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Influence of the Preimplantation QRS Axis on Responses
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Introduction and objectives. The aim of this study
was to determine whether measurement of the QRS axis
can help to predict outcome in patients undergoing
cardiac resynchronization therapy.

Methods. The study included 78 patients who had
undergone successful cardiac resynchronization device
implantation. Patients were classified as having either a
normal QRS axis (ie, between —30° and +120°) or a left
QRS axis deviation (ie, between —30° and —90°). Patients
were regarded as responders if they fulfilled all of the
following criteria: their functional class improved by at
least one grade, their left ventricular ejection fraction
increased by at least 5%, they did not need
hospitalization for worsening heart failure, and they were
still alive at 12-month follow-up.

Results. After adjustment for age, preimplantation left
ventricular ejection fraction, etiology, and mitral
regurgitation, a statistically significant interaction was
found between the QRS axis and lead location (P=.026).
There was a better response with an anterior lead
location if the patient had a left QRS axis deviation.

Conclusions. A significant interaction was found
between the lead location and the preimplantation QRS
electrical axis, such that there was a better response to
resynchronization therapy when the lead was implanted
in the anterior interventricular vein if the patient had a left
QRS axis deviation.
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Influencia del eje eléctrico QRS preimplante
en la respuesta a la terapia de resincronizacion
cardiaca

Introduccion y objetivos. El objetivo del estudio es
evaluar si el eje QRS puede ayudar a predecir el resulta-
do en pacientes sometidos a terapia de resincronizacion
cardiaca.

Métodos. Se ha incluido a 78 pacientes a los que se
implanté con éxito un dispositivo de resincronizacion. Los
pacientes se clasificaron en eje normal (QRS entre —30°
y +120°) y eje izquierdo (QRS entre —30° y —90°). Se con-
sider6 respondedores a los pacientes que cumplian todos
los criterios siguientes: mejorar al menos un grado en su
clase funcional, aumentar al menos un 5% la fraccion de
eyeccion del ventriculo izquierdo, no requerir hospitaliza-
cion por insuficiencia cardiaca y seguir vivos a los 12 me-
ses de seguimiento.

Resultados. Tras ajustar por edad, fraccién de eyec-
cion preimplante, etiologia e insuficiencia mitral, hemos
encontrado una interaccion estadisticamente significativa
(p = 0,026) entre el eje eléctrico y la localizacion del elec-
trodo, con mejor respuesta en la localizacién anterior
cuando el eje QRS era izquierdo.

Conclusiones. Se objetiva una interaccién entre la lo-
calizacién del electrodo y el eje eléctrico QRS preimplan-
te, de tal forma que se observa una mejor respuesta a la
terapia de resincronizacion en pacientes a quienes se im-
planta el electrodo en la vena interventricular anterior y el
eje esta desviado a la izquierda.

Palabras clave: Insuficiencia cardiaca. Resincronizacion
cardiaca. Estimulacion biventricular. Venas coronarias.
Electrocardiograma.

INTRODUCTION

Cardiac resynchronization therapy (CRT) represents
one of the main advances made in recent years in the
treatment of heart failure. The benefits obtained, both in
terms of patient functional status and quality of life, and
in the reduced number of hospitalizations required, are
consistently reported in clinical trials.'* More recently,
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ABBREVIATIONS

CRT: cardiac resynchronization therapy
ECG: electrocardiogram

EF: ejection fraction

LV: left ventricle

2 large, multi-center trials>® have shown CRT to be
associated with reduced long-term total mortality.

However, in all studies there are some 20%-30% of
patients who do not improve with biventricular pacing, '
the reason for which is complex and multifactorial.” The
identification of clinical predictors®!°of response is now
growing given the unreliability of echocardiographic
indices of ventricular asynchrony.!!-!3

Of basic importance in the analysis of response to CRT
is the adequate placement of the left ventricular (LV)
electrode. Normally, the electrode is implanted in the
lateral region of the ventricle—the area where electrical
activation arrives latest in a high percentage of patients
with left bundle branch block (LBBB).!* However, while
in idiopathic dilated cardiomyopathy the pattern is more
predictable, in ventricular dysfunction of ischemic etiology
the presence of areas of necrosis determines more variable
patterns of activation.'>!® Patients with an abnormal
intraventricular condition but with a normal QRS axis
can show a ventricular activation pattern different to that
seen in patients with a QRS axis deviated to the left in
the presence of cardiomyopathy involving severe
depression of LV systolic function.

The aim of the present work was to analyze the
relationship between the QRS axis orientation and the
response to CRT with respect to the location of the LV
electrode.

METHODS

Inclusion Criteria

This prospective, observational study involved 80
consecutive patients referred to the electrophysiology
laboratory at our center for CRT between August 2001
and June 2006. All patients fell into New York Heart
Association (NYHA) functional class III/IV under
optimum treatment for heart failure, and showed reduced
LV systolic function (ejection fraction [EF] <35%) and
a QRS complex time of >120 ms.

Implantation and Device Programming

The LV electrode was implanted with the aid of
coronary sinus angiography, the target site being the
lateral or posterolateral vein, as long as acceptable
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threshold stimulation was registered in the absence of
phrenic stimulation. When these regions were inaccessible
the electrode was implanted in the anterior interventricular
vein. The device was programmed in DDDR stimulation
mode in patients with sinus rhythm, and in VVIR mode
in those with atrial fibrillation. In these latter patients the
aim was to guarantee the greatest biventricular pacing
possible, whether via drugs or via atrioventricular node
ablation. Following implantation, the atrioventricular and
ventriculoventricular intervals were optimized
individually, guided by the echocardiographic assessment
of LV asynchrony.

Follow-up and Definitions

All patients underwent a complete assessment at 6 and
12 months following device implantation. Functional
class was determined by a clinical cardiologist
independent of the clinician who implanted the device.
Responders were defined as those patients who improved
by at least one functional class, who also experienced at
least a 5% increase in the left ventricular ejection fraction
(LVEF), who required no hospitalization for heart failure,
and who were still alive at 12 months. Failure to meet
any one of these criteria led to the patient being defined
a non-responder.

Patient electrocardiographic characteristics, QRS
duration, and the electrical axis orientation were
determined by a 12-lead electrocardiogram (ECG; 50
mm/s) immediately before and after the implantation of
the resynchronization device. Patients were classified
into 2 groups according to their preimplantation QRS
axis orientation: those with a normal axis (from —30° to
+120°), and those with a left axis (from —30° and —90°).
Axis orientation was determined automatically but was
manually confirmed by a cardiologist. The patients were
also classified into 3 groups according to the location of
the LV electrode: anterior (anterior interventricular vein
or collateral veins), lateral (marginal or lateral vein), and
posterior (posterolateral or middle cardiac vein). For the
sake of precision, the anatomical location of the electrode
was described from the left oblique anterior radiological
position, where the tributary veins of the coronary sinus
radiate like watch hands; the electrode was thus defined
as lying between 1 and 5 o’clock.'?

Echocardiographic data were obtained using a
conventional Sequoia C 256 apparatus (Siemens AG,
Munich, Germany). The EF was determined in the apical
4-chamber plane following the method of Simpson. The
severity of mitral regurgitation was determined as the
ratio between the maximum area of the regurgitation
flow in color Doppler testing and the area of the left
atrium. Patients were classified as having mild (ratio
<20%), moderate (20%-40%) or severe (>40%) mitral
regurgitation. The intraobserver and interobserver
coefficients of variation with respect to EF measurements
at our center are 3.5% and 4.4% respectively.
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Statistical Analysis

Qualitative variables were expressed as numbers and
percentages; quantitative variables were expressed as
means (standard deviation). Differences between groups
were analyzed using the Fisher-y? test in the case of
qualitative variables, and the Student  test or the Mann-
Whitney test in the case of continuous variables. Logistic
regression was used to identify the predictors of a good
CRT response. The variables introduced into the model
were age, etiology, preimplantation QRS axis,
preimplantation EF, mitral regurgitation, location of the
electrode in the coronary sinus vein, and the interaction
between the electrode location and QRS axis orientation.
QOdds ratios (OR) and 95% confidence intervals (95%
CI) were calculated from the regression coefficients
obtained. A P value less than .05 was considered
significant.

RESULTS

The percutaneous approach failed in 2 (2.5%) of the 80
patients referred for CRT. Four patients (5.1%) died during
the follow-up year. Fifty-two patients (66.7%) responded
to CRT. Table 1 shows the baseline characteristics of the
78 surviving patients. The mean age was 70 (7) years; 57
patients (73%) were male. Sixty seven (86%) patients fell
into NYHA functional class IIT; 11 (14%) fell into functional
class IV. The mean preimplantation duration of QRS was
172 (23) ms; the mean preimplantation LVEF was 27%
(7%). Ischemia was the cause of cardiomyopathy in 31
(40%) patients. Atrial fibrillation was seen in 23 (29%)
patients. The atrioventricular node was ablated in 9 (39%)
patients with atrial fibrillation to guarantee biventricular
pacing. No significant differences were seen in baseline
clinical characteristics with respect to QRS axis orientation
(Table 2).

The LV electrode was implanted in the lateral vein in
27 (35%) patients; in 18 (23%) it was placed in a posterior
vein, and in 33 (42%) it was implanted in the anterior
interventricular vein. No significant difference was seen
in the location of the LV electrode with respect to QRS
axis orientation (Table 2). All the electrodes in the right
ventricle were located in the apex.

Table 3 shows the relationship between baseline clinical
characteristics and the response to CRT. This response
was somewhat better in the group of patients with left
axis deviation (72.2%) than in the patients with normal
axis (62.2%), although this difference was not significant
(P=.331). The preimplantation EF was lower in the
responders (25.7% [5.3%]) than in the non-responders
(28.7% [5.5%]) (P=.023). The response was also better
in patients with mitral regurgitation (73.1%) than in those
without this condition (46.2%) (P=.019). No significant
differences were seen in CRT response with respect to
NYHA functional class, ischemic or idiopathic etiology,
heart rhythm, the reduction of the QRS width, conduction

TABLE 1. Patient (n=78) Baseline Characteristics

Age, mean (SD), y 70(7)
Sex

Men, n (%) 57 (73)

Women, n (%) 21 (27)
Etiology

Ischemic, n (%) 31 (40)

Dilated, n (%) 47 (60)
Functional class

[, n (%) 67 (86)

IV, n (%) 11 (14)
Rhythm

Sinus, n (%) 55 (71)

Atrial fibrillation, n (%) 23 (29)
QRS duration, ms 172 (23)
Ejection fraction, % 27 (7)
Mitral regurgitation, n (%) 50 (64)

Mild 13 (17)

Moderate 28 (36)

Severe 9(11)
QRS axis orientation

Normal, n (%) 45 (58)

Left-deviated n (%) 33 (42)
Conduction abnormality

Left bundle branch block, n (%) 71(91)

Others, n (%) 7(9)

Quantitative data are expressed as mean (standard deviation).

abnormalities or the vein in which the LV electrode was
implanted.

The anatomical position of the LV electrode implanted
in the anterior interventricular vein in left oblique anterior
radiological projection was: 23 (70%) at 1 o’clock; 8
(24%) at 2 o’clock, and 2 (6%) at 3 o’clock. Therefore,
30% of these electrodes were in a upper and lateral
position. In the lateral vein 22 (81%) were at 3 o’clock,
4 (15%) were at 4 o’clock, and 1 (4%) at 2 o’clock. In
the posterior vein, 15 (83%) were at 4 o’clock, 2 (11%)
were at 3 o’clock, and 1 (6%) was at 5 o’clock. Thus,
the majority of electrodes implanted in a posterior vein
were in a lower position.

With respect to electrode implantation in the anterior
interventricular vein, more responders were seen among
the patients with a left axis deviation: 12 (80%) patients
with such an axis orientation responded to CRT, compared
to 8 (44.4%) of those with a normal QRS axis (P=.037).
With respect to electrode implantation in the lateral vein,
no significant differences were seen in CRT response
between patients with a left-deviated or normal QRS axis
(75% compared to 66.7%). With respect to electrode
implantation in the posterior vein, no significant
differences were seen in CRT response between patients
with a left-deviated or normal axis QRS either (50%
compared to 83.3%) (Figure).
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TABLE 2. Patient Clinical Characteristics With Respect to QRS Axis Orientation

Normal QRS Axis (n=45) Left-deviated QRS Axis (n=33) P
Age, mean (SD), y 71 (6.9) 70.1(8.9) 571
Men, n (%) 32(711.1) 25 (75.7) 0.521
Etiology 0.679
Ischemic, n (%) 17 (37.8) 14 (42.4)
Dilated, n (%) 28 (62.2) 19 (57.6)
Functional class 0.751
1, n (%) 38 (84.5) 29 (87.9)
IV, n (%) 7 (15.5) 4(12.1)
Rhythm 0.384
Sinus, n (%) 30 (66.7) 25 (75.8)
Atrial fibrillation, n (%) 15 (33.3) 8(24.2)
QRS duration, ms 171 (23) 174 (24) .556
DQRS, ms 18.1 (20.7) 23.1 (23.3) .345
Ejection fraction, % 26.9 (6.9) 26 3(5.7) 677
Mitral regurgitation, n (%) 27 (60) 23 (71.8) 423
Location .678
Anterior, n (%) 18 (40) 15 (45.2)
Lateral, n (%) 15 (33.3) 12 (36.4)
Posterior, n (%) 12 (26.7) 6(18.2)
Conduction abnormality 672
LBBB, n (%) 41 (91.1) 30 (90.9)
Others, n (%) 4(8.9) 3(9.1)
Treatment .865
ACEi/ARA-II, n (%) 40 (88.8) 2(91.4)
Beta-blockers, n (%) 34 (75.5) 24 (72.7)
Loop diuretics, n (%) 42 (93.3) 2(91.4)
Anti-aldosterone drugs, n (%) 25 (55.9) 9(57.7)

ACEi indicates angiotensin converting enzyme inhibitors; ARA-II, angiotensin Il receptor antagonists; LBBB, left bundle branch block; DQRS, difference between

QRS duration before and after implantation.
Quantitative data are expressed as mean (standard deviation).

Logistic regression adjusted for age showed the
response to CRT to be associated with a left axis (OR=5.04
[95% CI, 1-29.2]; P=.050), low EF (OR=0.91 [95% CI,
0.84-0.99]; P=.033), mitral regurgitation (OR=3.45 [95%
CI, 1.13-10.6]; P=.030) and idiopathic etiology (OR=1.86
[95% CI, 0.61-5.72]; P=.278) (Table 4). A significant
effect was also recorded for the interaction QRS axis
orientation and electrode location (P=.026).

DISCUSSION

The most important finding of this study is that the
QRS axis orientation (an ECG variable that can be simply
and reproducibly measured) is a predictor of response to
CRT. Importantly, the interaction of this variable with
the location of the LV electrode also has a significant
effect on response; patients in whom the electrode is
implanted in the anterior interventricular vein show a
better response if their preimplantation QRS axis is left-
deviated. These data may be clinically important,
especially with respect to the selection of patients with
heart failure for CRT, and in the optimization of the
location of the LV electrode.
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The patients with a left-deviated QRS axis showed a
more favorable response to CRT than those with a normal
QRS axis. This better prognosis was observed after
adjusting for patient age and other variables that influence
the response to therapy. However, this result may in part
be due to the high percentage of electrodes implanted in
the anterior vein (42%); it is in this position that patients
with a left-deviated QRS axis showed a higher response
rate than those with a normal QRS axis.

The identification of predictors of response to CRT,
however, requires further investigation. To date, potential
echocardiographic and clinical predictors have been
investigated.”2%26 The results of the PROSPECT study,
which highlight the great variability between observers
in terms of the echocardiographic variables used to assess
left intraventricular mechanical asynchrony, have served
to refocus attention on clinical variables as markers of
possible response to CRT." Variables of interest mentioned
in the literature include the etiology of heart failure,%%’
the duration of the preimplantation QRS %2026 QRS
reduction, 322 and preimplantation brain natriuretic peptide
levels,*® among others. However, the literature contains
no reference to the importance of the preimplantation
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TABLE 3. Patient Clinical Characteristics With Respect to Response to Cardiac Resynchronization Therapy

Responders (n=52) Non-responders (n=26) P
Age, mean (SD), y 70.5 (8.2) 70.2 (7.6) .863
Men, n (%) 35 (67.3) 22 (84.6) 176
Etiology 413
Ischemic, n (%) 19 (36.5) 12 (46.2)
Dilated, n (%) 33 (63.9) 14 (53.8)
Functional class .567
I, n (%) 46 (88.5) 21 (80.8)
IV, n (%) 6 (11.5) 5(19.2)
Rhythm .861
Sinus, n (%) 37 (71.2) 18 (69.2)
Atrial fibrillation, n (%) 15 (28.8) 8 (30.8)
QRS duration, ms 174 (22) 168 (26) .265
DQRS, ms 21.7 (22.6) 16.9 (20) .369
EF pre, % 25.7 (5.3) 28.7 (5.5) .023
EF post, % 35.8 (6.2) 31.9(7) .016
Mitral regurgitation, n (%) 38 (71) 12 (46.2) .019
QRS axis orientation 331
Normal, n (%) 28 (53.8) 17 (65.4)
Left-deviated, n (%) 24 (46.2) 9 (34.6)
Location .618
Anterior, n (%) 20 (38.5) 13 (50)
Lateral, n (%) 19 (36.5) 8 (30.8)
Posterior, n (%) 13 (25.0) 5(19.2)

EF pre indicates preimplantation ejection fraction; EF post, post implantation ejection fraction; DQRS, difference between QRS duration before and after implantation.
222 cases.

Quantitative data are expressed as mean (standard deviation).

100
10 (83%) 12 (80%)
80 9 (75%)
10 (67%)
2 601
g 3 (50%)
5 8 (44%)
o
§ 40+
20
0
n=18 n=15 n=12 n=15 n=12 n=6
Normal QRS Axis Left-Deviated QRS Axis
I Anterior Vein [ Lateral Vein [ Posterior Vein
Figure. Res,ponse to resyncmonizatio,n P<.05 for the Interaction QRS Axis Orientation and Electrode Location After Adjusting for Age,
therapy with respect to QRS axis Etiology of Heart Failure, Preimplantation Ejection Fraction, and Mitral Regurgitation.
orientation and location of the LV
electrode.

orientation of the QRS axis. All that has been described of the QRS axis.?” These variations probably reflect
is the evidence for electrical remodeling in the native changes in the conduction system and the intramyocardial
conduction system induced by resynchronization, transmission of the cardiac impulse, and are the
characterized by a reduction in the QRS and a left deviation consequence of the chronic action of biventricular pacing.
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TABLE 4. Factors Predicting a Good Response to Resynchronization Therapy

Coefficient B SE, 0R (95% CI) P
Age, y 0.012 0.034 1.01 (0.95-1.08) .716
Etiology 0.3222 0.573 1.86 (0.61-5.72) 278
QRS axis orientation 1.618 0.83 5.04 (1-29.2) .05
EF pre, % -0.091 0.043 0.91 (0.84-0.99) .033
Mitral regurgitation 1.239 0.571 3.45 (1.13-10.6) .03
Location
Anterior 1
Lateral 1.024 0.692 2.78 (0.72-10.8) 139
Posterior 2.154 0.959 8.62 (1.31-56.5) .025
Interaction? -1.615 0.728 .026
Constant 0.257

EF pre indicates preimplantation ejection fraction (left ventricle); QRS axis orientation, 0 normal, 1 left; etiology, 0 ischemic, 1 idiopathic; mitral regurgitation, 0 no,

1 yes; OR, odds ratio; SEb, standard error of beta.
aInteraction between electrode location and QRS axis.

Ischemic etiology has been described an independent
factor associated with a lack of clinical response to CRT.
This poorer response appears to be owed to the presence
of scarring or areas of low perfusion that do not respond
to stimulation.® However, the large, clinical CARE HF®
and COMPANION? studies showed the benefit of CRT
to be independent of heart disease etiology. Further, and
more recently, Vidal et al”’ found no differences in clinical
response nor in the degree of inverse ventricular
remodeling, between patients whose disease was of
ischemic etiology and those whose problems were of
idiopathic dilated etiology. Certainly, no association was
found in the present work between the QRS axis
orientation and disease etiology. Indeed, the percentage
of ischemic patients was greater in the left-deviated axis
groups of patients (42%) than in the normal axis group
(38%), which rules out etiology as a potential confounding
factor in the relationship between response to CRT and
QRS axis orientation.

Variable results have been reported with regard to the
use of the preimplantation QRS duration or the reduction
of QRS duration with biventricular pacing as predictors
of the response to CRT.%?20-2630 Clinical benefits and
improved LV function have even been described in patients
with heart failure, a normal QRS duration and
echocardiographic evidence of left intraventricular and
interventricular asynchrony.’! The present results show
no significant differences in clinical response with respect
to the duration of the baseline QRS. A greater reduction
in the QRS with biventricular pacing has been reported
in responders,? but it has not been possible to establish
the cut-off point that distinguishes between which patients
will respond and which will not. In any event, this value
will probably have to be adjusted for the baseline QRS
value since reductions of the same magnitude may be
associated with different responses depending on the
width of the preimplantation QRS. In the present work,
no significant differences were seen in clinical response
with respect to QRS reduction, although this reduction
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was greater in responders. Although not statistically
significant, the reduction in the QRS was greater in the
left-deviated axis patients, which might indicate this to
be a possible mechanism via which such patients achieve
a better response to CRT.

The association between the location of LV stimulation
and clinical response is a matter of controversy.®?* It is
currently accepted that the LV electrode should be
positioned in the free wall since the lateral and
posterolateral veins drain this area.'”'® In the present
work, univariate analysis showed no association between
the stimulation site in the coronary sinus vein and clinical
response. However, after stratifying the results in terms
of QRS axis orientation, better results were seen for
location in the anterior or lateral veins in patients with
a left-deviated QRS axis. In addition, with respect to
location in the posterior vein, better results were seen
in patients with a normal QRS axis (P=.026). This may
be due to the different pattern of ventricular activation
that occurs depending on the QRS axis orientation in
patients with intraventricular conduction abnormalities
and severe LV systolic dysfunction. Although no
significant differences were seen in preimplantation QRS
width between the groups, it may be that a greater delay
in activation occurs in the upper and lateral regions of
the left ventricle in patients with a left-deviated QRS.
Therefore, a better response to CRT might be obtained
if the electrode is implanted in the anterior interventricular
vein, the position of which is also superior. This might
be particularly true if the electrode is implanted in a
collateral of the anterior interventricular vein, which
allows for a more lateral placement. In the present work,
30% of the electrodes implanted in the anterior
interventricular vein were in a superior and lateral
position, which probably allowed for better
resynchronization between the basal and apical segments.
Such resynchronization is the basis of biventricular
pacing at 3 sites, in which 2 electrodes are implanted in
the LV.32
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We believe these findings to be of interest, particularly
the significance of the mentioned interaction. Further
work is needed to confirm these findings in studies with
a greater number of patients in different environments.

Limitations

The definition of clinical response to CRT was
established as an improvement in functional class in the
absence of a need for hospitalization owing to heart failure
within the 12 months of the study period. Therefore, no
6 minute walking test was performed nor was the
maximum consumption of oxygen determined.

The study included patients with atrial fibrillation, and
the atrioventricular node was ablated in those who showed
high ventricular frequencies (39%). Thus, these patients
may have improved as a consequence of both therapies.

Since this was an observational study in which the
location of the electrodes was not randomized, there may
be other variables that influence the effect of the location
of the electrode on the response to CRT.

CONCLUSIONS

The interaction QRS axis orientation and electrode
location had a significant effect on the response to CRT.
Patients in whom the electrode was implanted in the
anterior interventricular vein responded better if they had
a left-deviated QRS axis. With respect to the normal
strategy of implantation, patients in whom the electrode
cannot be placed in the lateral or posterolateral vein may
be particularly benefited if the electrode is implanted in
the anterior vein—if their preimplantation QRS axis is
deviated to the left.
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