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1 | INTRODUCTION

The success of ablation for atrial fibrillation is still suboptimal, with
overall, single-procedure, long-term success rates of radiofrequency

ablation for atrial fibrillation having been estimated to be about
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Abstract

Background: Optical coherence tomography (OCT) has the potential to provide real-
time imaging guidance for atrial fibrillation ablation, with promising results for lesion
monitoring. OCT can also offer high-resolution imaging of tissue composition, but
there is insufficient cardiac OCT data to inform the use of OCT to reveal important
tissue architecture of the human left atrium. Thus, the objective of this study was to
define OCT imaging data throughout the human left atrium, focusing on the
distribution of adipose tissue and fiber orientation as seen from the endocardium.
Methods and Results: Human hearts (n = 7) were acquired for imaging the left atrium
with OCT. A spectral-domain OCT system with 1325 nm center wavelength, 6.5 um
axial resolution, 15 um lateral resolution, and a maximum imaging depth of 2.51 mm
in the air was used. Large-scale OCT image maps of human left atrial tissue were
developed, with adipose thickness and fiber orientation extracted from the imaging
data. OCT imaging showed scattered distributions of adipose tissue around the septal
and pulmonary vein regions, up to a depth of about 0.43 mm from the endocardial
surface. The total volume of adipose tissue detected by OCT over one left atrium
ranged from 1.42 to 28.74mm?>. Limited fiber orientation information primarily
around the pulmonary veins and the septum could be identified.

Conclusion: OCT imaging could provide adjunctive information on the distribution of
subendocardial adipose tissue, particularly around thin areas around the pulmonary
veins and septal regions. Variations in OCT-detected tissue composition could

potentially assist ablation guidance.
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50%.' There exists a need for improving the guidance of ablation
therapy, with remaining challenges including establishing lesion
permanence and identifying optimal ablation targets within the
structural substrate. In recent years, optical coherence tomography

(OCT) has been demonstrated to have the potential to provide
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real-time imaging guidance during ablation through the use of OCT-
integrated catheters. OCT imaging has been able to distinguish
ablation lesions from untreated tissue, as well as identify disruptions
in the myocardium and endocardium indicative of overtreatment.>>
Preliminary in vivo imaging studies have captured OCT images of
endocardial and myocardial features within beating swine hearts.>¢

In addition to tracking lesion formation, however, OCT could
provide valuable information on tissue architecture by high-resolu-
tion imaging of the atrial wall. Various tissue types in the human
heart, including endocardial connective tissues, myocardium, adipose
tissue, and fibrotic tissue have been identified with OCT.”"*° OCT has
been shown to provide detailed imaging of interstitial collagen
patterns within the myocardium.!* However, these studies focused
on small regions of tissue, which provide an incomprehensive view of
the utility of OCT imaging throughout a cardiac chamber. Therefore,
the objective of this study was to provide OCT data throughout the
human left atrium, as imaged from the endocardium, with particular
focus on the distribution of subendocardial adipose tissue and fiber

orientation.

2 | MATERIALS AND METHODS

2.1 | Tissue acquisition

Whole, diseased human hearts (n=7) were acquired under an
approved protocol from the National Disease Research Interchange
for imaging. The inclusion criteria for the protocol was based on the
following diagnoses: end-stage heart failure, cardiomyopathy, cor-
onary heart disease, amyloid, atrial fibrillation, and myocardial
infarction. All specimens were deidentified and considered not
human subjects research, according to the Columbia University
Institutional Review Board Under 45 CFR 46. Donor characteristics
are provided in Table 1. The average age was 63.4 years. One donor
had a history of atrial fibrillation, four had congestive heart failure,
two had a myocardial infarction, and one had valvular heart disease.

2.2 | Imaging protocol

The dissection, imaging, histology, and OCT image stitching protocols
were carried out as described in a prior study,'* but will be briefly
summarized here with any differences noted. The left atrium was
first separated from all other chambers of the human heart. For
dissection, the left atrium was cut in half, separating the right
pulmonary veins from the left pulmonary veins, and each pulmonary
vein was then cut open longitudinally to flatten the tissues. Imaging
of the left atrial appendage was excluded from this study. The tissues
were imaged fresh while submerged in a 10:1 phosphate-buffered
saline solution using the TELESTO | (Thorlabs GmbH, Dachau,
Germany) spectral-domain OCT system, which has an axial resolution
of 6.5 um, lateral resolution of 15 um, imaging depth of 2.51 mm in
air, and a center wavelength of 1325 nm. The OCT-IMM3 immersion-
style sample z-Spacer (Thorlabs GmbH) was used to image the tissues

while they were submerged in a phosphate-buffered saline solution,
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which was done to ensure the tissues remained hydrated throughout
the imaging session. Overlapping, 3D image volumes were obtained
to cover the left atrium endocardium. After imaging, Trichrome
histology was obtained to correlate OCT image features to tissue
composition. Finally, large-scale imaging maps were developed
through manual image registration and stitching. Multiband blending,
and when necessary, gain compensation, were carried out as
described in a prior study.*?

2.3 | Adipose tissue volume and fiber orientation
extraction

Adipose tissue was manually segmented with IMOD?2 in each en face
OCT image. The presence of adipose was determined by a brightly
spotted or “honeycomb” pattern, typically with a background of
decreased intensity than surrounding myocardium. Adipose thickness
was determined by summing the segmented voxels in the axial
direction and converting the summed values to real dimensions
based on the axial resolution. Based on the segmentation in the OCT
images, overall imaged adipose tissue volume was computed for each
left atrium. Additionally, because the septum in particular was found
to contain significant adipose regions, the adipose tissue volume in
only the septum region was computed.

To examine overall fiber orientation trends over large regions,
fiber orientation was demarcated manually based on visual striations
observed within the en face OCT images. While myofiber orientation
in the left atrium changes over depth, and OCT imaging is capable of
providing high-resolution imaging of transmural changes as pre-
viously demonstrated,!? fiber orientation was not observed to
change significantly within the imaging depth of OCT for the majority
of regions in the human left atrium. Therefore, fiber orientation was
identified from a single representative depth.

2.4 | Model registration

Registration of white light and en face OCT images to a 3D left

atrium model was carried out to facilitate the interpretation of image

TABLE 1 Donor information

Heart # Age Sex Cardiovascular disease history
1 77 F CAD, HTN, CHF, AF, PVD

2 70 F CHF, HTN

3 46 F HTN, CAD, Ml

4 67 M MI, HTN, HLD

5 59 F HTN

6 67 M CHF, VHD, HLD

7 58 M CAD, CHF, HTN, HLD

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CHF,
congestive heart failure; F, female; HLD, hyperlipidemia; HTN,
hypertension; M, male; MI, myocardial infarction; PVD, peripheral
vascular disease; VHD, valvular heart disease.
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FIGURE 1 Overview of registration of optical coherence tomography (OCT) image maps to the 3D model

features of dissected tissue with respect to overall left atrial
anatomy. Registration was carried out in the open-source, 3D
computer graphics software Blender. The registration procedure is
depicted in Figure 1. A 3D left atrium model from the Continuity 6
online database, developed by the Cardiac Mechanics Research
Group of the University of California San Diego, was used as a
reference left atrium model.**

White light images were mapped to the model first because
anatomical landmarks used for registration could be more easily
identified in the white light images as opposed to the OCT
images. Knowledge of the location of cuts made during dissection,
as well as anatomical landmarks, such as the pulmonary veins and
left atrial appendage, facilitated the wrapping of the white light
images of the dissected tissues back into a 3D form. The mapping
was carried out using Blender's UV mapping interface, where
white light images were manually registered to the appropriate
faces of the mesh. To provide a smooth visualization, histogram
equalization and illumination correction were carried out for the
white light images of each heart. lllumination correction was
accomplished by converting the white light images from red,
green, blue (RGB) to the hue, saturation, value (HSV) domain.
Within the HSV domain,

calculated as the average of the V channel, was computed over

the overall average illumination,

the entire white light image. Regional illumination was then
computed by Gaussian filtering the V channel with a 200 x 200
kernel and a 100-pixel standard deviation. The regional illumina-
tion was replaced by the uniform, average illumination by

subtracting the Gaussian filtered V channel from the original V

channel and adding the overall average of the original V channel.
The white light images were then registered to the model, and
seams in the texture maps from UV mapping were smoothed in
Blender. The same model was used for all hearts, although slight
adjustments to the size and shape of the model were made to
more appropriately suit each heart.

After the white light images were registered to the model, OCT en
face images could be manually registered to the white light images based
on anatomical landmarks and the shape of the imaged region, and then
subsequently registered to the model with an identical procedure. The en
face OCT images simply replace the texture data of the model in lieu of
the white light images. Similarly, any parameter maps derived from the
OCT images, such as adipose tissue thickness and fiber orientation, could

be registered to the 3D model with the same approach.

3 | RESULTS

Endocardial thickness and composition, distributions of adipose
tissue, and fiber directionality were visible within OCT imaging data
of the human left atria. Endocardial thickness varied over the left
atrium, and varying densities and compositions of connective tissue
within the endocardium could be observed in OCT as different
layers and variations in intensity, as has been described pre-
viously.”** Endocardial thickness was typically thinner near the
septum, which allowed the septal region to be particularly feature-
rich within the imaging depth of OCT. Adipose tissue and fiber

orientation were often visible within the septal region. Notably, the
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FIGURE 2 Structures at the septum, as viewed from the endocardial side of the left atrium, imaged transmurally by optical coherence
tomography (OCT). A, OCT b-scan of the septum primum. B, Corresponding histology to A. C, OCT b-scan at the fossa ovalis. D, Corresponding
histology to C. Scale bars indicate 0.5 mm. e, endocardium, m, myocardium

full thickness of the septum primum could be imaged by OCT in thin
regions, as shown in Figure 2. At the endocardial surface in the OCT
images of Figure 2, a thin, bright layer representing the endocar-

dium is seen, followed by a lower intensity region underneath

representative of the myocardium. Deeper within the tissue, a
higher intensity layer compared to the myocardium is present once
more, representative of the endocardium at the opposing side of

the myocardium.

FIGURE 3 Adipose distributions in human left atrial tissue, as imaged by optical coherence tomography (OCT). A, OCT B-scan (top) and
histology (bottom) of adipose overlying a myocardial sleeve in a pulmonary vein. B, OCT B-scan (top) and histology (bottom) of adipose tissue
from the fibrofatty adventitia. C, OCT B-scan (top) and histology (bottom) of adipose tissue in the septum primum. D, En face OCT image around
the fossa ovalis (top), shown 0.26 mm from the endocardial surface, showing adipose tissue distributed over a wide area. The white dot in the en
face OCT image corresponds to the location of the B-scan shown in F. E, Corresponding adipose thickness map to D. F, OCT B-scan (top) and
histology (bottom) of adipose near the fossa ovalis. The crosses mark the areas of adipose tissue
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3.1 | Adipose features

Adipose tissue is highly recognizable within OCT images with a
distinct “honeycomb” texture that can also become a speckled or
brightly dotted texture if farther from the imaging focus. All
following descriptions of adipose tissue, including their measure-
ments of thickness and volume, pertain to the adipose tissue
imaged by OCT and visible within OCT's imaging depth unless
otherwise specified. Within the OCT imaging data throughout the
human left atrium, adipose tissue could typically be observed in
specific locations, which are summarized in Figure 3. Adipose
tissue was seen in a thin layer underneath the venous media and
above the myocardium within the myocardial sleeves, shown in
Figure 3A, as well as in the fibrofatty adventitia of the pulmonary
veins as seen in Figure 3B. Adipose tissue was also markedly
visible around the septum. Subendocardial adipose tissue could
exist in large pockets that transmurally spanned the atrial wall in
thinner regions of the septum primum, shown in Figure 3C, and
was particularly prominent near regions where a septal pouch®®
could be seen. More generally, subendocardial adipose tissue
could be seen distributed around the septal region in small
pockets of varying sizes, as demonstrated in the en face OCT
image of Figure 3D and corresponding adipose tissue thickness
map of Figure 3E. These adipose pockets were seen to be located
directly underneath the endocardium within OCT, although
histology showed that adipose directly underneath the endocar-
dium could be connected to larger volumes of adipose tissue as
shown in Figure 3F.

The amount of adipose tissue as imaged by OCT was variable
among hearts, particularly around the septum due to a large amount
of adipose tissue potentially observed there. The total thickness and
volume of adipose captured by OCT across left atria is provided in
Table 2. The maximum thickness of adipose tissue, about 0.4 mm, was
typically limited by the imaging depth of OCT. Note that variability in
total adipose tissue volume over the whole heart could depend on
the length of the pulmonary veins that were still intact upon heart
acquisition, which varied from specimen to specimen. However, the
total volume of adipose tissue specifically around the region of the

septum also varied greatly.

TABLE 2 Adipose Measurements

Max thickness, Total volume, Total volume at

Heart# mm mm® septum, mm?
1 0.36 4.82 4.82

2 0.26 201 1.69

3 0.43 9.84 a

4 0.42 18.10 5.69

5 0.38 11.77 7.52

6 0.40 28.74 11.57

7 0.20 1.42 1.26

2The entire septum region could not be appropriately identified in Heart
#3, and thus was excluded.

Representative registrations of adipose tissue thickness map
to the left atrium model are shown in Figure 4. As described
previously, adipose tissue was seen primarily around the septum
and was especially thick near the septal pouch. This region
tended to have the largest continuous areas of adipose tissue and
contributed significantly to the volume of adipose tissue around
the septum. There were also some distributions of adipose
around the pulmonary veins. Adipose tissue more distant from
these two locations was only observed in heart #6, shown in
Figure 4E, which showed significant amounts of adipose tissue
spanning a large distance of the left atrial wall superior to the
left atrial appendage. Correlated histology and OCT b-scans
throughout heart #6 are provided in Figure S2 to provide further
comparisons between OCT and histology. It was noted in heart
#5 that regions of abundant adipose and connective tissue at the
septum were visible from gross inspection of the endocardial
surface and could be imaged in more detail with OCT. This is
shown in Figure 5, where OCT was able to visualize pockets of
adipose, as well as bright patches and striations corresponding to

connective tissue.

3.2 | Fiber orientation features

Representative mappings of fiber orientation, as extracted from
manual measurements to the 3D left atrial model are presented in
Figure 6. A representative example of an OCT en face image
displaying fiber orientation is given in the Figure S3, showing the
striations indicative of fiber orientation. Given OCT's imaging depth,
fiber orientation information could most often be extracted from the
septal region and around the pulmonary veins. Consistent with
findings from gross inspection and DT-MRI, fibers often wrapped
circumferentially around the pulmonary vein ostia.*®'” Within hearts
#5 and #6, fiber orientation wrapping around the right pulmonary
veins with obliquely running fibers between the pulmonary veins and
fiber orientation circumferential to the waist of the left atrium
underneath, as seen on the far right in Figure 6D,E, is also consistent
with observations from DT-MRI data.'®

4 | DISCUSSION

To the authors’ knowledge, this study is the first to present
OCT imaging data throughout the human left atrium on a large
scale. Prior OCT imaging studies in the human heart focused
on small regions of tissue and did not map the distribution of
imaged tissue features throughout an entire cardiac chamber.
Within this study, the distribution of adipose tissue and fiber
orientation throughout the human left atrium, as seen from
imaging from the endocardium, were presented through mapping
of large scale, stitched OCT imaging maps to a human left

atrial model.
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FIGURE 4 Adipose thickness distributions in the human left atria, as extracted from optical coherence tomography (OCT) images and
superimposed on 3D anatomical models. The adipose thickness is shown as a color map, while areas where adipose was not seen instead show
camera images of the left atrial tissue. The models are shown in four views. A, Reference model, showing the location of the pulmonary veins
and left atrial appendage relative to the view. Note that the left atrium is inverted, such that the endocardial surface faces outwards. B, Adipose
thickness distribution from heart #7. C, Adipose thickness distribution from heart #1. D, Adipose thickness distribution from heart #5. E,
Adipose thickness distribution from heart #6. Adipose thickness distributions for hearts #2 and #4 are given in the Figure S1. LAA, left atrial
appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior
pulmonary vein

4.1 | Applications of OCT-integrated catheter This study provides information on the distribution of adipose tissue
imaging to tissue structure characterization and fiber orientation that can be imaged by OCT throughout the human

X left atrium. Imaging of tissue features is limited by the thickness of the
Several studies have demonstrated the development of OCT- . . . . . . .
. K . . endocardium. For this reason, most adipose tissue and fiber orientation
integrated catheters that may be useful for ablation guidance, in o .
. . . . . . . features could be identified around the pulmonary veins and septal
vivo. With OCT's video-rate imaging speeds and high resolution, i . . L L
X o X regions where the tissue thickness is thinner. Distributed pockets of
these studies have focused on the application of using OCT- X . .
. . : . o subendocardial adipose tissue could be observed around the septal
integrated catheters to monitor ablation lesion formation in real- X i . . .
. s61819 . . . . . region of the left atrium. OCT was also able to identify the full thickness
time.”> "7 In addition to imaging lesions, OCT-integrated catheters . o
. . i K i of the septum primum in thin areas.
could simultaneously provide a real-time, high-resolution character- . . . .
Lo L . Based on these results, OCT may provide adjunctive tissue
ization of the left atrial tissue structure. However, there exists a lack . . . . K .
. X X o structure information in the in vivo setting regarding endocardial
of OCT data over the human left atrium to inform this application.
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FIGURE 5 Representative example of significant amounts of interstitial, subendocardial adipose at the septum primum, as imaged by optical
coherence tomography (OCT). A, Camera image of region of interest. B, En face OCT image of the region depicted in the red box in A. C, OCT
b-scan corresponding to the location of the orange line in B. D, Corresponding histology to C

thickness, the presence of adipose tissue directly underneath the
endocardium, and identification of thin-walled regions. Due to the
limited fiber orientation information visible within the imaging depth
of OCT and the difficulty of mapping precisely in a beating heart,
mapping of fiber orientation with OCT may be difficult in an in vivo
setting without further improvements. However, it is possible that
variations in OCT-detected tissue composition at the point of
catheter-tissue contact may have an effect on ablation lesion
formation or electrogram measurements due to differences in tissue
biophysical properties.

4.2 | Exvivo and in vivo OCT imaging

In vivo, OCT-integrated catheter imaging has been carried out in live
swine hearts, demonstrating the ability of OCT to visualize endocardial,
myocardial, and ablated tissue features in blood within beating hearts.>¢
However, imaging of adipose tissue, as shown in this study, has not yet
been imaged in vivo, with prior in vivo OCT imaging studies focusing on
imaging the formation of ablation lesions. It is likely that differences in
image quality will be introduced when translating to an in vivo, catheter-
based design. Imaging resolutions comparable to the resolutions within
this study, however, were achieved in the previously demonstrated OCT-
integrated catheter, which had 15 pm resolution with an imaging speed of

10 frames per second and 4500 A-lines per frame.® Imaging of adipose

tissue with an OCT-integrated catheter in the ex vivo setting is also
provided in Figure S4, demonstrating the visualization of adipose with
catheter-based imaging. In the in vivo setting, the tissue will also be in
contact with a glass cover, similar to the immersion lens used with the
benchtop system of this study. The most significant change will likely be
the mapping mechanism for obtaining a visualization over broad regions
of the human left atrium. In this study, the tissues were flattened, with
overlapping OCT image volumes obtained over the tissues and stitched
together into large image maps. In an in vivo setting, this would be not
possible. One possibility for in vivo substrate characterization with OCT
is to rapidly analyze OCT images obtained at tissue contact for tissue
composition and then register this information with electroanatomic
mapping. Thus, parametric maps representing tissue composition can be
visualized on chamber geometry, similar to the mapping of voltage
measurements during electroanatomic mapping. This approach will
require translation of OCT tissue type classification algorithms”?° to
real-time.

4.3 | Comparison of OCT to other high-resolution
imaging modalities

High resolution, catheter imaging has also been demonstrated with
confocal microscopy in situ in dog hearts, where atrial and ventricular

myocardium, blood flow, and fibrosis were imaged with a lateral



LYE ET AL

WiLEY-L2%

(A)

(B)

(©)

(E)

FIGURE 6 Fiber orientation in the human left atria, as extracted from optical coherence tomography (OCT) images and superimposed on 3D
anatomical models. A, Reference model, showing the location of the pulmonary veins and left atrial appendage relative to the view. Note that
the left atrium is inverted, such that the endocardial surface faces outwards. B, Fiber orientation from heart #7. C, Fiber orientation distribution
from heart #1. D, Fiber orientation distribution from heart #5. E, Fiber orientation distribution from heart #6. Fiber orientation distributions for
hearts #2 and #4 are given in Figure S1. LAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary vein; RIPV,

right inferior pulmonary vein; RSPV, right superior pulmonary vein

resolution of 1.4 um and axial resolution of 9 um. The microprobes
were able to acquire images with 244 by 255pum field of views
and imaging depths of 66 um.2* However, OCT imaging provides
information on a different scale, with a millimeter field of
view compared to the micrometer field of views offered by confocal
microscopy.

In recent years, high-resolution magnetic resonance imaging (MRI)
and computed tomography (CT) imaging modalities have enabled the
acquisition of detailed tissue architecture in the ex vivo setting.
Transmural fiber orientation has been imaged over the whole, fixed
human atria using diffusion tensor MRI with a resolution of
500 x 500 x 1000 um?®, which was reconstructed to 400 um® resolu-

6

tion.?® Imaging of fibrosis, fat and fatty fibrosis in human

left atrial tissue has also been accomplished using saturation recovery

T1 mapping and DIXON MRI imaging with resolutions of
200 x 200 x 1000 um?22 3D gadolinium-enhanced MRI in human right
atrial tissue has imaged interstitial fibrosis and transmural fiber
orientation with 80 um? resolution.?® Contrast-enhancement MRI has
imaged fibrosis and fiber orientation within whole human atria with
180 x 180 x 360 um? resolution.?* Micro CT has also been used to
extract myofiber orientation from human atria at a resolution of
49um®2° and from the whole heart with 73 pm® resolution.?® As
demonstrated in these studies, high-resolution MRI and CT can
provide detailed information throughout the entire cardiac chamber,
particularly on fiber orientation and fibrosis. Compared to these
imaging modalities, OCT offers an adjunctive imaging approach with
increased resolution and the potential for real-time, in vivo imaging

directly from the ablation catheter. OCT is more likely to provide
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real-time information on tissue composition such as adipose tissue and
endocardial thickness, which may enable insights on measurements
obtained at the catheter location. The OCT system utilized within this
study provides an imaging resolution of 15x15x 6.5 ums, and in
general, OCT imaging resolutions may range from about 1 to 15 um.?’

4.4 | Future applications of cardiac OCT

While this study focused on adipose tissue and fiber orientation, it is
also possible for OCT to provide features corresponding to fibrosis,
as has been described in prior OCT studies.®*! Previously, OCT has
also been used to describe myofiber orientation within animal

models, ex vivo, 287

30,34

with some studies incorporating optical
clearing or serial sectioning®” methods to improve imaging
depth. Polarization-sensitive OCT, which provides additional contrast
by measuring changes in the polarization state of light as it passes
through a medium,®® has also been used to provide additional
sensitivity to fiber organization.3%3>3¢ OCT imaging of myofiber
orientation in mouse hearts has been used to describe changes in
fiber organization with respect to cardiomyopathy,®® infarction®* and
aging.3” While it was shown in this study that tissue features could
only be identified by OCT in shallow regions under thin endocardium,
the use of optical clearing or serial sectioning could make it possible
to generate highly detailed, transmural, large scale image maps for
understanding myofiber structure and adipose distributions in the ex
vivo setting. The tissue structure information obtained from OCT
imaging could also be incorporated into tissue-specific models to
further probe the influences of tissue microstructure on electro-

physiological patterns.®’

4.5 | Limitations

This study was carried out ex vivo, and while in vivo imaging with
OCT-integrated catheters has been previously demonstrated,®
further studies and development would be needed to confirm
applicability to clinical use. Additionally, without further processing
of the tissue, OCT is only able to characterize features near the
surface. In this study, adipose tissue thickness measurements only
corresponded to adipose within the imaging depth of OCT. Thus, the
true adipose tissue thickness through the entire atrial wall would be
larger in some areas than measured from OCT imaging. Additionally,
comparisons of OCT to larger, annotated histology maps are needed
to quantify the accuracy of tissue feature maps extracted from OCT.
While the majority of the left atrial tissue was imaged, some regions
at the edges of the dissected tissues were not imaged due to the
manual nature of image acquisition and limitations of the imaging
setup. This left some unimaged areas, especially along the central
dissection line between the left and right pulmonary veins, and
therefore it is possible that the amount of useful OCT image features
over the human left atrium was underestimated. Furthermore, a
single left atrial model was used to approximate the location of
imaged features within human left atrial anatomy. However, the size

and morphology of human hearts differ, and more precise mapping

would require personalized models of the left atria, such as could be
obtained from MRI or CT. Finally, in the future, characterization of
other image features of interest, such as endocardial thickness and
fibrosis could be further investigated and quantified.

5 | CONCLUSION

This study demonstrated the first OCT imaging throughout the
human left atrium with respect to left atrial anatomy and showed
that OCT can provide quantification of adipose tissue and fiber
orientation, particularly near the septal region and pulmonary veins.
The structural information provided by OCT could assist in ablation

guidance, in addition to lesion formation monitoring.
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