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Abstract

Background and Aims: Methylene blue hydrochloride injection (MHI) for tracing is a new type of
tracer approved by the National Medical Products Administration for use in thyroid cancer. There are few
related reports at present, leaving significant research gap. Therefore, this study compared the effects of
MHI and carbon nanoparticles as tracers on lymph node dissection and parathyroid protection in robot-
assisted thyroid cancer surgery, so as to provide new tracer options for clinical work.

Methods: Using a prospective, randomized controlled design, patients undergoing da Vinci robot-
assisted total thyroidectomy in the Department of Thyroid and Breast Surgery, the 960th Hospital of the
People's Liberation Army were enrolled between June 2022 to June 2023. Grouping was done using a
random number table. Patients receiving MHI were included in the study group, and patients receiving
carbon nanoparticles were included in the control group. The number and tracing rate of level VI lymph
nodes in the two groups were recorded and compared. The total number and positive number of level VI
(+ lateral neck) lymph node dissections, preoperative and postoperative 1-d and 6-month levels of blood
calcium and parathyroid hormone (PTH), rate of inadvertent parathyroidectomy, incidence of
hypoparathyroidism, incidence of temporary hypocalcemia after surgery, and whether there were residual
marks at the injection site on the skin after surgery were analyzed to compare the differences in the
effects of the two tracers.

Results: A total of 99 patients were included in this study, with 7 lost to follow-up. Finally, 92 patients
completed the trial, with 46 in each group. There were no significant differences in general
conditions between the two groups (all P>0.05). The lymph node tracing rates in the VI region were
97.1% (95% CI=95.7-98.5) in the study group and 96.4% (95% CI=94.9-97.8) in the control group,
with no significant difference between the groups (P>0.05). The difference in the lymph node tracing
rate in the VI region between the two groups was 0.7% (95% CI=1.2%-2.8%), and the VI region lymph
node tracing rate in the study group was non-inferior to that in the control group (95% CI lower
limit >-10%). The total number of lymph nodes detected in the VI region was 557 and 630 in the study
and control groups, respectively (Z=-0.388, P=0.698), and the number of positive lymph nodes detected
was 125 and 92, respectively (Z=-1.443, P=0.149). There were no statistically significant differences in
preoperative and postoperative 1-d and 6-month PTH and blood calcium levels between the two groups
(all P>0.05). Inadvertent parathyroidectomy occurred in one case in the study group and 4 cases in the
control group, with no significant difference between the groups (P>0.05). There was no significant
difference in the incidence of transient hypoparathyroidism after surgery between the two groups
(P>0.05), but the incidence of transient hypocalcemia in the study group was lower than that in the
control group (P<0.05). There was no permanent hypoparathyroidism in the study group, while one case
occurred in the control group. One patient in each group had residual marks on the skin after surgery.
During the 6-month follow-up, the marks had disappeared in the study group patient but remained in the

control group patient. There were no cases of recurrence during the follow-up period.
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Conclusion: In da Vinci robot-assisted thyroid cancer surgery, the use of MHI for tracing can achieve

lymphatic tracing and parathyroid protection effects similar to those of carbon nanoparticles suspension

injection.
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Figure 1 Black staining of the skin and operative area after

injection of carbon nanoparticles in the control

group A: Skin surface staining; B: Operative

area staining
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Figure 2 Injection of MHI in the study group A:

Intraoperative injection of MHI; B: Blue-stained

lymph nodes
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Figure 3 Exposure of parathyroid glands and recurrent
laryngeal nerve
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Figure 4 Enrollment and follow-up of patients
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Table 1 General situation analysis of the two groups of

patients
LolEnedl X A ZH
7R P
S (n=46) (n=46) s
FR (S 5+ 5) 36.1749.82  36.87+10.65 -0.326 0.745
Hn(%)]
5 19(41.3) 20(43.5)
0.045 0.833
= 27(58.7) 26(56.5)
g R/ (em,x £s)  0.80+0.45 0.76+048  0.470  0.640
BB (%)]
a3 19(41.3) 14(30.4)
1.181 0277
& 27(58.7) 32(69.6)
YIsyE il n(%)]
Jign: 9(19.6) 7(15.2)
0303 0.582
2] 37(80.4) 39(84.8)
WSS (%)]
BRI X 15(32.6) 9(19.6)
R e X 9(19.6) 15(32.6) 3.000 0.223
HR e X+ ] X 22(47.8) 22(47.8)

22 ARERERBER

F 7% 21 A 6 AR 2 VX 9k EL &5 7 155 2% 0% 51
97.1% (95% CI=95.7%~98.5%) Hl 96.4% (95% Cl=
94.9%~97.8% ) , Wi ZH VIIX Kk [ 45 /% i R 22 7 L4
PR X (P>0.05) . P 4H 18] VIIX K B 45 7R i R 22
H70.7% (95% CI=1.29%~2.8%), 95% CI FFR>-10%,
DR I AIF T 26 B VXM BV 45 R B R AR 45 T % IR 4

P4 VI X 9k L 45 80843 il ol 557 AR
630 A5, BH Ik 12 25 003 301l Sy 125 KA 92 #, i
DXV bk B 45 853 1 o 304 AR 428 A, BH A i
EL 25 K0 43 0 Sk 48 MO 32 M, VX ik B 45 4G i R
CRGE 238 = 08 20 85 s s 9 4610 450/ 4 P9 9 510 5 ) R e
SEEERS R (FL B R = Uk B 45 T % o 1) 5/ A 7 o 1)
B LB ESR (P>0.05), #F5%2H R 58 g iR 1)
L), XPREHHRSE IR IR Y 4 6], 2R TERITEE
L (P>0.05) (%£2),
2.3 FABIEMEBE PTHKFE

B ERMS ARG 1d. 64 A PTH & 1ML 55
KB AEY, ZRB G EE L (¥ P0.05)
(#£3).
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Table 2 Postoperative pathology of the two groups of patients
T H HF5E4 (n=46) X HRZH (n=46) Xz P
VI R L 257 400 8 () 541/557 607/630 — —
VI B 25 PR30 88 () 125/557 92/630 — —
SO X7 2 225 A A3 8 (R 48/304 32/428 — —
VI FEPAE 255K (B0, M(IQR)] 1(0~5) 1(0~3) -0.388 0.698
VIR R S5 [, M(IQR)) 10.5(8~17) 14(9~18.25) -1.443 0.149
U X B PR L 4555 (i, M(IQR)] 0(0~1) 0(0~0.25) -0.612 0.540
FU DX IR LS55 (K, M(IQR)] 0(0~13) 0(0~16) -0.555 0.579
VIR [n(%)] 46(100.0) 46(100.0) = 1.000
VI EZ 5 [n(%)] 26(56.5) 26(56.5) — 1.000
FURSEIRRY] [1(%)] 1(2.2) 4(8.7) 1.903 0.168
®3 MABREFARBEPTHMMEBKE (% +s)
Table 3 The levels of PTH and serum calcium before and after operation in two groups (x + s)
T H 522 (n=46) X HRZH (n=46) ' P
PTH(ng/L)
A HT 41.76+14.31 41.12+12.18 0.233 0.816
AJF1d 18.94+11.44 21.09+15.59 -0.754 0.453
RIF64H 34.06+11.02 32.38+10.38 0.756 0.452
145 (mmol/L)
FINif] 2.300.11 2.310.11 -0.532 0.596
AJF1d 2.12+0.20 2.05+0.14 1.947 0.055
ARJF 64~ H 2.24+0.10 2.23+0.10 0.824 0.412

2.4 REHEEXERER

W20 ER 3 R BT B e EORR 5 R T RE R & A
FAMY, ZRESRIT¥E X (P0.05); HBFRH
AR5 I AR A I RE & AR R AR TR B AL, 22 AT

TEGITFE L (P<0.05); TR AR H Bk A
AR 55 MR T e R, X R 2 B i R H R 5% R T
REWGR 1B, 2R LG8 L (P0.05). PHdl
oK Bk A PR SR e A (R 4) .

F4 MABEBEARBHRERERIR (%) ]

Table 4 Postoperative complications in two groups [n (%)]

miH WF5E4H (n=46) X HRZH (n=46) X P
BT AR S IR R R 15(32.6) 17(37.0) 0.192 0.662
TN HUIR S AR BB UR 0(0.0) 1(2.17) — 1.000
BTIAEARES I AE 17(37.0) 27(58.7) 4.356 0.037
TR AN 245103 0(0.0) 0(0.0) — 1.000

25 AREMHRTHSZBENICER
ARIGPHL A 16 (22%) BEBEIKREZE
it, EARF6ANAMUIN, MFRAHBRHERREICE

MK, WA, 2278830 (P>0.05),
3 i it

ORI AE Z SN S8, R R B B R

T RIE A ECE RN, H AT ROz N T
i o FLIR . AR IR SE 22 Ff R 32 7 e,
K= FHGE , e HUIR IR AR A AR R 9 ok
BAT H) TR L 45 B9 1 4 A HUIR 55 R A 4, B
Ko oy i BL25 W3 BRBL G, 190 B 40 il A 3 28 X
W, I EA SRR, DR A BN ER H Y,
A2 HES BRI, PEEB T AN, HE
PG AE N RS, e 2 e DL &8 N 55 N B8
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N7 IE 9 9K EL R B, F S R, MHT P R AR
KN, 3 i R AR 25 2 5 n] AR 7B O A B 4
IR B RS I G Tk N LA, R AT X B 45 X bk
ELE5 EB /R B, AT R SRR S AR Y 5, B
BB R IR S IR R BN . ARIER T, AR
FOR TS MHLE L Y505, a2 kR R
BRI A] KB, R RS F AR ERm, It
Gb, ZiWAE AR R ag sl AR, &R IR TSR
AL AR AR R ENIC, 76 % 4 Pk Y TR
T R S 1 3 AR I ) 26 0
3.1 VIREIFMEXHELEEFA

PTC 3 5 A X Btk L 2556 8%, R AR vh )
JIE Y b B &5 9 41 = S R PTC B JE ) BB R K
VX bk B 25 56 8% fe b i UL, VIR 2 25 3 49 195
B, UFHEKERER, T4 EEKTERTF
S, SRR N O ANRE, BEEE . S X
WK EL S5 56 B B i DL IO T, TINRNTVIX, X A7 78
Jigeg 57 F RR A b sl . HAR R K . R0 B A
ol K s P S TR S RS, S XAk 4G 5% RS XL
B 5 v, R 2 T 9 A AT VB A X9k
53 H L Chen P IE 1Y 61 4] PTC i & A
A7 UK B 485 3 451 I FH 40 0K e AN A B8 2 1= Tk B 45
A X B R A AU AT . Qian SRRV I (1
73 AT EIAN DXk B 4 3 4 R R TR R 4 oK R
i Ik L 2 e e ELA R G A R RN R R . AR
FE WAL VI b B 25 7R BE R 258 0.7%  (95% Cl=
-1.2%~2.8%) , 95% CI | FR>-10% , 4 ik 25 K
SR BH M R AR G, B 2 MHT R 49 2K o 359 6 3k 2
SER T Y RO, AT ke FER BRI 1R ) i
iR HEE R
3.2 TRERFIXS ERSZRRMMRIP1ER

FFOTR 25 B 458 43 2 IR IR T R 19 32 22 0% B E
FOR 55 B 4005 £ A LA R R . — 2 B 55 i i
YI, B R 5 BRI FRAL /N, HL 5 IR BR A ) 06 &R
B, AR N AR ME 5 R Rk O 45 KRR A 24 IX
gy oM Rz, b T RS MR A LA, 1
G385 HUR R o A8 rh 25 5 B 05 IR 55 iR it . HTAR
52 JIR 45405 7T BE Y BR JE PTH AR T AR 45 M ik . 2%
/NG AEPIHLE Y 1000 4T HLAS N B R R TR 1 R
Fh, RIG 00 24.70% F10.20% B 4 H 30
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A R A B 35 B D REBGE o Choi 5124 38 11
500 AT LR AN HUR IR F AR B EH, RIG55H
8.4% 1 2.4% 11 f8 2 M BT B M AR 1 FEOIR 55 iR
WyBEWGE o AT AR5 55 1 KA1 E B IS A I
T8 PTH /K F 38 A R 249 0 g%, 2 7R T A X HR
R IHREA — E RIS, BFSY 20 OR IS R4S i E Kk
AR T4, ZETRSHEARK DA L.
AR IR, AE IR IR TR PR 98 K
5 390 T R AIG R IR 55 R R D R, DA e 2 H R
SERRDIRE AR ) kA, PABRAERES 1 KRR
6 A~ 3 I 55 A L3 PTH K-S AT, 25 RS2
X (P>0.05), HUARSE IR U)H4 Ry 2.2% F18.7%,
ZR GBS (P0.05), %IE5WEK AR
SRR RO G, T R R T Sk R
5 IR 5 FOIR R Ko H R BRI 41X 4 T, e FORR 3%
BRI %, ARWF5E 5 Mao S PHRF 57 25 R A —
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