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Background and Objectives There has been a long debate on whether intraoperative para-

A -
A)
thyroid hormone (IOPTH) monitoring is mandatory or not in the excision of a single abnormal
parathyroid gland. The aim of this study is to suggest a new criteron of IOPTH monitoring.
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Subjects and Method We retrospectively analyzed 31 patients who underwent parathyroid-
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ectomy from 2005 to 2019. Patients had IOPTH not measured and those with secondary hy-
perparathyroidism were excluded. IOPTH was measured preoperatively (EX00), at 10 minutes
(EX10) and 20 minutes (EX20) after the excision and analyzed. We determined the surgery as
a ‘successful excision of lesion (SEOUL)” when it met the following criteria: criterion 1) the
level of EX10 or EX20 decreased under the upper normal or under upper limit of parathyroid
hormone (65 pg/mL); criterion 2) EX20 decreased below 50% of EX00 and less than 195 pg/
Received  October 20, 2020 mL (3 times the upper nor_mal limit); criteriot.l 3) multigl_andular dis.ease.
Revised  January 8, 2021 Results Twenty-five patients among 31 patients were included this study (M:F=8:17). Twen-
Accepted  January 8, 2021 ty-two patients were suspected of single lesion and three patients of multiple lesions on preop-
Address for correspondence erative images (*"Tc-sestamibi scan, neck CT, and PET-CT). IOPTH of EX00, EX10, and
Han Su Kim, MD, PhD EX20 were 488.924+658.74, 121.36+134.73, and 92.44+111.55 pg/mL, respectively. Sixty-four
Department of Otorhinolaryngology-  percent patients (16/25) met the criterion 1. Six patients (24%) successfully excised a lesion
Head and Neck Surgery, meeting the criterion 2. Three patients had multiglandular disease, meeting the criterion 3.
College of Medicine, Conclusion Our new criteria suggest when we could stop the procedure. If the level of
IOPTH does not meet the SEOUL criteria, it means that there might be more lesions.
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Table 1. Various criteria of IOPTH determination

EUMC 2020-09-016).

T A B 43 localization) & 918 G/ AARR
P Te—sestamibi(MIBI) scan, 7% AFEGE2, 4
S 5ol A=l om, Sk HAF o) B, ZF AL
Ak vie 9 So|wE Z4s}oirh
PTH| 542 7|24 27 1) =% A& H(pre-incision)
E o4 W A A A (pre-excision), 2) 24 H¥H ZA|
T 10 A3 A(EX10), 3) HHH A F 20+ A2t A(EX20)
of Tz Fuox FAE AfF|ste] AlYstich thid HEH
O] 739 mpA|E} S A ATE o] % 1042080 A& 2
shglom, <% PTHY| fraZo] alidz]of n|2] 2ot= Y
H SRRto| A= wAke] wtol] oaf F71AR] S-S Al
At =& A oA &4 PTH, pre-incision PT
pre—excision PTH % 17 7|&ZHEX00) 2.2 3}
& 54T EXI0, EX209} H]wsleict. @5 PTHY 5
2 immunochemiluminometric assayICMA, E170, cobase
801, Roche, Basel, Switzerland)& o]2-35}3ith.

2 AtollMe ok 22 749 o o)4de] Hwo] glrkar
ghste] &S R8I successful excision of lesions
(SEOUL) criterial(Fig. 1).
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Protocols

Miami criteria”
Normal IOPTH at 10 min®
Normal IOPTH at 20 min®
Rome criteria®

q
(2
@3
(4

z L =22

When EX10<50% of EXOO, it means there is no more abnormal gland
When EX10<50% of EX00 and EX10< 65 pg/mL, it means there is no more abnormal gland
When EX20< 50% of EX00 and EX20< 65 pg/mL, it means there is no more abnormal gland
When ‘EX20>50% of EX00' and/or ‘EX20>65 pg/mL’ and/or ‘EX20 >EX10+7.5 ng/L,’

it means

there are persistent hyperfunctioning parathyroid tissue

IOPTH: infraoperative parathyroid hormone, EX00: the highest preincision or preexcision parathyroid hormone level, EX10: a
10-minute postexcision IOPTH level, EX20: a 20-minute postexcision IOPTH level

Patients diagnosed with hyperparathyroidism
and meeting the criteria for surgical freatment

!

Imaging test(s) including neck CT and/or
neck US and/or #mTc-Sestamibi scan

A7

A single lesion observed in all

imaging studies performed

\
Y 1] Y

Y

Multiglanddisease suspected by

more than one imaging study

\
A ] Y

EX10 and/or EX20
<65 pg/mL

EX20< 50% of EX00, AND
EX20< 195 pg/mL

AND

EX20Mn < 50% of EX00,

EX20< 195 pg/mL

Removal of lesions up to
EX10Mn and/or EX20Mn

the number of suspected
<65 pg/mL whenever

lesions on pre-operative

removing the lesion

imaging studies

Fig. 1. SEOUL criteria. Detailed description about proposed SEOUL criteria which presented segmented criteria that were subdivided into
groups of patients with suspected single lesion and multiple lesions. EX00: the highest preincision or preexcision parathyroid hormone
level, EX10: a 10-minute postexcision IOPTH level, EX20: a 20-minute postexcision IOPTH level, IOPTH: intraoperative parathyroid
hormone, EX10Mn: EX10 of n-th lesion, EX20Mn: EX20 of n-th lesion, SEOUL.: successful excision of lesions.
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1) EX10 == EX209] PTH %ol A+ #W9l(15~65 pg/
mL) ool Z3hE o, T 2) EX200] EX002] 50% ©]&}o]
HA 85 PTH B4 e ko] 3ul4=(195 pg/mL) olatd o,

S A T3} AAeIA chibyg el A

D) o4 ¥He AA & 102 FHEXIOMn; nA| i
AA 9] EX10) Ei= 20+ HHEX20Mn) gho] A/ #<
(15~65 pg/mL) oJWell =3+ uf, £ 2) &4 F43}F HAL
oA HAE o4 WS BE AATE .

=4 s AP o gHo|glo A7) 22l ST
E|7] k& 9ol #7143l PTH SA(EX30)02 Al3sA
L F7HA] BRI EA) 7hs e del AL ohe
Akl em 71 o4 Hwo] WA o] A|AZE H9oll=
criterion(1-2)& FYsHA 2-85t3itk PTH ALY &4
Aol A 2AEe] Mk WA A $ha) 7F ghef 24
o] Alsto] FAAHAHAE o] &5t EA6IAL, dare]E
7ko] ZAA B A2 Kruskal-Wallis testE ©]-8-3FAHR: a
language and environment for statistical computing, 2020,
p<0.05).
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31% % IOPTHE criteria®] wh2bA] A|8YahA] ¢k 57
22Hd HAA 7153315 18-S AlLlgh 12Hd #3744 7]
TR A} 258 FEH o2 Bt dxtEe] 3
F(EFFARHERD AHL 553(+11.9A%L, H Bl= 8117
otk R Ao 2= THAB2%)0] 7MY WAL T
20%), &c+55(16%), 'E7] AFA012%), HE2H12%), A%
AX(8%), TAAEEHE%), T HAL8%), =EF(8%),
7 28H8%), TAEZFB%), oFE LA 27|8%), sHi Y
A3H8%), TAIZU%), LIAXNA%), D= EHZF %), A
B2 A% o1tk W BA] 54 AR E7H28%),
T 224(16%), +97(12%), 2E-5F-7(12%), HH](8%), =LA
HB%), ATH3H8%) <ol L, 1 & the, FF, P, L5
5, 978 535 ¥ T4, AR 59 S40] sllem,
F5A0] 36%= 7178 Wkt

&7 ot (AN HA]) o] 28} L =2]+= 6.63(+0.89
mg/dL(3A H9] 4.6~54 mg/dL)o|9iaL, &4 8 A4 4=
A= 11.82(+1.55) mg/dL(A4 §¢1 8.2~10.5 mg/dL)o] it
%7 2|1 8% PTH % (34 ¥9] 15~65 pg/mL)= 68.07~
24800002 Tt 488.92(+441.99) pg/mLITHY HHH: 44434

E
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(£395.25) pg/mL, TH B 815.83(+715.44) pg/mLlo]
glom, AAF PTH AFSE|¢l 65 pg/mLe] 7.52(+6.80)ul [+
I 6.84(£6.09)8l, thEA] W 12.55(x11.0D8R]1 %Ak

43S 913 FAAEA

2 AdFoM e e ¥ S451E 9fsl MIBI scan, 7
5 s SE, 74
shoick 25789] 32t % 9% (36%)°] MIBI scani} A4 7+
HSE9S AL, 1H@%)°] MIBI scant} 45 %=
SHHAS AREkom, 1H(d%)0] A5 A tE2yy)
745 ZZTALE AldRkortt 2592 2} 5 147 (56%)
AE 37 HALE B AlstitHFig. 2).

&7 A4 HAbllA T W 9 ohk g 3K
= 247 227, 39o|3laL, &% HEA o R IxXE dY
g ohibg Rl Sk 42 7b7F 201 off 3o R sk
ol & 43} Aol A T o 2 o= 175 3
A7b &3 HFHo R thid WHo R =Y, &
MIBI scanol|lA thaAd ®wo] o 4l=ld 1789 e}
3 ool o 2 AokEQict

T3 & A A3t Aol A AR 7 HRe] 427} UxE)
A U A= THOR, &% 2T oY HHO R Mok
R 5, thd W o 2 ek 3kt 290l itk (Tables
2 and 3). T RO R 25 XchE 32} 51 5 4
243 GAA 07 = HE AARE 7ol EY4
QJaL, 7ol A= MIBI scan AAFA= 2719] o4 |
TEEG oW, FR HAstEe 9 AR 25Tl 1749
olA] Bwo] ¥HE|QITH(Table 2%), &3 Thity WO g

ok ™
et x@ rE >
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>

Lo

Neck US

Fig. 2. Modalities of imaging tests for preoperative localization.
Nine patients had both a MIBI scan and a neck CT. One patient
had a MIBI scan and a neck US. One patient had a neck CT and a
neck US, and 14 patients had all of three tests. MIBI: ®*mTc-sesta-
mibi, US: ultrasonography.
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3 HAbe gldlont AAbE 7 BHe] =
F3ItH(Table 2%%). o] 7Z-¢- MIBI scanoﬂ/ﬂ‘—:q ‘%1‘%'394 7=

Table 2. Results of preoperative localization studies in the num-
ber of lesions

Preoperative studies No.of Fostoperatively
; confirmed
MIBIscan Neck CT Neckus Pafients o of lesions
1 1 - 5 1
0 1 - 1* 1
0 0 - 1* 1
0 1 1 2% 1
1 - 1 1 1
- 1 1 1 1
1 1 1 10 1
2 1 1 1* 1
3 2 _ - 3
3 4 4 ¥ 3
1 1 _ Pk 3

xpatients with inconsistency among the preoperative localiza-
tion studies (single gland disease), #*patients with inconsisten-
cy among the preoperative localization studies (multiglandular
disease), =#xpatient with inconsistency between preoperative
and postoperative results. MIBI: P ™Tc-sestamibi, US: ultrasonog-
raphy

Table 3. Comparison between preoperative localization studies

1% °] Ak (Table 2***).

MIBI scan< YI7H= 83%, HEHE 75%AL, 734 HArs}ct
%.%}@1 [e] u]71—5 96%, ;Gﬂg 83% u:]’ 731 o
= 100%, A& 93%%cH(Table 3, Fig. 3).
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&
IOPTHE Al Ak 4 7153315 2599 ¢
A F FFE S V1o R & o] Ak 227, oh
/g e ghatb= 39olqlet o] T A Aol 19%
. Hﬁ%’ﬂ %’%% | 4(16%), -7t
HA%)1 0. 2F b
LLIEof A 37]9] rgrao]

WA, o] F 1S #m& 3, 232 S 34
Folsict
IOPTH

£ 8 Y B BHo R Y 8 2o
A, EX10 1= EX207F @ A

MIBI scan (24) Neck CT (24) Neck US (16)
Single Multiple  Negative Single Multiple  Negative Single Multiple  Negative
Single gland disease 16 1 4 0 1 15 0 0
Multiglandular disease 1 2 0 2 0 0 1 0
MIBI: P™Tc-sestamibi, US: ultrasonography
Preoperative Postoperative
Sensitivity 83%
= Accuracy 75%
&
c
S Single (1)
. Multiple (3)
s Multiple (2)
Negative (4) Single (4)
Sensitivity 96%
& Accuracy 83%
3]
<
§ Multiple (2) Multiple (2)
Negative (1) Single (1)
=@ Sensitivity 100%
3 —
2 Multiple (1) Multiple (1) Accuracy 93%

Fig. 3. The sensitivity and specificity of the imaging localization test. There is an inconsistency among 3 preoperative localization tests.

MIBI: #*mTc-sestamibi, US: ultrasonography.

494



%|o] SEOUL criterion(1-1)of 333k= 271 1698(73%),
EX207} EX009] 50% ©lsto|A @5 PTH A/ et
3ulj4= o517} E]o] SEOUL criterion(1-2)0] ald3t= 4}
7} 55 23%)013). &4 A3t FAF 2A4 T HHo R
RZFEIE 82} 5 188 SEOUL criteria(1-1) H= (1-2)9]
FGE|A] rol F7HQ1 e £ 7HeAdS Aol FiL
F&g 9Ystgl o, 7 WS st AASHAAL, Al
A $ 20+l 573 PTH 4L(EX20Mo)°] EX002] 50% ©]
sto|HAl PTH 44 Agtgho] 3ull4= o7} =9ke o) =&
< SEIL = 5 4 T 2Nl Bt B 2
% A7 mg/dL)E FAI85tt

= AR A3 HAL 5 R o] AARllA thid
Ho 2 oAEE A= 3ol o] F 292 3HA
HAA = 102 42 A]9] EF PTH F=(EXI0My)7t &
P

—~

TH %4 W92 2% =lo] SEOUL criterion(2-1)] 3}

Yt AT QA== Rl YR A F7HA]] 22|
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W A A 2202 IAEo] HFHoR= o
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&5 gy it g2 F ATt 7eo® oy e
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EX207} 65.37 pg/mL(£51.2D&, EX003} B3-S o EX10
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ot oI5 PTH g9 4/ Aetx|e} vlust, EX100]
1.568(+1.36), EX20¢] 0.8741(£0.76)%Ith. &% 2] Al
w2 2E ATS 7]E0 2 o R 3xte] IOPTH=
EX100] 54.75 pg/mL(£31.77), EX207} 16.14 pg/mL(+2.66)
Ak

=T o oz spE x| FolA] EX002F EX102]
Zto]7} EX002] 50% m]eko]d $kat= 478(18%)°1%1a, ©|
% 38(14%)2 EX003}F EX202] ZFo] E3F EX002] 50% 1l
qro]qlet. T W] 3k} LoflA] EX100] FAHS R 35
E7) 23 B 8W(36%)°1913L, ©] F 68(27%)> EX20
T AR SRR Xk o] 6%52] EX202] A4+ PTH
e AFskgho] that Hl8-S 2.25(+0.81)%3L, EX202] HAr}
6'9] Hr A HAI 0.81 8}t & 4= PO = 3l 3}
o] EX209] A4/ PTH &%k Agtgkell it vl&o] 4,129tk

by o 2 SE 32} 3y F £ 43 At
AE oy o R o=l 299 e, & AlgEt
=43t HAMS Qs g a7t AAE 1F BUAshE
AL Byt 1HE MIBI scan’t 37), A5 #AEg o=

[og)
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Table 4. Comparison of SEOUL criteria with other protocols for using IOPTH monitoring

Protocols Senisitivity Specificity e d?g?jgsolue pregii?\?g\(glue Accuracy
SEQUL criteria 96 100 100 50 96
Miami criteria® 83 0 95 0 80
Normal IOPTH at 10 min® 52 0 100 0 52
Normal IOPTH at 20 min® 64 0 100 0 64
Rome criteria®® 84 0 100 0 84

Data are presented as percentage. SEOUL: successful excision

Table 5. Comparison among performances of SEOUL criteria and
other protocols

True True False False

Protocols " . o X
positive negative positive negative

SEOUL criteria 23920 14 00 1(4)

Miami criteria® 0(80) 0(0) 1(4) 4(16

Normal IOPTH at 10 min?
Normal IOPTH at 20 min®
Rome criteria®

( )
3(52)  0(0) 0(0) 12(48)
6(64) 0(0) 0(0) 9 (36)
184 0(0 0(0) 4(16)

Data are presented as n (%). SEOUL: successful excision of le-
sion, IOPTH: infraoperative parathyroid hormone
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of lesion, IOPTH: intraoperative parathyroid hormone
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Fig. 4. PTH distribution for baseline (EX00), 10 minutes after the
excision (EX10) and 20 minutes after the excision (EX20) (box-
and-whisker plots display 25th, 50th, 75th and interquartile range).
For EX00, median=225.2, lower quartile=105.1, upper quartile=
413.4, minimum=68.1, maximum=729.6, minimum value in the
data=68.1, maximum value in the data=2489.0 pg/mL (A), for EX10,
median=43.5, lower quartile=31.8, upper quartile=149.4, minimum=
10.8, maximum=324.5, minimum value in the data=10.8, maximum
value in the data=470.4 pg/mL, for EX20, median=30.7, lower quar-
tile=23.7, upper quartile=87.4, minimum=9.9, maximum=135.9,
minimum value in the data=9.9, maximum value in the data=268.1
pg/mL (B).
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