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Utilization of carbon nanoparticles in thyroid surgery:

a questionnaire survey based on the 10-year experience

of 100 experts nationwide

DONG Zhizhong', RAO Dewei', HE Xin', QI Lingbin', SU Yanjun', ZHENG Xianggian’, CHENG Ruochuan',

GAO Ming’

(1. Center for Diagnosis and Treatment of Thyroid Disease, the First Aftitiliated Hospital of Kunming Medical University, Kunming
650032, China; 2. Department of Thyroid and Neck Oncology, Tianjin Medical University Cancer Hospital, Tianjin 300060, China;
3. Department of Breast and Thyroid Surgery, Tianjin People's Hospital, Tianjin 300122, China)

Abstract

Background and Aims: Carbon nanoparticles suspension injection (hereinafter referred to as carbon
nanoparticles), as a lymph node tracer, has been widely used in thyroid surgery to quickly identify
parathyroid glands and avoid inadvertent surgical damage. However, the specific usage methods and
standardized technical procedures for carbon nanoparticles in surgery for thyroid papillary carcinoma
(PTC) are not yet unified. Therefore, this study was conducted to gather the skills, knowledge, and
experiences of domestic surgeons regarding the use of carbon nanoparticles in surgery for PTC through a
questionnaire survey, so as to provide a basis for the standardized clinical use of carbon nanoparticles.
Methods: On the basis of literature review, a questionnaire survey titled Methods of utilizing carbon
nanoparticles in thyroid papillary carcinoma was designed and distributed to senior and high-volume
surgeons engaged in thyroid surgery. After the questionnaires were collected, a synthetic analysis was
conducted.

Results: A total of 107 questionnaires were distributed in this survey, and 105 valid responses were
received from 78 tertiary grade A hospitals in 26 provinces. Among the experts surveyed, 91 (86.7%)
reported using carbon nanoparticles at a quantity ranging from 100 to 1 000 vials annually. There was a
high degree of consensus among the experts, with 53 (50.5%) considering the thyroid gland showing a
map-like, mottled, and evenly stained appearance as the best result after injection of carbon
nanoparticles. In lobectomy and total thyroidectomy, over 90% of experts believed that intraoperative
injection of carbon nanoparticles was the optimal timing. More than 50% of experts suggested an
optimal injection dose of 0.05 to 0.1 mL per injection point, with a waiting time of 1 to 5 min after
injection, believed that only one injection point was needed for lobectomy, while two injection points
were deemed sufficient for total thyroidectomy, and found that the time for negative imaging of the
parathyroid glands and central lymph node staining was 1 to 5 min after injection. Over 70% of experts
recommended the intraoperative direct visualization injection of carbon nanoparticles in lateral neck
lymph node dissection, endoscopic, and robotic thyroid surgeries. The summary of techniques to avoid
intraoperative leakage of the tracer included appropriate dilution, fine needle insertion, intact capsule,
minimal injection volume, depth control, negative pressure needle extraction, routine compression,
sealing the needle track, and maintaining a clean surgical field.

Conclusion: This study, for the first time, provides an initial understanding of the usage of carbon
nanoparticles among surgeons through a questionnaire survey. It offers an experiential summary and
generalization of the technical methods employed with carbon nanoparticles. The survey results
demonstrate good representativeness, serving as a guiding foundation for future research on the rational

and correct use of nano-carbon in in clinical settings.
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TEE 2 204F, Bl & oy PR S R e R A
(4 R FH DA B 4 R A S ARG B 1 i 3 i, 4 T
MRIEFL MRS (papillary thyroid carcinoma, PTC) HY
R R . PTC BN N 40 W 3 40 vh i DL i
Jirigg 22— AT TR YIRS IA T RO 1 iR
EEF B, SRR, HORIR ARG & 4 Bt
P BOIR 25 18 Th RE R 28 20%~60% ;5 &K A
PR IR 5% IR 2 8 DR #2440 0~7% ., PTC 4 K 2218,
SRR BUS R4F, HAR A 20%~50% 1 (85 &
Az v e DX B S5 R DT SRS 1 v e DX B
HHE R R XM B E LR EMXS, Wik, F
o —Fh Bk Be 5 B O HOR 25 IR CRE A AUE ke
SR AL E R, YUK RIRE TS (L
TR FRA K ) AE R — Rk SR R, &R
F 20 it 22 90 AR T B i . 2L MR A i
14 DX 5 | 9 U 2 s 010 i A K e A A 1
FHURBR TR, 49K s Be A AR R AR B 25 e il
B, MHRFIRASHYE A, HEhTERKE
[ B B AR E FH AR A v bR R0 HEOIR 55 AR
R RE D, GOk E R N TF
FEOR R AR o 45 Bl 32050 O G4 FEOIR 55 B DA B X 4k
W E LA S B0 BArh R, e
TE PTC F AR AL E Ak o 2 1b i FH 98 K e 1 4
TAEFAR M AR I — B ie . Nk, ABFgTE
M ERAERN T, THENZIRR =R FE
SRR UNEE AR N T = = TR AR N (R R
JELLBE A Fe il B2 40 K e AE BRI T R b i il
O 50, Sh g0oK e i B TS b Al F 5 11 IR b
HERF I B AR 4

1 ARSI

1.1 FAEEHNSXR

AR YR [7) 2 VA 0T 5% 0 K e I EL AR i, Al
FHEI K B IR B T T (R9AHk) KR
AR R A (FE 25T H20073246) , £ 3 42k K
INR T mL L (550 mg) o AWFIE o [ B
MEHRBE LTI ZERSTRELENEEL
HC G R FE I H 90 K e TR B T S 7E R L
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SR g AN RHIA T 0 A A v A AT i 2
Oy BEBL . 25 F AT BRI R AR 58 7 (BF 5% v
Z: ChiCTR2300068502) H & X 48 >K e fefi 1 7 v 19
7] 3 A B 51— 53 o

AW 5% 356 BUAE 4 [ R AR = g Y 45 B e K 4 A
HHUR PR AN BHZ I TAE 09 B2 0 I R 1) 5 A . 48
ABRHEN - (DN HORARINEHS Y TAE=S 45 (24F
FOR AR TR 5 >100 55 (3) Ho#% @l 4T B0 K DL 1
WFR; () BS54, Ak [ b E 2614
B AIBXMTI8EK, 107 & RS ik ik
r, A 255 w06 400 0] % W A E AT IS
M, R, A 200 MRS AN RF & 2R b
HeBR, WAL 1057 B AGHr, ARER
98.1% .
1.2 AERENEITNAR

HR A SCHR! O3 A B il 3 22 3 s 1T R A Y
. B ) ERFEL: 258 7eE R LR
E.RK. 25EEFEFIROPREFARAE . -
U ol FH 48 oK o i BT Al 8 oK e A B
Z A AH AR e BB 5 (2) 90K R v TS IR B
e A G RO PEAR 5 (3) BN HR R U B/ AR R 42
IBS 9l K o (4 AL . S S S B R
TR R B VR S HE SRR MU VEAN 5 (4) 9K R
ISV~ I NGy i TS - AN U v N
VAT 7 bk B 25 e £ ) I TEA 5 (5) SNy ok
GEWEH OB LA AR AR TR B 9 K ke S A
TS ALPEAR 5 (6) 3E 56 AR th 44 K o 2 e 1 > A
FEH . VAN G T 20224E5 H 17 H &k, WA
AR 2022457 A 30 H .

2 & R

21 BEHABEERER

iRV E e N e B SR R S N )
92000 4F, 681 (64.8%) & FKAE2011—2015 4EFF
WA . et 2 10 RFd, 10507 & 5K BTl H 90
Ko B i 24l 414 597 32, ARl EETE 100~1 000 2
LR E N (86.7%) (F£1),

http://www.zpwz.net



1722 W E AR A

532 4

®1 AEERER[n (%) ]

Table 1 Basic information from the survey [n (%))]

T H HfE

iR E

FRUPR B/ P 2L AR 63(60.0)

H Bk S s 31(29.5)

Hm AR 11(10.5)
FARE(HAR)

100~500 38(36.2)

500~1 000 36(34.3)

>1 000 31(29.5)
WILR T AR AT Ay

2000—2005 4F 1(1.0)

2006—20104F 16(15.2)

2011—20154F 68(64.8)

2016—20204F 20(19.0)
YK AL B (/4R )

<100 2(1.9)

100~1 000 91(86.7)

>1 000 12(11.4)

22 FRIBEREHRITH

it TS5 44 K S TR R e 5 0 8 R R
S3 (50.5%) % 5IA g AR R -5 5 s 1 B
AR B R, 3160 (20.5%) L EIN NIRRT

2.3 EURIRIRA IR/ VIRt gk R B0iE SR E
S & GESEREEFR B R ES AR EN
R AR AR DIBR 4, 991y (94.3%) &5k

RAR T ES B AER L 69 0 (657%) & XK

N R 98 K e B ASVE S f A ) B 0.05~0.1 mL

6117 (58.1%) & FINKFEN 72575 55 6F 1~5 min, H

WRIE I, 9500 (90.5%) & Zikh A it §f

K IAERIHL; 6017 (57.1%) % FIN 4k o 4 5

5 e A B 0.05~0.1 mL; 6217 (59.0%) %%

N RS S S5 T S5 RF 1~5 min (23) .

DR I i i B s v, 5500 (52.4%) £ %A
iy R B A B R 4 K e TR T LA,
AL (74.5%) & ZIN R HOR MR 4 R 07 Sk
. ARSI, 5400 (51.4%) LFHINN
FEHCR AR DT E s 2 M, Hp 35
(64.8%) & KN Ry ACM AR OB b 0 5 o B
fE (#£4),

R3 BRBERBHRKEHFEI. FEUR TSR EEFH
|‘E|j [l’l (0/0) ]
Table 3 Timing,
intraoperative injection of carbon nanoparticles in

dosage, and waiting time for

thyroid surgery [n (%)]

; . U T H RIS S|
Oy RIS e o il 1967 (18.1%) L %A K I SyT—
ﬂ‘l“%’flﬁ%}ﬂ@i@@%@%ﬁ‘i’fi, ,ﬁ\:’ﬂ'l_j,Z’fj (19%) *EP{EQT 99(94.3) 95(90.5)
T 1 ANk e A Y 48 ok FOR S5 IR 2 S AR ARG dEHES T 5(4.7) 8(7.6)
1 LI 07 27 0 AL 0 € N 0 (92 2) Sl 1010) 2019)
AR (mL)
F2 BRBEBHERITFEMN N (%) ] <0.05 17(16.2) 15(14.3)
Table 2 Assessment of thyroid staining results [# (%)] 0.05~0.1 69(65.7) 60(57.1)
PRI HE >0.1 19(18.1) 30(28.6)
Ji o A S e LR BRI 4 2 e 53(50.5) 5 5E e AR 18] (min)
RIS 43 X Sk 45 5 e €2 31(29.5) <1 31(29.5) 30(28.6)
SR A S B R e 3 S e £ 19(18.1) 1~5 61(58.1) 62(59.0)
HoAthy 2(1.9) >5 13(12.4) 13(12.4)
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F4 BRBEARPAQKKES SBAELER (%) ]

Table 4 Number and site of injection points of carbon nanoparticles in thyroid surgery [n (%)]

Jint-LIgR Bt El] Hfl
1 55(52.4) 25 54(51.4)
Jirtrp 7y 41(74.5) Xy 35(64.8)
et 9(16.4) XU A 10(18.5)
g o 30 3(5.5) JieeEg B 5(9.3)
DSl 2(3.6) Ut 4(7.4)
25 26(24.8) 45 32(30.5)
gt B Rk 15(57.7) XU b4 A 18(56.3)
Pt e R A% 9(34.7) XUy AR 9(28.1)
Pt b 1(3.8) XU A% | Ay 3(9.4)
JiprEg BT 1(3.8) XU F g S 2(6.2)
3 5(4.8) 6.1 5(4.8)
XU T4 R R 3(60.0)
3 S A R N Y 5(100.0) XU T4 A e 1(20.0)
XU gy AR e 1(20.0)
HRAEE L 1~3 11 19(18.0) MBI 2~6 557 14(13.3)

TE : DRI N e A INEL B e 22 KL 75 D0 R T BRI AR

Note: 1) Number and site of nano-carbon injection points determined by gland size, tumor size, and multifocality of the tumor

2.4 EHMKRERREZBRABZMMKEBEL AR
B9
6217 (59.0%) L FKRIAEEF ARG 1~5 min
R SF IR 0 5, 56107 (53.3%) & K & BUe v 4t

J& 1~5 min PO KRB A, 36 i (34.3%) &
F & IAETE SR 1~5 min #0007 kL gh Qe o, thg
8 1 (7.6%) & 7 XF M J5 kL2 45 44 6 B ] A
E (£5),

RS MARRKEIHERREMABHMHKELELENER (%) |

Table 5 Time for parathyroid negative imaging and lymph node staining after injection of carbon nanoparticles [n (%)]

i [i4] (min ) FFCBR 52 i 671 b 5% L R EL A Y ST b L5 e
<1 28(26.7) 25(23.8) 10(9.5)
1~5 62(59.0) 56(53.3) 36(34.3)
5~10 13(12.4) 19(18.1) 30(28.6)
>10 2(1.9) 5(4.8) 21(20.0)
RHfisE 0(0.0) 0(0.0) 8(7.6)

25 HMMAHREBLEFTA BRERIBARREFAR

Al K 7% B 4 i ST ALIE MY

82 (78.1%) M 744i (70.5%) & %4551k
Sk FUN 7 bk T 4 3 R R /AL A A FEOIR BR T R B
YK I 1 e A T S R PO R TP g5 1667 (15.2%)
2207 (20.9%) L Z2 55 A0 1] T 78 S it 20000 7 9k
CLEE W 4 . BB AN R FARRET 1 d 478
MG TFES; 210 (1.9%) &Ik Fm
TPk E R T EE Sk, 17 (1.0%)
M7 A0E (6.6%) 7R FH XFF 000 Jr ik B 45 1 1 R0 i
BEHL R N BRI PR 98 oKk B B E Y &
5 (£6).
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&6 IMAMBEFHA. BRMNFAFRKBRFARAKKE
SRHLEIIERE R (%) |

Table 6 Selection of timing for injection of carbon

nanoparticles in lateral neck lymph node
dissection, endoscopic/robotic thyroid surgery
[ (%)
IR ARG AL FUMTMEIEE RS AT AR
AR 82(78.1) 74(70.5)
AREG1dEAG ST 16(15.2) 22(20.9)
ARHPARTIE & 3(2.8) 1(1.0)
ARAT 14~ H 1(1.0) 1(1.0)
AN 2(1.9) 0(0.0)
AN E 1(1.0) 7(6.6)
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2.6 BENKKSREHEETIE

I A e R T 45 e 9K 5 R S T
fO 0 P 2 3 RN 7 3, T T R B R e e Y
Tk (7).

RT BEHKKERHFTER (%) ]
Table 7 Methods to avoid leakage of the tracer [n (%)]

PiRe Kl
HEHE 47(44.8)
e ETAL 31(29.5)
Jran gL 28(26.7)
(ol S 24(22.9)
iR <oy 23(21.9)
e ) L IR 21(20.0)
KRR 4(3.8)
I mL IS ER A0Sk 4(3.8)

3 i it

FHOTR 25 MR el Lk R 1) 5 e A, IR IR
FARNEE G Z BB o 0O B R 55 R 4 2
AR, PHE . BREREHERCHH
FHR SRR E A%, A MMRELSRE
TR S5 BRI E R B R, N B F H IR AR
FR IE R S5 R B BEIA AR SR, gk R
PERl—FB i . L2 IbRHE AR, 7E HR AR U BR
AR H I R DX L 4 T A HAR 55 RN, A oK ok
WKL (47 5 142 0 150 nm,  JE 3T K T 6 40 145
A BR (20~50 nm) , PRI RESE A M A . 48
W, 40K 2R 50k m] LA T A I 4 B 4
JiL A7 W S oF 3 T 4N B A PN R 40 I 1R B (120~
500 nm) HEA BN EL R, JFRE SR R AE Tk
ELghep, (2G| i FOR 5% IR AT BE B = ik LA
Kpigetn, Bl “MERT MRS, EXSH
PR HIR 5 590 6k B 85 i B ofR 5 R0t i e i R
7 40 2K Jie T LA R AIG B R 5% R ) e D AR & AR R
YS& Y LR RN SETT O 87

A 5 38 3 7] 3 8 A Y O 28T b AR R
U E FEOBR R T AR vl 4 ok R 0 B AR T 9k DL R Al
FHALSR o PR 7 9 K e e v [ &% 4 T KR = 4
A B2 B LA B DA 5 B IR A BH2 9T TAE 9 AR B
ATz, JFH R ER R, RET
EEAR, BA—wmREE. mEd, @i
50% 1 % IR H AR I B i R 2 B b PR A B
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IS Ye (e Sy g oK e T G R R OIR IR R g
RO o TEX AR R AR R 0 AR T, TR X
AIRE S TN T . WEMT, TEAT BT HUR 55 IR IR
SRR . T 90% 1% GEHERE AR T I 9 K D
DR A A B R B 0T DL SE A e R Bk B e L
R R TR ], X RS 2 1 U 2R GE
VRSN S S R < N N R I /O N =
9K e T B K A AR, ) A4 B K TR B
], WARR 1B 5T 98K kR 75 24T IR
FHOIR B A0 B 4 DA TG B AR T oKk B IR Pl 25,
I HLAR B R S AR 08 Y I R g g oK R BR O A
SRR TN K e T S ) R A A R R ]
L 50% 1) & GEAMEAF B ST ST 0.05~0.1 mL, i
50% 19 & M A7 E O G T 24 R 1~5 min FiE1T
AREEVE T LIS BB 1 e R0 o 78 FOIR B R ot
VIR AR, it 50% W& ZMERE 1 g, iEE
BUHRE TG EZ, AFRESD AT, Hit
50% 1 L GEAERE 2 ROTES, VRS 8 3 ZE LA
ARIRG (o o A 350 & S 7 AR AR R
JR RN R RN DA R S 2 ki R E T B A
SURUSE . Z 0 TE ST B TN ok R B3 50 o A
RIS TS A R N (ERE S°T R I o\ N
Pt R, Bt S gk ks e R . L,
K SR, EEASENENNSA, &
T b U A R R L G UR RN R LA K R G R
25 Fop o 1] 2 56 B B AR RCR iy w4, O HUS Ak
YK B 5 Y R B

# It 50% 19 & 52 K BRAE AN K IR 1 ST A5 U 1~
5 min A] DLW % 5] B R 5% AR £ 3 52 DA K v o DXt
e E R TR N RGN 5P 97 N R R
KIIES A KRS 1 min N . 1~5 min, 5~10 min [
Ko ik 10 min B A0 & K 53 0 9.5% . 34.3%.
28.6% F120.0%, WA 7.6% ()L % %A % & WL,
XA 5 I8k U 235 1) e € B R e OR R B A o Tk EL &G g
LA B FOIR 55 i 6 5% i TR 5 ) 2 T R 454 A i
[], vk DX B 5 R HE R 55 BR %) 06 Ol R
DI, G M B 52 i) AR 3 O 58—, T 39
A 75 Ik B 245 B 0 K e e S L SR e, O HL#
I EL 5 3 4 — P 78 IR R U0 B DA R v e DX L 45
WHARZ G AT, W 5 Ik B 45 G £ i ()
EEANREME, XTREILRIEES RAAEER
(O TR AR B 4 e 8 3R A K e ) — A T B4
FEbR, UG K R v R A L TR G R A S A R I
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] 55k B 45 g (o e UM O . TR RO R, fETE
SRR e e S B IR IR AT e XM B 25 5 SR T
—E W E R AT R X E S, AR
SRS S A I S N i NG 1 R Gl 17 N N
g5 e R ] BB 5 T O R R D RO P R L A
J A R R R A o — T Meta S0 BT R, K Z
AR B U AE iR JE R Y 2~4 A7 A T S A K g
SN 0.2~0.5 mL (555 0.1~02 mL) , FESE
L% TR ] 2 10~20 min, 2015 fR ¢ HUIR IR TR
IR 55 R R L R ILAR0) U g oK e T S HE A
A J5 35 1 mL B2 S a8 2E g L U L (L
) 2B 0.0~0.3 mL/ M, TSR, A
AR R E S A1 min 247, F1F S min 547 H AR
B FA, Ande AT SO Xk A vE 4, d e T A
J& 20 min AT, WIAE CHRR IR R B HOR 55
Drfg Ry 4 (2018 i) ) USIrpoxd 4 ok g i) Ak
i FH 7 1 V2 R BB A S T . A A TR RE RN S
ik H A0 K i ) R L AR BIE A B R T A A £ ]
bl e v I o NI B i TS - A | B N AR (R
ToRo PIBL, 99K s W 0 R 0L L A R
T S8 3R e R A R I ) 45 A e A 2R AT R T ik
W Z ST R IR S A B SE S SR

B 5 PN B BT B AR 1 2 25 R0 RR G 95 0 EE R Y
P, BB DL RHLAS AN TR AE R R TR s
T & R, g oK i e v i I O R T Ik
WA 70.5% W& GEAE I G5 AL # N HAR i TR
R AR TP AT Ak R, B 20.9% B9 B R AEREAR
AL d RS i T BT HOR IR F AR R B2 HLEE A
RAEFARIFAEH TR, A 6.6% 1L KX IL T
WU A HE R T L o AR B 40 oK ke e 6 Ak R
D7 E X ] BB 2 RANRE BRI BE R Y R
PR30 AR i R 515 T 9 oK e v A AR
# . Ouyang ZFP2HRE T 78 114 51 XU e 55 5L 2= A %
B A HUIR PR ED B At R BT 1 d A 5] 5 N 5 4
KB RBUR , IA AR T B K R AT e 45 3 4
KB e L2 IF HLAE K F R B, i R Ay
SIS TFTHEFRELETEAIFABRILEK D, £
BEJ P Ry e (1) R LG 3 35 7 Ak 3 1 38 AE
(2) TE 51 5 N ol DLW OR A58 19 IR (3) 3
45 R Sl 0.2 mL A= B R K wh Pk 4T 18 . Wang
SRR 53 5] 48 1 s i E B R OIR IR B TR &
B, R EMTFAARR 1 h A5 T 35 g0k
AE R AR RS E AR, 7EEE ML AH
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ARMEFA A, GOK B0 TN PL 2 B Z R4,
] RE fi 4 04 0 P A I T A AR R O 22 5 R
HTAREE R B S 98K BT HUN J7 itk T4 A9 3
PA —Em B, (S AL A W . Zhao
SEUILE PTC UM J7 ik LL 45 56 7% 52 K I TR I, R
FHARHT 1~14 d 7 51 ST 1) ] SE i A48 3 5 24 K
BeE ALY J5 U5 o AR R PTC S50 J7 ik B 45 3 1
W, R 2 RO RE B R AR o BT 98K R
S AEA YR A AT 78.1% 1K S A A A SN
J7 R EL 25 38 1 iR R o B 4K i i AT
15.2% WL ZAETF AR FDE S 51 5 N EH A ARR, X
] RE5 )BT R O

TE S 90K ¢ e 4 oy e A e LU O™ O B
FAFR LB W o Zhu FFPHRIE 7101 R TR S 8
F, UEWE . E N RGO RN RS
Oy R K R T I S 16D T SR R R, AR IR
i i 2 0k PF 5 T 0 T TR L L AR i S TR T A
o IR A N, B E A ST Tk
WL 2% WEYMORE . BT RIA L RS
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