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A B S T R A C T

Background: Lead placement at the latest mechanically activated left ventricle (LV) segments is strongly correlated
with response to cardiac resynchronization therapy (CRT). We demonstrate the feasibility of a cardiac 4DCT
motion correction algorithm (ResyncCT) in estimating LV mechanical activation for guiding lead placement in
CRT.
Methods: Subjects with full cardiac cycle 4DCT images acquired using a wide-detector CT scanner for CRT
planning/upgrade were included. 4DCT images exhibited motion artifact-induced false-dyssynchrony, hindering
LV mechanical activation time estimation. Motion-corrupted images were processed with ResyncCT to yield
motion-corrected images. Time to onset of shortening (TOS) was estimated in each of 72 endocardial segments. A
false-dyssynchrony index (FDI) was used to quantify the extent of motion artifacts in the uncorrected and the
ResyncCT images. After motion correction, the change in classification of LV free-wall segments as optimal target
sites for lead placement was investigated.
Results: Twenty subjects (70.7 � 13.9 years, 6 female) were analyzed. Motion artifacts in the ResyncCT-processed
images were significantly reduced (FDI: 28.9 � 9.3 % vs 47.0 � 6.0 %, p < 0.001). In 10 (50 %) subjects,
ResyncCT motion correction yielded statistically different TOS estimates (p < 0.05). Additionally, 43 % of LV free-
wall segments were reclassified as optimal target sites for lead placement after motion correction.
Conclusions: ResyncCT significantly reduced motion artifacts in wide-detector cardiac 4DCT images, yielded
statistically different time to onset of shortening estimates, and changed the location of optimal target sites for
lead placement. These results highlight the potential utility of ResyncCT motion correction in CRT planning when
using wide-detector 4DCT imaging.
1. Introduction

Cardiac resynchronization therapy (CRT) is an effective treatment for
patients in heart failure and with left ventricular (LV) dyssynchrony.1

However, 30–50 % of patients selected for CRT do not respond to the
treatment.2 Efforts to reduce the non-responder rate through better pa-
tient selection and optimal lead placement, primarily with echocardi-
ography, have had limited success.3–5

Cardiac magnetic resonance (CMR) strain imaging is an excellent
modality for accurately and precisely estimating the timing of LV
ive, La Jolla, CA 92037, USA.
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mechanical activation.6–8 Lead placement at LV sites with the latest
mechanical activation, as determined by CMR, strongly correlates with
CRT response.9–11 Thus, LV mechanical activation is established as an
important parameter for guiding optimal lead placement. However, the
complexity and limited availability of highly skilled CMR centers has
hindered its routine clinical use for CRT planning. Additionally, 28 % of
patients under consideration for CRT already have existing right ven-
tricular pacing systems in place, serving as a contraindication for CMR
imaging in many of these patients.12

Modern four-dimensional x-ray computed tomography (4DCT) has
immense potential for CRT planning. High spatial resolution 3D
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Nomenclature

CRT cardiac resynchronization therapy
LV left ventricle
CMR cardiac magnetic resonance
4DCT four-dimensional computed tomography
TOS time to onset of shortening
UCSD University of California San Diego
FDI false dyssynchrony index
RSCT endocardial regional shortening
LPS lead placement score

A. Manohar et al. Journal of Cardiovascular Computed Tomography 18 (2024) 170–178
volumetric images of the heart can be acquired across the entire cardiac
cycle using routine FDA approved scanning protocols with low radiation
dose.13,14 Previous studies have investigated the use of 4DCT for LV
dyssynchrony assessment and CRT planning. The Rinaldi lab15,16

demonstrated that leads placed at sites determined optimal by cardiac CT
resulted in greater clinical response rates15 and superior acute hemody-
namic responses.16 Truong et al.17 found that leads placed at sites with
maximal wall thickness were associated with fewer major adverse car-
diac events, defined as a composite end point of death, LV assist device,
heart failure hospitalization, and cardiac transplantation. Fyenbo et al.18

reported that myocardial scar burden and proximity of scar to the LV
pacing site were associated with CRT nonresponse.

These previous studies used either dual-source or wide-detector CT
scanners, both having their advantages and disadvantages. Dual-source
scanners offer higher temporal resolution which is beneficial for esti-
mating timing of LV mechanical activation. However, due to their
limited z-axis detector coverage, they can suffer from step-artifacts that
arise during acquisition of the superior-to-inferior extent of the heart
over multiple irregular heartbeats. It was previously reported that out
of 147 subjects recruited for a retrospective CRT study using dual-
source scanners, 37 subjects (25 %) had severe step-artifacts prevent-
ing the precise estimation of LV mechanics.19 Wide-detector scanners
permit single-heartbeat single-table position acquisitions which is
beneficial for imaging patients with arrythmias but have poorer tem-
poral resolution and suffer from gantry-induced motion artifacts.20

These motion artifacts affect the fidelity of edge locations; hence,
impeding the precise measurement of timing of LV mechanical
activation.21

Recent advances in motion correction technology22 have improved
the temporal resolution of 4DCT images.23 This is especially advanta-
geous for wide-detector CT scanners: the enhanced temporal resolution,
combined with the benefits of single-heartbeat and single-table position
acquisitions, makes them promising imaging systems for CRT planning.
Thus, the objective of this study was to demonstrate the feasibility of a
validated cardiac CT motion correction algorithm, called ResyncCT,21,24

on clinically acquired 4DCT images of subjects under consideration for
CRT. Using this cohort, we investigate the effect of ResyncCT on reducing
motion artifacts in the 4DCT images and on estimating LV mechanical
activation times for guiding lead placement in CRT.

2. Methods

2.1. Subjects

Twenty consecutive subjects with 4DCT images acquired for CRT
planning/upgrade were included in this study. The scans were acquired
and read by radiologists at the University of California San Diego (UCSD).
Neither subject enrollment, image acquisition, image reconstruction, nor
clinical diagnosis was modified for this study; the subjects were scanned,
and images read as per routine clinical protocols established at UCSD for
CRT evaluation. This retrospective study was approved by the
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institutional review board at UCSD and adhered to the Declaration of
Helsinki guidelines.

2.2. 4DCT imaging and left ventricle segmentation

All subjects were scanned with a 256-detector row scanner (Revolu-
tion CT, General Electric Healthcare, Chicago, IL) under established
clinical imaging protocols for CRT planning at UCSD. The protocols
included retrospective ECG-gated single-heartbeat full cardiac cycle im-
aging with nomodulation of the x-ray tube current. The 256-detector row
scanner had a z-axis coverage of 16 cm, permitting full heart volume
imaging from a single table position. The gantry revolution time was 280
ms. The scans were acquired with tube voltages of 80 kVp (n ¼ 3), 100
kVP (n ¼ 16), and 120 kVp (n ¼ 1) and a median tube current of 600 mA
(interquartile range 430–720 mA). The images were reconstructed at 70
ms intervals (90� of rotation for a gantry revolution time of 280ms) using
the ‘Standard’ reconstruction kernel of the Revolution CT into 512� 512
x 256 voxels. The median in-plane pixel spacing was 0.47 mm (inter-
quartile range 0.45–0.48 mm) with a slice thickness of 0.625 mm for all
images.

The reconstructed 4DCT images of each subject exhibited motion
artifacts that were dependent on the direction of motion of the endo-
cardial walls with respect to gantry position. These artifacts rotated
synchronously with the orientation of the gantry, giving a false
impression of dyssynchronous contraction.20 The motion corrupted
images are referred to hereafter as the uncorrected images. The uncor-
rected images were processed with a validated cardiac CT motion
correction algorithm called ResyncCT21,24 to yield motion corrected
images. ResyncCT works directly on a series of reconstructed DICOM
images and leverages the power of conjugate pairs of partial angle
reconstruction images for motion estimation and motion compensation.
A version of ResyncCT called SnapShot Freeze 2 (General Electric
Healthcare, Chicago, IL), is FDA approved and currently available on
the Revolution CT (General Electric Healthcare, Chicago, IL) clinical
scanner. The motion corrected images are referred to hereafter as the
ResyncCT images.

For each subject, the LV blood volume was segmented from each time
frame of the uncorrected and the ResyncCT images using a procedure
previously described in detail.25 The volume of the LV for each time
frame was computed by summing the segmented 3D voxels. Meshes
delineating the surface of the LV endocardium were then extracted from
the segmented LV volumes.

2.3. False dyssynchrony index

All scans were acquired with a gantry revolution time of 280 ms.
Individual time frames in the 4DCT image series were reconstructed at
70 ms intervals, with each time frame using ~90� of new projection
views while the remaining views were old views shared with the previous
time frame. This view sharing between consecutive reconstructed time
frames means that only edges parallel to the central acquired views have
their position sampled once, while edges sampled by the newest and
oldest acquired views can be in two possible configurations. As a result,
motion artifacts exist in 4DCT images that are dependent on the direction
of wall motion with respect to the position of the gantry.20,24 These ar-
tifacts lead to erroneous estimates of LVmechanical activation because of
the uncertainty in endocardial wall positions in the images (Fig. 1);
hence, the artifact name “false dyssynchrony”.21 The magnitude of the
false dyssynchrony artifacts were quantified using a false dyssynchrony
index (FDI); the derivation of the FDI is described in detail in the Sup-
plemental Material (Figs. S1, S2).

2.4. LV mechanical activation time: time to onset of shortening (TOS)

LV mechanical activation was estimated as the ‘time to onset of
shortening’ (TOS), computed from high-resolution endocardial regional



Fig. 1. Effect of ResyncCT motion correction on reduction of gantry induced motion artifacts. (a-b) Pronounced “double-wall” motion artifact in an example
subject highlighted by the red ellipse in (a) the uncorrected images. In (b), ResyncCT improves the edge fidelity of the endocardial wall. (c-d) Difference images
between two consecutive systolic time frames highlighting regions of LV wall motion derived from the (c) uncorrected and (d) ResyncCT images in an example subject.
In (c), due to gantry-induced motion artifact, only one pair of LV walls parallel to each other (highlighted by the red arrows) move between the consecutive time
frames. ResyncCT recovers motion of the walls uniformly over all LV regions as shown in (d). (For interpretation of the references to colour in this figure legend, the
reader is referred to the Web version of this article.)
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shortening (RSCT)26,27 data (detailed information on the calculation of
RSCT and TOS from RSCT can be found in the Supplemental Material,
Fig. S3). The LV was divided into 72 endocardial segments: 18 in the
circumferential direction (a segment every 20�) for each of 4 slices from
apex to base along the LV long axis. The TOS was estimated for each of
the 72 LV segments for both the uncorrected and the ResyncCT images
for all subjects. The TOS is an important parameter in CRT planning; lead
placement on the latest mechanically activated segments (highest TOS
values) is strongly correlated with CRT response.10,19,28 Hence, under-
standing the effect of motion correction of 4DCT images on the fidelity of
the TOS estimates is necessary.
2.5. Effect of ResyncCT on optimal lead placement for achieving CRT
response

The previously published ‘Lead Placement Score’ (LPS) model was
used to identify regions for optimal LV lead placement that yield the
highest probability of achieving positive CRT response.19 The LPS model
172
provides a map of scores for all LV free-wall segments. The classification
of LV segments as target sites for lead placement is as follows:

LV segment classification for lead placement¼
8<
:
Poor LPS � �1
Good � 1 < LPS < 1
Best LPS � 1

(1)

Forty-eight of the total 72 LV segments were defined as free-wall
segments. The dependence of LPS values on motion correction was
tested by evaluating the LPS scores for all free-wall segments of all sub-
jects independently from both the uncorrected and the ResyncCT images.
2.6. Statistical analysis

Continuous variables were expressed as their mean with standard
deviation, unless otherwise specified. The FDI and TOS estimates be-
tween the uncorrected and ResyncCT images were tested for statistically
significant differences using the two-sample t-test; a p-value <0.05 was
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considered statistically significant. A reclassification table was used to
examine the change in classifications (as listed in Eq. (1)) of the free-wall
LV segments as target sites for lead placement before and after motion
correction with ResyncCT.

3. Results

3.1. Subject characteristics

Six subjects were female (30 %), and the average age of the cohort
was 70.7 � 13.9 years (median: 75 years; interquartile range: 62–79
years). The average dose length product across the 20 4DCT scans was
362.5 � 94.1 mGy-cm. Fourteen of the 20 subjects had existing pacing
systems, demonstrating the utility of ResyncCT on images with metallic
lead artifacts. Table 1 lists the subject characteristics.
3.2. False dyssynchrony

Fig. 2 highlights the pronounced effect of motion correction with
ResyncCT on the position of the LV walls across the cardiac cycle.
Fig. 2(a) and (b) show data derived from the uncorrected and ResyncCT
images, respectively, in an example subject. The first rows in both
Fig. 2(a) and (b) show central axial CT images from five consecutive
systolic time frames. To highlight differences in the effect of heart wall
motion, the second rows in both Fig. 2(a) and (b) show difference images
between the consecutive time frames. In Fig. 2(a), only those walls
moving perpendicular to the x-ray beam direction were updated between
consecutive frames of the uncorrected images, leading to significant HU
differences, as indicated by the red arrows. In contrast, those moving
parallel to the x-rays were not updated and showed virtually no HU
difference. As a result, pairs of walls were updated every other time frame
in a series of 4DCT images reconstructed at time intervals corresponding
to 90� of gantry rotation. The artifact seen in these images hinders the
precise estimation of LV mechanical activation at various locations of the
endocardial wall. Fig. 2(b) demonstrates the motion field recovered
uniformly over all regions of the LV by ResyncCT. The reduction in false-
dyssynchrony artifacts was quantified by the significantly lower FDI for
the ResyncCT images (28.9 � 9.3 % vs 47.0 � 6.0 %, p < 0.001).
3.3. Effect of ResyncCT on LV mechanical activation: estimates of time to
onset of shortening

Fig. 3(a) and (b) show two example subjects and the effect of
ResyncCT on their TOS estimates. For each subject, the first row shows
bullseye maps of TOS for the 72 LV segments, the second row shows
short-axis slices for three consecutive systolic time frames (t1¼ 70 ms, t2
Table 1
Subject characteristics.

All subjects (n ¼ 20)

Age, years 70.7 � 13.9
Female, n (%) 6 (30)
Heartrate, bpm 69.1 � 10.9
4DCT-derived EF, % 36.3 � 17.8
4DCT-derived EDV, mL 273.8 � 109.4
4DCT-derived ESV, mL 183.9 � 107.3
CTDIvol, mGy 22.6 � 5.9
DLP, mGy-cm 362.5 � 94.1
Effective dose, mSv 5.1 � 1.3
FDI, %

Uncorrected 47.0 � 6.0a

ResyncCT 28.9 � 9.3a

bpm: beats per minute; EF: ejection fraction; EDV: end diastolic vol-
ume; ESV: end systolic volume; CTDIvol: CT dose index; DLP: dose
length product; FDI: false dyssynchrony index.

a Denotes statistically significant differences.
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¼ 140ms, t3¼ 210ms), and the third row shows difference images of the
short-axis slices between the three time frames (t2-t1 and t3-t2). The
figures on the left are derived from the uncorrected images and the fig-
ures on the right are derived from the ResyncCT images for each subject.
Fig. 3(a) shows a subject whose TOS map derived from the uncorrected
images had higher values on the inferoseptal and anterolateral walls
compared with those obtained from the ResyncCT images. Due to gantry-
induced artifacts, the motion of these walls between time frames t2 and
t1 was lost in the uncorrected images (red arrows; bottom left), leading to
artifactually high TOS values representing an incorrect delay in the onset
of contraction. ResyncCT recovered the motion field and improved the
TOS estimates. Similarly, Fig. 3(b) shows a subject whose TOS map
derived from the uncorrected images had higher values on the septum.
Again, due to gantry-induced motion artifacts, the septum did not move
between time frames t2 and t1 (red arrow; bottom left), producing the
higher TOS estimates. As discussed in Sec 3.4, accurate TOS estimates are
a key parameter for classifying LV myocardial tissue as “delayed”.

Fig. 4 shows bullseye maps of the significant differences in TOS es-
timates between the uncorrected and the ResyncCT images over many of
the 72 endocardial segments for all 20 subjects. In 10 (50 %) subjects, the
differences in TOS values were statistically significant (p < 0.05). Fig. 4
also highlights the heterogenous subject-specific differences in the TOS
estimates between the uncorrected and the ResyncCT images implying
that individual motion correction is needed for each scan. The degree of
motion correction achieved depends on the direction of motion of the
endocardial walls with respect to the position of the gantry; thus, the
effect of ResyncCT will vary between scans.

3.4. Effect of ResyncCT on guiding optimal lead placement

The change in classification of the LV free-wall segments before and
after motion correction as either poor, good, or best target sites for lead
placement is shown in Table 2. The rows correspond to the LV segment
classes estimated from the uncorrected images and the columns corre-
spond to those estimated from the ResyncCT images. There was a total of
960 segments, i.e., 20 subjects and 48 free-wall segments per subject.
Ninety-six (10.0 %) segments were downgraded from good to poor target
lead placement sites, and 11 (1.1 %) from best to poor after motion
correction. Additionally, 85 (8.9 %) segments were upgraded from poor
to good target lead placement sites, and 31 (3.2 %) from poor to best after
motion correction. Overall, 43.4 % of all LV free-wall segments were
reclassified after motion correction with ResyncCT.

4. Discussion

The main findings of this study demonstrate the necessity of motion
artifact correction in cardiac 4DCT images acquired using single-source
wide-detector scanners. The effect of a validated motion correction al-
gorithm (ResyncCT) on the estimation of LV mechanical activation,
measured as its ‘time to onset of shortening’, was investigated. This is
especially important because LV lead placement on the latest mechani-
cally activated segments is strongly correlated with CRT response. Mo-
tion correction with ResyncCT21,24 significantly reduced motion artifacts
in the cardiac 4DCT images, leading to significantly different TOS esti-
mates in half the subjects, and reclassification of 43 % of LV free-wall
segments as optimal target sites for lead placement. These results high-
light the potential utility of motion corrected wide-detector cardiac 4DCT
imaging in estimating LV mechanical activation for CRT guidance.

4.1. CRT planning with 4DCT

Significant effort has been made to improve the CRT non-responder
rate with echocardiography.29 However, quantitative results with echo-
cardiography are operator and vendor dependent leading to poor
reproducibility.30 CMR is an excellent modality to identify regions of scar
and late activated LV segments to guide lead placement.9,11 Despite its



Fig. 2. False dyssynchrony and recovery of motion field with ResyncCT in an example subject. Data are presented for (a) the uncorrected images and (b) the
ResyncCT images. For both (a) the uncorrected and (b) the ResyncCT images, the first rows display central axial CT images for five consecutive systolic time frames (t1
through t5), while the second rows show the corresponding difference images between these consecutive time frames. In (a), it is evident from the uncorrected images
that pairs of endocardial walls perpendicular to each other are updated every other time frame (indicated by the red arrows, showing wall positions that have moved
between consecutive time frames). In contrast, ResyncCT recovers a continuous motion field across all LV regions at each time frame, as demonstrated in (b). Also note
the clarity of the right coronary artery in the ResyncCT motion-corrected images across all time frames. HU limits were set to [-100,600] and [-300,300] for the
grayscale and difference images, respectively. LV: left ventricle; RV: right ventricle; RCA: right coronary artery. (For interpretation of the references to colour in this
figure legend, the reader is referred to the Web version of this article.)
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advantages, it is primarily used in a research setting, mainly due to
challenges in imaging patients with non-MRI compatible medical de-
vices. However, both these modalities offer significantly higher temporal
resolution than current 4DCT scanners. Thus, it is imperative to develop
effective technologies to minimize motion artifacts and improve 4DCT
temporal resolution. Previous studies have successfully used CT to esti-
mate LV dyssynchrony and mechanical activation,16,17 correlating these
parameters with clinical outcomes. The use of advanced technologies to
174
enhance 4DCT temporal resolution will further improve the fidelity and
precision of these estimates.

Dual-source CT scanners yield images with higher temporal resolu-
tion (~2x) than their single wide-detector counterparts. While this pre-
sents a significant advantage, the limited z-axis coverage of the current
detectors (~5 cm) on dual-source scanners poses difficulties for obtain-
ing full-heart volume imaging, particularly in patients with irregular
heartbeats and/or arrythmias. The patients must be scanned in helical or



Fig. 3. Effect of ResyncCT motion correction on the estimation of time to onset of shortening (TOS) in two example subjects (a) and (b). For each subject, the
left column shows data from the uncorrected images, and the right column shows data from the ResyncCT images. Within each column for both subjects, the first row
shows bullseye maps of TOS over all 72 segments of the LV, the second row shows short-axis slices for three consecutive systolic time frames, and the last row shows
difference images of the short-axis slices between the three time frames. The bullseye plots are oriented according to the traditional American Heart Association 17-
segment model. Red arrows show regions of the endocardium in which motion is not evident due to false dyssynchrony. (For interpretation of the references to colour
in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. Differences in time to onset of shortening (TOS) estimates between the uncorrected and ResyncCT images for all 20 subjects. Bullseye maps of the
difference in TOS estimates across all 72 LV segments between the uncorrected and the ResyncCT images for all 20 subjects. For each subject, a bullseye map oriented
according to the traditional American Heart Association 17-segment model is shown.

Table 2
Reclassification table for all 960 LV free-wall segments across all 20 subjects before and after motion correction. Each LV segment was classified as either a poor,
good, or best target site for optimal lead placement. The rows correspond to LV segment classifications estimated from the uncorrected images, and the columns
correspond to the classifications estimated from the ResyncCT motion corrected images. Percentages are given in parentheses.

Re-classification of LV segments after ResyncCT motion correction

Poor target site for
lead placement

Good target site
for lead placement

Best target site for
lead placement

Classification of LV segments prior
to motion correction

Poor target site for lead placement 141 (14.7) 85 (8.9) 31 (3.2)
Good target site for lead placement 96 (10.0) 243 (25.3) 136 (14.2)
Best target site for lead placement 11 (1.1) 58 (6.0) 159 (16.7)
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“step and shoot” axial mode over multiple heartbeats which may then
yield step-artifacts, often rendering the images unanalyzable for the
estimation of timing of mechanical events. Wider detector scanners (256-
or 320-detector rows) with effective motion estimation and motion
compensation technologies are better suited for applications that require
single heartbeat imaging.

4.2. Motion correction with ResyncCT

ResyncCT has previously been validated under controlled phantom
experiments,21 the results from which highlight the high accuracy and
precision of ResyncCT-derived TOS estimates of LV wall motion. The
work reported here expands that validation of ResyncCT to clinically
acquired human 4DCT studies in CRT patients. Another important
176
finding from the previous phantom studies was that the accuracy and
precision of the TOS estimates were higher when measured on the con-
stant motion profile of LV wall motion during systole vs. measuring the
peak of pre-stretch; previous studies with tagged MRI used the peak of
the strain curves to characterize mechanical activation delays.7,31,32 For
this reason, the TOS in this study was defined as the time of the cardiac
cycle when the LV endocardium shortened by 10 % during systolic
contraction.

This study and previous work21,24 highlight the heterogenous effect
of gantry-induced motion artifact on the TOS estimates. LV orientation,
heart rate, LV systolic motion profile (velocity and acceleration), and
gantry position with respect to LV wall motion during systole are some of
the factors that make the corrections of ResyncCT specific to each scan. In
some cases, the gantry and relative motion of the wall are aligned; hence,
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motion artifacts in the CT images are not pronounced and ResyncCT will
have minimal effect. This is reflected by the segments in Fig. 4 in which
ResyncCT did not bring about an appreciable change in the TOS esti-
mates. However, it is impossible to predict the interaction of wall motion
with gantry orientation, so ResyncCT is needed in case there are pro-
found motion artifacts. Detailed information on gantry-induced motion
artifacts and their dependence on gantry orientation and wall motion can
be found in Pack et al.24 and Manohar et al.21
4.3. Limitations

While we successfully demonstrated the feasibility of a previously
validated motion correction algorithm, ground-truth values of TOS to
validate the accuracy of the motion-corrected 4DCT-derived estimates
were not available for the CRT patients.

The 4DCT images of all 20 subjects were acquired at a single center
with the same CT scanner. The imaging protocol at the center did not
include any tube-current modulation across the cardiac cycle. While this
was beneficial in estimating TOS values that weren't subject to image
quality differences across the cardiac cycle, future studies could inves-
tigate the effect of tube current modulation and ultra-low-dose scan
protocols on the computed TOS estimates.

Lastly, the retrospective single-center nature of the study, together
with the relatively small number of CRT subjects could affect the
robustness of the reported results. Additionally, while prior work has
established the importance of TOS in predicting CRT outcomes,19 we did
not have clinical outcomes for the subjects used in this study; thus, were
not able to investigate the effect of ResyncCT on CRT outcomes. The
results reported here motivate the use of motion corrected data for future
prospectively recruited multi-center studies with larger cohorts of CRT
patients to investigate the effect of 4DCT and motion correction on
predicting patient responses to CRT.

5. Conclusions

A novel cardiac 4DCT motion correction algorithm called ResyncCT
was shown to significantly reduce motion artifacts on the endocardial
wall in 4DCT images clinically acquired for CRT planning/upgrade.
Timing of LV mechanical activation, a parameter shown to be a strong
predictor of CRT response, was significantly changed after motion
correction with ResyncCT. Additionally, ResyncCT reclassified 43 % of
all free-wall LV segments, determining their suitability as optimal target
sites for LV lead placement.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://do
i.org/10.1016/j.jcct.2024.01.007.
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