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Abstract

Background: Near infrared autofluorescence (NIRAF) can guidegaimperative parathyroid
gland (PG) identification. NIRAF detection devidgpically rely on imaging and fiber probe-
based approaches. Imaging modalities provide NIR#uUres on adjacent display monitors,
while fiber probe-based systems measure tissue RIRAd provide real-time quantitative
information to objectively aid PG identification.oBh device types recently gained FDA-
approval for PG identification but have never beempared directly.

Methods: Patients undergoing thyroidectomy and/or paratitigctiomy were prospectively
recruited. Target tissues were intraoperativelyaliged with PDE-Neo Il (imaging-based) and
concurrently assessed with PTeye (fiber probe-as€dr PDE-Neo Il, NIRAF images were
collected fromin situ or excised tissues, alongside the surgeon’s irg&fon of visualized
tissues, and retrospectively analyzed in a blifdstion. The PTeye was concomitantly used to
record NIRAF intensities and ratios from the sarsgues in real-time.

Results: Twenty patients were enrolled for concurrent evadmawith both systems, which
included 33 PGs and 19 non-parathyroid sites. NIRA&ging demonstrated 90.9% sensitivity,
73.7% specificity, and 84.6% accuracy for PG idediion when interpreted in real-time by the
surgeon, as compared to 81.8% sensitivity, 73.786i8pity and 78.8% accuracy where images
were quantitatively analyzed post hoc by an inddpahobserver. In parallel, NIRAF detection
with PTeye yielded 97.0% sensitivity, 84.2% spediji and 92.3% accuracy in real-time for the
same specimens.

Conclusions: Both NIRAF-based systems were beneficial for idgmg PGs intraoperatively.
While NIRAF imaging provides valuable spatial infaation to localize PGs, NIRAF detection

with fiber probe provides real-time quantitativdfoirmation to identify PGs in presence of



ambient room lights.
Keywords: Parathyroid gland, surgical guidance, thyroidegtorparathyroidectomy, near

infrared, autofluorescence, imaging, fiber probe



Introduction

Inadvertent damage to or excision of a healthy thgraid gland (PG) following a total
thyroidectomy could result in transient hypocale@n& 6 months) in 5 — 35% of cases or
permanent hypocalcemia (> 6 months) in up to 7%hefpatients (1, 2). On the other hand,
failed parathyroidectomies can occur in 5 — 10%ca$es due to the inability to identify or
localize the diseased PG (3, 4). As a result, gtensi hyperparathyroidism can occur in these
patients leading to unwarranted repeat surgerggsntlay be associated with increased morbidity
and costs (5, 6). Ultrasound imagingMechnetium-sestamibi scintigraphy, and computed
tomography (CT) have demonstrated variable effidacypreoperative localization of diseased
PGs (7, 8). However, these modalities are unabledalize healthy PGs and may not always
correlate well with the surgical field of view abserved intraoperatively. Consequently, most
surgeons rely on visual identification of healthydiseased PGs, whereby the accuracy of PG
identification is eventually determined by her/biggical skill and experience (9-11). When in
doubt, a surgeon routinely confirms the identityP@ tissue by sending the specimen for frozen
section analysis that typically requires a waitetiof 20 — 30 minutes per sample (12) and has
risk of possible injury to a healthy PG.

The unique discovery of near infrared autofluoresee (NIRAF) in PG tissues
demonstrated that optical modalities that deted®AH can be exploited for non-invasive and
label-free identification of both healthy and diseé PGs with an accuracy as high as 97% (13-
16). As demonstrated by the Vanderbilt group, iswaserved that PGs emit stronger NIRAF
signal than the adjacent thyroid and other sofiugs in the neck. Since then, several research
groups have explored the feasibility of localiziR@s using NIRAF detection with reasonable

success (17-25). Based on the aforementioned sttiti¢ had been applied for PG localization,



optical modalities capable of NIRAF detection cam twoadly categorized as (a) imaging
systems and (b) fiber probe systems. Imaging systernich are non-contact optical modalities,
either tend to be commercially available near mdda(NIR) cameras (19, 21) or modified
prototypes of existing imaging systems (15, 17, 23). These imaging systems typically
illuminate tissues with NIR light at a specific ved@ngth and collect the resultant fluorescence
emitted from tissues with a hand-held camera. Arflacent image is displayed on an adjacent
display monitor and tissues with elevated NIRAF sgen as grey or pseudo-colored images for
intraoperative visualization by the surgediiglre 1). In contrast, fiber probe systems involve
placing a sterile hand-held fiber optic probe imtaat with the tissue to capture tissue NIRAF as
guantitative data. While this approach was higldpsstive in PG identification as evidenced
from earlier studies, the data which are obtainedai ‘spectral’ format cannot be easily
interpreted by surgeons (13, 14, 16). By improvamgthe original lab-built system, a newer
iteration called PTeye (AiBiomed Inc., Santa BashaCA) was recently developed which
provides the surgeon with real-time auditory feetha@pon parathyroid identification along with
a visual bar graph on the device display conskigufe 2). Compared to the lab-built system,
PTeye has also demonstrated a high accuracy fodé@fication with a relatively simpler user-
interface and the ability to function even in thhegence of ambient operating room (OR) lights,
which tends to be a deterrent for most imagingesyst(26, 27).

Since modalities that rely on NIRAF detection fabél-free PG identification having
been successfully validated in several studiesZ8028, 29), FDA approval for this application
was recently granted to Fluobeam, an imaging sysaewh PTeye, a fiber probe-based system, in
2018 (30, 31). Nonetheless, no study has direchgpared the performance between these two

approaches — imaging versus fiber probe — or asddabe value in PG identification by each



modality for the surgeon. The current prospectivedy was designed to compare the
performance between an imaging and fiber probeebapproach in NIRAF detection by using
the PDE-Neo Il imaging system and the PTeye coeatlr for the first time in a preliminary
cohort of 20 patients. This study can help deteemitether both systems are detecting similar
NIRAF phenomena in PG tissues and potentially pl®wialuable insight into the benefits added
by either modality in PG identification/localizatianside the OR.

METHODS

Patient Recruitment.

Eligible patients who underwent thyroidectomy amdfmarathyroidectomy between
December 2018 and January 2019 at the Ohio Stateetdity Comprehensive Cancer Center
were prospectively enrolled. This study was coneldiah agreement with the Declaration of
Helsinki and its amendments, and was approved dyntitutional Review Board (IRB) at Ohio
State University (IRB# 201640045). Written informednsent was obtained from all enrolled
patients prior to surgery. Acquired patient dataewnstored in compliance with the HIPAA
privacy rule. Patients with a diagnosis of renadced secondary hyperparathyroidism were
excluded from the study, as earlier studies hadotstrated irregularities in NIRAF observed
among these patients (16, 26).

Routine preoperative, intraoperative and postoperdte patient assessment.

Patients who underwent parathyroidectomy were medely assessed with ultrasound
and/or *™echnetium-sestamibi nuclear imaging to aid in liadey diseased PGs, including
parathyroid adenomas. Preoperative serum calciuvelsle as well as preoperative,
intraoperative, and immediate postoperative paratiyhormone (PTH) levels were routinely

measured for parathyroidectomy patients, while reeroalcium levels were monitored



preoperatively and postoperatively for thyroidecyopatients. Excised specimens were subject
to standard histopathologic analysis, includinguestype and disease, gross dimensions of the
specimen, presence of parathyroid tissue in theimg®, normocellularity/hypercellularity and

weight of excised parathyroid tissue.

Instrumentation of modalities relying on NIRAF detection

PDE-Neo Il (Hamamatsu, Mitaka USA, Inc., Denver, )Qgilized for imaging in this
study comprises: (i) a hand-held camera, (i) asot: for adjusting image acquisition
parameters, and (iii) a display monitor mountedagportable stand={gure 1). The camera of
PDE-Neo Il emits NIR light at a wavelength of 760 nsing a light emitting diode (LED), with
the device being categorized as a 1-M LED produ¢hite light (true color) and NIRAF
(grey/pseudo-colored green) images are relayetigalisplay monitor for visualization by the
surgeon, as ambient OR lights are switched offrduthe procedure. In comparison, the fiber
probe-based device, PTeyadure 2), comprises of (i) a console that consists of & i@ laser
diode and a detector, (ii) a detachable fiber (pirobe and (iii) a foot-pedal to activate NIRAF
measurements. PTeye is also capable of detectiRg\Nivithout interference from ambient OR
lights as well, due to the internal circuitry dewg for the system. Tissue NIRAF recorded with
PTeye is conveyed to a display panel of the conaslevell as to a loudspeaker for auditory
feedback. The display panel informs the surgeorti)otihe ‘Detection Level’ — absolute tissue
NIRAF intensity and (ii) the ‘Detection Ratio’ —stue NIRAF normalized to the baseline
NIRAF intensity which is translated into a percegy@dikelinood that the tissue is parathyroid up
to 100%. The auditory feedback initiates when tetéction Ratio’ exceeds 1.2 — the threshold
value set for PG identification (26).

Comparative study with concurrent NIRAF detection with PDE-Neo Il and PTeye.



During the surgery, tissue was identified as pdsdilss tissue by the surgeon and laft
situ. Prior to NIRAF image acquisition, the handheldheaa of PDE-Neo Il was wrapped with a
sterile transparent drape and positioned approeim& cm above the surgical field. After the
OR lights were switched off, ambient white lightu@ color) images of the surgical field were
first obtained with the camera followed by the esponding NIRAF (pseudo-colored green)
images Figure 1) as described in an earlier study (32). If the W& removed, the same
procedure was performed for excised tisseesivo prior to these specimens being sent for
routine histopathology. The surgeon’s expert opiroa whether aim situ or excised tissue was
PG or not, was first noted using only ambient whigat visualization and then recorded again
after the surgeon’s real-time interpretation of #equired NIRAF images. The surgeon’s
confidence in identifying PG(s) before and afteagimg was semi-quantitatively denoted as the
‘parathyroid identification confidence score,” me@l on a scale of 1 (very low) to 5 (very
high). If tissue sites were identified with low d¢woence score (2 or lower) and there was no
corresponding histology available, NIRAF measuretsiéor those sites were excluded from the
study.

After image acquisition with PDE-Neo I, the surgeepeated NIRAF assessments of
the same tissue sites using PTeye with the ORSsligithaining on. As the surgeon places the
sterile fiber probe of PTeye on the tissue andga®she foot-pedal, tissue NIRAF intensity is
then displayed in real-time on the device consadeldy. During measurements with PTeye, it
must be noted that the surgeon first establisngiR&AF baseline for each patient by obtaining
five successive NIRAF measurements on the patiehysoid (or neck muscle, if thyroid was
absent), following which subsequent measurementBetection Level’ and ‘Detection Ratio’

are recorded. Examples of a ‘positive’ and ‘negdtimeasurement for PG as indicated on the



PTeye display are representedFigure 2B and 2C, respectively. All PGs evaluated in this
study were surgically exposed with adequate digsegtrior to NIRAF detection with PDE-Neo
Il (imaging-based) or PTeye (fiber probe-based).
Data Analysis

For quantitative analysis, NIRAF images acquirethidDE-Neo Il were retrospectively
analyzed using the Image J software (National titss of Health, Bethesda, MD) by an
independent, blinded and untrained observer. NIRAénsity from at least 3 regions of equal
dimensions within areas of maximum fluorescenceaylipeist region) in the image was averaged
and normalized to the background noise in ordeyetrerate NIRAF-to-background ratio (NBR)
for each image. Fan situ images of potential PGs, background noise wastdigahfrom areas
of adjacent soft tissues e.g. thyroid. In contrashen excised tissues were imaged, the
background noise was measured from areas of the-tiesue background’ due to lack of
adjacent soft tissues in the image. Continuousalkles such as NBRs for PDE-Neo Il and
Detection Ratios (as described earlier) for PTeyerewthen averaged accordingly for
concurrently assessed PG tissues and non-PG tiaedagported as mean + standard error with
the inter-quartile range (IQR). Differences in theseasured ratios were analyzed using the 2-
tailed t-test for unequal variance. A pairédest was utilized for assessing the change in
parathyroid identification confidence score frone surgeon before and after NIRAF imaging.
For these analyses, a p-value lower than 0.05 wasidered statistically significant. Detection
rate for each system was determined by correldtiegqiumber of tissues deemed PG positive by
the system (Threshold: NBR > 1.10 for PDE-Neo R)(Detection Ratio > 1.2 for PTeye (26,
27)) with the number of PG tissues confirmed usiigiology for excised or biopsied PGs, or

visual inspection by participant surgeons for situ PGs (assessed with a parathyroid



identification confidence score > 2).
RESULTS
Patient Demographics

Twenty patients assessed concurrently with bothA¥RIetection-based systems were
enrolled for this study, which consisted of 16 woni@0%) and 4 men (20%). Clinicopathologic
features are summarized @Table 1 The median age was 59 years [IQR: 41.5-64.5 years
while the median body mass index was 27.8 kdI®R: 24.5-34.1 kg/Aj. Surgical procedures
included 6 total thyroidectomies (with or withowntral neck dissection), 3 thyroid lobectomies,
1 completion thyroidectomy, 1 completion centralckedissection (with previous total
thyroidectomy), 1 combined total thyroidectomy-ghyaocidectomy and 8 parathyroidectomies.
All 9 patients who underwent parathyroidectomy pegbperative ultrasound performed, while 4
patients underwent preoperatiV8technetium-sestamibi nuclear imaging. Ultrasound wafale
to preoperatively visualize diseased PG(s) in 8afl@ patients (88.9%), whil@ technetium-
sestamibi imaging could localize hyper-functioni@(s) in 3 out of 4 patients (75.0%). A total
of 12 PGs were excised for histological analysimmprag which 2 glands were normocellular
while 10 glands were hypercellular. Among the twaeiged normocellular PGs, one gland was
found in conjunction with thymic tissue making ppear larger than its true size and was
presumed as ‘diseased’ by the surgeon, while ther giand was found associated with adjacent
medullary thyroid cancer in a thyroidectomy patient
Device Performance of NIRAF-based modalities

Concurrent assessment with PDE-Neo Il and PTeye peaformed on 33 PGs (23
healthy and 10 diseased PGs) and 19 non-parathgitad (thyroid, mediastinal soft tissues,

lymph nodes, yellow and brown fat) eithersitu or ex vivo for the enrolled patients. Surgical



field of view as displayed on the device monitorewtvisualized using PDE-Neo Il with ambient
white light has been depicted kigure 3 (A, C, E, G, I)and subsequently with corresponding
NIR illumination inFigure 3 (B, D, F, H, J) PG tissues were observed to have stronger NIRAF
intensity than that of the non-parathyroid sitesewlisubjectively interpreted in real-time by the
surgeon in the OR, as well as when the acquiredARIRnages were retrospectively and
guantitatively analyzed by an independent untraoteskrver. Quantitative analysis revealed that
the mean NBR of PGs (n = 33) measured 1.24 + 0QR:(1.12 — 1.31), while the mean NBR of
non-parathyroid sites (n = 19) measured signifigaotver at 1.12 + 0.04 (IQR: 1.00 — 1.16; p-
value = 0.013). Mean NBR from diseased PGs meagigedicantly higher than that of healthy
PGs (1.38 £ 0.07 vs. 1.17 = 0.02; p-value = 0.0Ban NBR for all PGs imaged also measured
higherex vivo than NBRin situ (1.41 £ 0.08 vs. 1.17 + 0.02; p-value = 0.010).

Unlike PDE-Neo II, quantitative parameters, suchastection Ratio’, were output in
real-time with PTeye, as displayedHigure 2. In agreement with results of imaging approach,
the mean Detection Ratio with PTeye was also cenaidy higher for PGs at 3.55 + 0.27 (IQR:
2.06 — 4.07) compared to non-parathyroid tissuasrtieasured 1.33 £ 0.52 (IQR: 0.38 — 0.95; p-
value = 0.0007). However, in contrast with PDE-Nlemo significant difference was observed
between Detection Ratios of diseased and healthy BG4.06 + 0.53 and 3.26 + 0.29
respectively (p-value = 0.20). Similarly, no noblifference in Detection Ratios was observed
betweenrex vivo andin situ measurements for PG specimens: 3.97 + 0.60 vs 30347 (p-value
= 0.35). A comparative overview of quantitative graeters such as NBRs and Detection Ratio
between both the systems is provided able 1

In terms of device performance for PG identificatid®DE-Neo Il provided 90.9%

sensitivity, 73.7% specificity and 84.6% overaltaacy [able 2) when based on the surgeon’s



real-time interpretation of NIRAF images. The séwiy of imaging in detecting NIRAF from
PGs was further reflected with a significant insean the surgeon’s mean parathyroid
identification confidence score. Upon using justbéent white light, the surgeon’s confidence
score stood at 3.91 + 0.09, while significantly nayng to 4.17 + 0.02 after imaging (+0.26, p-
value = 0.006). With retrospective quantificatidntlte same NIRAF images analyzed post hoc
by an independent observer, PDE-Neo Il demonst@&iePbo sensitivity, 73.7% specificity, and
78.8% overall accuracy in PG identification. In qmarison to imaging, NIRAF detection with
PTeye vyielded 97.0% sensitivity, 84.2% specificapd 92.3% overall accuracy in PG
identification on the basis of real-time output@étection Ratios. Of the 12 PG specimens (10
diseased and 2 healthy) that were resected andiatedi with histology, PG detection rate was
91.7% for PDE-Neo Il (11/12 PGs) based on surgemgdttime interpretation and 75.0% (9/12
PGs) with post hoc analysis of NIRAF images, vers08% for PTeye (12/12 PGs based on
device output). More importantly, real-time intexfation with PDE-Neo Il as well as PTeye
aided in intraoperative identification of diseas®@s that were not preoperatively localized in
11.1% of patients who had an ultrasound (1/9 pt)jesnd 25.0% of patients who underwent
9Mechnetium-sestamibi scans (1/4 patients).

DISCUSSION

The discovery of NIRAF of PGs at Vanderbilt Univigrshas led to a surge of studies that
exploited this unique property of PG tissues usirgglalities capable of NIRAF detection. The
popularity of this method is a result of its lalfrde nature, thereby overcoming the limitations of
intraoperative imaging typically associated withthhygene blue, indocyanine green (ICG), or
intraoperative scintigraphy, all of which requirentrast agent injection (33-35). As the etiology

behind NIRAF in PG tissues is still being investegh (36, 37), the majority of studies have



relied on detection of NIRAF for intraoperative Ré&ntification via imaging systems, while
only studies from the Vanderbilt group have utilizée fiber probe-based approach of NIRAF
detection for the same application. The lone stindy included both imaging and fiber probe-
based methods of NIRAF detection did not compaeetto approaches concurrently, while
using a non-commercially available NIRAF imagingsteyn (modified from a Karl Storz
camera) in 9 patients (27). The current study ésfitst one to report on the direct comparison
between the imaging (non-contact based) and fib@vep(contact-based) approaches in NIRAF
detection, which was performed concurrently inregle cohort of patients for intraoperative PG
identification. PDE-Neo 1l (Hamamatsu) and PTeyevasg as the representative devices for
imaging and fiber probe-based systems respectiveljere both these modalities are
commercially available and rely on NIRAF detectfoom PG tissues.

Based on our results, NIRAF of PG tissues were idersbly higher than other soft
tissues of the neck, including the thyroid glanthew tested with either NIRAF detection-based
modalities, in agreement with earlier study obseowa (16, 17, 19, 21, 26, 32). Upon assessing
the device performance in this small cohort of g, NIRAF detection with the fiber probe-
based device demonstrated a higher accuracy o#®R 3G identification as compared to 78.8
— 84.6% vyielded by the imaging-based approdd@ble 2). Better sensitivity in identifying PGs
with PTeye (97.0%) could be due to the fact that fiber probe is in direct contact with the
tissue whereas the camera of the PDE-Neo Il ic#yfyi held at a distance of 5 cm from the
surgical field, akin to other imaging system carsef@8). However, since the fiber probe of
PTeye requires tissue conta€tqure 2D, 2E), the modality requires the probe to be sterilerpr
to use in each patient. On the other hand, whikging systems does not require tissue contact,

the camera still requires a transparent sterileidradrape Figure 1B), as contemporary NIR



cameras cannot capture sensitive images beyondtande of 45 cm (18 inches) from the
surgical field, which is the recommended ‘steribme’ in an OR (39).

While comparing the performance between imagingfdyed probe-based approaches in
NIRAF detection, it is also worth noting that diféat excitation wavelengths were used by each
modality — 760 nm for PDE-Neo Il and 785 nm for R&eWhile the difference in excitation
wavelengths is ostensibly small, this differenceymmdiluence intensity of NIRAF emitted by PG
tissues. Illluminating the target fluorophore (isstie) at an excitation wavelength more closely
matched to its peak absorption wavelength couldltr@s fluorescence at a greater intensity. It is
currently not clear to what extent the differengegxcitation wavelength between PDE-Neo I
and PTeye may have impacted the performance o thesdevices in detecting NIRAF emitted
from the assessed PG tissues. Nonetheless, deiregrttie optimal excitation wavelength for PG
localization/identification needs to be consideaad explored further in later iterations of these
devices.

A somewhat surprising finding in our study was tha accuracy of imaging in PG
identification was higher when NIRAF images wereeipreted in real-time by an expert surgeon
(>10 years of experience) as compared to whendhe smages were quantitatively analyzed
post hoc by an independent blinded and untrainsdrebr. Several factors may have contributed
to this unexpected finding. Primarily, the surgesnable to move the camera during the
procedure to image an area of interest from shgtifferent angles, which provides a better
three-dimensional view rather than a single twoatisional image as analyzed retrospectively
by the independent observer. Secondly, NIRAF imagegewed by surgeon on the monitor (for
which the imaging system is optimized) may be dfetter quality than the saved images that

were retrospectively analyzed. Finally, NIRAF imagssessment (FiguréC, 3F can be



subjective and may be misinterpreted without sigfit surgical training or experience.
Therefore, PG identification with intraoperativeF imaging may also partially depend on
the surgeon’s expertise compared to an indepeng@mdined evaluator. While the imaging-
based approach lacks real-time quantitative inftionaor an identification threshold for
confirming PGs, this limitation has been offsethe fiber probe-based modality, where PTeye
provides a NIRAF-related ‘Detection Level’ and ‘Betion Ratio’ instantly for the end-user.
Nonetheless, the comparative benefit from an inggiersus fiber probe-based approach for
intraoperative PG identification needs to evenjudle validated in larger cohorts and for
surgeons with nominal experience.

Differences in how tissue NIRAF is normalized fdbE:Neo Il (imaging) and PTeye
(fiber probe) could also affect data interpretation each system. For post hoc quantitative
analysis with imaging systems, tissue NIRAF is ¢g@lly normalized to background
autofluorescence to generate NIRAF-to-backgroutid &BR). This mode of normalization
may have its limitations, as background autofluceese can fluctuate significantly across
different anatomical sites as well as betweestu andex vivo locations. It should be reiterated
here thatin situ background autofluorescence from thyroid and o#wdt-tissues in the neck
would be higher when compared to that in @nvivo setting. Therefore, it would be
understandable as to why PGs imagedsitu yielded considerably lower NBRs than those
imagedex vivo as observed in our study, which was also in agee¢mwith the findings of
Squireset al. (32) It might also explain as to why NBRs quandfitom diseased PGs were
considerably higher than that from healthy PGsmagority of the diseased glands (7/10 PGs)
were imageax vivo in this study, in contrast to healthy PGs thatenaways visualizeth situ.

This trend was however not observed with PTeyeesiissue NIRAF was normalized instead to



a steady parameter — the baseline thyroid NIRAR¢chvdoes not fluctuate, unlike background
autofluorescence that varies across different inmdields. Consequently, there was no
significant difference observed with PTeye in thetdation Ratio between (i) diseased and
healthy PGs or (ii)n situ andex vivo PGs. Furthermore, it should be duly consideretttbsue
NIRAF normalization to a steady baseline parametgch as thyroid NIRAF would be reliable
only if NIRAF intensities of the ‘target tissue’ &fbackground thyroid’ were measured from the
same distance by the device detectors, namelyilibe grobe for PTeye or handheld camera for
PDE-Neo II. Since PTeye is a contact-based apprdbehdistance between the fiber probe and
the target tissue/thyroid is always zero and thagssconstant, due to which tissue NIRAF can
be reliably normalized to thyroid NIRAF, which theerves as a steady baseline parameter. In
contrast, this mode of normalization may not beliapple for imaging with PDE-Neo I, as it
becomes challenging for a surgeon to ensure tleatdévice camera is consistently held at the
exact same distance for tissues being imaged ainadls in an OR setting. Since NIRAF
intensity can fluctuate significantly between imgsgeaue to variable distance between the
handheld camera and tissues, it may not be acctoatermalize tissue NIRAF from a ‘target
tissue’ to that of the thyroid gland, either of aihimay have been imaged at different distances
from the camera. Therefore, it would be more pecattio normalize tissue NIRAF to the
background fluorescence measured in the same intege to thyroid NIRAF from another
image, when using an imaging-based approach asRuif-Neo Il.

Both approaches of NIRAF detection — based on intagnd fiber probe — are equipped
with a distinct set of salient features as provided@able 3. Due to lack of spatial information
provided with PTeye, the surgeon needs to firstialige the ‘suspect PG’ tissue beforehand

prior to confirmation with the device. In compamsamaging systems such as PDE-Neo Il and



other equivalent instruments are capable of widktimaging for NIRAF detection, which can
be extremely valuable for spatially localizing P@ging head and neck surgeries. As a result,
certain studies have explored the feasibility fmapping’ PGs during operative surgeries with
reasonable success, even being able to visualRARNDf PGs below layers of fibrofatty tissue
by using a custom-built imaging system (22, 24, 26). However, the ability to localize
‘missing’ or ‘hidden’ PGs using NIRAF detection hast been reported with consistent success
across different groups. For instance, DiMagtal. found that the commercial imaging system
employed for NIRAF detection in their study failedfind the ‘missing’ PGs that could not be
localized by the operating surgeon (37). Similadiings were also observed with our current
study where PGs in Patient 6 could not be visudliegher by the surgeon or both NIRAF
detection-based modalities. Disparities in theiowa studies, including our current findings,
may be due to differences in the NIRAF detectiaeghold of the cameras utilized across these
studies. Since NIR wavelengths can typically petetonly a few millimeters of tissue, the
ability to localize missing PGs will highly depend the camera sensitivity, the NIR irradiance
employed, and optical properties of the tissues tivarlie the hidden PGs. Therefore, while
commercially available imaging systems might beitkoh currently in being able to localize
missing or hidden PGs, the preliminary results ahket al. are promising and indicate that
specific iterations to imaging systems may evehtaisure NIRAF-based spatial mapping even
for hidden PGs (22, 24, 40).

Since imaging with PDE-Neo Il does not involve tissontact, NIRAF detection of PG
becomes problematic with increasing distance betvilee camera and the location of PG. As a
result, localization of deep-seated PGs or ectéffis may require more extensive surgical

dissection or wider incisions in the neck to obigimal NIRAF images with the camera. These



issues with imaging can be further compounded wdikar strong sources of NIRAF — surgical
kittner, surgical drape, adjacent parathyroid —m@esent in the surgical field of view, as it can
obscure NIRAF of the main target PG. These linotaiare minimized with PTeye, as the hand-
held fiber probe can be conveniently positionedhe target site, irrespective of PG location
or extraneous sources of NIRAF in the surgicabifiel

With regard to incorporating NIRAF detection apmioaes during surgical procedures, it
must be noted that OR lights must be off prior $e of most imaging systems, as these tend to
interfere with NIRAF detection in the surgical fielpotentially disrupting conventional surgical
work-flow (15, 27). On the contrary, the systemigesf PTeye ensures that the device can
measure tissue NIRAF even in the presence of ORslignaking it a relatively easier modality
to implement in a manner similar to other contsaddal modalities, such as nerve monitoring
devices, already being used in head and neck opesai4l). Considering device compatibility
with OR lights, a newer generation imaging systeailed Fluobeam LX was recently
showcased, where the device is described as béiieg ta detect tissue NIRAF without
interference from OR lights (42). In terms of devidtility for intraoperative surgical guidance,
the performance of PTeye has been validated onmlyatmel-free parathyroid identification till
date (26, 27), and its scope for other applicatiemains to be explored. On the other hand,
imaging systems such as PDE-Neo Il have succegdfiginonstrated feasibility for various
applications besides parathyroid localization, swah tissue angiography, tumor margin
demarcation, and lymph node mapping (38).

Although promising results were obtained with batmaging and fiber probe-based
approaches for NIRAF detection in our study, theselalities should currently serve as adjuncts

for label-free intraoperative PG identification.r§gal skill and expertise should still remain



pivotal for localizing, identifying and eventualpreserving PGs. At present, modalities capable
of detecting NIRAF for intraoperative PG identificen would probably be more beneficial for
(i) surgeons with nominal experience or traininghiead and neck operations (9, 10, 43), (ii)
patients with multi-gland parathyroid disease oeramt-ectopic PGs (11), (iii) re-operative
surgeries with distorted anatomy (44), and (iv)geues for malignant thyroid disease (45). A
prime advantage gained in these scenarios woutivievdentifying PGs missed by preoperative
localization with ultrasound 6P™echnetium-sestamibi scans — as demonstrated withesults

— thereby minimizing frozen biopsies sent for P@Gftmation leading to potential reduction in
OR procedure time and associated costs. Certailiesthave investigated the impact of NIRAF
detection-based imaging on patient outcomes inotdyand parathyroid surgeries by using
different commercial systems such as Fluobeam &18-IReo Il with variable results (20, 32,
37, 46), while outcome studies using fiber probsellaapproaches i.e. PTeye are currently
underway. However, there is a further need to conthrger, long-term outcome studies that
would evaluate the cost-benefit ratio associatet thie use of modalities that can detect NIRAF
to minimize postsurgical morbidity and unnecessayenses.

Conclusions

Two different optical modalities based on NIRAF e#ion were found to potentially serve as
valuable tools for sensitively identifying healtagd diseased PGs intraoperatively, and could be
of substantial benefit in ensuring optimal patientcomes following thyroid and parathyroid
surgeries. Imaging based on NIRAF detection cadeg®Gs localization in relation to adjacent
anatomic structures by providing valuable spatibrimation. In parallel, fiber probe-based
NIRAF detection can successfully provide real-tiqgantitative information that can aid in

objectively confirming PG tissue in real-time, evempresence of ambient OR lights.



Acknowledgments

We would like to thank the OR staff for their assise in data collection.



References

1.

Antakia R, Edafe O, Uttley L, Balasubramanian ERectiveness of Preventative and
Other Surgical Measures on Hypocalcemia FollowintatBral Thyroid Surgery: A
Systematic Review and Meta-Analysis. Thyroid. 2@5495-106.

Edafe O, Antakia R, Laskar N, et al. Systematidew and meta-analysis of predictors of
post-thyroidectomy hypocalcaemia. The British jalmof surgery. 2014 Mar;101(4):307-
20.

Simental A, Ferris RL. Reoperative Parathyrdidery. Otolaryngologic Clinics of North
America. 2008 2008/12/01/;41(6):1269-74.

Cron DC, Kapeles SR, Andraska EA, et al. Predictof operative failure in
parathyroidectomy for primary hyperparathyroidishhe American Journal of Surgery.
2017;214:509-14.

Doherty GM, Weber B, Norton JA. Cost of unsusb@s surgery for primary
hyperparathyroidism. Surgery. 1994;116(6):954-8.

Wachtel H, Cerullo |, Bartlett EK, et al. What€ We Learn from Intraoperative
Parathyroid Hormone Levels that Do Not Drop Appratgly? Annals of Surgical
Oncology. 2015 June 01;22(6):1781-8.

Mohebati A, Shaha AR. Imaging techniques in {mgraid surgery for primary
hyperparathyroidism. American Journal of Otolaryingy. 2012 12/07;33(4):457-68.
Ahuja AT, Wong KT, Ching ASC, et al. Imaging fprimary hyperparathyroidism —

what beginners should know. Clinical Radiology. 200//;59(11):967-76.



10.

11.

12.

13.

14.

15.

16.

17.

Sosa JA, Bowman HM, Tielsch JM, et al. The Intgmoce of Surgeon Experience for
Clinical and Economic Outcomes From Thyroidectomfnnals of Surgery.
1998;228(3):320-30.

Sosa JA, Powe NR, Levine MA, et al. ThreshéddsSurgery and Surgical Outcomes for
Patients with Primary Hyperparathyroidism: A Naabisurvey of Endocrine Surgeons.
The Journal of Clinical Endocrinology & Metabolist998;83(8):2658-65.

Chen H, Wang TS, Yen TWF, et al. Operative Ufa8 After Parathyroidectomy for
Hyperparathyroidism: The Influence of Surgical Mok, Annals of Surgery.
2010;252(4):691-5.

Novis DA, Zarbo RJ. Interinstitutional compansof frozen section turnaround time.
Archives of pathology & laboratory medicine. 1997116):559.

Paras C, Keller M, White L, et al. Near-infrdirautofluorescence for the detection of
parathyroid glands. Journal of Biomedical Optid3l®,16(6):067012--4.

McWade MA, Paras C, White LM, et al. A noveltiogl approach to intraoperative
detection of parathyroid glands. Surgery. 2013;134(6):1371-7.

McWade MA, Paras C, White LM, et al. Label-fréstraoperative Parathyroid
Localization With Near-Infrared Autofluorescence agmng. The Journal of Clinical
Endocrinology & Metabolism. 2014;99(12):4574-80.

McWade MA, Sanders ME, Broome JT, et al. Esghlsig the clinical utility of
autofluorescence spectroscopy for parathyroid tietecSurgery. 2016 1//;159(1):193-
203.

Ladurner R, Sommerey S, Arabi NA, et al. Inp@m@tive near-infrared autofluorescence

imaging of parathyroid glands. Surgical Endosc@®i6:1-6.



18.

19.

20.

21.

22.

23.

24.

25.

Ladurner R, Al Arabi N, Guendogar U, HallfeldKJ, Stepp H, Gallwas JKS. Near-
infrared autofluorescence imaging to detect parattyglands in thyroid surgery. Annals
of the Royal College of Surgeons of England. 2008;33-6.

Falco J, Dip F, Quadri P, et al. Increasedtitieation of parathyroid glands using near
infrared light during thyroid and parathyroid sumge Surgical Endoscopy. 2017
September 01;31(9):3737-42.

Dip F, Falco J, Verna S, et al. Randomized f@dletl Trial Comparing White Light with
Near-Infrared Autofluorescence for Parathyroid @laidentification During Total
Thyroidectomy. Journal of the American College ofgeons. 2019;228:744-51.
Shinden Y, Nakajo A, Arima H, et al. Intraogera ldentification of the Parathyroid
Gland with a Fluorescence Detection System. Woddrrlal of Surgery. 2017 June
01;41(6):1506-12.

Kim SW, Song SH, Lee HS, et al. Intraoperatreal-time localization of normal
parathyroid glands with autofluorescence imagirtge Journal of Clinical Endocrinology
& Metabolism. 2016;101(12):4646-52.

Kim SW, Lee HS, Ahn Y-C, et al. Near-Infrarecutéfluorescence Image-Guided
Parathyroid Gland Mapping in Thyroidectomy. Jouroélthe American College of
Surgeons. 2018;226(2):165-72.

Kim SW, Lee HS, Lee KD. Intraoperative realdirtocalization of parathyroid gland
with near infrared fluorescence imaging. Gland styg2017;6(5):516.

Kim Y, Kim SW, Lee KD, Ahn Y-c. Real-time lo¢zhtion of the parathyroid gland in
surgical field using Raspberry Pi during thyroiadeny: a preliminary report. Biomedical

optics express. 2018;9(7):3391-8.



26.

27.

28.

29.

30.

31.

32.

33.

Thomas G, McWade MA, Paras C, et al. Develomnglinical prototype to guide
surgeons for intraoperative label-free identifioatiof parathyroid glands in real time.
Thyroid. 2018;28(11):1517-31.

Thomas G, McWade MA, Nguyen JQ, et al. Innmeasurgical guidance for label-free
real-time parathyroid identification. Surgery. 2(1&5(1):114-23.

Kahramangil B, Dip F, Benmiloud F, et al. Déimt of Parathyroid Autofluorescence
Using Near-Infrared Imaging: A Multicenter AnalysisConcordance Between Different
Surgeons. Annals of Surgical Oncology. 2018;25:687-

Benmiloud F, Rebaudet S, Varoquaux A, et alpdot of autofluorescence-based
identification of parathyroids during total thyrectomy on postoperative hypocalcemia:
a before and after controlled study. Surgery. 220%77/11/06/.

The United States Food and Drug AdministratleidA permits marketing of two devices
that detect parathyroid tissue in real-time duringurgery. Available at:
https://www.fda.gov/NewsEvents/Newsroom/PressAngeurents/ucm624982.htm.
Accessed November 3, 2018.

Voelker R. Devices Help Surgeons See Paratihynssue. Jama. 2018;320:2193.
Squires MH, Jarvis R, Shirley LA, Phay JE.doperative Parathyroid Autofluorescence
Detection in Patients with Primary Hyperparathyisia Annals of Surgical Oncology.
2019;26:1142-8.

Han N, Bumpous JM, Goldstein RE, et al. Intparative parathyroid identification using

methylene blue in parathyroid surgery. The Amerisargeon. 2007;73(8):820-3.



34.

35.

36.

37.

38.

39.

40.

41.

Zaidi N, Bucak E, Yazici P, et al. The feasipilof indocyanine green fluorescence
imaging for identifying and assessing the perfusibrparathyroid glands during total
thyroidectomy. Journal of Surgical Oncology. 201&(7):775-8.

Koc ZP, Ozcan Kara P, Dag A, Berkesoglu M. Mgy of portable gamma camera
imaging in intraoperative radioguided parathyrai@@oma identification. Iranian Journal
of Nuclear Medicine. 2018;26:62-5.

Thomas G, McWade MA, Sanders ME, et al. Idgmif the novel endogenous near-
infrared fluorophore within parathyroid and othendecrine tissues.  Optical
Tomography and Spectroscopy; 2016: Optical Soaefymerica; 2016. p. PTu3A. 5.
DiMarco A, Chotalia R, Bloxham R, et al. Autaffescence in Parathyroidectomy:
Signal Intensity Correlates with Serum Calcium &watathyroid Hormone but Routine
Clinical Use is Not Justified. World Journal of §ary. 2019;43:1532-7.

Zhu B, Sevick-Muraca E. A review of performawnt@ear-infrared fluorescence imaging
devices wused in clinical studies. The British jairn of radiology.
2014;88(1045):20140547.

Price P, Frey KB. Microbiology for surgical lewlogists: Cengage Learning; 2003.

Kim SW, Lee HS, Ahn Y-C, et al. Near-Infrarecutéfluorescence Image-Guided
Parathyroid Gland Mapping in Thyroidectomy. Jouroélthe American College of
Surgeons. 2018;226:165-72.

Angelos P. Recurrent laryngeal nerve monitorstgte of the art, ethical and legal issues.

Surgical Clinics. 2009;89(5):1157-69.



42.

43.

44,

45,

46.

Fluobeam® LX: A breakthrough innovation for bigl and parathyroid surgery.
Available at: https://fluoptics.com/en/fluobeamireakthrough-innovation-thyroid-
surgery/. March 29, 2019.

Adam MA, Thomas S, Youngwirth L, et al. Is Téea Minimum Number of
Thyroidectomies a Surgeon Should Perform to Opgniatient Outcomes? Annals of
Surgery. 2017;265(2):402-7.

Lin DT, Patel SG, Shaha AR, et al. Incidencéativertent Parathyroid Removal During
Thyroidectomy. The Laryngoscope. 2002;112(4):608-11

Bergamaschi R, Becouarn G, Ronceray J, ArnBudMdrbidity of thyroid surgery. The
American Journal of Surgery. 1998 1998/07/01/;1Y.8(15.

Benmiloud F, Rebaudet S, Varoquaux A, et alpdoh of autofluorescence-based
identification of parathyroids during total thyrectomy on postoperative hypocalcemia:

a before and after controlled study. Surgery. 208.8(1):23-30.



Table 1: Overview of Near Infrared Autofluorescence (NIRARglated Quantitative Parameters

Measured Concurrently with Imaging and Fiber PrBlased Approaches

Parameter

n Mean + SD p Value

NBR with PDE-Neo Il (imaging-based)

Total PG 33 1.24 +0.03 0.013*

Total non-parathyroid tissue 19 1.12+0.04 '

Healthy PG 23 1.17 £0.02 0.02*

Diseased PG 10 1.38 £ 0.07 '

In situ PG 21 1.17 £0.02 0.01*

Excised PG 12 1.41 +£0.08 '
Detection ratios with PTeye (fiber probe-base)

Total PG 33 3.55+0.27 0.0007*

Total non-parathyroid tissue 19 1.33+0.52| ™

Healthy PG 23 3.26 +0.29 0.20

Diseased PG 10 4.06 + 0.53 '

In situ PG 21 3.34 +0.27 0.35

Excised PG 12 3.97 £ 0.60 '

*p value < 0.05 (statistically significant based Ztailedt-test for unequal variance)
NBR, near infrared autofluorescence (NIRAF)-to-lgrokind ratio PG, parathyroid gland




Table 2: Comparison of Parathyroid Gland Identification é&&nd Device Performance

between PDE-Neo Il (Imaging-Based) and PTeye (Ffvebe-Based) across 20 patients

Variable Imaging— PDE-Neo Il | Imaging— PDE-Neo Il Fiber probe — PTeye
camera (real-time camera (post hoc (real-time data output)
image interpretation image analysis by
by expert surgeon) | independent observer)
Performanc NIRAF detection witr | NIRAF detection witt NIRAF detection witt
imaging imaging fiber probe
PC assesse (P=33),
p/P (%)
Identification rat 30/33(90.9) 27/33(81.¢) 32/33(97.0)
Healthy 20/23(87.0) 19/23(82.€) 22/23(95.7)
Disease 10/10(100.0) 8/10(80.0) 10/10(100.0)
Sensitivity 30/33(90.9) 27/33(81.€) 32/33(97.0)
Non-PG sitt assesse
(NP=19)
Specificity, np/NF 14/19(73.7) 14/19(73.7) 16/19(84.2)
(%)
Positivepredictive 85.7 84.£ 91.£
value, %
Negativepredictive 82.¢ 70.C 94.1
value, %
Falsenegativerate, 9.1 18.2 3.C
%
Falsepositiverate, % 26.2 26.2 15.¢
Overall accurac, « k = 0.6€ (84.€) k = 0.5£(78.¢) k=0.82(92.9)

value (%)

Non-PG sites assessed: thyroid lobes, lymph naderal neck or lateral neck or mediastinal tissues,
yellow & brown fat.

NIRAF, near infrared autofluorescence; np, deviegative for parathyroid; NP, true negative —
non-parathyroid tissy@, device positive for parathyroid; P, true pogtivparathyroid tissue;
PG, parathyroid gland



Table 3: Overview of the Salient Features, Merits, and Dief Imaging vs Fiber Probe-

based Approaches in Near Infrared AutofluorescéNtRAF) Detection for Intraoperative

Parathyroid Identification

Feature Imaging-based approach of NIRAF| Fiber probe-based approach of
detection NIRAF detection
Model PDE-Neo Il (Hamamatsu) PTeye (AiBiomed)

Data output

NIRAF images (grey or pseudo-
colored green) and white light imag
(true color) on display monitor

NIRAF detection intensity,

pS NIRAF detection ratio

Dimension Camera unit: 8 cm x 18.2 cm x 8 ¢| Probe: Rigid tip portion (hand-
Console: 32.2 cm x 28.3 cm x 5.5 ¢m held) - 16 cm long.
(excluding display monitor and Flexible portion (connected to
stand). console) - 234 cm long
Console: 33 cm x 21.6 cm x 14
cm
Functional Portable near infrared camera Hand-held fiber-guiibe for
component point-based NIRAF detection
Laser source 760 nm light emitting diode 785 nredakode
Spatial Yes None
information

Working distance
from surgical field

5 cm (near focus) to 30 cm (far focy

s) Contact-based modality

Surgical field of

10cm x 10 cm

600um wide (point-based

view per measurement)
measurement
Auditory feedback No Yes

Visual feedback

Remote display monitor

Consoleldismpterface

Contrast agents

Not required

Not required

Ambient OR light Yes No
interference
Commercial Yes Yes
availability
FDA approval for Not at present for PDE-Neo II. Yes
label-free (Approval granted for ‘Fluobeam’ -
intraoperative PG another NIRAF imaging system)
identification
Wide-field imaging technique A more compact unit
Spatial information of parathyroid| Hand-held point-based guidang
Advantage acquired technique
Multi-functional device; can be used Provides real-time quantitative,
for other surgical guidance information




applications in conjunction with
contrast agents: lymph node

surveillance, tumor margin
demarcation, perfusion assessment of
PG or other tissues

Functional with ambient OR
lights

Affected by ambient OR lights No spatial informatiprovided

NIRAF signal affected by varying | Sterility of probe is required as
distance of camera from surgical field the modality is contact-based

No real-time quantitative informationCannot localize hidden or missing

provided PG; prospective PG needs to he
visualized before assessment wijth
Disadvant device
'sadvantage NIRAF image interpretation is Error in baseline NIRAF
subjective and would depend on acquisition could provide
surgeon experience inaccurate results

Wider neck incision required for
NIRAF image acquisition

Weaker NIRAF signal from deepe -
PG

NIRAF, near infrared autofluorescence; OR, opegatimom; PG, parathyroid gland




Figure Legends

Figure 1: (A) A clinical imaging system — PDE-Neo |l — tedtéor intraoperative parathyroid

gland (PG) identification, based on near infraratbfiuorescence (NIRAF) detection. (B) The
hand-held camera of the system is sterile wrappe & transparent drape prior to NIRAF
imaging. (C) Tissue NIRAF visualized on the remdigplay monitor of the system in pseudo-
colored green. PG tissue (within yellow dashedle€jres observed to have a stronger NIRAF

compared to adjacent soft tissue.

Figure 2: (A) A clinical fiber probe-based system — PTeyeutdized for intraoperative
parathyroid gland (PG) identification, based on rne#rared autofluorescence (NIRAF)
detection. PTeye consists of 1) the console thaahdisplay and encloses the near infrared laser
and the detector, 2) a detachable fiber optic prabd 3) a foot-pedal which is activated by the
surgeon for tissue NIRAF measurements. (B & C) display monitor on PTeye indicates if the
tissue in contact with the probe is parathyroidt)ler not (right). (D & E) The fiber-optic probe
can be utilized for confirming if the tissue is @uyroid whether it is in situ (left) or ex vivo

(right) with ambient operation room lights remaigion.

Figure 3: White light (left) and NIRAF image in pseudo-cadrgreen (right) taken with PDE-

Neo Il for (A, B) a healthy PG in situ, (C, D) iftsthyroid lobe, (E, F) a diseased PG in situ,
(G, H) a diseased PG ex vivo and (I, J) a dise&&@nd a lymph node ex vivo. Note that PG
tissues exhibit stronger NIRAF compared to the parathyroid tissues (thyroid, lymph node) or
the background. (NIRAF — Near infrared autofluosssre, PG — parathyroid gland, LN — lymph

node)



Precis

Near infrared autofluorescence (NIRAF) can guiddrawmperative parathyroid gland

identification. Devices that can detect NIRAF t\glg rely on imaging or fiber probe-based
approaches. This prospective study compared babetlapproaches for the first time, when

tested concurrently in a preliminary cohort of 2Qignts.












eTable I Demographics and Study Data of Each Patient enStudy Cohort (n = 20) Evaluated Concurrently vRIDE Neo Il and PTeye for

Intraoperative Parathyroid Gland Identification

No Disease Agel Se BMI Pre- Pre- Procedure Healthy/ PG | PG identification with Expert Expert
(kg/m?) | operative operative diseased histology | or NIRAF detection surgeon surgeon
USG 9Msestamibi PG E (Y/N) confidence | confidence
according before after
to expert PDE Neo Il PTeye| NIRAF NIRAF
surgeon imaging imaging
(visual
exam)
In Post hoc In Scale: 1to 5 -
real- | analysis | real- low to high
time? ? time?
(YIN) | (YIN) | (YIN)
1 | Graves'disease 59 M 27.3 N/A N/A TT Healthy N.Ot I Y Y Y 2 4
available
o | Primaryhype | 45 | £ | 583 ¥ ¥ PT Diseased "Pe" | E | v Y Y 4 4.5
parathyroidism cellular
3 Papillary |03 | £ | 227 NiA nA | completion) ety | NOL L]y Y Y 45 45
thyroid cancer TL available
Benign Not
4 multinodular | 59 | F 35.1 N/A N/A Rt TL Healthy . I Y Y Y 3 4
. available
goiter
Not
N/A N/A Healthy . I Y Y Y 4 4.5
Primary hyper- available
5 parathyroidism 52| F 23.5 N/A N/A PT Diseased Normc- E Y Y Y 4 4
cellular
+ N/A Diseased P | E | vy Y Y 4 4.5
cellular
. Repea
6 thyljgi?j"gzcer 30| M| 4Ly N/A N/A CND and Eggﬁ avglilcgble i i i i i i
Rt MRND
. Hypel-
7 | Primary hyper-| 64 | F 26.0 " * PT Diseased cellular E Y Y Y 35 3.5
parathyroidism N/A N/A Healthy | _ NOU | | y Y Y 35 4
available
. Not
Pa_plllary 23| E 216 N/A N/A Rt TL Healthy available I Y Y Y 4.5 45
8 | thyroid cancer Not
N/A N/A Healthy . I Y Y Y 4 4.5
available
9 Medullary 22 | F 18.¢ N/A N/A TT Healthy Not I N N Y 4 3




thyroid cance

available

N/A N/A Healthy | _ NOt N N Y 3 2
available
Same Same PG same PC| Normc- N N Y ) )
PG exvivo | cellular
N/A N/A Healthy | N Y Y Y 4.5 5
10 | MENZ2A with 65 417 Not
Hashimoto's ' N/A N/A TT Healthy . Y Y Y 4.5 5
g available
thyroiditis Not
N/A N/A Healthy . Y Y Y 3 3
available
11 | Primary hype- | g 28.9 + N/A PT Diseased YPe" Y Y Y 4 4.5
parathyroidism cellular
12 | Primary hype- | o) 215 + N/A PT Diseaset 1YPS" Y Y Y 4 4.5
parathyroidism cellular
Benign Not
13 | multinodular | 61 33.1 N/A N/A TT HeaNRy available Y Y Y 4 45
goiter N/A N/A Healthy | _ NOt Y Y Y 4 45
available
Papillary N/A N/A Healthy | _ NOt Y N Y 4 4.5
) . available
thyroid cancer 23 25 6 TT with Not
14 with ' N/A N/A CND and | Healthy available Y N Y 4 4.5
Hashimoto's Rt MRND Not
thyroiditis N/A N/A Healthy . N Y N 4 3
available
15 | Primaryhyper | oo 39.0 + N/A PT Diseased 1YPe" Y Y Y 4 4.5
parathyroidism cellular
N/A N/A Healthy | _ Ot Y Y Y 4.5
16 | Primary hyper- 26.4 available
Imary hyper-| sg ' n n PT Disease Y N Y 4 4t
parathyroidism Same same PC| Hypel-
Same PG ; ype Y Y Y - -
PG ex vivo | cellular
Multinodular - N/A Disease Y Y Y 4 4.F
goiter with Same same PC| Hyper- i i
17 Hashimoto's | 56 42.4 PG Same PG TT with PT L_&X vivo | cellular Y Y Y
thyroiditis and - N/A Disease Y Y Y 4 4.t
primary hyper- Same same PC| Hyper- i i
parathyroidism PG Same PG ex vivo | cellular Y Y Y
1g | Primary hype- | o, 32.2 + ; PT Diseased YPe* Y N Y 4 4.5
parathyroidism cellular
18 Medullary 67 27.C N/A N/A TT Healthy Not Y Y Y 4.t 4.t




thyroid cance availabl¢
with Not
Hashimoto's N/A N/A Healthy available I Y Y Y 4.5 4.5
thyroiditis N/A N/A Healthy | _ NOt | | y Y Y 45 45
available
Benign Not
20 multinodular | 61 F 29.9 N/A N/A Rt TL Healthy . I Y Y Y 4.5 4.5
goiter available

CND, central neck dissection; E, ex vivo; |, irusikt, left; MEN2A, multiple endocrine neoplasia 2ZMRND, modified radical neck dissection
NIRAF, near infrared autofluorescence; No, patunber; PG, parathyroid gland; PT, parathyroidegtdRt, right;TL, thyroid lobectomy; TT,
total thyroidectomy; USG, ultrasonography.




