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Abstract

Purpose: The purpose of this study is twofold: 1) to determine the feasibility of optical
coherence tomography (OCT) to differentiate normal and diseased tissue of the neck region
intra-operatively, and 2) to evaluate how accurately a cohort of test subjects can identify various
tissue types when shown a sample set of OCT images.

Methods: In this /n vivo, prospective, single institutional study, an OCT imaging system (Niris,
Imalux, Cleveland, OH) was used to image parathyroid, thyroid, lymph node, and fat tissue in 76
patients during neck surgery. Biopsies were performed for comparison of OCT images to histology
in select cases (n=20). Finally, a group of either surgeons or scientists familiar with OCT (n=17)
were shown a sample of OCT images and asked to identify the tissue.

Results: A total of 437 OCT images were analyzed and characteristic features of each tissue
type were identified. OCT demonstrated distinct differences in structural architecture and signal
intensity that differentiation between thyroid and parathyroid tissues, lymph nodes, and fat. OCT
images were also compared with histology with good correlation. There was no difference in
correctly identifying OCT imaged tissue type between surgeons and scientists.
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Conclusion: This study is the first /7 vivo OCT imaging study to evaluate both normal and
diseased tissues that may be encountered during neck surgery. OCT has the otential to become a
valuable intra-operative tool to differentiate diseased and normal thyroid tissue. intraoperatively to
obtain an “optical biopsy” in real time without fixation, staining, or tissue resection.
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Introduction

During neck surgery, it can be difficult to distinguish between thyroid, parathyroid, fat

and lymph node tissue. Most endocrine surgeons agree that a diagnostic tool to aid in
parathyroid detection intra-operatively would be incredibly beneficial as parathyroid glands
are small and variable in their anatomical locations, rendering them at high risk for
unintentional resection and subsequent hypoparathyroidism [1]. Temporary postoperative
hypoparathyroidism has been shown to occur in 18% of cases and permanent postoperative
hypoparathyroidism occur in 1.9% [2]. Postoperative hypoparathyroidism occurs as a result
of parathyroid removal or ischemia and may be directly related to the surgeon’s capacity to
detect and preserve the glad during the operation. Currently, the identification of parathyroid
glands is particularly challenging and time consuming as they can be commonly confused
with lymph nodes, adipose tissue, or extra-glandular thyroid tissue [1]. While many attempts
have been made to visualize parathyroid glands intra-operatively using scintigraphy [3],
staining agents [4], and fluorescence spectroscopy [5], none have been adopted for routine
intraoperative use.

Optical coherence tomography (OCT) is a high-resolution microscopic imaging modality
that combines a broadband, low-coherent light with interferometry to visualize living

tissue microstructure [6, 7]. OCT works in a similar manner to ultrasound but uses
near-infrared light instead of sound waves to distinguish intrinsic differences in tissue
structures. In general, OCT systems can have an axial resolution of approximately 10pm
with a depth penetration up to 2mm [8]. It generates cross-sectional images with high
resolution, approaching that of light microscopy. OCT also has several medical applications,
especially in ophthalmology [9], dermatology [10], oncology [11], and cardiology [12].
Quantitative analyses of OCT images have been demonstrated in dermatologic cancers such
as melanoma [13], basal cell carcinoma [14], and squamous cell carcinoma [14], as well as
ophthalmologic conditions [15]. In the head and neck, OCT has been used to image various
anatomical regions, such as the tympanic membrane [16, 17], nasal cavity [18-20], oral
cavity [21-23], airway [24-26], pediatric airway [27-29], larynx [8, 30-35], vocal chords
[36-40], and cilia [41]. Most studies utilizing OCT to distinguish between normal thyroid,
parathyroid, lymph node, and adipose tissue have been ex vivo studies [42—-46], with only
one study performed /n vivo [47]. Recently, the first ex vivo study comparing these tissues
in their pathological states was published [48]. However, to date, there are no /n vivo studies
evaluating the full spectrum of tissue types that may be encountered during neck surgery:
from normal and diseased thyroid and parathyroid tissues to fat and lymph nodes.
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Furthermore, the study of OCT imaging in neck surgery is at a critical juncture in translating
from the laboratory to the clinic. Determining whether there are differences in OCT image
interpretation of common neck tissues between scientists and clinicians would be valuable
to enhance its translatable potential. Therefore, the purpose of this study is twofold: 1) to
determine the feasibility of OCT to differentiate normal and diseased tissue of the neck
region intra-operatively, and 2) to evaluate how accurately a group of physicians and OCT
technology development researchers can correctly identify head and neck tissue types from
OCT images alone.

Materials and Methods

Study Design

This is a prospective single-institution /n vivo study that was approved by the institutional
review board. Informed consent was obtained from all patients. OCT imaging was
performed in patients undergoing neck surgery at the University of California Irvine Medical
Center.

OCT System and Imaging

A previously described portable commercial time-domain OCT system (Niris, Imalux
Corporation, Cleveland, Ohio, USA) was used for all images (Fig. 1A) [17]. This OCT
system uses low-coherent broadband, near-infrared light with a central wavelength of
1,310nm to acquire real-time images of 200 x 200 pixels at a maximum frame rate of

0.7 Hz. Images are acquired at a lateral resolution of 25um (diffraction limited) and axial
resolution of 10 to 20um. The lateral scanning range is 1.5 to 2.5mm and the depth scanning
range is 2.2mm. A multi-use flexible probe (2.7mm in diameter, 2M long), containing a
single mode fiber raster scanned by a solenoid across the surface of a grin lens, was used to
acquire images (Fig. 1B).

Imaging was performed intra-operatively. The imaging probe was sterilized prior to each
procedure using either autoclave or the Steris system and covered with a sterile plastic
sheath. After the desired tissue in the neck was surgically exposed, the tip of the sterilized
probe was place in light contact with the tissue of interest. Images of the multiple structures
in the neck were obtained in less than 5 minutes in each subject at a frame rate of 1Hz and
resolution of ~10um with a Imm depth penetration. The OCT system monitor displays real-
time images that allow the surgeon to receive immediate feedback, similar to ultrasound.
None of the information obtained during imaging was used to inform clinical decision
making. Imaging characteristics of each tissue type were identified and summarized (Table
1).

Histopathology

When clinically indicated, intra-operative biopsies of suspected parathyroid tissue and
lymph nodes were also obtained and sent for frozen section and/or permanent histology
(n=20). Specimens sent for permanent histopathology were fixed in 10% buffered formalin,
embedded in paraffin wax and cut at 4 to 5um for hematoxylin and eosin. The slides were
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examined and photographed at magnifications of 100 to 200x, to approximate the field of
view of the OCT system.

OCT and Histopathology Correlation

OCT images of each tissue type were grouped and compared with histological stains of the
respective tissue type. Representative OCT images and histological sections for each tissue
type were then selected based on the shape and size of hallmark structures such as cells,
fat, follicles, nodules, and capsules to ensure comparable features between the two types of
images.

Cohort Analysis

A group of 17 participants, consisting of 10 surgeons and 7 scientists, were included.
Surgeons consisted of residents and attending physicians in either general surgery or
otolaryngology. The scientist cohort included lab research engineers with expertise in OCT
technology but did not have a background in clinical pathology of head and neck organs. We
chose to survey both surgeons and OCT scientists in order to evaluate whether there would
be a substantial difference in image identification between those familiar with the disease
process and those familiar with technology development.

A three-part digital questionnaire was created (SurveyMonkey, San Mateo, California,
USA). Part one consisted purely of OCT images of normal and diseased parathyroid,
thyroid, lymph node and fat tissues without their counterpart histological stains. The correct
answers were presented on the second page, with a short explanation of features and criteria
used to differentiate these tissues. In part two, a short tutorial was presented, showing the
characteristic features of each tissue type (summarized in Table 1). This tutorial was used

to educate participants of the differences in tissue architecture of the thyroid, parathyroid,
lymph node and fat tissues and the diagnostic OCT criteria used to identify each tissue type.
In part three, participants were presented with 32 OCT images and asked to identify whether
the OCT images were normal thyroid, nodular thyroid, thyroid cancer, normal parathyroid,
parathyroid adenoma, lymph node, or fat.

Statistical Analysis

Results

Chi-square was used to determine differences in correctly identifying each tissue type
between scientists and surgeons. P-value <0.05 was considered significant.

A total of 437 OCT images were acquired in 76 patients (male, 40.8%) undergoing thyroid,
parathyroid, or neck dissection operations (Fig. 2). The mean age was 30 years old (range,
15-80 years). There were 69 images of normal thyroid, 41 images of thyroid nodules, and
11 images of thyroid cancer. There were 119 images of normal parathyroid, 34 images of
parathyroid adenoma, 111 images of lymph node tissue, and 28 images of fat taken from 72
patients.
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The first objective of this study was to visually correlate OCT images with histopathology
and to identify diagnostic OCT criteria for the various pathologic diagnoses made using
light microscopy. The different OCT features between the pathological tissue types and the
normal tissues were characterized (Table 1).

A second objective of this study was also to analyze how accurately a cohort of scientists
and surgeons were able to identify tissue types based on OCT images. A total of 32 OCT
images were chosen for analysis. These images were high quality photos that were not used
as part of the figures presented in this article. There were three images of normal thyroid,
thyroid nodule, and thyroid cancer each. There were ten images of normal parathyroid tissue
and nine images of parathyroid adenoma tissue, and two images of both lymph node tissue
and fat (Table 2).

Thyroid Tissue

Distinctive characteristics of normal thyroid tissue in OCT imaging include a thin, high
intensity capsule, and numerous large, lower intensity ovoid follicles in the subcapsular
space (Fig. 3A). Histopathology similarly demonstrated relatively uniform colloid-filled
follicles lined by a single layer of epithelial cells (Fig. 3B).

The architectural changes of benign lesions, such as a multi-nodular goiter, can also be
observed under OCT. These changes include a thickened capsule of high intensity as well as
enlargement of the low intensity thyroid follicles (Fig. 3C). Histology imaging also revealed
a fibrous and calcified capsule containing enlarged thyroid follicles of varying sizes (Fig.
3D).

Cancerous thyroid tissues could also be identified using the OCT images. Distinguishing
features of thyroid cancer cells include a thickened capsule with loss of low intensity
follicles in the subcapsular space (Fig. 3E). Histopathology showed similar absence of
thyroid follicles (Fig. 3F).

Parathyroid Tissue

Parathyroid tissue was found to have characteristic findings on OCT imaging that is readily
distinguishable from thyroid, lymph nodes, and fatty tissue. OCT imaging of normal
parathyroid tissue demonstrates a characteristically thin, high intensity capsule with small
low intensity ovoid fat cells (Fig. 3G). Histology imaging demonstrated nests and cords of
parathyroid cells with intervening stromal fat (Fig. 3H).

Parathyroid adenomas on the other hand appear more homogenous with increased cellularity
of cells and decreased to absent fat cells (Fig. 31). The increased cellularity of cells in

the parathyroid adenomas is characterized by the lack of sharp transitional layer between

the capsule and other layers. The high cellularity and lack of fat cells in the parathyroid
adenoma was correlated in histopathology (Fig. 3J)

Lymph Nodes

Additional OCT imaging was performed in other anatomical structures such as normal
lymph nodes. Similar to normal parathyroid glands and in contrast to normal thyroid tissue,
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lymph node tissues have a homogenous layer of bright scattering intensity that slowly
transitions to regions of lower signal intensity in the subcapsular space on OCT imaging
(Fig. 3K-i). The lymph node capsule is of high signal intensity (Fig. 3K-ii) with an overlying
layer of fat on the external surface (Fig. 3K-iii). The OCT images of normal lymph nodes
were well correlated with histopathology as seen in Figure 3K, L. However, the follicles that
are seen on histological staining are difficult to appreciate on OCT imaging (Fig. 3L-i).

Adipose Tissue

On OCT images, normal adipose tissue demonstrates a typical “honey-comb” like pattern,
consisting of multiple low intensity ovoid pockets with a highly scattering framework

of collagen fibers surrounding the lipid pockets (Fig. 3M). Histopathology demonstrated
empty vacuoles separated by delicate fibrovascular septa producing a similar “honey-comb”
appearance (Fig. 3N).

Cohort Analysis

In the surgeon group, there was a high percent correct in identifying normal thyroid tissue
(80.0%), thyroid nodule (80.0%), and thyroid cancer (100.0%) (Table 2). This trend was also
seen in the scientist group, where correct identification of normal thyroid tissue, thyroid
nodule, and thyroid cancer were 85.7%, 90.5%, and 100.0% respectively. The correct
identification of normal parathyroid, parathyroid adenoma, fat and lymph nodes were 50.0%,
64.4%, 30.0%, and 50.0%, respectively among surgeons. Scientists also scored similarly

in the non-thyroid tissues: 55.7%, 74.6%, 35.7%, and 64.3%, respectively. There were no
differences in correct identification of each tissue type between the scientists and surgeons,
and the differences in scores were due to individual variability (Table 2).

The average correct identification of normal thyroid tissue, thyroid nodule, and thyroid
cancer were 82.4%, 84.3%, and 100.0%, respectively among surgeons and scientists
combined (Figure 4). The correct identification of normal parathyroid, parathyroid adenoma,
fat and lymph nodes were 52.3%, 68.6%, 55.9%, and 32.4% respectively among surgeons
and scientists combined. Overall, there was high accuracy in distinguishing diseased thyroid
tissue from normal thyroid tissue.

Discussion

In this study we used OCT to image thyroid, parathyroid, lymph node, and fat tissue during
thyroid surgery and neck dissections with the goal of identifying the features that would aid
in tissue characterization. We also evaluated how accurately a group of physicians and OCT
technology development researchers could correctly identify tissue types from OCT images
alone. OCT demonstrated adequate image quality and distinct differences in structural
architecture and signal intensity that allowed adequate differentiation between thyroid and
parathyroid tissues, lymph nodes, and fat. When available, OCT images were compared with
histology with good correlation. When participants were asked to identify tissue types based
on OCT images alone, there was high accuracy in distinguishing between normal thyroid
and either nodular or cancerous diseased thyroid tissue. However, participants had difficulty
differentiating parathyroid tissue from lymph node tissue and fat.
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Previous reports have demonstrated that OCT can be used to identify characteristic structural
features for thyroid, parathyroid, lymph node and adipose tissue both ex vivoand in vivo
[42-48]. Pantanowitz et al used high-resolution OCT to differentiate normal thyroid from
pathological processes from the thyroid, and were able to identify changes in the thyroid

in different benign and malignant pathologies [42]. Zhou et al used a combined OCT

and Optical Coherence Microscopy (OCM) system to image benign and malignant thyroid
lesions and identified key elements of each of the different lesions, which were successfully
correlated with histology [43]. In a similar study, McLaughlin et al used OCT to identified
microstructural changes in both benign and metastatic lymph nodes, and were accurately
correlated with histology [11]. In an ex vivo pilot study by Conti de Freitas et al and an

in vivo study by Sommerey et al, characteristic OCT imaging features of each tissue type
(thyroid, parathyroid, lymph nodes, fat) in its normal state were presented, which were
similarly seen in our study (Table 1) [45, 47]. In contrast to prior studies, our study provides
the first /n vivo OCT imaging analysis to identify and evaluate both normal and diseased
thyroid and parathyroid tissue intra-operatively [49]. The possibility of diagnosing tissue
pathology intraoperatively using an OCT device would have widespread applications in neck
operations and would reduce the reliance upon frozen section biopsy of tissues. Only those
lesions suspect for a given pathology will need to be operatively biopsied for confirmation.

OCT imaging was able to demonstrate distinct differences in structural architecture and
signal intensity that allowed us to differentiate between thyroid and parathyroid tissues,
lymph nodes, and fat. Thyroid tissue was clearly seen using OCT. Normal thyroid tissue has
an architecture made up of follicles, round to slightly oval structures lined by a single layer
of cells, with lumens containing colloid. Distinctive characteristics seen in thyroid tissue
under microscopic examination were also seen using OCT (Fig. 3A, B).

Benign lesions such as a multinodular goiter also show architectural changes including
multiple nodules of thyroid follicles of varying size, as well as fibrosis and calcification.
These changes were also seen on OCT as a thickening of the thyroid capsule with
enlargement of the thyroid follicles (Fig. 3C, D). When comparing normal thyroid to thyroid
nodules, normal thyroid tissue was characterized by a thin layer of high intensity capsule
with low intensity follicles, whereas thyroid nodules showed a thicker layer of high intensity
capsule with low intensity follicles (Fig. 3A, C). However, the increase in the capsule
thickness was not always evident or clearly thickened compared to the normal thyroid
tissues. This made it slightly more difficult to correctly distinguish normal thyroid and
thyroid nodules consistently. Finally, OCT imaging of thyroid cancer presented a thick layer
of high intensity capsule with loss of the low intensity follicles in the subcapsular space (Fig.
3E).

Parathyroid tissue was found to have characteristic findings on OCT imaging that is readily
distinguishable from thyroid, lymph nodes, and fatty tissue. Normal parathyroid tissue is
made up of chief cells and oxyphil cells in varying proportions, separated by variable
amounts of stromal fat. On OCT imaging, normal parathyroid tissues were populated by
spots of low signal intensity in the subcapsular region indicative of known fatty deposits.
Parathyroid adenomas can be differentiated from normal parathyroid tissue by evidence of
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decreased fat cells and increased cellularity in the subcapsular space (Fig 3G, I). These are
subtle differences that are difficult to identify consistently and accurately.

In lymph nodes, the most obvious structures are the follicles, generally rounded in
appearance. These follicles are mainly present in the cortical area, which is the outer area
of the lymph node, just below the fibrous capsule. Although the follicular structures in the
outer cortex of lymph nodes can be seen on histology, they are poorly visible on OCT
imaging (Fig. 3K, L). This lack of distinction makes it more difficult to distinguish lymph
node from parathyroid tissues on OCT imaging. Therefore, while normal and diseased
thyroid tissues were more easily differentiated on OCT imaging, it was more difficult to
differentiate between normal parathyroid glands, parathyroid adenomas, and lymph nodes
as all these tissues contain a thin capsule (Fig. 3G—K). Furthermore, when the parathyroid
tissue is compared to adipose tissue (Fig. 3G, M), clear differences are seen. The normal
adipose tissue is made up of lobules of relatively uniform adipocytes, which appear clear
since most of the cell is occupied by a single lipid-filled cytoplasmic vacuole.

Overall, we demonstrated that OCT can be used as a tool to differentiate parathyroid tissue
from fat and other structures during endocrine surgery. The distinguishing OCT imaging
findings of the parathyroid tissue is the vacuolated appearance of the adipocytes within

the capsule. Other key element is the lack or very thin capsule of the parathyroid when
compared to a lymph node, which has a thicker capsule.

When participants were asked to identify tissue types based on OCT images alone, there
was high accuracy of differentiation between normal thyroid and either nodular or cancerous
diseased thyroid tissue. In contrast, participants had difficulty differentiating parathyroid
tissue from lymph node tissue and fat. It is still important to note that although OCT
characteristics can be easily taught, there is still a short learning curve in learning how to
correctly identify the tissue types. The investigator (M.R.) who analyzed the initial OCT
images from the 76 patients noted that the ability to accurately identify parathyroid and
lymph node tissue only began after analyzing about 20 patient cases. This suggests that
experience in looking at OCT images is still an important factor to how accurately an
individual can identify tissues based on OCT images. Overall, OCT imaging device use
and image analysis can be easily taught to educated professionals, and accuracy of tissue
identification increases with experience in looking at OCT images. This suggests that if the
OCT imaging device were approved for use in the clinical setting, it has the potential to be
quickly adopted due to its portability, ease of operation, and ease in image interpretation.
Some basic, not intensive, training is required for use or for interpretation.

When comparing the accuracy of identifying tissue types between the surgeons and
scientists, there was no significant difference. It is important to note that the only
difference between physicians and researchers is that the physicians had a background to
the pathology of the disease. However, the lack of significance between rates of correct
tissue identification between surgeons and scientists suggests that knowing the pathology
of the disease may not be an important factor in reading OCT images. Perhaps correct
identification relies more on pattern recognition rather than medical background. This is
important because this means that once prototypical features of each tissue type can be well
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characterized, they can be easily taught to clinicians or another educated audience who are
new to the technology. A highly specialized medical background is not required for OCT
imaging, and its potential applicability could be expanded to a broader audience to include
general surgeons who are not highly specialized in endocrine surgery. Of note, our survey
groups were relatively few in number and there were unequal subjects in each subgroup,
which may limit the applicability of the accuracy of our results to a broader population.

OCT is a portable imaging modality that uses near-infrared light interferometry to

obtain high-resolution (1-20um) images of the internal microstructure of bio-tissue non-
invasively and non-destructively. With the ability to image in cross-sectional and volumetric
orientations, OCT can provide similar information as histological analysis, such as spatial,
locational, and structural details. Taken together with its non-invasive design, OCT has great
potential to replace biopsies and pathology examination with a real-time “optical biopsy.”

There are some similarities that can be drawn between OCT and ultrasound, a common
imaging modality used for detecting thyroid pathology. Both OCT and ultrasound are
non-invasive devices that produce images of high quality. However, OCT produces images
using a near-infrared light source rather than sound waves used in ultrasound. In addition,
because light waves travel faster (3x108m/s) than sound waves (approximately 1500 m/s),
OCT image resolution (10um) is much higher than that of ultrasound (150um), and therefore
has the potential to differentiate tissue microstructures, not just gross anatomical structures.
In recent years, we have seen a greater use of bedside ultrasounds in the diagnosis of
disease and its assistance in bedside procedures [50]. With adequate improvements in OCT
technology, OCT imaging device adoption into clinical practice may follow a path similar to
that of ultrasound technologies and ultimately become a point of care device available in all
operating rooms.

Importantly, OCT imaging has a limited penetration depth of only 2mm. It evaluates only
the superficial layers of tissues, and in some cases may provide false readings due to
tissue samples being surrounded by adipose tissue. This may cause false identification of
tissue types is the specific tissue of interest is surrounded by a fat layer. In addition, the
resolution of the commercial OCT Imalux system is below that of contemporary research
devices, and therefore, improvements in technology development is still needed for better
image resolution in the portable commercial system. However, OCT is still a very useful
imaging tool in that it provides valuable information about tissue architecture that is useful
in distinguishing various tissue types from one another as shown by this article.

Current standard to identify parathyroid glands intra-operatively is via frozen sections. There
is time delay needed to biopsy, process tissues, embed and stain, and then finally have the
slides read by a pathologist. Additionally, it is tedious and potentially impossible to also
inspect all the surrounding tissues. Non-invasive methods include the float and sink method
or the use of staining agents, both of which can be inaccurate and cause adverse effects.
OCT imaging would augment a surgeon’s capabilities to correctly identify neck structures
intraoperatively with less reliance of biopsying tissues that may cause unnecessary trauma
and sacrifice of part of the tissue of interest. The target users of the OCT imaging device are
endocrine specialists; however, it can also aid general surgeons in rural areas in performing
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thyroid and parathyroid surgery. OCT has the potential to eventually become a point of

care device that can elevate the expertise of general surgeons to a similar level as that of
endocrine specialists in intra-operatively identifying correct tissue types for resection. In
addition, OCT imaging is a portable commercial device that can be easily operated and may
aid physicians who are interested in international medical mission trips to perform thyroid
and parathyroid surgery.

In summary, OCT imaging has the potential to be a valuable intra-operative diagnostic tool
that provides information in real-time. Identifying tissue types in real-time in the OR is

a significant improvement to obtaining biopsies of tissues for histology. Further advances
in improving OCT resolution and quality may allow OCT to become the new standard in
identifying thyroid and parathyroid tissues intraoperatively to obtain an “optical biopsy” in
real-time without resection, fixation, and staining. The adoption of OCT imaging in surgery
may become a significant improvement in the practice of point of care medicine.

Conclusions

This is the first study to systematically use OCT to non-invasively image and differentiate
normal and diseased parathyroid tissue from other neck structures /n vivo. Further advances
in improving OCT resolution, quality, and imaging depth may allow OCT to be used as

an intraoperative tool to correctly identify and differentiate tissue types in real-time and
potentially obviate the need for frozen section confirmation.
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Figure 1.
A) Imalux Niris OCT Imaging System. B) 2.7mm diameter by 5M length flexible probe.
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Figure 2.
Anatomical structures in the neck region.
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Figure 3.
A) OCT image of normal thyroid tissue with the corresponding histology (B). C) OCT

image of multinodular thyroid tissue with enlargement of the thyroid capsule (indicated by
the bracket) and thyroid follicle (indicated by the asterisk). D) Corresponding histology

of multinodular thyroid tissue with a fibrous capsule (indicated by the bracket) and
multiple nodules of thyroid follicles of varying size (indicated by the asterisk). E) OCT
image of thyroid cancer with the corresponding histology (F). G) OCT image of normal
parathyroid tissue with normal fat within the parathyroid tissue (indicated by arrows) and
the corresponding histology (H) with nests and cords of parathyroid cells and intervening
stromal fat (indicated by arrows). 1) OCT image of parathyroid adenoma tissue with the
corresponding histology (J). K) OCT image of normal lymph node tissue demonstrating the
follicles (i) capsule (ii), and fat on the external surface (iii). L) Corresponding histology of
normal lymph node tissue also demonstrated follicles in the cortex, with a pale center and
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a dark rim (i), a fibrous capsule (ii), and surrounding adipose tissue (iii). M) OCT image

of normal adipose tissue with the corresponding histology (N). OCT image scale bar is
represented. Histology images are at 100x magnification.
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Figure 4.
Correct identification of tissue type amongst surgeons and scientists combined.
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Table 1.

OCT optical appearance by tissue type

Tissue

OCT Optical Appearance

Normal Thyroid
Thyroid Nodule
Thyroid Cancer
Normal Parathyroid
Parathyroid Adenoma
Lymph Node

Fat

Thin, high light scattering capsule.
Subcapsular follicle bearing tissue with low signal intensity.

Thick high light scattering capsule.
Subcapsular follicle bearing tissue with low signal intensity.

Thick, highly light scattering capsule.
Subcapsular tissue of low intensity. No follicles.

Thin, highly light scattering capsule
Subcapsular homogenous tissue. Regions of no signal intensity.

Thin, highly light scattering capsule.
Subcapsular homogenous tissue with fewer regions of no signal intensity.

Thin, highly light scattering capsule.
Subcapsular homogenous tissue that fades.

High light scattering honeycomb-like pattern surrounding regions of no signal intensity.
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Table 2.

Correct identification of tissue type between surgeons and scientists

No. correct (%)

OCT Image No. imagesper survey Surgeon n=10 Scientist n=7 p-value
Normal thyroid 3 24 (80.0%) 18 (85.7%)  0.7197
Thyroid nodule 3 24 (80.0%) 19 (90.5%)  0.4448
Thyroid cancer 3 30 (100.0%) 21 (100.0%)  1.0000
Normal parathyroid 10 50 (50.0%) 39 (55.7%)  0.5332
Parathyroid adenoma 9 58 (64.4%) 47 (74.6%)  0.2169
Lymph node 2 6 (30.0%) 5(35.7%)  1.0000
Fat 2 10 (50.0%) 9(64.3%)  0.4953
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