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Background and Aims: Mixed reality (MR) enables real-time visualization of three-dimensional (3D)
anatomical models within the operative field, potentially enhancing surgical planning and intraoperative

navigation. However, its application in substernal goiter (SSG) surgery has not been reported. This study

Methods: A total of 29 patients who underwent MR-assisted surgery for SSG at Lingnan Hospital of the
Third Affiliated Hospital of Sun Yat-sen University between May and December 2024 were
retrospectively included. The MR workflow consisted of three sequential stages: 3D reconstruction,
holographic visualization, and device deployment. First, contrast-enhanced cervical CT images were
imported into 3D Slicer for semi-automatic three-dimensional reconstruction. The reconstructed models
were then processed in Unity3D using the Mixed Reality Toolkit to generate holographic visualizations.
Finally, the holographic models were deployed to the HoloLens 2 head-mounted display for
perioperative review and manipulation by the surgeon. Clinical characteristics, operative parameters,

postoperative complications, and MR usage details were systematically collected and descriptively

Results: The median thyroid volume was 71.49 (49.4-113.52) cm’. Thirteen patients underwent
unilateral thyroidectomy, 16 underwent bilateral resection, and 8 underwent parathyroid
autotransplantation; 3 procedures were endoscopic. The median operative time was 145 (117.5-161) min,
with an estimated blood loss of 10 (10-15) mL. Only two patients (6.9%) developed transient
hypoparathyroidism, with no permanent complications, recurrent laryngeal nerve injury, postoperative
bleeding, or recurrence observed. Reconstruction, holographic processing, and MR application required
approximately 60-90 min, 15-20 min, and 10-20 min, respectively. Display distortion or latency
occurred in six cases, without device-related adverse effects. Most surgeons reported improved

anatomical understanding and surgical planning, despite limitations in display brightness and processing

Conclusion: MR-assisted SSG surgery is feasible and safe, offering enhanced spatial perception and
operative guidance. It shows promise for improving efficiency and safety in thyroid surgery. Larger

prospective studies are warranted to validate its clinical benefits and further optimize the workflow and
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Figure 1 Workflow of 3D reconstruction A: Importing DICOM data; B: Skin segmentation; C: Segmentation of thyroid,
trachea, and esophagus; D: Bone segmentation; E: Arterial segmentation; F: Venous segmentation
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Figure 3  Application of MD in SSG surgery A: Preoperative use of MR HMD; B: Gesture-controlled manipulation of

holographic thyroid model; C: Adjustment of model transparency; D: Accessing additional clinical data (CT, ultrasound

reports); E: Use of MR device in a sterile environment; F: Overlaying holographic neck model onto operative field;

G: Intraoperative viewing of holographic images; H: Specimen retrieval
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Table 1 Complications of thyroidectomy

FARIELAE LW

LRSS IS RE IR EAE (D) BT & | R IRAAERR 5 (2) A5 M145<2.0 mmol/L
WS A 245495 (1) HH B P 5 O B2 7 5 (2) IR BEAS: A 7 P 7 2l 52 B BRURRIFE
e - 451495 (1) Hh B PRI TE TR S o i+ (2) BRI M N e 5 (3) W Kt S 7 7 ol 5K T
A H I (1) Hh SR TR i e A IR DRI i VR (2) 5 i S v, 5 e R

HER IG5 (1) Hh BT 9f5 22 | B R AR AR 5 (2) A (>38.5 °C) Lol B (> 120 Y /min)
ERAL (1) A7 24~72 h 1 SUVFIE PRI, ELEERRCADLEUA 5 (2) 23008 CT B < Bini2

TE: DFINE <o D H R AME JifE>6 11

Note: 1) Transient: disease duration <6 months; Permanent: disease duration >6 months
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i 2 SPSS 25.0 AT HE WG b . TE R PR
B A E S RN B+ bR =
(X xs), NFEIERDAMNRR R PAIE (U5
HrE ) M (IQR) 1. THECE RBLR R B (H
) [n (%) 1.

21 BEELFE

29 {5 /& 25 1 4K BT A 45 20 (body mass index,
BMI) . FEAf X 8 % (basal metabolic rate, BMR) .
HUR R T RE . FH R 55 i T R A0 FH R A FRU A5 R 48
FRAF L2 2, HipiE (BMI>25 kg/m?) 9 f], AEJE
(BMI>30 kg/m?) 1 4], L5 % (BMR>15%)
8451 i FFAR IR AR K T v 4 9], e IR B R
KPR AR 8 M o i HYORR 55 R W R (parathyroid
hormone, PTH) KT} 344,

F2 290 BENELTR

Table 2 Baseline characteristics of 29 patients

Bk Hli

BMI(kg/m®,x = s) 23.73+2.83
BMR(%,% + s) 9.93+11.53
AR BRI (nmol/L, % = s) 104.77+23.80
Ui HUR B R (pmol/L, % =+ 5) 14.09+2.02
U ZR (nmol/L, % + ) 1.70£0.37
U 5 = Pt 2R (pmol/L, % + s) 4.54+0.64
PEHVIR IR ZE (WIU/mL, % = 5) 0.62+0.58
PTH(pg/mL,% + 5) 51.80+23.90
M5 (mmol/L, % + s) 2.27+0.10
I8 (mmol/L, & + s) 1.12+0.17

HUR AR AR [em®, MIQR)]
Jit 5 P9 FR AR TR [em® , M(IQR) ]

71.49(49.4~113.52)
3.19(0.73~8.53)

S FIMERE A (em?,% £ 5) 1.34+0.44
SEREEA (em, % + 5) 1.04+0.23

http://www.zpwz.net



2348 HE L

v

SRR R 55 34 %

22 FARIER

JiA B E YR L HA R SSC FA, FARY
X TR AT AR B AR L 3.
i AR IEME . M.

®3 FARMEXIER

Table 3 Operative parameters

JiH B

LA HAR DR DIBR A [ (%) ] 13(44.8)

XU FARBEDIBR AR [ (%) ] 16(55.2)
FARZS IR AR A (%)) 8(27.6)

W FARn(%)] 3(10.3)
FARHF A [min, M(IQR)] 145(117.5~161)
At i mL, MCIQR) | 10(10~15)

FARFEHOT, % £ 5) 16 571.46+2 345.13

23 FAREER

RJG 26 (6.9%) K A= i 1 bR 55 M 2 BE Uk
RAE, JoH Al I KRE KA o R PR B R R g5 1k
FEOR MR b 24 48], 00 1k i Jeg S ). e kb R R ELAR
NS N [ I R 7 A - < = L S R E Y
BIT RS 4,

x4 ARFHEXIER

Table 4 Postoperative outcomes

T H ol
BT PE DRSS IR BRIR [n (%) ] 2(6.9)
JpaktsR i 52 K n (%)) 0(0.0)
ik K B4R (em 7 £ 5) 3.84+1.60
5|t Ed, MIQR)] 2(2~3)
Bl (mL,x £ ) 107.41+29.02
FEBERTE (d, % + 5) 6.34+2.83

FEBEIRYT AT, MUIQR)] 21 856.7(20 628.51~23 841.85)
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3D & T 7 B A 60~90 min, 4 B G
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10~20 min . A N MR A7 B F 63T F R i+ 4
AN R A ) R, AR TR Th IR IS TR AT S R 4
BRI R . 7E 6 B F R v Bl 4 B AR
e Boal SR, fH R B B A MR HMD 9 A 6 R
RN o

3 i #

SSG 1] 43 Ry JE &k gk K M, Gl AR R MR
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