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The Diagnostic Utility of Ultrasonography, CT and PET/CT
for the Preoperative Evaluation of Cervical Lymph Node Metastasis
in Papillary Thyroid Cancer Patients
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Department of Radiology, Korea Cancer Center Hospital, Seoul, Korea
Purpose: To compare the diagnostic utility of ultrasonography (US), CT and positron Index terms

emission tomography/CT (PET/CT) in the preoperative evaluation of cervical lymph

node metastasis in patients with papillary thyroid carcinoma.

Materials and Methods: The study population consisted of 300 patients with
pathologically diagnosed papillary thyroid carcinoma after thyroidectomy and neck
dissection. Preoperative US, CT, and PET/CT findings were compared with pathologic

outcomes after thyroidectomy and neck dissection.

Results: Sensitivity in detecting central lymph node metastasis (US 29.9%, CT
27.9%, PET/CT 18.8%) was lower than that for lateral lymph node metastasis (US
56.3%, CT 66.2%, PET/CT 43.7%). Specificity in detecting central lymph node metas-
tasis (US 80.6%, CT 77.7%, PET/CT 83.0%) was lower than that for lateral lymph
node metastasis (US 96.8%, CT 80.6%, PET/CT 95.2%). The combination of US and
CT had higher specificity (77.3%) and higher sensitivity (33.1%) than US alone. PET/
CT has no significant additional benefit over the combination of US and CT.
Conclusion: In preoperative evaluations of neck lymph node metastasis, US and CT
and PET/CT are more useful in lateral lymph node areas than in central lymph node
areas. The combination of US and CT has higher sensitivity than US alone.
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Aele] HAPATRe} Blaslo] Ztzto] ZAte] An Yz o)
2 9849 otoft 12} SIGiTt,

5E] 2012&1 7Y 3IY7HA] 2N A
k%0 x| = OAln]o] KB & O Z{7LARA] A& ) 2T
A AAlsS Algo Hl F2Ae] JArdah f-F A SOl
RIE 30092 o= 5 DP EH” RSO A %“E’
50A(21~80M) AT, A7t 2547, A7) 4670194, 4
T3 A T TV 432 8 mm(2~60 mm)M—
A AR 1292 RS o ol '
(follicular variant), 792 = A2 H5(tall cell variant), 19
S =i A HZ(clear cell variant), 19852 171F HZ(solid
variant), 182 00k ASFE W2 (diffuse sclerosing type)2-
2 SRIE, FYo] 2ol thd (multifocal) 22 HAE
H 971 399, /3010 -7t 75, WA AR H (ex-
trathyroidal extension)©| QE 727} 1680|ict, A
< VR A= 92901t (Table 1).
HE T 0O IR AR AlSSE Ao A =

ofsfa] 470l Az ApTglo] FAI7Y %lgzg 5

Table 1. Patient Demographics and Tumor Characteristics (7 = 300)

No. of Patients %
Gender
Male 46 15.3
Female 254 84.7
Age
<45 106 353
> 45 194 64.7
Median (range) 50 (21-80)
Primary tumor
Size (median, range) 8 (2-60)
Pathologic variant
Follicular variant 12 40
Tall cell variant 7 23
Clear cell variant 1 03
Solid variant 1 03
Diffuse sclerosing type 1 03
Multifocal 39 130
Bilateral 75 25.0
Extrathyroidal extension 168 56.0
Combined thyroiditis 92 30.6
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1 PET/CTE AlR a ‘31] O z]—x}_]
W7IE, US 24, CT 24, PET/CT &2
TAFHIRE ARSI 75 E2 A level HOM evel vw}
29| Y-S =78 L& (Jateral compartment) = 256}
Fa1, level VIO HixHL 2AIAE AL (central compart-
ment) 2 251 O, F=uF 0 =9 1|0
RECEPE

US+ Aloka a~-10 (Aloka, Tokyo, Japan)2= 10~15 MHz
O] g YEANE °l851d oF o Fatolshat Azt Al
S, SYEF d2A W S5 d=4-of diotq vhge] o
A 7R =) RS TIESile. AR, F=dEo] e =
(short axis) ZOJ7} level 119141 7 mm ©OJAYO|AL; 7 Hho] B
f1olAl 6 mm OVIRl B, =A, HEE YFo] of27F
O] 5] vlstq o)1 F2-(Fig. 1), AIA, Hz=42] ek

o] EL(short axis/long axis ratio > 0.5) A%, Y|, 43|}t
(calcification) & &8Fol= 74-%(Fig. 2), WA, F4d ®t
(cystic change)”7} Q= A2 (Fig. 3), oA, 2=A LH o]
A= (fatty hilum) 2] 44 |-F01H, Al 71R|9] o=
THA| oVl S FRF A9 AR H=E ok = 7/1
2 ISIeIek(8-10).

CT= Brilliance 64 CT scanner (Philips Medical Systems,
Cleveland, OH, USA)S ARE5FIAL, 120 mL2] 744w A
(Ultrav1st 300, Schering, Berlin, Germany)S- 187|°]A] vk=

olgsto] 2 2 mLol &&= FU5ky 602 XA T A7
—% AlRFstitt, 2742 120 kVp, pitch 1.0, ¥4 1 mm= ot
a3 mm P22 ASdSiGint. A SAHH GAollA
2] oAl 7HA] @50] oRE T]I= SIS XWH gz4go]
2O Z(short axis) AC17F 10 mm OWJQl HL, E4, H=4
o] QI-3E ZHlZ(sternocleidomastoid muscle) BTt & 75k
=27} El= HQ Al Yirgo] woko] =1 HOo  uix),
@Qlﬂ(caluhcatlon)a FHkok= 4 (Fig. 4), THAIA, G4
Hok(cystic change)7F Q= 7B-9-0lH, Tl 71C] = & 9t 7t
2] OlAfo] 4718 Bk 249 Y BEA Ao} gl Jow
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A B H, HAF A= US, CT, PET/CTY &2
2 B= 2 -sdstilont, 2H2te] HAks Al the At
O] Auks | ok A st

PET/CT+ Discovery LS GE PET/CT scanner (General
Electric Medical Systems, Waukesha, WI, USA)S ©]-&5}o]
P& Ao s TR G =Y A 2AaT 64Ol

2 FUSHL LA, 502 20 YHESE AlRSH. A
2D Al = IS T Ao thERE SRP7EA] 5, 6 Z2YE
A AL oF 2T 6+ =l WED

=
2 AT CT Q2= allEg2 stelar, wige 72 3

Fig. 1. US image of a 64-year-old female with papillary thyroid carci-
noma. A hyperechoic lymph node is shown (between +) in the right
internal jugular chain. Histopathological analysis revealed a metastatic
papillary carcinoma.

US = ultrasonography

Fig. 2. US image of a 49-year-old male with papillary thyroid carcino-
ma. Microcalcification (between +) is shown (+) in the left lateral neck
lymph node. Histopathological analysis revealed metastatic papillary
carcinoma.

US = ultrasonography
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o 7|ty Hois; 2 e]S (ordered subset expectation maxi-
mization algorithm: 2 iteration, 16 subsets) W10 2 -4
SIGICE 2= PET/CT-= 9t ©§e] fofetat 7o)} h=otd
o PET/CT /0l Hol=z 242re] g FLE0fA] SUV
(standardized uptake value)%F2 S45FHC™M, SUV kOl
2.0 oMl % xo] Al gsiirk(12). et of it
g2 PET/CTE 53101 ¢2 sistd g Edi= A=A
==, olE S0 P2 o] Y F{of AHHEo® A7t
= 4599 F-20] ok thi= S4=R= SUVawatel 2.0 ok

ofzte P AR TSIIH(13). ESH H=A ol £

SUVI]MX%/\]—O] 2. O 016

= ol Yae Tele

Fig. 3. US image of a 66-year-old male with papillary thyroid carcino-
ma. Cystic changes (between +) are observed in the lymph node. His-
topathological analysis revealed metastatic papillary carcinoma.

US = ultrasonography

Fig. 4. CT image of a 62-year-old male with papillary thyroid carcino-
ma. The right paratracheal lymph node is increased in size and shows
calcification (arrow). Histopathological analysis revealed metastatic
papillary carcinoma.
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o5 Folf Ztzto] FAf HAR] XIcka] 48448 Fob7] Sl Tl
L, Bole, S, S4895E, T8 ZL=E ALt
Sl A= vl siiet, Eok ZH2to] GAf HARE HEo = Al
FE et oA, USe CTE SAIOl AlgE 7422k USet
CT 221 PET/CTE R5% AIFHS AL o7 vlwsey
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statistical package (SPSS 17.0: SPSS Inc., Chicago, IL, USA)
= 0]851% McNemar test2 Bl 5391 SASH] 0]9]
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1547071 22| HAPA AT YA o7t Ql= 1o 2 yhd]
Aok, 245 FxHo] Ao = 1337)9] FLeojA] Pz Ho] A
A=}low o5 & TI7H7F AR HAPAIA; HEA o]
7} Q= Ao = YRt Table 2).

o

US, CT, PET/CTY 210t E0|
A} OIS 7|20 2 Bl ), 2 Foloj| that vz
L= US, CT, PET/CT 502 APPS HQ 217} 17.6%,

Pz, US?F CT Y PET/CTE 25 AIR¥TE Tiol® 19.8%%
o}, ool HQ US, CT, PET/CT: 212} 97.0%, 92.9%,
100%%2H, USet CTE sAlIol AIRYFE 79 92.3%, US
ot CT Y PET/CTE 25 AHFS o 92.3%%. S5 o
4 oo Tt wizk== US, CT, PET/CT TH50=2 AJlg)
732 22F 79.3%, 86.2%, 55.2%% 2™, USLF CTS 5Alol
A AL 93.1%, USQF CT ¥ PET/CTE 25 AlS
o] 93.1%%ch, Eolw2] A9 US, CT, PET/CT= 22} 88.9%,
50%, 88.9%%2H, USLF CTE BAlol Al 3 72 38.9%,
USeHCT ¥ PET/CTE 25 AIRSES o 33.3% L.

745 HEHO| ZH P VR0 2 SIS uf, f= A Fdolof
ot wizke= US, CT, PET/CT ©@=o2 Alggle 79 7t
7} 99.9%, 27.9%, 18.8%%.20, USe} CTE SAlo] Al
2 7% 33.1%, USet CT ¥ PET/CTE 25 A3 of
33.1%%ct. Eolo] HL US, CT, PET/CT: 72} 80.6%,
77.7%, 83.0%%2H, USeE CTE BAO AlYHS ¢
77.3%, USet CT Y PET/CTE 25 A2 o 77.3%%ct.
S5 g=4d Holof gigt 9ite= US, CT, PET/CT 5
o2 AP ALY 22 56.3%, 66.2%, 43.7%FH2H, US
o CTE Aol AlRY3ES 739 70.4%, USQFCT % PET/CT
S R5F AYFS 0ff 71.8%%T E0lw0] 4 US, CT, PET/
CT= ZF2} 96.8%, 80.6%, 95.2%%¥20, USQ} CTE A
of| AlHFHS 7 79.0%, USSF CT ¥ PET/CTE 2% Al
S 77.4%%ct.

to |k

>~

US, CT, PET/CTS] H|W
A AL 71 FOR B wht HY YA 2t

pind —
e RO R FIGS O B FART YT Y 24T

Table 2. Numbers of Dissected Nodes and Positive Neck Nodes per Level and per Patient

Per Level Per Patient
Location Number of Dissected Nodal Number of Metastatic Number of Patients with Number of Patients with
Levels Nodal Levels Neck Dissection Metastatic Nodes
Central 396 154 300 131
Lateral 133 71 47 29
| 0 0
Il 30 8 25
1l 41 24 35 21
IV 37 28 31 25
V 25 n 22 9
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AT 0| YIS St XSTAAI XY

dojA UseF CT 7*7*91 U AR T AP FARCR p=0.045), FF H=E o2 7IEo R sigke WS
Folujseint. ol o] A9 US7F CTEH =k=tl, I Aol A5 g=8ojA p = 0.025, S8+ % dollM p = 0.004)
= AR TRl R Sfgle UUHE BT "R BE FAKeR {ols E}. USeF CT Z12]a PET/CT] Al
p = 0.045, 575 =AM p = 0.034), 5 F=ZAO 2} 7] GARS SAl AlEge me USS’-} CTE Aol A3
TS 7IEOR Sistg MEYY YO p - 0.05, & uShRsiel el Soluoli Aol A i
ZE YIHO|A p = 0.009) BF BAMOE Qoslglcy,  AlHog Qol5t xjo|7} ¢
AR P4 PET/CT G USHH izt=7} Bo
HoH(FAE IRk 7IEe = ofgka Wl p < 0.001, FFd 11
ZAo) 7k Feg TIFO R SIS Wl p < 0.001), FHEE
Rl Ao LERATHRAF AWHQKS VIRe R sigke o RRAAYS & A Hols g7 o US=
p < 0.001, % Y=HO| 7t 719G 7|02 FYUS Wp < TF2 GAFOISHA AL fo ulia &4 Ak 4 9]
0.001). US®} CTE FAIl Al Whe, USE @522 ouf "Gk BlwA] #|sio] T5] ARGEA Qb USe 1
Alstot vje Solt Aasisist, 1 Aok Axig Rl ofstel Ay g Holol Wkl gl el aig
WS 7o r ofs Wi S8 T JZHoM p = =(37~84%)2F =2 S01=(89~ 98%)E ZRAAL Q= Ao R
0.013, 785 F=HolA p = 0.002), B+ %E@_Bl Zt 2 A Qlek(14, 15). Jeong 5(16) 7B HE O] ZF HES
= 7|2 = SIS W(SH8 T "= EoM p LS5 VIEeR SISk w WA ARy ek USe] R
ITHA p = 0.002) BE EAHOZ 46}%‘1@. USYF  41.3%%1 E0le= 97.4%9 200 745 d=dnt tifo=
CTE SA|of AIHFHS wfo] uizbe s USE th=o g AJ3Ys o199 o USe] nizhe = 53, 9%11} HUSIGIH Tto 5(17
Pe W Zlen, 1 Aol TS AWNRE 7IRe = 5l 18):> USOIM S4EF 9 = 10.9%°14 é%ﬂ?—
= WHESABT F=E0M p = 0.025, 585 H=ZEoM  H=Eo] Uit 39%Eu Lﬁf‘i“iﬂk 2 5 EQH USe
Table 3. Sensitivity, Specificity, PPV, NPV, and Diagnostic Accuracy of Preoperative US, CT, and PET/CT per Level and per Patient (%)
Sensitivity Specificity PPV NPV Accuracy
Per level
Central us 299 80.6 495 64.4 60.8
CT 279 77.7 44.3 62.9 58.3
PET/CT 18.8 83.0 414 61.7 58.1
US+CT 33.1 773 48.1 64.5 60.1
US + CT + PET/CT 331 773 48.1 64.5 60.1
Lateral us 57.7 96.8 95.2 65.9 75.2
CT 66.2 80.6 79.7 67.6 729
PET/CT 437 95.2 91.2 59.6 67.7
US+CT 70.4 79.0 79.4 70.0 744
US + CT + PET/CT 71.8 77.4 785 70.6 74.4
Per patient
Central us 17.6 97.0 82.1 59.9 62.3
CT 15.3 929 62.5 58.6 59.0
PET/CT 46 100 100 575 58.3
US+CT 19.8 923 68.3 60.2 61.3
US + CT + PET/CT 19.8 923 68.3 60.2 61.3
Lateral us 79.3 88.9 920 727 83.0
CT 86.2 38.8 69.4 63.6 68.0
PET/CT 53.3 88.2 88.9 517 66.0
US+CT 93.1 389 71.0 77.8 72.3
US + CT + PET/CT 93.1 333 69.2 750 70.2

NPV = negative predictive value, PET = positron emission tomography, PPV = positive predictive value, US = ultrasonography
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