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Background. The U-shaped left ventricular (LV) contraction pattern, identified by MRI or
echocardiography, is associated with improved CRT response. Gated SPECT MPI can measure
both myocardial viability and mechanical dyssynchrony in a single scan. The aim of this study is
to examine the relationship of the LV contraction pattern and the response of CRT in patients
with left bundle branch block (LBBB).

Methods. Fifty-eight patients who met CRT guidelines and who had pre-CRT MPI were
enrolled. Myocardial segments with tracer uptake < 50% of maximum were considered as scar.
The LV contraction pattern was considered as U-shaped or non-U-shaped (U-shaped has a
block line in the direction of contraction propagation). CRT response was defined as an increase
in left ventricular ejection fraction = 5% after 6-month follow-up.

Results. Twenty-eight patients (48%) had a U-shaped contraction pattern and thirty
patients (52%) had a non-U-shaped contraction pattern. The U-shaped group showed a sig-
nificantly higher response rate than the non-U-shaped group (90% vs. 57%; P = 0.005). By
univariate and multivariate logistic regression analysis, the U-shaped pattern was an inde-
pendent predictor of CRT response.

Conclusion. Non-invasive gated SPECT MPI can characterize LV mechanical contraction
patterns. A U-shaped contraction pattern identified is associated with improved CRT response.
This may prove useful for improved patient selection for CRT. (J Nucl Cardiol 2018;25:2029-38.)
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Abbreviations

SPECT Single-photon emission computed
tomography

MPI Myocardial perfusion imaging/images

LV Left ventricle/ventricular

CRT Cardiac resynchronization therapy

LBBB Left bundle branch block

LVMD Left ventricular mechanical
dyssynchrony

PSD Phase standard deviation

PBW Phase histogram bandwidth

See related editorial, pp. 2039-2043

INTRODUCTION

CRT has been proved to be an effective treatment
option for patients with drug-refractory heart failure,
dilated left ventricular (LV) cavity, and electrical dyssyn-
chrony usually demonstrated by prolonged QRS duration
and LBBB morphology.' Although CRT can improve the
quality of life, reduce heart failure-related hospitalization
and mortality, or even reverse electromechanical remod-
eling, 30%-40% patients fail to respond to CRT.?

Previous studies have demonstrated that different
LV pacing sites or LV electrical activation patterns can
induce a variety of changes of LV systolic function.
Bundle branch blocks and intraventricular conduction
delay may lead to the heterogeneity of LV electrical
activation pattern, which may have a negative impact on
LV function.” Biventricular pacing in patients with CRT
can improve LV function.*™®

Two types of LV electrical activation patterns have
been identified by non-contact mapping (NCM) performed
during electrophysiological evaluation in patients with
LBBB: U-shaped pattern and non-U-shaped pattern.
Compared to the non-U-shaped pattern, the U-shaped
pattern (caused by a line of block in the direction of
electrical activation propagation) showed a higher response
rate of CRT.”” NCM is the golden standard to assess the
LV electrical activation, but the relative risk and invasive-
ness limit its widely clinical application.’

Several non-invasive myocardial imaging methods,
such as three-dimensional (3D) speckle-tracking echocar-
diography (STE) and cardiac magnetic resonance (CMR),
have been used to assess LV mechanical contraction patterns
and investigate the influence of the associated electrome-
chanical characteristics to the CRT response.®™'? Sohal et al.
demonstrated a strong relationship between LV electrical
activation sequences and mechanical contraction pattern,
and reported that the U-shaped LV mechanical contraction
pattern identified by CMR had an increased response rate to
CRT as well.'” However, the limited availability, long
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examining and imaging time, and inability to scan patients
with implanted devices impede the development of CMR in
routine assessment of contraction patterns.'?

Compared to echocardiography and CMR, ECG-
gated SPECT MPI can assess both LV myocardial
viability and mechanical contraction in a single scan.
The phase analysis technique of gated SPECT MPI to
measure LVMD is well established and has good
repeatability and reproducibility.'*'> This study is
aimed to apply phase analysis of SPECT MPI to identify
the mechanical contraction pattern and evaluate its
influence on CRT response in patients with LBBB.

METHODS

Study Population

Fifty-eight patients with LBBB who met CRT guideli-
nes were enrolled in this study at The First Affiliated Hospital
of Nanjing Medical University from October 2013 to
February 2016. The indication of CRT in this study included
(1) sinus rhythm; (2) diminished LV systolic function
(LVEF < 35%); (3) typical LBBB morphology (classified
as QS or 1S complex in V1 and/or V2; mid QRS notching or
slurring in two or more of leads: I, aVL, V5, or V6 and QRS
duration > 130 ms); (4) New York Heart Association
(NYHA) functional class II to IV; and (5) optimized medical
treatment for at least 6 months before CRT implantation.

The patients with atrial fibrillation rhythm, intraven-
tricular conduction delay, right bundle branch block, and
those being upgraded from right ventricular pacing were
excluded. In order to further investigate the contraction
pattern in LBBB patients with heart failure, 6 LBBB
patients with normal LV function were also enrolled in the
study. Gated SPECT MPI image processing and contrac-
tion pattern assessment were performed for all the enrolled
patients. The study was approved by the ethics committee
of The First Affiliated Hospital of Nanjing Medical
University, and all patients gave written informed consent.

CRT Implantation

All the patients underwent implantation of a CRT or
CRT-D. The devices were implanted by standard proce-
dures. The right ventricular (RV) lead was systematically
implanted at the RV apex or septum, and the position of the
LV lead was determined by experienced electrophysiolo-
gists targeting the anterolateral, lateral, or posterolateral
coronary veins. The final position was decided by coronary
venous anatomic characteristics with good stability, satis-
factory pacing threshold, and no phrenic nerve capture. After
implantation, the LV lead position was assessed by fluoro-
scopic venograms in the RAO 30° and LAO 45°. LV
concordance was defined as the concordance of LV lead
position and latest activating segments.
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Transthoracic Echocardiography

All the patients underwent standard transthoracic
echocardiography by an experienced ultrasound specialist
who was blinded to the study at baseline and 6-month follow-
up. LVEF was recorded using the 2-dimensional modified
biplane Simpson method. CRT response was defined as >5%
improvement of LVEF at 6-month follow-up.

Gated SPECT MPI

Resting ECG-gated SPECT MPI was performed in
all the enrolled patients before CRT implantation. 20-
30 mCi of Tc-99m sestamibi was injected and the gated
SPECT scan was performed ~ 60 minutes after injec-
tion. SPECT planar images were obtained using a dual-
headed camera with a standard resting protocol (Car-
dioMD, Philips Medical Systems, Milpitas, CA). The
imaging parameters were set to 20% energy window
around 140 keV, 180° orbit, 32 steps with 25 seconds
per step, 8-bin gating, and 64 planar projections per gate.
Image reconstruction and reorientation were completed
using Emory Reconstruction Toolbox (ERToolbox;
Atlanta, GA). SPECT images were reconstructed by
ordered subset expectation maximization (OSEM) with
3 iterations and 10 subsets, and then filtered by a
Butterworth low-pass filter with a cutoff frequency of
0.3 cycles/mm and an order of 10.
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Myocardial Viability and Mechanical
Dyssynchrony Assessed by Gated SPECT
MPI

The LV sampling was completed with an automatic
sampling algorithm by searching in 3D for maximal count
circumferential profiles of LV.'® The percentage of tracer
uptake was displayed on polar map using a 13-segmentation
model, illustrated in Figure 1A. Segments with <50%
maximum uptake were defined as scar. The onset of LV
contraction was calculated and quantified by a phase
analysis tool based on the first-harmonic Fourier approxi-
mation.'*'> The mean phase angle of each segment was
displayed on the 13-segmentation polar map, as shown in
Figure 1A. Phase standard deviation (PSD) and phase
histogram bandwidth (PBW) from phase analysis were used
to measure the global LV mechanical dyssynchrony (MD)."*

Assessment of Contraction Pattern

The contraction patterns were assessed by 2 indepen-
dent observers. Two types of LV mechanical contraction
patterns were demonstrated in our study (Figure 2). The U-
shaped contraction pattern (Figure 2A) was defined as the
presence of a significant delay caused by a block line in the
direction of LV contraction propagation. The non-U-
shaped pattern was defined as homogenous (Figure 2B) or
other heterogeneous (Figure 2C) contraction pattern.

Figure 1. Measurement of left ventricular myocardial viability and mechanical dyssyn-
chrony from gated SPECT MPI. (A) Polar map of regional myocardial viability. The bright
color represents the viable myocardium. The perfusion with less than 50% of the maximum
tracer uptake was defined as scar. The number in each segment indicates the percentage of
scar in this segment. (B) Polar map of regional mechanical contraction onsets. The bright
color or big number represents the late contraction. The number in each segment is the mean
phase angle of this segment. The phase angle was calculated by phase analysis based on the
first-harmonic Fourier approximation of wall thickening to characterize the contraction onset
of each myocardial sample in a cardiac cycle.14,15.
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Figure 2. Examples of different contraction patterns. (A) The regional contraction onsets
(left) and contraction sequence (right) of an example with the U-shaped mechanical
contraction pattern. The anteroseptum (blue) contracted firstly, and then the contraction
propagated from the apex to the lateral wall, but it was blocked at the anterior wall, showed
by yellow arrows. The anterior wall became the latest contraction site (red). (B) The regional
contraction onsets (left) and contraction sequence (right) of an example with the non-U-
shaped contraction pattern (homogeneous pattern). There was no apparent contraction delay
in the propagation direction from the septum to lateral wall. (C) The regional contraction
onsets (left) and contraction sequence (right) of an example with the other type of the non-U-
shaped contraction pattern. Multiple sites with the significant contraction delays were present
in this patient.
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Table 1. Baseline characteristics of all the enrolled CRT patients

Non-U-shaped

All (n = 58) U-shaped (n = 28) (n = 30) P value
Age 61.67 £ 11.56 60.00 = 10.75 63.23 + 12.25 0.291
Gender 0.637
Male 37 (63.8%) 17 (60.7%) 20 (66.7%)
Female 21 (36.2%) 11 (39.3%) 10 (33.3%)
Etiology 0.439
NICM 52 (89.7%) 26 (92.9%) 26 (86.7%)
ICM 6 (10.3%) 2 (7.1%) 4 (13.3%)
NYHA class 0.285
1l 19 (32.8%) 12 (42.9%) 7 (23.3%)
11 34 (58.6%) 14 (50.0%) 20 (66.7%)
IV 5 (8.6%) 2 (7.1%) 3 (10.0%)
QRS duration 171,98 + 13.73 17143 + 12.24 172.50 = 15.19 0.769
Echocardiography
LvDd 73.00 + 8.71 73.61 £ 7.85 72.43 £ 9.55 0.613
LVDs 62.60 +9.18 63.61 + 8.21 61.67 £ 10.04 0.426
LVEF 29.78 + 6.52 28.67 + 6.94 30.82 + 6.04 0.213
SPECT parameters
PSD 48.59 + 22.23 61.34 + 15.53 36.66 + 21.02 <0.0001
PBW 164.84 + 85.41 214.21 + 64.26 118.77 + 77.09 <0.0001
Scar burden 20.75 + 14.45 21.35 + 14.97 20.20 £ 14.18 0.764
Hypertension 26 (44.8%) 12 (42.9%) 14 (46.7%) 0.771
Diabetes 13 (22.4%) 5 (17.9%) 8 (26.7%) 0.421
Smoking and drinking 27 (46.6%) 14 (50.0%) 13 (43.3%) 0.611
Renal insufficiency 3 (5.2%) 2 (7.1%) 1(3.3%) 0.513
Medication
ACEI/ARB 57 (98.3%) 28 (100%) 29 (96.7%) NS
Beta-blockers 54 (93.1%) 27 (96.4%) 27 (90.0%) 0.612
Aldosterone 53 (91.4%) 27 (96.4%) 26 (86.7%) 0.354
antagonists
Diuretics 52 (89.7%) 27 (96.4%) 25 (83.3%) 0.195

Values are n (%) or mean + SD. ICM, ischemic cardiomyopathy; NICM, non-ischemic cardiomyopathy; NYHA, New York Heart
Association; LVDd, left ventricular end-diastolic diameter; LVDs, left ventricular end-systolic diameter; LVEF, left ventricular
ejection fraction; PSD, phase standard deviation; PBW, phase histogram bandwidth; NS, no significant difference

Statistical Analysis

Statistical analysis was performed by SPSS version
21.0 (SPSS Inc, Chicago, IL). Categorical variables
were expressed as numbers or percentages, and group
comparisons were performed by the chi-square test or
Fisher test. The student test was used to compare
continuous variables in two groups, which were
expressed as mean + standard deviation. Then, univari-
ate and multivariate binary logistic regression analyses
evaluating odds ratios and 95% confidence intervals
were used to explore the independent predictors of CRT
response. The univariate factors with P < 0.05 were
entered into the multivariate model. P < 0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics

Table 1 shows that the characteristics of the
enrolled cohort. The age of entire cohort was
61.7 £ 11.6 years and 37(64%) of them were men.
The majority of patients (90%) had non-ischemic dilated
cardiomyopathy. 19 (32.8%) patients were classified as
NYHA 11, 34 (58.6%) were NYHA III, and 5 (8.6%)
were NYHA IV. The QRS duration was
171.9 £ 13.7 ms and the LVEF was 29.8 = 6.5% at
baseline.

Based on the identification by gated SPECT, 28
patients (48.3%) were classified to have a U-shaped
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contraction pattern, while 30 (51.7%) had a non-U-
shaped pattern. Baseline QRS durations were similar
between the two groups (171.4 + 12.2 vs. 172.5 £ 15.2,
respectively; P = 0.769). The PSD and PBW in the U-
shaped group were greater than those in the non-U-
shaped contraction (PSD: 61.3 + 15.5 vs. 36.6 = 21.0;
PBW: 2142 +64.2 vs. 118.7 £77.0, respectively;
P < 0.0001). All the patients received optimized med-
ical treatment and there was no statistical difference
between the two groups in the use of angiotensin
converting enzyme inhibitors (ACEI)/angiotensin recep-
tor blockers (ARB), b-blockers, and aldosterone
antagonists or diuretics. The number of patients with
cardiovascular risk factors in each group was not
statistically different at baseline. In addition, all the 6
patients with normal L'V function and LBBB showed a
homogenous mechanical contraction pattern (mean
PSD: 18.7°, mean PBW: 48.3°).

Site Distribution of the Block Lines,
Myocardial Scar, LV Leads, and Latest LV
Contraction

The site distributions of block lines and myocardial
scar were different. For the patients with U-shaped
contraction pattern, 14 had a block line in the anterior
wall, 11 in anteroseptal region, and 3 in the interior wall.
The distribution of scar was as follows: 6 patients had
septal scar, 2 had interior scar, 3 had apical scar, 1 had
anterior scar, 1 had posterior scar, and 6 patients had
scar in multiple sites. In addition, we did not find
myocardial scar in 9 patients. Furthermore, in the U-
shaped group, the site of block line was concordant with
the scar region in only 5 (17.9%) patients.

Most of LV leads (92%) were placed in anterolat-
eral, lateral, or posterolateral coronary veins, as
determined by coronary venous anatomic characteris-
tics. Besides, 44% of patients had the latest LV
contraction in the posterior or lateral region, 29% in
anterior region, and 24% in septal wall, respectively.
Furthermore, the placement of LV lead was concordant
with the site of latest contraction in 24 (41%) patients.
The conduction velocity and contraction were slower in
the peri-block regions and the site of block line was
adjacent to the site of latest contraction in the U-shaped
group (Figure 2a).

Outcomes of 6-Month Follow-Up

After 6-month follow-up, according to the changes
of NHYA class and echocardiographic parameters in
Table 2, the patients in the U-shaped group had
increased CRT response. In the U-shaped group, 25
(89%) patients were considered as responders and only
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3(11%) were non-responders in terms of LVEF
improvement >5% at follow-up. The U-shaped group
showed a significantly higher rate of response than the
non-U-shaped group (89% vs. 57%; P = 0.005). In
addition, the U-shaped group showed a significant
improvement in the changes of LV diastolic diameter
(11.50 = 7.38 vs. 7.37 £ 8.07; P = 0.047), LV systolic
diameter (15.2 = 8.4 vs. 8.8 £8.9; P = 0.007), and
LVEF(16.1 £9.7 vs. 95+ 10.1; P =0.014). The
reduction of NYHA functional class (1.00 = 0.67 vs.
0.77 £ 0.57; P = 0.156) in the U-shaped group tended
to be greater than that in the non-U-shaped group, and
NHYA functional class I was more prevalent (42.9%) in
patients with the U-shaped contraction pattern.

The Prediction of CRT Response

Table 3 shows the patients classified as two groups
according to CRT response; 42 patients were identified
as CRT responders.

Responders had a trend toward a broader QRS
duration than non-responders, but the difference did not
reach statistical significance (173.2 + 12.5 vs.
168.7 £ 16.4; P = 0.272). In responders, the LVEF
(308 £6.6 vs. 269 +£52; P =0.037) assessed by
echocardiography was greater than that in non-respon-
ders, whereas the scar burden (18.3 = 11.3 ws.
27.1 £19.5; P =0.036) derived from SPECT MPI
was less in responders. The placement of LV lead was
concordant with the site of latest contraction in 24
patients. Lead placement in the latest contraction loca-
tion tended to increase the CRT response (54% vs 33%,
P = 0.174).

In a univariate logistic regression model analysis
including eight predefined parameters (Table 4), the U-
shaped contraction pattern was statistically a significant
independent predictor of CRT response, with an odds
ratio of 6.37 (95% CI 1.57-25.80; P = 0.009). Multi-
variate analysis showed the same result, and the U-
shaped propagation pattern was associated with high
CRT response (OR: 16.01; 95%CI: 1.82 to 140.58;
P = 0.012).

DISCUSSION

The major finding of our study is that the U-shaped
contraction pattern assessed by gated SPECT MPI had a
significantly higher rate of CRT response.

LV Contraction Patterns and CRT Response

In this study, 28 patients (48%) were determined by
gated SPECT MPI to have a U-shaped contraction
pattern. The U-shaped pattern is characterized by a U-
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Table 2. Outcomes at 6-month follow-up
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All (n = 58) U-shaped (n = 28) Non-U-shaped (n = 30) P value
NHYA class 0.005
II 14 (24.1%) 12 (42.9%) 2 (6.7%)
11 37 (63.8%) 14 (50.0%) 23 (76.7%)
\Y 7 (12.1%) 2 (7.1%) 5 (16.7%)
ANHYA class 0.88 + 0.62 1.00 £ 0.67 0.77 £ 0.57 0.156
Echocardiography
LVDd 63.64 + 12.17 62.11 + 10.27 65.07 + 13.73 0.359
LVDs 50.64 + 14.13 48.36 + 12.01 52.77 + 15.76 0.238
LVEF 42.51 £ 13.59 44.81 £ 12.57 40.36 £ 14.36 0.216
ALVDd 9.36 + 7.95 11.50 £ 7.38 7.37 £ 8.07 0.047
ALVDs 11.95 £ 9.20 15.25 + 8.43 8.87 £ 8.95 0.007
ALVEF 12.73 £ 10.40 16.14 £ 9.70 9.55 + 10.17 0.014
Responder 0.005
Yes 42 (72.4%) 25 (89.3%) 17 (56.7%)
No 16 (27.6%) 3 (10.7%) 13 (43.3%)

Values are n (%) or mean = SD

ALVDd, reduction in left ventricular end-diastolic diameter at 6-month follow-up; ALVDs, reduction in left ventricular end-systolic
diameter at 6-month follow-up; ALVEF, percentage change in left ventricular ejection fraction at 6-month follow-up; ANHYA
class, reduction of New York Heart Association functional class at 6-month follow-up; other abbreviations as in Table 1

shaped propagation of mechanical contraction caused by
a line of block and was seen in our study in accordance
with that in previous studies.””'" Auricchio et al.” was
the first to report the LV U-shaped electrical activation
pattern and the block lines that existed at the anterior or
lateral wall in almost all their patients (96%) with LBBB
based on electrophysiological mapping. The lower
prevalence of the U-shaped pattern was, however,
reported also by Lambiase et al. (60%)'’ and Fung
et al. (65%).9 Sohal et al.'® and Jackson et al.!' used
CMR to identify the U-shaped pattern in patients
scheduled to implant CRT. Approximately 48% and
51% of patients were identified as having the U-shaped
pattern in their studies, which is close to our study. In
addition, Seo et al.® found the U-shaped pattern in 38 of
81(47%) patients and 37(74%) of 50 patients with
LBBB patients by 3D-STE. The locations of block lines
were in different LV walls. Fung et al.’ and Hartlage
et al.'* reported that the block lines were in the anterior,
inferior, or septal wall. In our study, the lines of block
were also found in various myocardial regions: 14 in
anterior wall, 3 in inferior wall, and 11 in septal wall.
The previous studies showed that the U-shaped
pattern correlated with good CRT response. Seo et al.®
reported the response rate was 95% for the U-shaped
group using 3D-STE. The response rate reported by both
Fung et al.” and Sohal et al.'® was 80% for the U-shaped
group using the LV reverse remodeling as the criteria for
CRT response. In our study, most of the patients in the

U-shaped group (89%) had good response from CRT.
Only 3 patients were non-responders: one non-responder
had good mechanical synchronicity (PSD = 29.9°).
Previous studies have shown that applying CRT to
patients without underlying dyssynchrony might lead to
poor outcomes. A cutoff of PSD > 43° at baseline was
suggested for CRT patient selection,'® and the second
non-responder had extensive LV scar burden. Adelstein
et al.'"” demonstrated that extensive scar burden unfa-
vorably affected clinical and LV functional outcomes
after CRT and the third non-responder had discordance
between the position of LV lead and the site of latest
contraction. Previous studies?® have demonstrated that
the placement of the LV lead in the site of latest
contraction conferred the increased CRT response.

Friehling et al.?' successfully incorporated the
presence of LV baseline scar burden, mechanical
dyssynchrony, and the latest activation site to predict
acute CRT response. Accordingly, an improved
response rate to CRT may be expected when integrating
LV baseline scar burden, mechanical dyssynchrony, the
latest activation site, and contraction pattern into CRT
patient selection.

The response rate in the non-U-shaped group of our
study was 57%, higher than 11% in the 3D-STE study.®
The relatively high CRT response rate in our non-U-
shaped patients might be explained by the fact that all
patients had LBBB, broad QRS duration
(172.50 = 15.19 ms), and most had non-ischemic
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Table 3. Characteristics of responders and non-responders

P

Responder(n = 42) Non-responder(n = 16) value
Age 62.74 + 10.78 58.88 + 13.46 0.259
Men 28 (66.7%) 9 (56.3%) 0.461
Non-ischemic 37 (88.1%) 15 (93.8%) 1.000
NHYA class 11 (38.1%) 111(54.8%) IV (7.1%) 11 (18.8%) 1l (68.8%) IV(12.5%) 0.351
QRS duration 173.21 + 12.53 168.75 + 16.48 0.272
LvDd 72.05 + 7.61 75.50 + 11.01 0.180
LVDs 61.36 £ 8.11 65.88 + 11.15 0.094
LVEF 30.88 + 6.68 26.90 + 5.24 0.037
PSD 48.12 + 22.88 4983 +21.04 0.796
BW 164.12 + 89.03 166.75 + 77.79 0.918
Scar burden 18.32 + 11.31 27.15 £ 19.59 0.036
Concordant LV 19 (54.3%) 5(33.3%) 0.174

lead

U-shaped 25 (59.5%) 3 (18.8%) 0.005

contraction

Values are n (%) or mean + SD. Responder refers to a patient with an improvement in LVEF of 5% or more at 6-month follow-up

Abbreviations as in Tables 1 and 2

cardiomyopathy (90%). Previous study had shown that
LBBB, prolonged QRS duration (QRS > 150 ms), and
non-ischemic cardiomyopathy predict a favorable
response to CRT.>**

Electromechanical Coupling and
Mechanical Dyssynchrony

Several reasons might explain why the U-shaped
pattern can predict the favorable CRT response. Elec-
tromechanical coupling in the U-shaped pattern might
be the main factor. Recently, Suever et al.>? showed a
significant correlation between mechanical and electri-
cal delay in patients undergoing CRT. In their cohort,
the site of the latest electrical activation corresponded
to the site of the latest mechanical contraction in 91%
of patients. For the LV activation and contraction
pattern, Fung et al.® were the first to provide informa-
tion about electromechanical characteristics in humans
by combining echocardiographic and NCM in the same
patients undergoing CRT. Sohal et al.'’ identified the
U-shaped pattern by CMR and NCM. Their results
suggested that there was a good association of LV
electromechanical parameters in the U-shaped group,
and that CRT corrected the electrical dyssynchrony and
synchronized mechanical contraction, which resulted in
favorable electromechanical coupling and reverse
remodeling in these patients. But this relationship
could not be found in the non-U-shaped group or
homogenous group.

Furthermore, LVMD was more severe in the U-
shaped group than that in the non-U-shaped group in our
cohort, which may also increase the CRT response rate.
Patients with the U-shaped contraction pattern had
greater PSD and PBW than those in patients with the
non-U-shaped pattern. A baseline PSD and PBW
(PSD > 43° and PBW > 135°) derived from SPECT
were useful for the prediction of response to CRT.'®

The Potential Formation Mechanism of the
U-Shaped Pattern

In patients with LBBB, electrical activation prop-
agates from the RV to the LV through the
interventricular septum. In LV, the first activation site
is the septum and subsequently the electrical activation
of the lateral wall.® Previous studies had showed that the
U-shaped pattern could be identified in patients with
heart failure and LBBB.” LBBB may be related to the
U-shaped pattern.

However, Sohal et al.'® enrolled patients with heart
failure and prolonged QRS duration (>120 ms) and
demonstrated that about half of their patients had the U-
shaped contraction pattern. Besides, Seo et al.® also
identified the U-shaped pattern by 3D-STE in patients
without LBBB. In our study, 28 patients with LBBB and
heart failure were identified as the U-shaped pattern, but
all the 6 patients with LBBB and normal LV function
were identified as having homogenous activation pat-
tern. Therefore, we speculate that the cause of the U-
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Table 4. Univariate and multivariate logistic regression models

Univariate model

Multivariate model

Variable OR P value 95% CI OR P value 95% CI
Men 1.56 0.462 0.48, 5.05
Non-ischemic 0.49 0.534 0.05, 4.59
QRS > 150 ms 13.67 0.025 1.39, 134.12 47.41 0.012 2.33, 964.62
PSD > 43° 0.74 0.628 0.22,2.52
EF baseline <35% 0.13 0.063 0.02, 1.12
Concordant LV lead 2.38 0.179 0.67, 8.40
Scar burden <50% 6.67 0.041 1.09, 40.96 25.52 0.015 1.90, 343.68
U-shaped contraction 6.37 0.009 1.57, 25.80 16.01 0.012 1.82, 140.58

Cl, confidence interval; OR, odds ratio; abbreviations as in Tables 1 and 2

shaped contraction pattern was related to heart failure
and dilated LV.

We believe that the cause of the U-shaped pattern in
patients with LBBB may be explained as followed:
firstly, RV is activated and contracts prior to the LV in
patients with LBBB, resulting in LV contraction pattern
that spreads from the septum to lateral wall. Such pattern
may exclude the interventricular septum from support-
ing LV function, which leads to the loss of coordinated
global LV systolic function. The uncoordinated LV
systolic motion leads to a decrease of LVEF and
myocardial efficiency. Lastly, the LV begins to enlarge
and remodel. Dilated LV made the myocardial wall
thinner, mechanical motion deformed, the electrical
conductivity and mechanical contraction slower, and the
appearance of the functional block lines. Therefore,
dilated LV and heart failure may have a dominant role in
the formation of the U-shaped pattern.

Furthermore, Auricchio et al.” previously substan-
tiated that the nature of block lines was functional by the
facts that most of their patients had idiopathic car-
diomyopathy and myocardial scar was also excluded by
non-contact mapping. In addition, the line of block
disappeared or the location was changed when asyn-
chronous pacing was applied, which strongly supported
a functional basis. In our study, the site of block line was
concordant with the scar region in only 5 (18%) patients.
However, all these 5 patients had non-ischemic dilated
cardiomyopathy. Therefore, the nature of the block line
may be functional in our study as well.

Clinical Application of Gated SPECT MPI to
Assess LV Contraction Patterns

Our results confirmed and extended previous find-
ings regarding contraction patterns by echocardiography
and CMR.*!"" We used gated SPECT MPI which has

unique advantages because it is widely clinically used,
has high cost-effectiveness and reproducibility, and can
assess both myocardial viability and mechanical dyssyn-
chrony in a single scan. The univariate and multivariate
logistic regression showed that the U-shaped pattern was
an independent predictor of CRT response. Thereafter,
our method has great promise for clinical use for CRT
patient selection.

LIMITATION

In this study, apart from LVMD measured by gated
SPECT MPI, no LV electrical activation parameters
were collected. The LV concordance was defined as the
LV lead position in the latest activating segment, while
myocardial viability of the target segment was not
considered. After CRT implantation, the LV lead posi-
tion was assessed by dual-view fluoroscopy. This study
had a relative small sample size and short follow-up
period performed at a single center. The U-shaped
pattern to predict CRT response must be assessed in the
large randomized multicenter prospective studies.

NEW KNOWLEDGE GAINED

This is the first study of assessing LV contraction
pattern using gated SPECT MPI and evaluating its
influence to the CRT response in patients with LBBB.
Our study demonstrates that the U-shaped contraction
pattern leads to a significantly higher rate of response
than the non-U-shaped pattern.

CONCLUSION

The non-invasive gated SPECT MPI can identify
LV mechanical contraction patterns. The U-shaped
contraction pattern assessed by MPI is significantly
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associated with favorable response of CRT. Assessment
of LV mechanical contraction patterns may provide
incremental value to improve patient selection and
predict the response of CRT.
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