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eft ventricular apical wall motion abnormality is associated
ith lack of response to cardiac resynchronization therapy in
atients with ischemic cardiomyopathy
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ACKGROUND Many patients with appropriate indications fail to
espond to cardiac resynchronization therapy (CRT).

BJECTIVE The purpose of our study was to determine the rela-
ionship between CRT response and preimplantation apical wall
otion abnormality.

ETHODS We analyzed data from 83 patients with ischemic car-
iomyopathy who underwent CRT. All patients had New York Heart
ssociation class III or IV symptoms despite maximal medical
herapy, left ventricular ejection fraction (LVEF) �35%, and QRS
uration �130 ms or �130 ms with left ventricular dyssynchrony.
RT responders at 6 months were defined as surviving patients
ith: (1) no hospitalization for heart failure, and (2) improvement
f New York Heart Association classification. Patients underwent
chocardiography before and 6 months after implantation to as-
ess changes in regional wall motion and LVEF.
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ponders (n � 44) had similar LVEF (22.9% � 6.9% vs 23.1% �
.3%), QRS duration (159 � 43 ms vs 159 � 36 ms), and medical
reatment. CRT nonresponders had a higher prevalence of preim-
lantation apical wall motion abnormality (68% vs 33%, P �
003). Patients with baseline apical wall motion abnormalities (n

43) were less likely than others (n � 40) to show improvement
n wall motion at 6 months (30% vs 81%, P � .001) or clinical
esponse to CRT (31% vs 64%, P � .003).

ONCLUSION The presence of a preimplantation apical wall mo-
ion abnormality was associated with a lower rate of CRT response
n patients with ischemic cardiomyopathy.

EYWORDS Echocardiography; Wall motion abnormality; CRT re-
ponse; Ischemic cardiomyopathy

Heart Rhythm 2007;4:1300–1305) © 2007 Heart Rhythm Society.

ll rights reserved.
ESULTS At baseline, CRT responders (n � 39) and nonre-
Cardiac resynchronization therapy (CRT) has proven to
e an effective treatment for advanced heart failure (HF) in
atients with cardiac dyssynchrony, reducing symptoms
ithin 3 to 6 months of implantation.1-4 However, up to
ne-third of patients fail to respond to CRT.3,5,6 Simple
ethods to identify candidates most likely to benefit from
RT are needed. At present, the best-established parameter

s the presence of echocardiographic left ventricular (LV)
yssynchrony.7,8 However, several different methods have
een proposed for assessment and interpretation of dyssyn-
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430287N), and National Heart, Lung, and Blood Institute R01HL084261
rants (Dr. Shivkumar). The first two authors contributed equally to this
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epartment of Medicine, 47-123 CHS, David Geffen School of Medicine

t UCLA, 10833 Le Conte Avenue, Los Angeles, CA 90095-1679. E-mail
ddress: kshivkumar@mednet.ucla.edu. (Received May 20, 2007; accepted
hrony.9 Further, this parameter can be technically difficult
o assess in some patients.

It is unclear whether the underlying etiology of cardio-
yopathy affects the response rate to CRT.10,11 Bleeker et

l12 recently showed that even in the presence of dyssyn-
hrony, patients with posterolateral scar were unlikely to
espond to CRT, probably because of ineffective LV pacing.
hus, dyssynchrony alone is insufficient to predict CRT

esponse, especially in some patients with ischemic cardio-
yopathy.
Other factors also may play a role in CRT nonresponse

n ischemic patients. During biventricular pacing, septal
nd lateral LV segments are activated first, exposing
pical segments to increased wall stress.13 We hypothe-
ized that in the presence of apical LV dysfunction,
iventricular pacing from the right ventricular (RV) apex
nd LV lateral wall might be less effective and could
otentially worsen apical wall function. The purpose of
his study was to determine the relationship between CRT
onresponse and preimplantation LV apical wall motion

bnormality.

. doi:10.1016/j.hrthm.2007.06.020
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1301Buch et al Abnormal Apical Wall Motion Predicts CRT Nonresponse
ethods
e retrospectively analyzed data on stable HF patients who
ere referred to our institution for CRT between January
003 and June 2005. Inclusion criteria were New York
eart Association (NYHA) functional class III or IV HF

ymptoms despite optimal medical therapy as defined by
urrent guidelines,14 left ventricular ejection fraction
LVEF) �35% (by echocardiography, contrast ventriculog-
aphy, or radionuclide scanning), and QRS duration �130
s or �130 ms with LV intraventricular dyssynchrony

defined as difference of at least 60 ms between the timing
f the peak systolic velocities of the septum versus the
ateral wall) by tissue Doppler imaging.15,16 Patients with
schemic cardiomyopathy, defined as having at least 1 epi-
ardial coronary artery with angiographic diameter stenosis
f �70%17 and corresponding wall motion abnormality,
ere included. Patients with myocardial infarction in the
revious 3 months and those with hemodynamic instability
equiring inotropic or vasopressor support were excluded.
eview of these patient data was approved by our institu-

ional review committee.

mplantation technique
n each patient, the LV lead was implanted via the coronary
inus to achieve permanent epicardial stimulation from a
ateral or posterolateral vein. If these veins were not acces-
ible, the LV lead was implanted in a diagonal vein near the
ateral LV wall. Leads were also implanted in all patients in
he RV apex and right atrium. The lead position was deter-
ined during implantation by fluoroscopy in the left ante-

ior oblique and right anterior oblique projections. Final
ead position was assessed by postoperative chest radio-
raph in the anteroposterior and lateral views. All devices
ere programmed for atrio-biventricular stimulation.

ata collected
he following characteristics were recorded before CRT

mplantation and 6 months after implantation: clinician-
ssigned NYHA functional class, echocardiographic param-
ters including LVEF, left ventricular end-diastolic diame-
er (LVEDd), and regional wall motion. After 6 months of
ollow-up, hospitalization for decompensated HF and car-
iovascular death also were assessed. QRS duration was
etermined before implantation, within 24 hours after CRT
mplantation, and at 6 months of follow-up.

Patients underwent transthoracic echocardiography in
he left lateral decubitus position with commercially avail-
ble systems (General Electric Vingmed Vivid 7, Piscat-
way, NJ, and Siemens Sequoia, Mountain View, CA).
mages were obtained with a 3.5-MHz transducer at a depth
f 16 cm in parasternal and apical views (standard long-
xis, short-axis, 2-chamber, and 4-chamber images). Stan-
ard 2-dimensional and Doppler data triggered to the QRS
omplex were saved in cine-loop format. LV volumes and
VEF were estimated from apical 2-chamber and 4-cham-

er images using the biplanar Simpson method. Mitral re- e
urgitation (MR) severity was assigned a semiquantitative
core (grade 1 to 4) according to conventional criteria.18

Dyskinesis was defined as outward movement of a myo-
ardial segment during systole. Akinesis was defined as no
ovement of a myocardial segment during systole. Hypo-

inesis was defined as reduced wall motion during systole
ompared with normal segments. Each myocardial segment
as assigned a wall motion score using a 4-point scale: 1,
ormal; 2, hypokinetic; 3, akinetic; and 4, dyskinetic. Echo-
ardiographic data were collected at baseline and 6 months
fter CRT implantation. We defined a segment as improved
f wall motion score decreased at 6 months and worsened if
all motion score increased at 6 months. A patient was
efined as echocardiographically improved or worsened at 6
onths based on the summed wall motion score for all
yocardial segments. Two independent echocardiographers

nterpreted the studies.

efinition of response
e used clinical criteria to define CRT response.4 At 6
onths, patients with a decrease in NYHA functional class

y �1 level, no HF hospitalization, and no cardiovascular
eath were considered CRT responders. All others were
onsidered nonresponders.

tatistical analysis
ontinuous variables are expressed as mean � SD. Contin-
ous variables were compared using the unpaired Student t
est or Mann-Whitney U test if necessary. Categorical vari-
bles were compared with the Chi-square test or Fisher
xact test. Differences between values at baseline and 6
onths were tested using the paired Student t test for con-

inuous variables and the McNemar test for categorical
ariables. Univariate analysis of all variables was per-
ormed. All tests were 2-tailed, and a P value �.05 was
onsidered statistically significant.

esults
uring the study period, 213 patients were referred to our

enter for CRT device implantation. Fourteen patients were
xcluded from study participation because of a QRS dura-
ion �130 ms without echocardiographic dyssynchrony,
nd 8 patients because of hemodynamic instability. Endo-
ardial LV lead implantation was unsuccessful in 15 pa-
ients, who were then referred for surgical epicardial lead
mplantation. Of the remaining 176 patients, 93 did not have
schemic heart disease and were excluded. The study pop-
lation thus consisted of 83 patients meeting study criteria
nd undergoing successful endocardial CRT implantation.
n this population, 20 (24%) patients had a QRS duration
130 ms with intraventricular dyssynchrony assessed by

issue Doppler (11 of these had a QRS duration �120 ms).

tudy population characteristics
he overall population characteristics are summarized in
able 1. The LV lead was placed in a lateral or posterolat-

ral vein in 92% of cases and a diagonal vein leading to the
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ateral wall in all remaining cases. None of the LV leads was
laced in an apical position. At 6 months of follow-up, 6
atients had died and 15 patients were hospitalized because
f decompensated HF.

omparison of responders and nonresponders
y the study criteria, 39 patients (47%) were classified as
RT responders and 44 patients (53%) were classified as

able 1 Baseline characteristics of the overall study
opulation (n � 83)

ge (years) 69 � 10
ale (%) 88
ypertension (%) 70
yslipidemia (%) 63
moking (%) 19
iabetes (%) 24
YHA class 3/4 (n) 65/18
VEF (%) 23 � 7
VEDd (mm) 63 � 9
hronic AF (%) 23
entricular pacing pre-CRT (%) 29
ateral LV lead position (%) 92
itral regurgitation (grade 1/2/3/4) 49/21/13/0
RS duration before implantation (ms) 159 � 39
CE-I or ARB (%) 80
-Blocker (%) 77
iuretic (%) 80
igoxin (%) 39
tatin (%) 58

ACE-I � angiotensin converting enzyme inhibitor; AF � atrial fibril-
ation; ARB � angiotensin receptor blocker; CRT � cardiac resynchroni-
ation therapy; LV � left ventricular; LVEDd � left ventricular end-
iastolic dimension; LVEF � left ventricular ejection fraction; NYHA � New
ork Heart Association classification.

able 2 Characteristics of patients classified as responders and

Respond

ge (years) 70 � 11
ale (%) 87
ypertension (%) 72
yslipidemia (%) 67
moking (%) 18
iabetes (%) 30
YHA class 3/4 (n) 30/9
VEF (%) 22.9 �
aseline apical wall motion abnormality (%) 33
VEDd (mm) 64 � 8
entricular pacing pre-CRT (%) 38
ateral LV lead position (%) 92
hronic AF (%) 21
RS duration before implantation (ms) 159 � 4
itral regurgitation (grade 1/2/3/4) 21/10/8
CE-I or ARB (%) 87
eta blocker (%) 82
iuretic (%) 79
igoxin (%) 41
tatin (%) 62

ACE-I � angiotensin converting enzyme inhibitor; AF � atrial fibrillatio
V � left ventricular; LVEDd � left ventricular end-diastolic dimension;

lassification.
onresponders. Baseline characteristics of responders and
onresponders are shown in Table 2. There were no signif-
cant differences between these groups regarding cardiovas-
ular risk factors or HF drug therapy. Baseline echocardio-
raphic parameters were similar in both groups. In
esponders versus nonresponders, LVEF was 22.9% �
.7% vs 23.1% � 8.3%; MR quantified as grade 1/2/3/4 was
een in 21/10/8/0 vs 28/11/5/0 patients; and LVEDd was 64

8 mm vs 63 � 10 mm (P � NS for all comparisons).
reimplantation QRS duration was also similar, 159 � 43
s vs 159 � 36 ms (P � .96). NYHA functional class at

aseline was not significantly different in responders and
onresponders. The prevalence of any degree of apical wall
otion abnormality at baseline was significantly lower in

he responder group compared with the nonresponder group
33% vs 68%, P � .003).

Table 3 lists changes from baseline to 6-month follow-up
or responders and nonresponders. Compared with baseline,
t 6 months responders had a significant increase in LVEF
22.9% � 6.7% vs 29.8% � 9.9%, P � .001). There was no
tatistically significant change in QRS duration (159 � 43
s 150 � 18 ms, P � .09). In the nonresponder group, no
ignificant changes were observed in LVEF (23.1% � 8.3%
s 26.0% � 11.1%, P � .08) or QRS duration (159 � 36 vs
67 � 24 ms, P � .15).

omparison of patients with and without apical
all motion abnormality
e divided the study population into 2 groups according to

he presence of baseline apical wall motion abnormality. As
hown in Table 4, patients with preimplantation apical wall
otion abnormality (n � 43) had similar baseline charac-

sponders at 6 months

� 39) Nonresponders (n � 44) P value

68 � 9 .48
89 .99
68 .81
52 .20
20 .99
18 .21
35/9 .77
23.1 � 8.3 .93
68 .003
63 � 10 .56
21 .09
91 .99
25 .79
159 � 36 .96
28/11/5/0 .49
73 .17
73 .43
80 .99
39 .82
55 .65

� angiotensin receptor blocker; CRT � cardiac resynchronization therapy;
left ventricular ejection fraction; NYHA � New York Heart Association
nonre

ers (n

6.7

3
/0

n; ARB
LVEF �
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1303Buch et al Abnormal Apical Wall Motion Predicts CRT Nonresponse
eristics compared with those without apical disease (n �
0), respectively (LVEF 23.8% � 8.0% vs 22.2% � 7.1%,
� .38; LVEDd 62 � 10 mm vs 64 � 9 mm, P � .38; and
YHA class 3.2 � 0.4 vs 3.3 � 0.4, P � .27). There was
significantly lower rate of CRT response (31% vs 64%, P
.003) in patients with apical disease compared with other

atients.
At 6-month follow-up, patients with baseline apical wall

otion abnormality also showed a lower rate of overall
chocardiographic improvement, as defined by summed
all motion score (30% vs 81%, P � .001) and a higher rate
f echocardiographic worsening (30% vs 4%, P � .01). In
he subgroup of patients with apical disease (n � 43), CRT
esponders and nonresponders had similar baseline NYHA
lass (3.2 � 0.4 vs 3.1 � 0.4), LVEF (23.3% � 6.5% vs
3.6% � 8.7%), LVEDd (62 � 10 mm vs 62 � 8 mm), age
66 � 10 years vs 68 � 10 years), gender, cardiovascular
isk factors, and HF drug therapy (P � NS for all compar-
sons). Finally, in the subgroup of patients with QRS dura-
ion �130 ms (n � 20), patients with apical wall motion
bnormality had a significantly lower rate of CRT response
ompared with patients without apical disease (33% vs
7%, P � .02).

able 3 Comparison of baseline and 6-month follow-up data

Responders (n � 39)

Baseline 6 months

VEF (%) 22.9 � 6.7 29.8 � 9.9
R quantification 1.6 � 0.8 1.1 � 0.4
RS duration (ms) 159 � 43 150 � 18
YHA class 3.2 � 0.4 2.1 � 0.5

LVEF � left ventricular ejection fraction; MR � mitral regurgitation; N
lassification.
No P value determined because NYHA class is part of responder definitio

able 4 Patient characteristics by presence of apical wall
otion abnormality

Apical disease
(n � 43)

No apical disease
(n � 40)

P
value

aseline LVEF (%) 23.8 � 8.0 22.2 � 7.1 .38
aseline NYHA
class

3.2 � 0.4 3.3 � 0.4 .27

aseline LVEDd
(mm)

62 � 10 64 � 9 .38

RT response (%) 31 64 .003
chocardiographic
improvement
(%)

30 81 �.001

chocardiographic
worsening (%)

30 4 .01

CRT � cardiac resynchronization therapy; LVEDd � left ventricular
nd-diastolic dimension; LVEF � left ventricular ejection fraction; NYHA �
rew York Heart Association classification.
hanges in regional wall motion after CRT
e examined the evolution of wall motion abnormalities

ccording to location. Figure 1 shows rates of regional
chocardiographic improvement in myocardial segments
ith abnormal wall motion at baseline: 23%, 50%, 50%,
9%, and 72%, in apical, anterior, lateral, inferior, and
eptal segments, respectively. Echocardiographic worsening
as observed in 26%, 0%, 0%, 6%, and 0% of apical,

nterior, lateral, inferior, and septal segments, respectively
Figure 2).

iscussion
ajor finding
he key finding of our study is that preimplantation apical
all motion abnormality was associated with a lower rate of
RT response in a cohort of patients with ischemic cardio-
yopathy.
Since its initial report,19 CRT has proven to be a safe20

nd effective1-3 treatment for patients with refractory HF
nd cardiac dyssynchrony. A recent study showed that CRT
educes both cardiovascular morbidity and mortality in
hese patients.2 The first randomized trial of CRT included
YHA class III patients with LVEF �35% and QRS du-

ation �150 ms.1 Later studies showing the benefits of CRT
ncluded patients with either NYHA class IV symptoms21 or
RS duration between 120 and 150 ms with echocardio-
raphic LV dyssynchrony.2

However, CRT is not always effective. In the Compari-
on of Medical Therapy, Pacing, and Defibrillation in
hronic Heart Failure (COMPANION) study, 43% of pa-

ients receiving CRT-ICD did not have improvement in
YHA class.21

Given the complexity and expense of LV lead implanta-
ion, factors predicting lack of response should be identified.
ne such predictor is the presence of posterolateral scar

issue, recently demonstrated by Bleeker et al12 to be asso-
iated with CRT nonresponse. These data are consistent
ith another study raising concern that patients with isch-

mic heart disease might be less likely to respond to CRT.11

In searching for factors that might predict lack of re-
ponse to CRT in patients with ischemic cardiomyopathy,
e found that the presence of preimplantation apical wall
otion abnormality was associated with a lower rate of

Nonresponders (n � 44)

alue Baseline 6 months P value

001 23.1 � 8.3 26.0 � 11.1 .08
001 1.5 � 0.7 1.6 � 0.7 .11
09 159 � 36 167 � 24 .15
A* 3.2 � 0.4 3.1 � 0.5 N/A*

ot applicable; NS � not significant; NYHA � New York Heart Association
P v

�.
�.

.
N/

/A � n
esponse. The explanation for these findings is not known,



b
c
L
s
e
s
a
a
s
r
w
i
e

o
w
M
e

L
O
fi
l
p
s
s
a
t
e
t
s

t
o
d
C
t

a
n
a
s
m

C
I
s
g
c
r
w
u

R

F
s
l

F
s
l

1304 Heart Rhythm, Vol 4, No 10, October 2007
ut one possible mechanism is increased apical wall strain
aused by late activation. Indeed, in contrast to both RV and
V univentricular pacing, biventricular pacing causes apical
egments to be depolarized last. This has been shown both
xperimentally13 and in a mathematical simulation.22 Wall
tress is increased in these segments as a result of both
ugmented preload from exaggerated early systolic stretch
nd higher afterload from late contraction when LV pres-
ure is higher.23 This can alter protein expression24 and
esult in structural remodeling of the affected ventricular
all.25 Thus, CRT could exaggerate wall motion abnormal-

ties and reduce contractile efficiency in patients with pre-
xisting apical disease.

Consistent with this hypothesis, we showed that the rate
f echocardiographic improvement of apical wall motion
as lower compared with other myocardial segments.
oreover, apical segments were more likely to display

chocardiographic worsening after CRT.

imitations
ur study was retrospective and from a single center. The
ndings should be confirmed in a prospective study with

arger sample size before apical disease is considered a
redictor of CRT nonresponse. Moreover, data on LV dys-
ynchrony were not universally available because our study
panned a period before echocardiographic dyssynchrony
nalysis was routinely performed. However, in some pa-
ients the presence of LV dyssynchrony is not clear-cut,
specially with a suboptimal tissue Doppler signal. In con-
rast, apical wall motion abnormality is usually clearly
hown by 2-dimensional echocardiography.

The 43% response rate observed in this study was lower
han that seen in clinical trials of CRT, perhaps reflecting
ur ischemic cardiomyopathy study population, different
efinitions of CRT response, and real-world performance of
RT. Finally, although few patients in our study had pos-

erolateral wall motion abnormalities by echocardiography,

igure 1 Regional improvement of wall motion. Myocardial segments
howing improved wall motion at 6 months compared with baseline, by

ocation.
more sensitive method of scar assessment, such as mag-
etic resonance imaging, might have shown a higher prev-
lence of posterolateral scar. To the extent that this varied
ystematically between those with and without apical wall
otion abnormality, the results may have been affected.

onclusion
n patients with ischemic cardiomyopathy and cardiac dys-
ynchrony (either prolonged QRS duration or echocardio-
raphic dyssynchrony), the presence of preimplantation api-
al wall motion abnormality was associated with a lower
ate of CRT response. This may be attributable to increased
all stress of late-activated myocardial segments, but the
nderlying mechanisms require further investigation.
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