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Background and Objectives Near-infrared (NIR) fluorescence photo imaging provides real
time parathyroid anatomy enhancement. Moreover, autofluorescence enables intraoperative vir-
tual reality parathyroid exploration of the optical characteristics of the parathyroid gland. This
study was performed to demonstrate the new technique of visualizing the parathyroid gland us-
ing video-guided autofluorescence during thyroid and parathyroid surgery and to evaluate the
outcomes. This is the first study that introduces the video-monitoring technique for intraopera-
tive parathyroid mapping.
Subjects and Method A total of 26 patients underwent 18 total thyroidectomies and 8
hemithyroidectomies in 2016. Fifty-six parathyroid glands were enrolled in this study. Surgery
was performed by NIR video-monitoring via thyroid lateral side dissection to find the parathyroid
tissues and extract the thyroid glands. With the operation room light turned on, the parathyroid
glands were identified by the video-guided autofluorescence detection technique carried out in 3
stages (P1, P2, and P3), which are imaging with surgeon’s eyes before parathyroids exposure (P1),
after identification (P2), and in extracted specimen (P3).
Results The parathryoid autofluorescence could be video-monitored in real time by our NIR
camera system with the indoor room light turned on. Of the total 56 parathyroids, 52 were detected
by fluorescence. Of these, the location of 43 glands were predicted by using the high signal in a be-
fore-exposure state and the glands were confirmed as containing parathyroid tissues [in P1, sensitiv-
ity=82.69%, positive predictive value (PPV)=100.00%]. Of the nine glands that did not show high
signals in P1, seven glands visually showed fluorescence signals (in P1 and P2, sensitivity=96.15%,
Received  July 22,2019 PPV=100.00%). One of the two glands that showed high signals in the extracted tissue was identi-
Revised ~ November 17, 2019 fied as parathyroid, but the other one was proved not by histologic examination by despite high in-
Accepted  December 11,2019 tensity fluorescence signal (in P1—P3, sensitivity=100.00%, PPV=98.08%). The accuracy of video-
Address for correspondence guided parathyroid mapping in P1, P2, and P3 were 83.93%, 96.43%, and 96.43%, respectively.
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Fig. 1. Flowchart of the parathyroid gland identification process
with near-infrared imaging and infrared illumination.
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Fig. 2. NIR-IR image at the stage P1. Visible light image of right thyroid gland after paratracheal exposure (A). Parathyroid gland are not
identified. Through the NIR-IR imaging, right Inferior parathyroid gland was observed with a distinct brightness difference from the sur-
roundings (B). Luminous part in the NIR-IR imaging was matched with the parathyroid gland after dissection of superficial fat tissue. NIR:
near-infrared, IR: infrared.
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Table 1. Results of statistical factors according to P stage

. Stage P1 Stage P1, P2 Stage P1, P2, P3
Characteristic
n/total % n/total % n/total %
Sensitivity 43/52 82.69 50/52 96.15 52/52 100.00
Specificity 4/4 100.00 4/4 100.00 4/4 100.00
Positive predictive value 43/43 100.00 50/50 100.00 51/52 98.08
Negative predictive value 4/13 30.77 4/6 66.67 3/4 75.00
Accuracy 47156 83.93 54/56 96.43 54/56 96.43
Stage P1: imaging before identification of the gland by direct visualization, stage P2: imaging affer identification, stage P3: im-

aging in the removed specimen

HlsA] 26} o) YA Ho &
= A TolA Tl 27H 1% A& =
o, #E T A 7152 e frAlskh 979
F 2BAE AR GF3b7] Wizl 52

o AL e A Aule s A vl
= FHellA e F 4 AR eSS 1 Y
A F2 JHollA HUEE F8l A7FEge] HoleA]
B Zé”;‘* o2 ZYsl7] wiigel ke A

e ARl S FA g9t

o
N
jusl
o
2 rlo dff 32 oft [0 >

Jot ol

v

4
i)

)\

2

4

N

i3

r>~

e fllo

rE Ji?l

Mo 4z <

?l(identification)dt=
A L 4 5

A
%
ﬁP%—

| 23

oF.

)
E{ﬂ) X
)y
e
4o
Jo U
N
o oy
T
N

B
5
ﬂJIJﬂ filo
o B g
_Ll I~
E =
5o flo ox
o o
N o

.
24

2
=
2

4> n
e
ot
~N
ofr
©
E>
it
i)

Zo] YAF 0 B 20~35%, ;Lagg

E._—Ilﬂ O]E]_l213) O] —§-—

o BIAS ﬁusm RS O Tai et
|

ﬂ = Sl b (o] T s O
gadso] GHA Ex Theloren] doli SE glout
AZH FAAE A7t 1) Ego] B wolct. of
A S S Bk s Al 828 Bl & ¥ )
SASHE et WO Bl E8o] Hx] gkt
SRR QA Aol wasll MEE S o

Lol A10] 80~85%, TH4:e] F4Fo] S~Ismolch. Ut A

R o BIAA 24S mE ARk 49, ¢

A7k AR kot 4 F BokO F77) ofgiALY, ol
X 2o thabshl BEHE Aol BA 222 ¢ 4

4
= slold, 4 olol A auFol A=A ghof Az

o Agfsl= oSS 77 Frh % Foll= RS

229 EF s=E AER 54h= WH(intraoperative

parathyroid hormone monitoring)®] @2 £ 22]9]
o

7e& Bk, A 2wt & HASAE Bk
gk Hrgolck
F|Zoll= F3t 7 154 HAEE F6l o Foll A
A 2 71 7)F 23 g ol
NEHA A4 4/\}*5 o] Aol 712 %
Al A9 agiol A A7t
rescence)®] UcH= Z12 2011H0] A2 EELQ ok B2k
Aof| 2240l EA w2H(785 nm)2 H|FFH 1 9S &
F=51HA] o[H A7} 9hE0] 2| Al (excitation) L o[ U X7} oF7F
70 7822 nm) <] WO Z o37](emission)E= FAto|ck?
o] o] && §-&3to] FAelA 0471Q“ H-S 179
A FhetE @S eI F
Hol ATf=9c) 9] A, EL%, T1EjAL 7|k gl
OJA] ofFaL Holar @’%ﬁ% Fgol oFstA QlojAl B4
oB= :rm‘o] QF E|Auk, £ =
ﬁ*“*"ﬂ H]OH

N

[~

lo
VL
nﬁ

Zlo]

A

[e]
945— ) HHEAL AB
4 FEE 0183 41 gAge
@xwg

—15 o
s
o
*
©
pass
o
rr
pat
flo
2
>
¥0,
2
B}
=
al
@
=t
=
O
2
)
2



ThE 2212 AF o] glof Al Uher] wZeol F31e
o] ojt]of| =R =(localization) & 4= IS}, LA,
FS TSR Zogh AT 239 ARl

A= AAA(overlay) ] ARl = AT o]0
Alofol| A FZHgAlo] oftle] fx|ah =1 22

od A& 7H=A1E & 4= AUck= eA7E S

o|F s dsl7] ol & AFZI o] AtollA R4
of| H|F== Fol Half Wl A A s o] S A
of g F9lol HFFL FFsts WS
gk Ho) HYPor QA & FoolA R At
o] oft]ol|x] Hol=A& AAFEO & HolF= 7]wS 2016
off Aste] AutE B sl o] A frd Uk
AR ekl R FAOIA of7] e = HnhS SA7 =
HE dllzof R2sh Who s Fuglon AAH o
M 7HehE o83t 229 Addolgink g1
A7l B 2SSl olv] AgstElo] 9E Fluobeam™
(Fluoptics, Grenoble, France) T+ NIR/ICG endoscopic
system®™(KARL STORZ, Tuttlingen, Germany)& ©] 2o}
of -3-&dto] FAFA Sl A& Hrtst= date B
T

Ao r AA pad YT of o] =EE7)
A SAA L QA E vl
gl Al&skA A5k ol =8l

O

of Yoz o)

< o> e oft 2 Lo
= o

g 4 fu
e

'}

c

T

HU mE (o o rf

-

=
r
gtﬂ

c

A N
o~

[0

lo

fru

N

oft

H

i}

o

of

X

(]

2
2
o
fru
ox fr
fuied)
2
1o
rix
oh
rlr
pay
o
Kl
Ho
rO
o
fru
fot
-0,

a —l&i 2
s
20
lo
=S|
g
lo

o mr
3
fo
QL
R
1)
e~
QL
X
)
ich
:(l)l=
o

Ho

= 2N BAPHe] MR ASE £% 9]

of QPR &S vl Aok e #AR ol

RUAND =)

oy 1B Ao o

, oZ
N
re
o

oS

)

oFof SQto = 2Qlsly| A TAlM &

71+ 83.93%, 96.43% %L}, YAFH O & o]F AqtofA 8<to &2
shlEl o] 5o Felo] M5 3tdd P2 WAIY) Retes 1o
s 1 e7] A ThAR] PlolA the W7l ST Sk
2 Holx] gk ARlo|E BPslaL 9A1E A& 4 9l
= ol HlmA e 4xeka wheto] ek w7144
[¢]

o

Fi

ol Aol 4z 1ZH|YPo= HHYGRE Ao vla

Near Infrared Parathyroid Autofluorescence I Kim SW, et al.

of
tlo
(]
o
B

H A7F g2 et o - okl A T4 &
F20289) oo & HAste] ez AI7HS w9 HHA| Bk
of ¥]a1, 7hHeke] 23 Ao AH5 O & Elojof of= EAIR
= sfAsielch= dl 1 ooyt qlar, AR 83k e
of vja) BN 7|EH oz NEH Aejetal gk
Az 2N LAsE FAAL s e 24
slojm o x| oA WolA e 79l oA -
A7Fgg Aol 7] i, & F SQtoR Ho|x| of
PRl A= glo] QF HAIE P3 ThAlef A gelo]
o A7toldlg AR o o] F 4= Qlrk AptolAlE
2 Ol 221 g e SEEE AR gl
aflof sh=d, oo Ei= Bl-§} AT E= AL 7He A
F01F 4= ok & Aol P3 TAZIA 9] tEE
100.00%, AE== 96.43%011L, & Foll RS 2
et A AEE AN FIAE 2 7ol w71
ofjof|, Zp7tolal e A&t At A7H o2 7]5A 5t
T2 AFetes o E=go] d Ao g Azl
old 7|&g & ARSI &AL & Ao HE31A
U e A4t 18 @A o= 7elA S-S Eol
o] 383 2o = AZEa I Agto] P
HA7E GAY fzd o7t ol Hxd HA&S &
O & tofof sz Aol = Ado| W &xtet strjEte
WA 2Folu Fatxe) £ F 70l sl ol
st o Bgd F ACRE oith 2 dFolA BE
o

HAEL S Fol R 75 As S0 Qetk 0] 7

AL TR

to o o

o

ol

ol

a4
oo e

_l

IL.

ApIste] FA1 ool ofah,” QAHel RAA 7159R
Fo RUAH EEEo| 12 pg/mL olstoldA ARHUZ
3} T10] AW FHo] FUEL FSE Yustid], RE
50| of 7Zel AFTAL GobH S F U

S H

T
1)
lo

X

i

Hu)

ox
o

fu
ol

Fodof sh=d], o] A+

A5l

é
fifr
o

9
r‘ i

o

o
=
i)
2
32
N
=)
M
2
-
>
Lo
4
N
O:>£
Lo
il
o
o
(M)
i
R

filo
ojN I
oH
2_15
N
N
jints
)

Hl5ste] EAH 0.

X g0
58

2l poh
N

TN

>~
o

1o
By
ot
1o
_lu: )
NI

f
o
20

N
olr

2
o
T

N
i

A N e
B

4 £
o
o
o
(i
ot
ofd
2
2
b
of
oX
Wi
In
1o
riu

_C?L
<
i)
> o
10
[l
rn
WL
o
)
L
—orll‘
i
o
ot
T
rir
o
> oy
oo My 1o

o

-
_|>i
1o
== -':lo
_‘0_4
o
fru
iz
N
ox M
r>~
|o
>

)

1o

jabad
why oo

oy

(2o ofy
ro,
ot
o
2
-lfil r
I
o
r>~
o
p=)
rir
B
e
o
_CZL
N,
Ho
%
o fr
ol
ol

>
>
o

%
>

W 7hlEhE g 290l te] 913

www.kjorl.org 591



Korean J Otorhinolaryngol-Head Neck Surg 1 2020;63(12):586-93

Sk AefollA] 424 -5-(surgical light) 2+ A5 (room light)&
W A5 (switch off)gF Aol A Zgsfjof gict 1 o] 5o
THA] Xé% I #4;-‘2 ZJ?5”°H°1E S MARS g =
213 EL A8 425 AlTto] dojd 4= itk
74011*1 Fgw FF QoA R 24
, Al A3t o] ¢ =& dEojA Agst

£ GAAFI717E A7) wZEe] AgelA] ¢ = e

& vsfopdt FQICE? E3F 3 HEo]| th4=o] RIbA)
Ao S =] glom oFel Fgo] et gl &3 THA

= o]0 2 At Aol AR Zo R
Z717h of#l & 4= Qlok 21U & AFoA = HIE E 2
Agstolof it AUl A Ae|E #oo] 7hsdt
THEA] ook Ho] & XgJof Aol JgFS FA| &
Ay

F

gl

A
2 o s g

2
o
> rlo

7
o

Ol
O
o of
ox
=2
>
H
>
(i
-z
Sha
o
offl
of
ox
o
14
>
é
i
2 ¥

Mo nllhl ko
m
2,
>

2 oA bdet AZ]l 50 cmE 53] EEste]
o= U= T et glom BrHARl FHjEe] HaskA| of
9\)}\_1;]_2021)

H|E o] BE7RAbAel 2718 AlF ) uf$ Eolxolgt
A QUAE, 7R B vlo] ofshH o 2fA]] ¢
A(false positive)©] & 7}A] Quck HA TP 22 E 5
ol Al A7HES 7HAAL Qlek sHAIRE RAPdAo) 3
JJ—_,] 71—57}- 2~12HH X‘]E 7]—01-7] ]IH._,_.oﬂ ‘:'71—/\1—/1\:101 ﬁ—
Hop A g Hoja] shds] o] Hok 1M 24 &
oA FEA o2 YA Hol= FEo] Sl=t|, ol:= E=°]
& F&(colloidal cyst) &2 A Q). FEo|E G52
FEE A 22] FollA T BiA Hol7| wfiZof I W
off #IAIgt RO = AR siAE 4= Lo, 9] A

7k Bnfstehs Aholao] Qlrk. nhERe 2 XA

mg
2 o ol Rl

;
o

0O
r

N

O
e

1

A GAelAl WA B 4 glek et o] e 2
oS AP gk, Uk ZAFE HlolE g o
ApelA W3 AT AR WA Bol7] uhitel 24je)
Aol HSolzjel Biom ofsllch 3% g B
of aFHom BAT BIE obd glolq 4o FuHsl
ol feior 37 o] o S I ool ok

2
N
roh 4
2

U T2 YRTV|E oA ik A9 VE
Agelrel g/t -8-dell et

sfidsfor & Aolch.

=3 ehﬂ%g A Aol A= A

A

X
Mo

X

e b 2
2
ro

-1
il
of
%
=°.=

X0 2}
AR 2 HiE e MUEYS B 4 Qlrks
) 1ol o] A B 5] g
7119l ARt olT, THHe 24

W
ue o oft
ot ¥ e
g- el
ol

l
ox,
o J
2

X
x
2
HN

fo

L
o
e
2

X0 o |
J

o ki 4» rlo

i

A
~
2 % H02 |,

Supplementary Video Legend
Video 1. NIR-IR video at the stage P1.
Video 2. NIR-IR video at the stage P2.
Video 3. NIR-IR video at the stage P3.

Supplementary Materials

The Data Supplement is available with this article at https://doi.
org/10.3342/kjorl-hns.2019.00556.
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