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LETTER TO THE EDITOR
An Asymmetric Wall-Thickening Pattern

Predicts Response to Cardiac

Resynchronization Therapy
Cardiac morphology changes in heart failure and
provides information on the state of the heart. We
hypothesized that pre-implant left ventricular (LV)
morphology differs significantly between responders
and nonresponders to cardiac resynchronization
therapy (CRT). To this end, the LV morphology of
50 subjects selected for CRT was studied from
cardiac magnetic resonance by building a statistical
3-dimensional (3D) anatomic atlas.

Fifty consecutive subjects—39 men, 69.3 � 11.2
years of age, 46% with ischemic etiology, and 92%
with left bundle branch block (LBBB)—underwent a
cardiac magnetic resonance anatomic study:
electrocardiogram-gated free-breathing steady-state
free-precession 3D anatomic sequences with nearly
isotropic spatial resolution (median of 0.89 � 0.89 �
1.00 mm) before the CRT implantation procedure
with a lead in a lateral or posterolateral vein as per
standard clinical practice. They were all clinically
assessed at baseline and followed up 6 months after
implantation: LV end-systolic volume change on
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accordingly to the thickness of the myocardial wall.
echocardiography defined CRT response, positive
with a reduction in LV end-systolic volume of >15%
(1). Two patients withdrew; 25 patients were identi-
fied as responders and 23 as nonresponders. This
study was approved by the local National Health
Service (NHS) health research authority (NRES num-
ber 10/H0802/71).

A statistical anatomic atlas was built from the 50
steady-state free-precession datasets involving: 1) a
semiautomatic segmentation of the LV by 2 ob-
servers, reaching a Dice similarity metric with fully
manual approach of 0.74 � 0.05; 2) the automatic
construction of 3D models (2), reporting an average
fitting error of 0.45 mm; 3) generation of the
consensus in each case (i.e., the average model) be-
tween the 2 observers; and 4) the generation of the
statistical model by a principal component analysis of
the 50 shapes after subtraction of the center of mass,
requiring 19 modes to reconstruct shapes with a me-
dian error <0.5 mm (one-third of voxel size).

LV shape changes due to a variety of factors, and
the goal was to identify the LV morphological pattern
that is most associated with CRT response. We thus
found the linear combination of principal component
analysis modes that best differentiated response to
CRT through a linear discriminant analysis. Linear
discriminant analysis performance was evaluated by
cross-validation (1,000 repetitions of a leave-4-out
test), identifying the combination that maximized
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the area under the curve of the receiver-operating
curve, finding an area under the curve of 0.7603 �
0.0162, and a sensitivity and specificity of 77% and
82%, respectively, at the optimal working point. The
visual inspection of the remodeling signature that
was predictive of CRT response (Figure 1) revealed an
angulation of the basal plane in the septolateral di-
rection (relative shorter septal wall and longer lateral
wall in the nonresponder) and an irregular thickening
pattern, whereas responders showed thicker walls in
the lateral and basal regions compared with non-
responders. Results do not suggest to capture the
extreme wall thinning of non-viable ischemic regions
(see �3std thickness map in Figure 1).

The presence of a thicker lateral wall in the
responder suggests a larger workload localized in
this region causing the localized thickening. This is
supported by earlier studies using positron emission
tomography, which demonstrated metabolism was
highest in the lateral wall and lowest in the septum
at baseline in all patients (3). The specific localiza-
tion in the lateral wall is also consistent with in
silico results that showed the imbalance of work
distribution in the presence of a LBBB, where the
lateral wall is the one that produces the largest
work rate (4). We then speculate that, in the pres-
ence of LBBB, the lack of this local remodeling
response (i.e., the LV wall getting thinner and not
thicker) reflects the lack of the myocardial tissue to
cope with the extra work burden. And this impaired
adaptation is a signature that predicts the impaired
capability of the heart to positively respond to the
resynchronization procedure.

In conclusion, a specific morphological signature,
with asymmetric thickness in the pre-implant LV
shape, was found to be an independent predictor of a
favorable remodeling response to CRT. LV shape may
represent a potential new criterion for CRT patient
selection.
David R. Warriner, MD, PhD
Tom Jackson, MBBS
Ernesto Zacur, PhD
Eva Sammut, MD
Paul Sheridan, MD, PhD
David Rod Hose, PhD
Patricia Lawford, PhD
Reza Razavi, MD, PhD
Steve Alexander Niederer, PhD
Christopher Aldo Rinaldi, MD
Pablo Lamata, PhD*

*Department of Biomedical Engineering
St. Thomas Hospital
3rd Floor Lambeth Wing
Westminster Bridge Road
London SE1 7EH
United Kingdom
E-mail: pablo.lamata@kcl.ac.uk
https://doi.org/10.1016/j.jcmg.2018.01.022

Please note: This work was supported by a grant from the Engineering and
Physical Sciences Research Council (EPSRC): Translating biomedical modelling
into the heart of the clinic (R/125661-11-1), the European Commission: VPH-
Share and VP2HF (FP7) projects, Grant agreements n.269978 and 611823. Dr.
Lamata holds a Sir Henry Dale Fellowship jointly funded by the Wellcome Trust
and the Royal Society (grant n.099973/Z/12/Z). This work was additionally
supported by the Wellcome/EPSRC Centre for Medical Engineering at King’s
College London (WT 203148/Z/16/Z). Dr. Rinaldi has received research funding
from Abbott, Medtronic, Livanova, and Boston Scientific. All other authors have
reported that they have no relationships relevant to the contents of this paper to
disclose. The data supporting this research are openly available from FigShare at
https://doi.org/10.6084/m9.figshare.5853948. Drs. Warriner and Jackson
contributed equally to this work and are joint first authors.

R EF E RENCE S

1. Ypenburg C, van Bommel RJ, Borleffs CJ, et al. Long-term prognosis after
cardiac resynchronization therapy is related to the extent of left ventricular
reverse remodeling at midterm follow-up. J Am Coll Cardiol 2009;53:483–90.

2. Lamata P, Sinclair M, Kerfoot E, et al. An automatic service for the person-
alization of ventricular cardiac meshes. J R Soc Interface 2013;11:20131023.

3. Nowak B, Sinha AM, Schaefer WM, et al. Cardiac resynchronization therapy
homogenizes myocardial glucose metabolism and perfusion in dilated car-
diomyopathy and left bundle branch block. J Am Coll Cardiol 2003;41:1523–8.

4. Niederer SA, Lamata P, Plank G, et al. Analyses of the redistribution of work
following cardiac resynchronisation therapy in a patient specific model. PLoS
One 2012;7:e43504.

Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
Delta:2_surname
Delta:2_given name
mailto:pablo.lamata@kcl.ac.uk
https://doi.org/10.1016/j.jcmg.2018.01.022
https://doi.org/10.6084/m9.figshare.5853948
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref1
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref1
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref1
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref2
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref2
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref3
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref3
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref3
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref4
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref4
http://refhub.elsevier.com/S1936-878X(18)30133-5/sref4

	An Asymmetric Wall-Thickening Pattern Predicts Response to Cardiac Resynchronization Therapy
	References


