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Background: Benign retrosternal thyroid goiters can become large enough to compress the trachea and result in tracheoma-
lacia and stenosis. This retrospective study from a single surgical center aimed to study the surgical manage-
ment of 48 patients with retrosternal goiter and tracheal stenosis diagnosed and treated from January 2017
to December 2021.

Material/Methods: All preoperative contrast-enhanced CT scans showed retrosternal goiter and tracheal stenosis. RG was classified
into type | in 28 patients, type Il in 12 patients, and type Ill in 8 patients. TS was classified into grade | in 31 pa-
tients, grade Il in 11 patients, and grade Il in 6 patients. All patients were referred for surgery. Clinicopathologic
features and surgical outcomes were recorded.

Results: All operations were successfully performed. There were 41 patients with transcervical incision, 4 with cervical
incision+sternotomy, 2 with cervical incision and thoracoscopic surgery, and 1 with cervical incision and surgery
via the subxiphoid approach. Two patients presented recurrent laryngeal nerve injury. One patient showed short-
term hand and foot numbness. The patients were pathologically diagnosed as simple nodular goiter (n=27),
nodular goiter combined with cystic change (n=6), adenomatous nodular goiter (n=10), and thyroid adenoma
(n=5). There was no prominent tumor recurrence or gradual TS remission.

Conclusions: This study has highlighted that patients with retrosternal goiter and tracheal stenosis may have comorbidi-
ties and require a multidisciplinary approach to management. The choice of anesthesia, surgical approach, and
maintenance of the airway during and after surgery should be individualized.
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Background

Retrosternal goiter (RG) is defined as an enlarged thyroid gland
extending downwards, with over 50% below the sternal notch,
or the lower pole is greater than 3 cm below the suprasternal
notch [1]. It can cause displacement and narrowing of great
vessels and trachea in the neck, leading to high difficulty and
risk of surgery and many complications [2].

According to the chest X-ray and computed tomography (CT)
images and clinical signs of RG extending into the sternum,
it can be divided into 3 types [2]: type I, after over half of the
cervical goiter enters the sternum, the lower pole reaches the
superior margin of the aortic arch (Figure 1A); type I, the goi-
ter is almost entirely posterior to the sternum, with the lower
pole behind the aortic arch or entering the postmediastinum
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(Figure 1B); and type IlI, a huge intrathoracic goiter protrudes
into the thorax, which may be accompanied by superior vena
cava compression syndrome (Figure 1C). Based on the range of
involvement, it can be divided into limited type and diffuse type.

Although cervical goiters are easily recognized, the initial pre-
sentation of mainly substernal goiters may be unusual [3]. RG is
occasionally detected by chest X-ray or CT scanning, or obstruc-
tive symptoms such as dyspnea, asthma, or coughing. The most
common obstructive symptom is exertional dyspnea [4] caused
by a retrosternal goiter and tracheal stenosis. In RG patients,
the enlarged thyroid compresses the trachea for a long time,
resulting in insufficient local blood supply and loss of elastici-
ty of the fibrous tracheal ring, which causes cartilage degener-
ation and atrophy [5]. As a consequence of tracheal compres-
sion and tracheomalacia, concurrent upper respiratory infections

Figure 1. Three types of Retrosternal goiter are
s / detected on computed tomographic
(CT) scans. (A) Type |, after over half of
the cervical goiter enters the sternum,
the lower pole reaches the superior
margin of the aortic arch; (B) Type II,
the goiter is almost entirely posterior
to the sternum, with the lower pole
behind the aortic arch or entering the
postmediastinum; (C) Type Ill, a huge
intrathoracic goiter protrudes into the
thorax, which may be accompanied
by superior vena cava compression
syndrome.
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may lead to acute respiratory failure during the perioperative
period [5]. The size of the goiter was reported to be positively
correlated with the degree of compression of the trachea [6].

The current classification of tracheal stenosis (TS) is based on
the classification system of subglottic TS. The Cotton-Myer clas-
sification system is based on endoscopic estimates of the air-
space cross-sectional area (CSA) at the subglottis and classi-
fies obstruction severity as follows: grade | stenosis, less than
50% obstruction(Figure 2A); grade Il stenosis, 51% to 70% ob-
struction (Figure 2B); grade Ill stenosis, 71% to 99% obstruc-
tion (Figure 2C); and grade IV stenosis, no detectable lumen or
complete stenosis [7]. In retrosternal goiter and tracheal ste-
nosis, grade | TS is defined as mild, grade Il as moderate, and
grades Ill and IV as severe. Airway obstruction in retroster-
nal goiter and tracheal stenosis can occur as a result of acute
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Figure 2. Three grades of retrosternal goiter
were detected on CT scans. (A) grade
| stenosis, less than 50% obstruction;
(B) grade Il stenosis, 51% to 70%
obstruction; (C) grade Il stenosis, 71%
to 99% obstruction. There were no
cases of grade IV stenosis.

intracapsular hemorrhage of tumors, anesthesia induction, ex-
tubation, surgical resection, or simple body position change.
Severe obstruction and complications are the major causes
of death in such patients. The Surgical Affairs Committee of
the American Thyroid Association recommend surgical man-
agement for goiters with compressive symptoms [4]. Careful
preoperative testing, thoughtful consideration of the type of
anesthesia (intravenous induction of muscle relaxant using la-
ryngoscopy or Glidescope), and planning the extent of surgery
and postoperative care are necessary to achieve optimal re-
sults [4,8]. Intravenous induction of muscle relaxant using la-
ryngoscopy or Glidescope is feasible in patients with massive
benign retrosternal goiters.

Therefore, this retrospective study from a single surgical cen-
ter aimed to study the surgical management of 48 patients
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with retrosternal goiter and tracheal stenosis diagnosed and
treated from January 2017 to December 2021.

Material and Methods

Ethical Statement

The study was conducted in accordance with the Declaration of
Helsinki. Ethics approval was obtained from Ethics Committee
of the Central Hospital of Wuhan, Tongji Medical College,
Huazhong University of Science and Technology, and written
informed consent for participation was obtained from the pa-
tients. A copy of the written consent is available for review
from the Editor of this journal.

Patient Selection

This retrospective study from a single surgical center aimed to
study the surgical management of 48 consecutive patients with
retrosternal goiter and tracheal stenosis diagnosed and treat-
ed from January 2017 to December 2021. There was no control
group in this study. Inclusion criteria were: retrosternal goiter
and tracheal stenosis in CT images, age <80 years, no obvious
cardiopulmonary diseases, no serious complications, and signed
consent for surgery. Exclusion criteria were: thyroid malignant tu-
mor with systemic metastasis or incomplete resection; patients
with systemic conditions who could not tolerate surgery (eg, car-
diopulmonary dysfunction, shock, cachexia), and lack of consent.

Imaging Diagnosis

All patients underwent enhanced CT examination (Shanghai
United Imaging Healthcare Co., Ltd, Shanghai, China) of the
neck and chest before surgery with plain scan and triphasic
scan, including 3 phases: arterial, venous, and delayed with
3D reconstruction. The types and grades were determined by
evaluation of CT images.

Histopathology Diagnosis

All the pathological sections were independently reviewed by
more than 2 intermediate-level pathologists, and the pathological
diagnosis was reviewed and released by senior-level pathologists.
Surgical Management

Anesthesia

The intubation method was selected according to the condition
of TS [8]. The patients with grade | TS were treated with routine

single-lumen intubation or non-intubated surgery with spon-
taneous respiration. In patients with grade Il TS, appropriate
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intubation was selected according to the inner diameter of the
stenosis. The patients with grade Il TS underwent bronchosco-
py (Olympus Corporation, Tokyo, Japan)-guided transoral endo-
tracheal intubation in conscious state. Non-intubated surgery
with spontaneous respiration was performed after tracheal
stent (Boston Scientific Corporation, Natick, USA) implantation.

Surgical Procedure

The skin was separated along the deep layer of the platysma
myoides, and the muscle layer was cut open along the linea
alba cervicalis. The strap muscle on 1 side was cut off based
on actual condition. The sternocleidomastoid was separated
and pulled outwards to expose the thyroid. The middle thyroid
vein was treated first, and then the upper pole of the gland
was dissociated and the superior thyroid artery, superior vein,
and suspensory ligament were ligated. For large masses, the
isthmus of the thyroid was cut off first to separate the thyroid
from the trachea. Next, blunt dissection was performed with
fingers along the mass envelope, and the tumor was gradually
dragged to the neck. In large masses that were difficult to drag
to the neck, the isthmus was firstly cut off, then the thyroid
was dissociated, the recurrent laryngeal nerve was dissected,
and the mass was resected together with the thyroid lobe [2].
For cystic masses, the liquid in the capsule was extracted first
to reduce the volume for easier removal. After surgery, the TS
site was assessed for softness. In case of severe tracheoma-
lacia, tracheal suspension was conducted. Median sternoto-
my was carried out if the mass could not be removed or if TS
and tracheal softening could not be treated via the cervical
incision. A longitudinal midline skin incision was made in the
chest, and the sternum was split lengthwise in the middle to
expose the superior mediastinal vessels and mass. The ma-
jor surrounding blood vessels and nerves were carefully sep-
arated from the mass, and the tumor was completely resect-
ed. After sufficient hemostasis, the local pleural damage was
repaired by suturing, a indwelling negative-pressure drainage
tube was placed, and the incision was closed.

Postoperative Multidisciplinary Management

Patients with retrosternal goiter and tracheal stenosis often
have a variety of perioperative comorbidities and complica-
tions, and it is necessary to have a full multidisciplinary team
in place, including specialists in thoracic surgery, thyroid sur-
gery, otolaryngology, anesthesiology, endocrinology, radiology,
pathology, cardiology, vascular surgery, gastroenterology, in-
tensive care, and nursing coordination. After surgery, respira-
tion and serum calcium concentration were closely observed.
In patients with nodular goiter and thyroid cancer, dry thyrox-
ine preparation (Merck KGaA, Darmstadt, Germany) was oral-
ly administered after surgery. For the former, medication was
adjusted according to triiodothyronine (T3), thyroxine (T4),
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Table 1. Baseline characteristics of the study group.

Characteristic Value

Age (years) 42-76 (median age: 50)

Sex
Male 10 patients (20.83%)
Female 38 patients (79.17%)

Dyspnea 5 patients (1.42%)
CRGtypes
0 28 patients (58.33%)
o 12 patients (25.00%)
w 8 patients (16.67%)
CTsgrades
0 31 patients (64.58%)
o 11 patients (22.92%)
w 6 patients (12.50%)

Preoperative CT 48 (100.00%)

CT — computed tomography.

and thyroid-stimulating hormone (TSH) monitoring until drug
withdrawal. One month after airway stent implantation, the
stent was removed under endoscopy.

Data Analysis

We performed the statistical analysis using commercially avail-

able statistical software — IBM SPSS Statistics software ver-
sion 20.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Selection

The clinical data of 48 patients with retrosternal goiter and
tracheal stenosis treated by thoracic surgery and thyroid sur-
gery from January 2017 to December 2021 were retrospec-
tively analyzed (Table 1). Among them, there were 10 males
and 38 females, ages 42-76 years (median age: 50). Their clin-
ical manifestations included asymptomatic neck mass (n=22),
chest tightness and coughing (n=15), swallowing obstruction
(n=6), and dyspnea (n=>5). One patient received tracheal stent
implantation before surgery, and 4 had a history of thyroid

CLINICAL RESEARCH

Table 2. Surgical information.

Surgical incision

Cervical incision+thoracoscopic
surgery (n)

Cervical incision+surgery via the
subxiphoid approach (n)

Nodular goiter combined with
cystic change (n)

Median length of hospital stay
(days)

Perioperative complications after
surgery

Short-term hand and foot

H 0,
numbness (n) 1 patient (2.08%)

surgery. Masses of different degrees were observed in 41 pa-
tients, and obvious tracheal deviation was found in 8 patients.

Imaging Diagnosis

All preoperative contrast-enhanced CT scans showed retroster-
nal goiter and tracheal stenosis. Among them, 27 patients had
cystic thyroid masses and 21 had solid masses. In 2 patients,
the masses dropped into the postmediastinum. RG was classi-
fied into type | in 28 patients, type Il in 12 patients, and type
[l 'in 8 patients. TS was classified as grade | in 31 patients,
grade Il in 11 patients, and grade Il in 6 patients (Table 1).

Histopathology Diagnosis

The patients were pathologically diagnosed as having simple
nodular goiter (n=27), nodular goiter combined with cystic
change (n=6), adenomatous nodular goiter (n=10), and thy-
roid adenoma (n=5) (Table 2).

Surgical Management

There were no deaths during surgery or hospitalization, or
intraoperative or postoperative hemorrhage. Preoperative
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tracheal stent implantation was performed in 1 patient. There
were 41 patients with transcervical incision, 4 with cervical
incision+sternotomy, 2 with cervical incision+thoracoscopic
surgery, and 1 with cervical incision+surgery via the subxi-
phoid approach (Table 2).

Multidisciplinary Management

All patients received multidisciplinary management the during
perioperative period from disciplines including thoracic surgery,
thyroid surgery, otolaryngology, anesthesiology, endocrinology, ra-
diology, pathology, cardiology, vascular surgery, gastroenterology,
intensive care, and nursing coordination. Two patients present-
ed recurrent laryngeal nerve injury, and the voice was improved
3 months after surgery. One patient showed short-term hand
and foot numbness, which was improved 1 month after calcium
supplementation, and then the supplementation was stopped.

Outcomes

The patients were followed up for 1-48 months, revealing no
prominent tumor recurrence or gradual TS remission.

Discussion

In our study, we found surgery is the standard treatment mo-
dality for retrosternal goiter and tracheal stenosis. All patients
successfully completed surgery. It is necessary to have a full
multidisciplinary team in place for optimal preoperative anes-
thesia, surgical procedure, and postoperative management. In
a previous study, 85.22% of patients underwent preoperative
CT examination to facilitate preoperative surgical planning [9].
We believe that enhanced CT can better reveal the relation-
ship between the mass and the surrounding structures such
as blood vessels, esophagus, and trachea, 100% of patients
underwent enhanced CT examination in our study.

Selection of Anesthesia Method

Selection criteria include airway obstruction has existed be-
fore retrosternal goiter and tracheal stenosis surgery, and pa-
tients with severe stenosis have dyspnea. Moreover, preoper-
ative anesthesia induction, intraoperative secretions blocking
the trachea, and changes in body position may all lead to se-
vere hypoxia and cardiac arrest. Therefore, the correct selec-
tion of anesthesia methods is helpful to improve the success
rate of surgery and the postoperative quality of life.

Before surgery, anesthesiologists must understand the posi-
tion (including the distance from the glottis), size and lower
pole of RG, degree of tracheal compression, invasion of the
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inner wall of the trachea, degree of tracheomalacia, and the
relationship between dyspnea and body position in detail, so
as to formulate a reasonable anesthesia plan and emergency
management measures. A reasonable anesthesia plan is com-
posed of preoperative determination of the way of anesthesia
induction, prudent use of sedative and analgesic drugs, and
preparation of an aspirator. It is believed that awake endo-
tracheal intubation preserves spontaneous respiration, which
can greatly increase the safety of patients and reduce the oc-
currence of severe complications caused by endotracheal intu-
bation failure. Bronchoscopy-guided endotracheal intubation
does not require adequate head hypsokinesis, and the whole
intubation process is carried out under bronchoscopic moni-
toring, which can enhance the safety of intubation. Emergency
management measures include laryngeal mask ventilation or
endotracheal tube ventilation in the upper part of the steno-
sis, endotracheal tube placement into the trachea under the
incision for ventilation after tracheotomy, or ventilation by ex-
tending a high-frequency ventilation tube under the incision
through the catheter.

Application of Non-Tracheal Intubation

With the progress achieved in anesthetic techniques and peri-
operative risk management, the application of non-tracheal in-
tubation in video-assisted thoracic surgery (VATS) has become
possible. Tracheal surgery is one of the most complex thorac-
ic surgery procedures; it has been proved to be successful in
non-intubated anesthesia with spontaneous respiration in mul-
tiple centers [10-12]. However, the risk of intraoperative an-
esthesia and surgery is relatively high. Moreover, experience
in non-intubated surgery is limited in our center. Therefore,
before non-tracheal intubation in this study, it was confirmed
that the stenotic ring was located 2 cm below the glottis, the
tracheomalacia test was negative, and the stenosis was grade
I-Il in the Cotton-Myer grading system. For patients with TS
grade Ill or above, stent implantation under tracheoscopy can
be performed first to open and stabilize the airway, followed
by non-intubated surgery with spontaneous respiration.

Selection of Surgical Incision

With comprehensive preoperative examination, planning and
multidisciplinary evaluation, as well as intraoperative delicate
operation, most RG can be safely resected through a “collar-
like” cervical incision (Figure 3A). According to a previous report,
more than 95% can be removed by a cervical approach [13]. In
this study, 85.41% of cases underwent surgery through trans-
cervical incision. During surgery, it is very important to tilt the
head back as far as possible. In surgery via the cervical incision,
our experience suggests that head hypsokinesis with shoulder
padding can fully expose the surgical area. The mass can be
pulled from the mediastinum to the neck by blunt dissection
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Figure 3. Surgical incision selection in different patients. (A) “Collar-like” cervical incision. (B) Cervical incision and median sternotomy.
(€) Subxiphoid approach.

and delicate operation. Padding the shoulder also provides ad-
equate preparation for possible median sternotomy. For pa-
tients complicated with cystic lesions, a cyst puncture can be
performed first. After the cystic fluid is sucked out, the cyst
shrinks and the space for surgical operation is enlarged. In this
study, 3 patients with cystic lesions were detected. With the
discharge of cystic fluid, cervical surgery is easier. Additionally,
intraoperative rapid-frozen section is helpful to determine the
surgical method and resection range.

However, huge tumors compress the trachea, and often com-
press or involve the esophagus and lung tissue, and even in-
vade the great mediastinal vessels or nerves, thus leading to
severe complications such as superior vena cava syndrome
(SVCS). Intraoperative full exposure of the surgical field is criti-
calin such patients. Especially for patients with invasion of the
innominate vein, subclavian artery, and other organs in the top
of the thorax, the entire thoracic and mediastinal region from
the top of the thorax to the diaphragm should be exposed dur-
ing surgery. If great vessels such as the innominate veins need
to be replaced, the whole course of the vessels to be replaced
should be exposed horizontally. Consequently, proper selec-
tion of surgical incisions is important for safe and rapid resec-
tion of such tumors and improvement in prognosis. In these
cases, a transcervical incision becomes particularly important.

A cervical incision in the proper body position+median sternoto-
my is a common surgical method for the extra-cervical approach
(Figure 3B). A median sternotomy incision is always required for
cases such as the lesion exceeding the aortic arch [14], intraop-
erative hemorrhage [9], tumor surrounding the recurrent laryn-
geal nerve, and close adhesion of the surgical part [15]. Another
possible cause for the transthoracic approach is a malignant thy-
roid tumor [16]. It has been shown that preoperative CT-based
calculation of the volume of the mediastinal mass 2162 cm? is
an important basis for extra-cervical incision, and the negative
predictive value is 100% [17]. Reports also held that in the ex-
tended neck position, the goiter was located 19 mm superior
to its position without neck extension [18]. An extra-cervical
approach often depends on the CT scan-based depth of goiter
expansion in the mediastinum and extension beyond the aortic
arch [19].We also think that patients with grade Ill TS or type
Il RG may be more suitable for an extra-cervical incision. The
influence of intraoperative body position on the depth of the
mass into the mediastinum should be considered in the preop-
erative evaluation of the extra-cervical approach. Complications
of median sternotomy include sternal osteomyelitis, foreign-
body infection, sternal dehiscence, arrhythmias and sternal in-
stability. In addition, median sternotomy can also lead to inter-
nal mammary vessel injury and brachial plexus traction injury,
resulting in prolonged postoperative pain.
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There is evidence that thyroidectomy via the cervical incision
combined with video-assisted or robot-assisted thoracoscop-
ic surgery (VATS/RATS) obtains the optimal efficacy in some
locally advanced malignancies [19]. Mediastinoscopy and he-
mostasis can help avoid sternotomy without additional inci-
sions in cases of mild but uncontrollable bleeding from the
cervical incision [20]. Surgery via the subxiphoid approach has
been confirmed to reduce intercostal nerve injury (Figure 3C).
Subxiphoid single-port thymectomy needs no sternotomy, con-
tributing to less pain. Due to no intercostal nerve injury, it pro-
vides an excellent cosmetic effect. Subxiphoid uniportal video-
assisted thoracoscopic surgery may also be a solution when
RG cannot be resected via a cervical incision [21].

Some scholars believe that transverse cervical and thorac-
ic hemi-clamshell (HCS) incision is suitable for the resection
of dumbbell-shaped malignant tumors in the neck and tho-
rax [22]. The HCS approach is also an option for the sternum
and goiter with malignant behavior or outward invasion. The
HCS approach consists of partial sternotomy with antero-later-
al thoracotomy, which can better expose the anatomical struc-
ture at the cervicothoracic junction [23].

Strategies for Complex Intraoperative Problems

Tracheomalacia is a rare complication that may occur after
trauma (long-term intubation], infection and chronic tracheal
compression [24]. Dynamic tracheal collapse under bronchos-
copy is the criterion standard in the diagnosis of tracheoma-
lacia. Despite its low sensitivity, the tracheomalacia test has
high specificity and is an effective adjunctive to bronchosco-
py [25]. There are also centers using tracheobronchography
as a supplement for bronchoscopy [26].

Based on the degree of disease and other relevant conditions,
tracheomalacia can be treated conservatively, interventional-
ly, or surgically. Mild localized tracheomalacia may disappear
spontaneously, and these patients should be treated conser-
vatively, monitored adequately, and followed up regularly.
Aggressive surgical intervention is recommended for the pa-
tients with involvement of more than half of the cartilage rings
or diffuse organ softening. Sulaiman et al reported a low inci-
dence of tracheomalacia after thyroidectomy+sternotomy, and
multivariate logistic regression analysis revealed no significant
correlation between any relevant factors and the development
of tracheomalacia [27]. For the treatment of tracheomalacia,
one patient required tracheal resection with anastomosis, and
2 patients required tracheostomy [27].

Tracheal suspension is an effective method to treat tracheo-
malacia, it is simple, practical, and easy to master. We su-
tured the tracheal wall using a 4-0 Prolene suture. After pierc-
ing the presternal skin, it was inserted into a rubber tube to
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reduce tension, with a certain length reserved for adjustment.
Moreover, tracheal suspension is an effective measure to rescue
intraoperative asphyxia and prevent postoperative asphyxia.

Severe tracheomalacia or severe irreversible TS may require
tracheal resection and reconstruction. For patients who under-
go tracheal resection, preoperative high-resolution CT scanning
of the neck and https://dict.youdao.com/search?q=pereion%
0D%0A&keyfrom=fanyi.smartResult thorax can help identi-
fy the stenotic segment and any cardiopulmonary abnormal-
ities that need to be treated. Preoperative contrast-enhanced
CT can assist in the observation of important vessels around
the stenotic segment.

Tracheal sleeve resection is carried out by resecting the tra-
cheal segment with lesions, followed by end-to-end anasto-
mosis. It is generally believed that the safe length for trache-
al resection is 4 cm [28]. The complication rate after tracheal
reconstruction can reach 40% [29]. Common complications in-
clude anastomotic fistula, anastomotic restenosis, recurrent
laryngeal nerve injury, mediastinal emphysema, and abscess
[30]. However, the possibility of tracheal resection and recon-
struction for retrosternal goiter and tracheal stenosis is rela-
tively low. In our study, none of the patients required trache-
al reconstruction.

Stent implantation is also an option for severe tracheomala-
cia or severe stenosis [31]. It has been confirmed that the in-
sertion of a tracheobronchial stent results in an immediate
and significant improvement in fatal dyspnea in 70-100% of
patients with TS [32], thus providing better preparation for
surgery. In this study, 1 patient had acute TS before surgery
(Figure 4A, 4B). After tracheoscopic tracheal stent implanta-
tion, tracheal wall oppression was detected intraoperatively
(Figures 4C, 4D, 5A). The operation went smoothly, and tra-
cheomalacia does not occur during surgery (Figure 5C, 5D).
The trachea was well supported by the stent after the opera-
tion. One month after surgery, tracheoscopic removal of the
stent was performed, and no noticeable tracheomalacia was
found endoscopically (Figures 4E, 4F, 5B). The incidence of tra-
cheal stent-related complications is reported to be as high as
18% [33]. The most common and severe complications include
granulation tissue formation and secretory obstruction. Other
stent-related problems include migration, incorrect position,
infection, slippage, and bleeding. Piao et al suggested that the
optimal tracheal management for RG resection is temporary
placement of tracheobronchial stents before surgery [34]. We
believe that although stent implantation has these problems
to be solved, it is safe, effective, and more minimally invasive
for tracheomalacia caused by the external pressure of benign
tumors such as RG. However, the relevant complications and
timing of stent removal should be further evaluated.
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Figure 4. A patent of CT images before and after operation. The CT findings from a 66-year-old male patient revealed a type 1 RG
with grade Ill tracheal stenosis. Axial (A) and coronal (B) images in soft-tissue windows are shown. Axial (C) and coronal
(D) images in soft-tissue windows are shown after tracheoscopy. Intraoperative frozen sections suggested benign lesions.
Axial (E) and coronal (F) images in soft-tissue windows are shown after surgery.

Extent of Thyroidectomy

The extent of thyroidectomy is determined by preoperative thy-
roid function examination and intraoperative lesion involve-
ment. Preoperative multidisciplinary consultation involving
thyroid surgery and endocrinology is necessary. Total thyroid-
ectomy is recommended for patients with bilateral diffuse en-
largement. Hemi-thyroidectomy can be considered for patients
with an enlarged thyroid on one side and a normal thyroid on

the other. In partial RG with an intact envelope, only the en-
larged lesion should be resected.

Treatment and Nursing of Postoperative Complications

For patients with secondary hyperthyroidism after surgery,
drugs should be adjusted routinely to prevent thyroid crisis.
Routine calcium supplements are recommended for patients
with hypothyroidism. With laryngeal edema, hormones can be
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Figure 5. The same patient underwent a stent placement and operation. Based on progressive dyspnea, the respiratory physicians
successfully implanted an airway stent under tracheoscopy to open the airway (A). Then, the patient’s vital signs were
stable, relevant examination results were improved, and no contraindications were found. Surgical removal of the RG
through a cervical approach (C). Postoperative pathological indication: Goiter with cystic lesions (hematoxylin and
eosin,10xmagnification) (D). One month after surgery, respiratory physicians removed the stent and found no tracheomalacia

or tracheal stenosis (B).

used prophylactically. Patients with postoperative tracheoma-
lacia inducing respiratory failure should be treated with tra-
cheotomy, endotracheal intubation, or stent implantation.

We acknowledge that this retrospective study has some limi-
tations. First, not enough cases were included. In addition, our
study did not compare the time, amount of blood loss, and
complications of different surgical methods. We are aware of
some potential technical biases in our research. Despite these
limitations, the results of this study on retrosternal goiter pro-
vides additional important experience.
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