for CRT
based on recommendations in use at the time of the
study (traditional criteria = TC), i.e., they should
have LV ejection fraction (EF) ≤ 35%, QRSd ≥ 120
ms, NYHA functional class III-IV HF refractory to
optimal pharmacotherapy and their condition could
not have been potentially improved by coronary re-
vascularisation or valve surgery. The selection of

patient for CRT using the TC meant that an expec-
ted R diagnosis was made using the TC. Thus, if the
patient was a clinical R, the TC made a correct dia-
gnosis, if the patient was a clinical non-responder
(NR), the TC made an incorrect diagnosis. 

The Novel ECG Ventricular Dyssynchrony Criteria

We developed two new 12-lead surface ECG cri-
teria serving as surrogate markers of intraD and in-
terD.

To estimate LV intraD, the absolute value of the
difference between the times to onset of intrinsic-
oid deflections (ID) in leads aVL and aVF, reflect-
ing the electrical potentials of LV lateral and inferior
walls, was calculated and divided by QRSd: [aVLID-
aVFID]/QRSd (%)

InterD was estimated by calculating the absolute
value of the difference between the times to onset of
the ID in leads V5 and V1, reflecting the electrical
potentials of the LV and right ventricle (RV), di-
vided by QRSd: [V5ID-V1ID]/QRSd (%)

The new criteria were applied on the pre-im-
plantation ECG in patients selected for CRT by the
TC. If their value was > 25%, the patient was dia-
gnosed as electrical dyssynchrony present (ED+), if
their value was ≤ 25%, electrical dyssynchrony ab-
sent (ED-) diagnosis was made. When the intraD
and interD criteria (intra+interDC) were applied to-
gether, a final ED+ diagnosis was made if at least
one of them indicated ED+ diagnosis and the pa-
tient was considered an expected responder (R), a
final ED- diagnosis was made if both indicated ED-
diagnosis and the patient was considered an expec-
ted nonresponder (NR). Figure 1 demonstrates the
practical application of the new ECG dyssynchrony
criteria. The more detailed description of the prac-
tical application is described in the original publica-
tion.[17]
 

THE RATIONALE BEHIND THE NEW ECG
DYSSYNCHRONY CRITERIA

The time to the onset of the ID measured in a uni-
polar lead represents the time elapsing from the on-
set of the ventricular activation until the electrical
impulse reaches the myocardium located right un-
der the exploring unipolar electrode.[23] Physiologic-
ally, the anterior and posterior papillary muscles
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Figure 1      The practical  application of  the new ECG dyssynchrony criteria. Long vertical  continuous lines  denote  the  onset  of  the
QRS complexes and short vertical continuous lines mark the onset of the ID, the time interval between them is time to the onset of the
ID. Dashed lines mark the measurement of QRS duration. Panel A: An ECG recorded in a patient with LBBB pattern is shown. With the
LV intraventricular dyssynchrony criterion an ED+ diagnosis is made, as its value is 53% (i.e., > 25%). With the interventricular dyssyn-
chrony criterion also an ED+ diagnosis is established, as its value is 32% (i.e., > 25%).When the two new ECG dyssynchrony criteria are
applied together, a final ED+ diagnosis is made, if at least one of them indicates ED+ diagnosis. If both indicate ED- diagnosis, a final
ED- diagnosis is made. Thus, using the two new ECG dyssynchrony criteria together predicted this patient as an expected R. Panel B:
An ECG recorded in a patient with NICD pattern is shown. Since in lead V1 a QS complex is present, therefore we measured V2ID in-
stead of V1ID. With the LV intraventricular dyssynchrony criterion an ED+ diagnosis is made, as its value is 31% (i.e., > 25%), with the
interventricular dyssynchrony criterion an ED- diagnosis is made, as its value is 0% (i.e., ≤ 25%). Thus, this patient is an expected R ap-
plying the two dyssynchrony criteria together. Reproduced with permission from Ref. 17. ED: electrical dyssynchrony; ID: intrinsicoid
deflection
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are activated earliest and synchronously in the LV
via the left anterior and posterior fascicles and
slightly later other areas of the LV are activated ap-
proximately simultaneously (Figure 2 upper panel).
The left upper panel of Figure 2 is similar to a para-
sternal short axis view obtained during echocardio-
graphy. The aVL and aVF unipolar leads are loc-
ated near to the anterior and posterior papillary
muscles respectively, thus the onset of ID in these
unipolar leads can be used as a surrogate marker of

the time elapsing from the onset of the ventricular
activation to the electrical activation of the papil-
lary muscles. Since physiologically the papillary
muscles are activated synchronously, the difference
between aVLID and aVFID should be zero or very
close to zero. LV intraD, when at least one LV myoc-
ardial region is activated later than during the nor-
mal LV myocardial activation sequence, usually res-
ults in a delayed activation of one papillary muscle
compared with the other. Therefore, either aVLID

 

Figure 2    The rationale behind the new ECG dyssynchrony criteria. On the right side of the figure schematic long axis sections of the
heart are shown. The upper and middle left panels show schematic short axis sections of the heart similar to the parasternal short axis
view at the mid papillary muscle level obtained by transthoracic echocardiography. The lower left panel shows a schematic horizontal
section of the heart. The striped circles represent the anterior and posterior papillary muscles activated via the left anterior and posteri-
or fascicles denoted by dashed lines. The straight line arrows represent normal conduction velocity, the serrated line part of the arrow
indicates slowed conduction velocity. Reproduced from Ref. 11. LAF: left anterior fascicle, LBB: left bundle branch, LBBB: left bundle
branch block, LPF: left posterior fascicle, LV: left ventricle, RBB: right bundle branch, RV: right ventricle.
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or aVFID will be longer than the other one, and the
absolute value of their difference will be >> 0. Thus
the [aVLID-aVFID] might be a good marker of any
kind of LV intraD irrespective of which type of in-
traventricular conduction disturbance is the under-
lying cause. In patients with LBBB pattern the RV is
activated initially and the LV is activated from the
RV through the interventricular septum followed
by a slow muscle to muscle conduction in the left
side of the septum until the electrical impulse
reaches the Purkinje fibers near to the left side of
the septum (Figure 2 middle panel). The septal
breakthrough site is much closer to the posterior
than to the anterior papillary muscle, therefore the
lateral and anterior LV free wall myocardium is ac-
tivated later than the inferior LV myocardium in
LBBB, resulting in a significantly longer aVLID than
aVFID, thus, the [aVLID-aVFID] will be >> 0.[11]

The lower panel of Figure 2 shows the rationale
of the interD ECG criterion. The onset of ID in leads
V1 and V5 reflects approximately the time that
elapses from the onset of ventricular activation un-
til the RV and LV are activated respectively, since
the unipolar leads V1 and V5 reflect the electrical ac-
tivation potentials of RV and LV respectively. The
difference between V5ID and V1ID is quite small but
not zero during normal ventricular activation (ap-
proximately 20 ms), because the normal ID is < 30
ms in leads V1 or V2 and is <50 ms in leads V5 or
V6.

[24] Therefore, the interDC should still have a low
(≤ 25%) value during normal ventricular activation
and/or in the absence of interD and a > 25% value
in the presence of interD, which is associated with
an increase in the value of [V5ID-V1ID] to >> 20 ms.[11]
 

RESULTS AND CONCLUSIONS OF OUR
STUDY

We analyzed the data of two patient subgroups
(LBBB and NICD) only, as the small number of oth-

er ECG morphologies was inappropriate for statist-
ical analysis.

There were no significant differences in age, eti-
ology, QRSd, LVEF and baseline rhythm between
the LBBB and NICD subgroups, however the QRSd
was longer in the LBBB subgroup in a borderline
significant manner (171 ± 23.45 vs. 162.2 ± 24.97 ms,
P = 0.061 7). There were significantly (P = 0.01) more
male patients in the NICD subgroup than in the
LBBB subgroup.

As 35/124 (28%) of the patients were NRs and
89/124 (72%) were Rs the test accuracy (TA) of the
TC was 72%. The TA of the intraD and interD criteria
applied together with TC (intra + interDC + TC)
was superior to that of TC applied alone in all pa-
tients [100/124(81%) vs. 89/124(72%), P < 0.001 re-
spectively], which was due to the superior TA of in-
tra+interDC+TC achieved in the NICD subgroup
[36/43 (84%) vs. 29/43 (67%), P < 0.05, respe-
ctively]. The TA was not improved by the applica-
tion of intra + interDC + TC compared to that of TC
alone in the LBBB subgroup, which responds well
to CRT anyway (Table 1).

Because the patient selection for CRT was done
using the TC, by definition the TC had a sensitivity
of 100%, a specificity of 0 and a negative predictive
value (NPV) of 0. Therefore, only the positive pre-
dictive values (PPV) of the two methods were com-
parable by statistical methods. The intra + inter DC +
TC showed only a trend for a superior PPV to that
of TC applied alone (77.9% vs. 71.8% respectively),
which was due to the better PPV (which showed
only a superior trend as well) in the NICD sub-
group (80.6% vs. 67.4% respectively). In the LBBB
subgroup there were no between-methods differ-
ences in the PPV (Table 2).

The sensitivity, specificity, PPV and NPV values
for ED+ diagnosis are identical to the specificity,
sensitivity, NPV and PPV values for ED- diagnosis
respectively. Since the ED+ diagnosis established

 

Table 1    The diagnostic accuracy of intra+interDC together with TC.

All patients; n = 124 LBBB subgroup; n = 70/124 (56%) NICD subgroup; n = 43/124 (35%)

Intra + inter DC + TC 100/124 (81%)*** 54/70 (77%) 36/43 (84%)*

TC 89/124(72%) 56/70 (80%) 29/43 (67%)

*P < 0.05, ***P < 0.001 vs. TC alone. (Reproduced with permission from Ref. 17). Intra+interDC: intraventricular and intraventricular
dyssynchrony criteria; LBBB: left bundle branch block; NICD: nonspecific intraventricular conduction disturbance; TC: traditional
criteria.
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using the new ECG criteria had a 100% sensitivity
and NPV in the NICD subgroup, it follows that the
ED- diagnosis by the new ECG criteria had a 100%
specificity and PPV, meaning that all patients with
NICD pattern diagnosed as expected NR by the
new ECG criteria proved to be a NR after 6 months
follow-up! On the other hand, when ED+ diagnosis
was made in patients with NICD pattern by the ap-
plication of the intra+interDC+TC, the PPV of these
patients for ED+ diagnosis was 80.6%, which means
that the expected NR rate in these patients is < 20%,
identical to the expected NR rate in the LBBB sub-
group (Table 2). Thus, the likelihood that a patient
with NICD pattern predicted as an expected R with
the new ECG dyssynchrony criteria will be a clinical
NR after CRT is identical to that of a patient with
LBBB pattern. Thus, the most important novel find-
ing of our study was that our novel ECG dyssyn-
chrony criteria may have a great value in the selec-
tion of patients with NICD pattern (the second
greatest group of CRT candidates, comprising 10%-
35% of them[2,3,5,12]) and a QRSd of 130−149 ms, in
whom the indication of CRT is questionable accord-
ing to the current guidelines, who might benefit
from CRT. If our results will be confirmed in future
prospective, multicenter studies by independent in-
vestigators, our novel ECG dyssynchrony criteria
may improve patient selection for CRT, mostly the
selection of patients with NICD pattern, and de-
crease the number of NRs to CRT. 

LIMITATIONS

The most important limitation of our study is that
it was a single center, retrospective study conduc-

ted in a relatively small number of patients. Our
results need to be confirmed in prospective, multi-
center studies enrolling a greater number of pa-
tients. The short follow-up time is another limita-
tion. Since LV end systolic volume data were avail-
able in only 10% and both pre- and post-CRT LVEF
data in 82/124 (66%) patients and EF was measured
by various investigators, who might have used dif-
ferent methods, we could not use these echocardio-
graphy parameters to determine CRT responders.

It should be tested whether the new ECG dyssyn-
chrony criteria predict CRT response defined as LV
volume response or reduction in total mortality or a
composite endpoint of total mortality and hospital-
ization for HF during a longer follow-up period. 

THE VENTRICULAR ACTIVATION SE-
QUENCE IN PATIENTS WITH NICD PAT-
TERN

There are very scarce data about the ventricular
activation sequence in patients with NICD pattern,
except from three small studies. In the first study[25]

the ventricular activation sequence determined by
electrocardiographic imaging in 15 patients with
NICD pattern was highly variable, heterogenous,
characteristic activation pattern(s) could not be
identified. The only consistent finding was the pres-
ence of fewer and smaller lines of slow conduction
in the LV compared with LBBB pattern, which is re-
sponsible for the less dyssynchrony and shorter
QRSd. In the second study[26] it was demonstrated
by ECG imaging in 23 patients with NICD pattern,
that the right to left direction of activation delay
vector (ADV) was similar to that of patients with

 

Table 2    The sensitivity, specificity and predictive values of electrical dyssynchrony (present diagnosis using the intra+interDC to-
gether with TC and TC alone in all patients and in subgroups).

Criterion-subgroup Sensitivity (%) Specificity (%) PPV(%) NPV(%)
Intra + inter DC + TC all patients 95.7 35.9 77.9 77.8

TC all patients 100 0 71.8 0

Intra + inter DC + TC LBBB 100 14.3 82.4 100

TC LBBB 100 0 80 0

Intra+interDC+TC NICD 100 50 80.6 100

TC NICD 100 0 67.4 0

Intra+interDC: intraventricular and intraventricular dyssynchrony criteria;  LBBB: left  bundle branch block;  NICD: nonspecific
intraventricular conduction disturbance; NPV: negative predictive value; PPV: positive predictive value; TC: traditional criteria. The
sensitivity of TC was always 100% and the specificity and NPV 0, because patient selection to CRT was based on the TC. Reproduced
with permission from Ref. 17.
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narrow QRS or LBBB pattern, but the magnitude of
ADV was significantly greater in patients with
NICD pattern compared with that of patients with
narrow QRS and in patients with LBBB pattern
compared with those of patients with NICD pat-
tern and narrow QRS, indicating significant differ-
ence in the magnitude of dyssynchrony between
narrow QRS, NICD and LBBB patients. ADV had a
higher area under curve (AUC) than QRSd and ten-
ded to show a higher specificity than QRS morpho-
logy in the prediction of CRT response. Thus, in fact
the extent of right to left activation delay identified
best responders to CRT outperforming QRSd and
QRS morphology. In the third study,[27] 23 consecut-
ive patients with NICD pattern and a QRSd ≥ 120
ms referred for CRT were examined by coronary
venous 3D electroanatomical mapping. A delayed
LV lateral wall activation defined as maximal activ-
ation time measured at the LV lateral wall exceed-
ing 75% of the total QRSd, was found in 12/23
(52%) of these patients, indicating that a significant
percentage of patients with NICD pattern are po-
tential CRT responders. In patients with delayed LV
lateral wall activation the most delayed lateral re-
gion was usually confined to the basal lateral wall. 

LITERATURE DATA SUPPORTING OUR
RESULTS

We devised the LV intraventricular ECG criterion
in 2010.[28] A later study[29] has shown that delayed
ID onset in lateral ECG leads predicted LV reverse
remodeling after CRT. In this study the predictors
of CRT response in subjects with LBBB and NICD
after multivariate logistic regression analysis were
longer preimplantation ID in leads I and aVL, a
greater ID in lead I/QRSd ratio and a longer ID in
lead I and V1ID difference. Preimplant QRSd was
not a significant predictor of CRT response. Ploux,
et al.[25] investigated patients with LBBB and NICD
pattern selected for CRT by exactly the same criteria
as in our study published very similar results to
ours. They used ECG imaging, a promising new
non-invasive method developed to provide an epi-
cardial electrical activation map by combining body
surface mapping with computed tomography and
the use of a special software, which essentially cor-
responds to a non-invasive epicardial electrophy-

siological study. The total right ventricular activa-
tion time (RVTAT) was similar in the two patient
groups, however the total left ventricular activation
time (LVTAT) and the ventricular electrical uncoup-
ling (VEU), calculated as the difference in the mean
LVTAT and RVTAT, were longer in the LBBB group.
VEU is a measure of both interD and LV intraD, be-
cause its duration can be increased both by a delay
in the onset of LV activation relative to RV activa-
tion determined mainly by the transseptal activa-
tion time and LV intraventricular activation delay.
A > 50 ms cutoff value of VEU predicted clinical
CRT response better than QRSd irrespective of the
presence of LBBB with 90% sensitivity, 82% spe-
cificity, 90% PPV and 82% NPV. Identical to our res-
ults, ECG imaging did not enhance the ability to
predict clinical response in patients with LBBB pat-
tern, but predicted clinical response in 3/5 (60%)
patients and clinical non-response in 9/9 (100%) pa-
tients with NICD pattern. Thus, particularly NICD
patients could benefit from the determination of
VEU.

Similarly to our results Gold, et al.[30] found that
electrical dyssynchrony measured by the interval
from the onset of the QRS from the surface ECG to
the first large peak of the LV electrogram (QLV in-
terval), obtained at the LV stimulation site during
CRT, predicted CRT response. Longer QLV was as-
sociated with a better CRT response even after ad-
justing for QRSd and LBBB, and a QLV > 95 ms pre-
dicted beneficial CRT response. Another study[31]

showed in 1,342 patients of the PEGASUS trial un-
dergoing CRT-D implantation, that the unpaced RV-
LV interval in sinus rhythm, reflecting inter-
ventricular delay, proved to be a strong independ-
ent predictor of clinical response to CRT measured
by hard clinical endpoints. In a later study[32] con-
ducted in 419 patients enrolled in the SMART-AV
trial, who underwent CRT-D implantation, the QLV
and RV-LV intervals were determined. Reduction in
LV end systolic volume (LVESV) > 15% was used to
define CRT response. LBBB pattern was present in
74% of patients and RBBB and NICD patterns in
13.1% and 12.9% of patients respectively. In a mul-
tivariable model RV-LV interval, but not QLV inter-
val remained associated with CRT response in all
patients and in the different QRS morphology sub-
groups as well. An RV-LV interval ≥ 70 ms pre-
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dicted response to CRT. Combining the two meas-
ures achieved better prediction of CRT response in
the case of intermediate (45−65 ms) RV-LV interval.
In this study the RV-LV interval proved to be a bet-
ter predictor of CRT response than the QLV inter-
val. Other authors[33] also observed longer RV-LV
interval in those patients with LBBB pattern who
underwent CRT-D implantation and responded to
CRT, than in those who were NRs.

Similarly to our results, in another study,[34,35] it
was found that the longest interval measured in the
limb leads from the QRS onset to R wave offset (in-
tersection between the descending limb of the R
wave and baseline) (QRmax index) was a good sur-
rogate of LV intraD (QLV interval) regardless of
QRSd in 178 HF patients with non-LBBB (RBBB and
NICD) pattern who received a CRT device. The
QRmax index correlated better with the QLV inter-
val than QRSd and was a better predictor of re-
sponse to CRT than QRSd. A QRmax index cutoff
value of > 120 ms predicted CRT response (de-
creased the risk of primary clinical endpoint of time
to first HF hospitalization and of the composite sec-
ondary clinical endpoint of all-cause mortality or
HF hospitalization or LV assist device implantation)
with a PPV of 86.8% in the RBBB group and a PPV
of 81.4% in the NICD group, indicating the pres-
ence of LV electrical delay in these patients.

Plesinger, et al.[36] determined ventricular electric-
al delay (VED), the longest time difference between
maximal QRS amplitudes in the lateral (V5, V6) and
septal (V1, V2) V-leads using high frequency QRS
(HFQRS) maps obtained by body surface ECG us-
ing a 12-lead Holter recorder from the baseline di-
gital ECG acquired before CRT implantation in pa-
tients of the CRT-D arm of the MADIT-CRT study.
They examined 676 patients with LBBB, 113 pa-
tients with RBBB and 160 patients with NICD pat-
terns. VED quartiles were determined in patients
with LBBB pattern and the first quartile (Q1) was
31.2 ms. VED values in the first quartile (< 31.2 ms)
indicated less electrical dyssynchrony. They demon-
strated that MADIT-CRT LBBB patients with a low
VED (< 31.2 ms) before CRT implantation were at
higher risk of study combined end points (HF or all-
cause mortality) than patients with higher VED
(≥ 31.2 ms). VED was a stronger predictor of CRT
outcome in these patients with LBBB pattern than

QRSd, but the combination of both VED and QRSd
proved to be the best predictor of CRT outcome.
This result of their investigation confirms the poten-
tial utility of our interventricular ECG dyssyn-
chrony criterion, which uses the absolute value of
the difference between V5ID and V1ID (practically
the same interval as VED) divided by QRSd. VED
proved to be an independent predictor of response
to CRT and did not show interaction with other
clinical markers of CRT response, such as age,
ischemia, LVEF, LV end diastolic volume (LVEDV),
LVESV. Patients with LBBB pattern with low (< 31.2
ms) VED values showed less LVEDV, LVESV and
left atrial volume decrease, LVEF increase and LV
dyssynchrony decrease measured by echocardio-
graphy, indicating worse CRT response and had a
greater occurrence of VT/VF than patients with a
higher VED (≥ 31.2 ms). In the RBBB and NICD sub-
groups the authors found opposite results to those
found in the LBBB subgroup, in these subgroups
patients with lower absolute VED values had a
lower risk of combined end points than in patients
with higher VED values.

There are two independent studies, which dir-
ectly confirmed the diagnostic value of our novel
ECG dyssynchrony criteria. Bonomini, et al.[37,38] de-
termined the spatial variance of baseline ECG QRS
complexes and normalized QRS complexes by non-
selective His bundle pacing in several ECG lead
pairs to estimate the extent of ventricular dyssyn-
chrony. They found that our LV intraD ECG crite-
rion would predict similarly well the intraD (AUC =
0.81) as the ECG lead pair of leads II-V6 characteriz-
ing best the depolarization spatial variance in their
study. This is not surprising, as the location of leads
II and V6 and leads aVF and aVL used to determine
LV intraD in our study is quite similar, one lead
was inferior the other lead was lateral in both stud-
ies. In the second study,[39] the authors assessed the
usefulness of our two novel ECG dyssynchrony cri-
teria in 269 CRT-D patients with non-LBBB pattern
(157 with NICD and 112 with RBBB patterns) from
the MADIT-CRT study. Those with intraD had a
similar risk of the combined HF/death endpoint
(HR = 0.80, P = 0.276), but lower risk of death (HR =
0.53, P = 0.031) vs. those without intraD during a
median follow-up of 5.6 years. Patients with or without
interD had a similar risk of HF/death (HR = 1.1, P =
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0.657) and death (HR = 1.27, P = 0.447). The pro-
longed QRS (QRSd ≥ 150 ms) subgroup patients
with intraD had lower risk of both HF/death (HR =
0.41, P = 0.043) and death (HR = 0.36, P = 0.039) vs.
those without intraD. No differences in HF and
death were found in the presence of interD in the
prolonged QRS subgroup. 

VECTORCARDIOGRAPHIC 3D QRS AREA

3D QRS area determined by vectorcardiography
is another promising parameter that identifies LV
activation delay more accurately than the current
ECG criteria and proved to be a better predictor of
echocardiographic response to CRT and HF hospit-
alizations and cardiac mortality after CRT than the
combination of QRSd and QRS morphology.[40,41]

Since there is a separate article in this Special Issue
addressing the significance of QRS area in better pa-
tient selection for CRT, we do not discuss further
this topic. 

FRAGMENTED QRS

There are contradictory results about the role of
fragmented QRS (fQRS) complexes in the predic-
tion of CRT response. The presence of fQRS is
thought to be due to inhomogenous activation due
to myocardial scar and/or ischemia.[42] However,
fQRS may be present in patients who have smaller
amount of myocardial fibrosis that does not pre-
clude the favorable effects of CRT, or in patients
with a significant amount of myocardial fibrosis
that results in non-response to CRT. Therefore some
studies reported that the mere presence of fQRS or
its presence in more leads predicts poor response to
CRT[43−45], while other studies did not confirm that
the presence of fQRS was associated with CRT non-
response.[42,46,47] It was also reported[46] that the
quantitative assessment of QRS fragmentation by
automated counting of abnormal QRS peaks was
the only independent predictor of CRT response in
multivariable analysis and could better discrimin-
ate CRT response than QRSd, while the qualitative
assessment (presence or absence) of fQRS in the 12-
lead ECG in patients with LBBB pattern was not
predictive to CRT response. 

HOW THE DEFINITION OF LBBB INFLU-
ENCES THE RESPONSE TO CRT?

Strauss, et al.[48,49] first suggested that approxim-
ately 1/3rd of patients diagnosed with LBBB by con-
ventional ECG criteria do not actually have com-
plete LBBB, but rather have a combination of LV
hypertrophy and left anterior fascicular block,
therefore do not respond to CRT. For this reason,
they recommended stricter criteria for the defini-
tion of LBBB (Strauss criteria) including QRSd ≥ 140
ms (in men) or ≥ 130 ms (in women), QS or rS in
leads V1 and V2 and mid-QRS notching or slurring
in > 2 of leads V1, V2, V5, V6, I and aVL.[48,49] It seems
that QS or rS complexes in lead V1 and V2, mid-QRS
notching/slurring in the above mentioned leads
and the absence of q wave in leads I, V5 and V6 are
the most important, whereas the time to intrinsic-
oid deflection in leads V5, V6 is less important, in
the prediction of response to CRT.[50] Strauss, et
al.,[48] did not suggest to apply the absence of q
waves in leads I, V5 and V6 for the definition of
LBBB, because a large anterior-apical infarct can
lead to q waves in the presence of LBBB. However,
the addition of the absence of q wave in leads I, V5

and V6 criterion to the definition of LBBB may be
still useful in the prediction of response to CRT in
patients with LBBB pattern, because it may indicate
the presence of scar tissue in the lateral wall, that
likely precludes response to CRT.[50] There are con-
tradictory results in line with the application of
strict LBBB definition improves or not the response
to CRT in patients with LBBB pattern. In a study[51]

patients with strict LBBB pattern (using the Strauss
criteria) responded better to CRT than patients
without strict LBBB pattern, all patients with strict
LBBB pattern were CRT responders (defined by >
5% increase of LVEF and >1 NYHA class improve-
ment). In another study[52] in patients with strict
LBBB pattern (defined by the Strauss criteria) the
LVEF increased to a significantly greater degree, the
combined primary endpoint (death from any cause
and hospital admission for heart failure) occurred
less frequently and the secondary endpoint of ≥
10% increase of LVEF was achieved more com-
monly than in patients without strict LBBB pattern.
However, other authors[53] did not find such signi-
ficant difference in response to CRT between LBBB
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patients with strict or without strict LBBB patterns.
Although patients with strict LBBB pattern showed
greater degree reverse LV remodeling, there was no
significant difference either in echocardiography re-
sponders (defined by ≥ 15% decrease in LVESV or ≥
5% increase in LVEF after CRT) or in all-cause mor-
tality between patients with or without strict LBBB
patterns. There was a significant difference between
the two patient groups only in the rates of heart fail-
ure hospitalization. Bertaglia, et al.[54] found similar
results, the application of stricter Strauss criteria did
not improve the echocardiography response
(defined by ≥ 15% decrease in LVESV) during the 12
months follow-up after CRT. 

Final Conclusions

All the above mentioned studies support our
view and results that the main determinant of re-
sponse to CRT is the presence or absence of ventri-
cular electrical dyssynchrony, and demonstrated
better parameters than QRSd and QRS morphology
for the assessment of electrical dyssynchrony. The
results of these studies are controversial in the as-
pect whether both LV intraD and interD, or only in-
terD, or only LV intraD are the best predictors of
CRT outcome. They also showed that although the
non-response rate to CRT is higher in patients with
non-LBBB pattern than with LBBB pattern, a signi-
ficant portion of patients with non-LBBB pattern be-
nefit from CRT, therefore methods that can better
identify the substrate responding to CRT can signi-
ficantly decrease the non-response rate in patients
with non-LBBB pattern and mildly to moderately
decrease the non-response rate in patients with
LBBB pattern. Another potential possibility to de-
crease the non-response rate to CRT is the use of a
different CRT technique from the current one, de-
vised to eliminate dyssynchrony in patients with
LBBB pattern, in patients with RBBB and NICD pat-
terns, which takes into consideration the ventricu-
lar activation sequence in these types of intra-
ventricular conduction disturbances, that is able to
eliminate dyssynchrony in these patients.

Our simple, novel ECG dyssynchrony criteria,
which can be applied very quickly at the bedside by
any physician, demonstrate the hidden potential
still present in the 12-lead surface ECG, as they
seem to be able to predict CRT response as well as

the certainly more accurate, but much more com-
plicated, still investigational and not widely avail-
able ECG imaging, high frequency QRS ECG map-
ping and the invasive and not pre-CRT QLV, RV-LV
interval methods. The promising vectorcardio-
graphic QRS area method, although may be more
objective and accurate, as it is measured automatic-
ally, also requires special equipment, special soft-
ware that is currently not widely available for
everybody at the bedside. Therefore, although the
diagnostic value of our novel ECG dyssynchrony
criteria needs to be further confirmed by additional
independent investigations on hard clinical end-
points in the future, the question is why we would
like to use much more complicated, expensive, in-
vestigational techniques requiring special equip-
ments and software with limited availability, if we
have a simple, fast, very cheap, routine 12-lead ECG
method available for everybody at the bedside with
a similar accuracy for the same purpose. 
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