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Abstract

Background and Objectives: 3D visualization technology provides a more intuitive visual virtual reality surgical presentation
for preoperative simulation planning, inhand visualization operation and accurate postoperative assessment in surgical procedures,
but there is a lack of evidence to support whether this technology is more advantageous in preoperative planning of giant goiter. The
aim of this study was to investigate the value of 3D visualization technology in the preoperative planning of giant goiter.

Methods: The clinical data of eight patients with giant goiter admitted to the First People’s Hospital of Anhui University of
Technology for general surgery from October 2020 to August 2022 were retrospectively analyzed. The image data were imported
into 3D visualization software (3D Slicer software) in DICOM format for 3D reconstruction to analyze the 3D positional relationship
between the giant thyroid nodules and the surrounding tissues and organs, to perform preoperative simulation operations, and to
develop precise surgical pathways.

Results: All patients were operated according to the optimal plan selected by the simulation operation, and the actual surgical
procedure conformed to the preoperative simulation plan 100%, and all of them successfully completed the total resection of giant
thyroid nodules without any perioperative death and no new symptoms appeared after the operation.

Conclusion:The use of 3D visualization technology in the preoperative planning of giant goiter can accurately obtain 3D
anatomical information of the lesion and its adjacent tissues, select the optimal surgical path, and reduce surgical risks, which is of
great clinical guidance value in guiding the preoperative precise surgical planning of giant goiter.
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Background

Giant goiter refers to the largest diameter of thyroid 210cm or of blood flow in the head and neck, dyspnea and even suffocation

goiter with grade III or above [1,2]. Although the vast majority of
thyroid giant nodules are benign nodules, because of their huge

[3], Therefore, surgical resection is urgently needed to relieve the
compression of the tumor on the trachea, vascular nerves, etc.

. . According to the 2015 American Thyroid Association management
volume, they are easy to oppress adjacent tissues and organs,

which can easily lead to serious complications such as obstruction guidelines, large thyroid nodules are an absolute indication for
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surgery [4]. However, due to the enlarged vascular malformation
on the surface of the giant thyroid nodules, some of them have
reticulated sinuses on the surface of the giant thyroid nodules, which
can bleed easily when touched. At the same time, the compression
of the giant nodules leads to deformation or displacement of the
trachea by compression, and the anatomical relationship of the
surrounding tissues and blood vessels can be altered, leading to
increased surgical operations, increased surgical risks and serious
postoperative complications.

In recent years, 3D visualization technology has been more
and more widely used in surgery. 3D visualization technology can
visually and three-dimensionally display the size and location of the
tumor and its anatomical position in relation to the surrounding
blood vessels and nerves, which has significant preoperative
guidance value [5-7]. Therefore, favorable application of non-
invasive 3D visualization technology in the preoperative planning
of giant goiter will become a trend in the surgical treatment of
patients with this disease. Through 3D visualization technology,
the anatomical structure, morphology, size and relationship
with neighboring tissues and organs of the giant thyroid lesion
are precisely analyzed, and a detailed surgical plan is made; the
unnecessary exploration of head and neck structures is reduced
intraoperatively to achieve precise positioning, reduce The
operation was performed to reduce unnecessary exploration of
head and neck structures, achieve precise positioning, reduce
trauma, greatly shorten the operation time, and preserve the
healthy thyroid tissue to the maximum extent. In this study, we
retrospectively analyzed eight postoperative patients with giant
goiter, all of whom used 3D visualization technology to construct
preoperative models, analyze the 3D anatomical relationships of
the giant thyroid nodule, surrounding vascular nerves and trachea,
and develop accurate surgical preoperative plans and simulations
during surgery. The surgeons finally confirmed the value of 3D
visualization technology as an important guide for preoperative
planning in the actual operation of giant goiter surgery.

Data and Methods
Nano-emission Standard

Inclusion criteria: (1) Preoperative diagnosis of giant thyroid
nodules and compliance with absolute surgical indications. (2)
Patients and family members were aware of the risks of surgery and
voluntarily signed the informed consent form. Exclusion criteria:
(1) Patients with pathological diagnosis of thyroid malignancy by
fine needle aspiration biopsy of the thyroid gland. (2) Patients and
family members who do not agree to perform thyroid surgery. (3)
Patients with major organ organ dysfunction, cardiac insufficiency,
and hepatic and renal insufficiency. (4) Patients with impaired
consciousness or mental disorders. (5) Those with incomplete
inpatient medical history.

General Information

From September 1, 2020 to August 31, 2022, 8 cases of giant
goiter were treated in the general surgery inpatient department

of the First Affiliated Hospital of Anhui University of Science and
Technology, including 5 females and 3 males, with an average age
of 51.4 years, ranging from 33 to 68 years, with a course of 4 to
11 years. Among them, 1 case of TI-RADS 2, 6 cases of TI-RADS
3 and 1 case of TI-RADS 4a were evaluated by ultrasound. All
patients underwent neck color Doppler ultrasound and CT scan
before operation. Imaging results showed huge goiter, with 5
cases of bilateral occupying and 3 cases of unilateral occupying.
The minimum diameter of ultrasonic nodules was 10.8 cm, the
maximum diameter was 19.6 cm, and the average diameter was
14.5 cm. CT showed that all patients with goiter had different
degrees of tracheal deformation or displacement. The maximum
displacement of trachea on X-ray film was about 3.0 cm, and the
degree of tracheal compression was reduced by 0.5~0.85 cm. All
patients’ tumor tissues were sent to routine frozen sections for
pathological examination.

Inspection Method

The CT examination was performed with a GE Light Speed
16-layer spiral CT scanner, and the MRI examination was performed
with an OPEN MARK-II MRI scanner (thin layer scanning, layer
thickness 1.0 mm), and the patient’s preoperative CT and MRI
imaging data of thyroid nodules were collected and stored in
DICOM format, and the 2D image data were imported into 3D-Slicer
software to construct a 3D visualization model of the giant thyroid
nodules and their A 3D visualization model of the giant thyroid
nodule and its surrounding tissues was constructed. Through the
model, a complete and clear 3D anatomical virtual reality model
of the thyroid tumor, trachea, jugular artery and other organs and
tissues can be obtained, especially to further grasp accurately the
location of the tumor, the tumor pointing, the adjacent relationship
between the tumor and the surrounding important blood vessels
and nerves, the details of the tumor compressing the trachea,
simulate the surgical procedure, and formulate a more accurate
preoperative planning path. In addition, the 3D model interface can
be rotated, cut, edited, and computerized to measure the size of the
tumor and adjust the transparency, and it can also be rotated and
magnified to observe from different angles and directions for fine
surgical plan planning.

Results
Preoperative evaluation of giant thyroid nodules

Eight patients with giant thyroid (nodules > 3 cm) were
admitted to hospital. In the three-dimensional reconstruction
model of head, neck and chest, the lower thyroid pole exceeded
the thoracic entrance. After evaluation, the vertical length of all
patients was 0 ~ 23.9mm (13.8+10.4 mm), and the total volume
of the three-dimensional model of thyroid was 10.78 ~ 184.97cm?
(81.20+£68.42cm?). The volume above the thoracic entrance was
10.78 ~ 160.68cm?® (66.73+59.61 cm?), and the volume below the
thoracic entrance was 0 ~ 50.51cm3 ( 21.71+£18.17 cm?), which
did not meet the target of combined thyroidectomy. Therefore,
all 8 patients could be completely removed by cervical incision. A
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patient was selected to show that the measured vertical length is
about 10.5mm, the volume of thyroid gland (orange part) below the
thoracic entrance is about 23.6 cm3 (accounting for 29.7% of the
whole), and the volume of giant thyroid nodule (green part) above
the thoracic entrance is about 54.5 cm3, with an angle Z of about
86 (Figure 3).

Preoperative simulated surgical path

In all patients, the thyroid nodules were clearly identified, and
the maximum diameter could be measured on preoperative CT 3D
reconstruction in the cervical extension position, providing a quick
and accurate view of the spatial location of the nodules in the entire
thyroid gland, and a quick and accurate view of the spatial location
of the nodules in the entire thyroid gland. Assessment of the
nodule’s proximity to the trachea, esophagus, etc. Because of the
huge nodule, it is easy to oppress the adjacent tissues and organs
of the neck, resulting in serious complications such as dyspnea,
dysphagia, and obstruction of blood flow in the head and face.
Therefore, surgical resection is needed to relieve the oppression of
trachea, esophagus, blood tube, nerves, etc. To know the vocal cord
activity, the degree of tracheal compression and stenosis before
operation, and to evaluate the tracheomalacia. Contrast-enhanced
CT of the neck can know the nodule size, the relationship with the
surrounding tissue structure and the depth of falling into the upper
mediastinum in detail.

The upper incision should reach the upper pole of thyroid
gland, so inclined arc incision is often used. If the tumor can
be completely removed after detailed preoperative evaluation,
oblique shuttle incision can be designed. Firstly, the design is
centered on the middle and low neck striations, and the width of
the cut skin is determined according to the size of the nodules. After
rehabilitation, the skin scar on the neck of the patient is still like the
skin lines of the neck itself, which can achieve a certain cosmetic
effect on the neck (Figure 3). Because of the long-term compression
and traction of the anterior cervical banded muscles by the tumor,
the anterior cervical banded muscles of most patients become thin
and membranous. If the lower pole of the tumor falls deep into the
upper mediastinum, it can’t be resected through the neck, and the
resection of mediastinum by combined cervicothoracic surgery is
more safe and reliable.

Surgical effect

All surgical cases were treated with tracheal intubation and
general anesthesia. Due to the long-term compression of giant
thyroid nodules, some patients’ tracheas are severely narrowed,
and intubation is difficult under induced anesthesia. Therefore,
we can choose to intubate under the guidance of fiberoptic
bronchoscope in awake state, which can prevent dyspnea and even
suffocation due to the failure to insert endotracheal tube after
induced anesthesia. In this group, 3 cases were intubated in awake

state, and the anesthesia effect was very good.

All the 8 patients in this group successfully used 3D visualization
technology to construct 3D thyroid model preoperative precise
planning and preoperative surgical simulation. The actual
implementation of the operation was consistent with preoperative
planning, and all operations were performed by the same group of
surgeons. Unilateral lobectomy was performed in 3 cases, bilateral
lobectomy in 2 cases, total thyroidectomy in 1 case, unilateral
lobectomy plus isthmus resection in 1 case. One case of anaplastic
thyroid cancer with abscess formation severely compressed trachea
and esophagus with dysphagia. The tumor abscess was cut and
decompressed to relieve the tumor’s compression on trachea and
esophagus. No invasion of the trachea and esophagus by thyroid
nodules was found in this group, but the trachea and neck vessels
in all cases were compressed and displaced in different degrees.

The coincidence rate of all patients’ actual operation conditions
with the three-dimensional visualization guidance plan was 100%.
After general anesthesia, all patients successfully removed the huge
thyroid nodules, and the intraoperative blood loss was 5~10ml. All
the operations were successfully completed. CT and MRI of thyroid
gland were reexamined 2 weeks and 6 months after operation. The
scope of resected tissue was consistent with the preoperative plan,
and there were no complications such as injury of cervical great
vessels and injury of recurrent laryngeal nerve.

Typical cases

The patient is a female, aged 49. After physical examination,
the right thyroid nodule was found. After 2 months, the nodule was
obviously enlarged and felt suffocated. He came to our hospital
on June 2, 2022 (Figure 1). Physical examination after admission:
clear speech, good mental state, good nutritional development,
independent posture, cooperation in physical examination and
accurate answers. There is no special past history, personal history
and family genetic history. Post-hospital CT showed that the
thyroid gland was enlarged, its density decreased unevenly, it was
calcified, and nodular goiter was waiting to be discharged (Figure
2). 3D-Slicer software was used to reconstruct the two-dimensional
image data of preoperative examination. It can be seen that the
huge thyroid nodule on the right side is close to the level of the
ipsilateral mandibular angle, down to the back of the chest, the
lower edge of the aortic arch, and the deep posterior edge of the
sternocleidomastoid muscle on both sides. The tracheal deflection
is obvious, and the lumen is flattened to about 1/4th of the normal
lumen (Figure 3). Through the 3D visualization model, we can
clearly understand the actual size and growth direction of giant
thyroid nodules, clearly grasp the three-dimensional anatomical
relationship between tumors and organs and tissues such as trachea,
superior laryngeal nerve, recurrent laryngeal nerve, carotid artery
and vein, parathyroid gland, etc., and formulate accurate surgical
paths and perform preoperative simulated surgery.
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Figure 1: The neck of a typical patient with huge goiter is obviously swollen and inverted “pear-shaped” before operation.
(Figure A is the right side view; B is the left side view).

Figure 2: Pre-operative CT evaluation of giant goiter in typical cases. (The red arrow refers to giant thyroid nodules. Figure A
shows the upper edge of a giant thyroid nodule reaching the level of the maxillary angle; Figure B shows a giant thyroid nodule
compressing the trachea by &gt; 70% at its widest point; Figure C shows the lower edge of a giant thyroid nodule reaching the
level of the lower edge of the aortic arch to the posterior sternum)

QY
QLY

Figure 3: Reconstruction of neck structure by preoperative 3D visualization technique. (Figure A shows the upper edge of a
giant thyroid nodule reaching the level of the maxillary angle; Figure B shows a giant thyroid nodule compressing the trachea by
&gt;70% at its widest point; Figure C shows the lower edge of a giant thyroid nodule reaching the level of the lower edge of the
aortic arch to the posterior sternum).
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The patient underwent thyroidectomy on June 8, 2022.
The bilateral recurrent laryngeal nerves were dissected in the
whole process, and the parathyroid glands were preserved. The
operation lasted for 200 minutes, and the bleeding was about 5ml.
The tracheal compression was relieved, and the operation was
successfully completed. 3D-Slicer was used to construct 3D model
to locate neck tumor, and the accuracy of preoperative evaluation
was verified by actual operation and postoperative measurement.
The preoperative simulated operation path was highly consistent
with the actual operation path, and the anatomical position of
tumor and its adjacent organ tissue structure were consistent
with the preoperative 3D visualization model. After bilateral total
thyroidectomy, the actual size of the removed thyroid gland is about
10.6cmx4.2cmx3.8cm, which is equivalent to the preoperative
model evaluation. 48 hours after operation, CT scan showed that
the thyroid tumor was completely removed, and there was no
damage to the surrounding blood vessels and no bleeding. After 3
months follow-up, there was no recurrence of CT.

Discussion

At present, surgery is still the most important treatment for
giant goiter. Huge thyroid tumors are prone to serious postoperative
complications such as large blood vessel injury, parathyroid
gland injury, superior laryngeal and recurrent nerve injury, and
postoperative tracheal collapse [8,9]. The tumor itself is easy to
adhere to adjacent tissues and organs, which makes the operation
more difficult, resulting in greater surgical damage to normal
thyroid tissues [10]. Therefore, it is very necessary to accurately
evaluate the situation of giant tumor before operation and make
individualized operation plan. At present, the preoperative
evaluation of goiter is mainly performed by thin-slice CT or MRI
two-dimensional sectional anatomical images [11,12]. Therefore,
pre-operative reconstruction of the 3D model of the neck by 3D
visualization technology, combined with the three-dimensional
anatomical relationship between the whole thyroid gland and the
nodules, has unique advantages in evaluating the basic situation
of giant thyroid nodules, choosing the surgical path and protecting
the surrounding normal blood vessels, and helps to form a good
surgical treatment strategy.

To evaluate the resection of giant goiter before operation, one
is to evaluate the basic situation such as the type, size and growth
direction of the tumor, the other is to look at the anatomical
relationship between the tumor and peripheral blood vessels
and nerves, and the trachea. At present, the two-dimensional
preoperative evaluation of giant thyroid nodules is mainly based
on CT, MRI and other imaging examinations. Fully understanding
the anatomical relationship between giant thyroid nodules and
surrounding tissues and organs is a necessary condition for the
successful implementation of this operation. Senior surgeons rely
on rich surgical experience and solid clinical skills to abstract
the spatial conformation of giant thyroid nodules and realize
preoperative evaluation, while junior doctors or inexperienced
primary medical institutions give up surgical treatment because of

the difficulty and high risk of operation.

In this study, 3D visualization technology is beneficial to more
accurate preoperative evaluation and surgical path planning of
giant goiter, which effectively avoids the damage of normal tissues
and organs. The main advantages are as follows:

a)  The three-dimensional model based on two-dimensional
CT and MRI images can be rotated, enlarged and cut, which
can visualize the relationship between giant nodules and
surrounding tissues and organs more intuitively;

b)  Givingdifferent colors to different tissues, organs, nodules
and blood vessels, and adjusting the transparency of thyroid
gland, can show the giant nodules more clearly and integrally;

c) Surgeons can easily analyze the three-dimensional
model without the assistance of imaging professionals, and the
operation team can make a more stereoscopic and accurate
judgment on the size, position and relationship with important
tissues and organs of nodules, thus avoiding the influence of
subjective judgment of clinicians on preoperative evaluation.

The latest research in the past mainly applied 3D visualization
technology to preoperative planning of intracranial lesions and
liver tumors [13-19],Through the 3D visualization technology, a
3D stereo model is constructed, and the size, specific location of
the tumor and the anatomical relationship between the tumor and
the surrounding adjacent tissues can be observed more intuitively
[20,21], so that a fine surgical path can be formulated, which is
similar to the content of this study. In all cases in this study, patients
with giant goiter had varying degrees of tracheal compression,
displacement, malformation, or luminal stenosis, which may
make intraoperative anesthetic intubation difficult. Therefore, our
research team used 3D visualization models to comprehensively
assess the tracheal compression and stenosis in patients with
giant goiter and took preoperative corrective treatment measures
accordingly to effectively overcome these difficulties. In addition,
many patients with giant goiter also have multiple enlarged lymph
nodes in the neck, and the 3D visualization model allows a more
intuitive observation of the number, location and fusion of the lymph
nodes in the neck, which is of additional value for intraoperative
guidance of lymph node dissection in the neck. The evaluation of
peripancreatic lymph nodes by 3D visualization model will play a
more important role.

However, there are still some shortcomings in the clinical
application of 3D visualization technology for giant goiter:

a.  Highly accurate 3D visualization model construction relies
on high-quality CT or MRI scanning equipment, which requires
imaging technologists to adjust the scanning parameters of the
equipment and scan the 2D image images required for high-
quality model construction.

b. Current 3D visualization techniques only allow
preoperative assessment of the morphological anatomy of giant
thyroid nodules and cannot determine the nature of thyroid

nodules.
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c. Intraoperative protection of the superior laryngeal
nerve and the recurrent laryngeal nerve from injury has been
a challenge in thyroid surgery. The current 3D visualization
technology needs to further increase the recognition of the
nerve display to facilitate the surgeon’s accurate preoperative
surgical path planning and avoid injury to the superior laryngeal
nerve and the recurrent laryngeal nerve.

Conclusion

In summary, due to the relatively high surgical risk of giant
thyroid nodule surgery, this study preoperatively performed 3D
visualization reconstruction based on traditional 2D medical
images in 8 patients undergoing giant thyroid nodule surgery to
more intuitively understand the anatomical location relationship of
giant thyroid nodules, to achieve accurate preoperative assessment,
preoperative simulation of surgical path, and to make the actual
surgical procedure more process-oriented and standardized.
Therefore, it is more conducive to the successful completion of
radical resection of giant goiter, while reducing unnecessary
damage to normal tissues and organs and reducing surgical risks,
which has very important surgical guidance and clinical application
value for patients undergoing surgery for giant thyroid nodules.
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