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Abstract

The enlargement of multinodular goiter into the mediastinum through the thoracic inlet or ectopic thyroid tissues directly in the
mediastinum is defined as Substernal Goiter (SG). However, there is no clear consensus in the literature on this definition. There
are many definitions for SG in the literature. Most definitions are similar or overlapping. Since the thyroid is located in the neck
above the thoracic inlet in its normal anatomical position, the simplest clinical definition should be preferred among the defini-
tions regarding its descent below the thoracic inlet and adjacent to the mediastinal organs. In the American Thyroid Association
guideline, SG is defined as clinical or radiological protrusion of the thyroid gland over the sternal notch or clavicle in a patient with
a slightly extended neck in the supine position. SGs can be classified as primary or secondary according to their origins. In addi-
tion, there are combined SGs resulting from the enlargement of the primary SG, which is the growth of the cervical thyroid gland
toward the mediastinum, and the secondary SG, which is defined as an ectopic mediastinal mass, together. We find it appropriate
to define such SGs as mixed SGs. In this disease, which has the same etiology and etiopathogenesis as cervical goiter, the descent
of the thyroid gland into the mediastinum due to some anatomical factors explains the physiopathology. Compression symptoms
of mediastinal major vascular structures, trachea, and esophagus cause the symptoms and findings of SGs due to its localization.
In addition, the relationship of SGs with possible malignancy risk and hyperthyroidism affecting the indications and methods of
treatment has been discussed for a long time. In this study, we aimed to evaluate the definitions, classification, physiopathology,
laboratory and imaging methods used for diagnosis, the relationship of SG with hyperthyroidism and malignancy, and briefly the
treatment methods, according to the current studies from literature.
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ultinodular goiter (MNG) is the most common thyroid
M pathology that undergoes surgical procedure."” MNG
may enlarge from the cervical region to the mediastinum
through the thoracic inlet, or rarely, ectopic thyroid tissue
may grow directly in the mediastinum. This pathology is
defined as substernal goiter. The incidence of substernal
goiter in thyroidectomy procedures varies between 2%

and 19% due to the lack of a clear consensus on the defini-
tion of this pathology.”

Substernal goiter is biologically a type of nodular goiter
and a variant of nodular goiter.®!

Although the term substernal goiter is frequently used
in the literature, it is noteworthy that different terms are
used for it and its subtypes. These are different terms such
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as retrosternal goiter, retroclavicular goiter, subclavicular
goiter, intrathoracic goiter, cervicomediastinal goiter, me-
diastinal goiter, aberrant goiter, mediastinal aberrant goi-
ter, mobile goiter, plunging goiter, wandering goiter, and
spring goiter.?® |n the present study, substernal goiter
term is used.

Definitons

There is not any uniform definition of substernal goiter
with consensus in literature. In 1749, Haller was the first to
anatomically describe the substernal goiter as an extension
of the thyroid to the thoracic inlet.”!

Removal of the goiter beneath the sternum was first writ-
ten by Klein in 1820.®

It is noteworthy that more than ten substernal definitions
have been made in the literature. In both the sitting and su-
pine positions, the inferior thyroid pole is normally located
cranially to the thoracicinlet. According to the clinical crite-
ria, if there is a retrosternal part of thyroid gland in the cer-
vical examination without hyperextension, it is defined as
substernal goiter.® Another definition is the thyroid gland
being inferior to the manubrium sterni radiologically or
clinically.

Kocher defined the substernal goiter as the part of the thy-
roid gland that remained retrosternal permanently.'”

Substernal goiter was defined by Torre et al. as the thyroid
gland with lower position permanently below the sternal
notch during the hyperextension.!'?

Lahey defined a substernal goiter as a goiter requiring sur-
gical intervention in the upper mediastinum for perform-
ing surgery.t's!

Crile described that when the thyroid grows up to the aor-
tic posterior level, it should be considered as a true intra-
thoracic goiter."

On the other hand, Lindskog and Goldenberg defined
substernal or mediastinal goiter as the enlargement of the
goiter up to or below the transverse process of the fourth
thoracic vertebra on X-ray examination.!!

Katlic et al. defined it as more than 50% of the thyroid gland
mass located retrosternally.®!

Furthermore, Netterville et al. defined it as the presence of
the major part of the goiter in the mediastinum.!'®l

In another definition, substernal goiter is defined as a goi-
ter localized partially or totally in the mediastinum and de-
scending at least 3 cm below the manubrium sterni or two
fingers below the thoracic inlet in the operating position.!'”

In supine position with a little neck extension, the presence
of thyroid gland in below sternal notch or below clavicula
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on physical examination or radiological examination is de-
fined as substernal goiter by the American Thyroid Associa-
tion Guidelines.'®

Most of definitions are similar to each other. Thyroid gland
is located in superior of thoracic inlet normally. Of the defi-
nitions related to its descent below the thoracic inlet and
adjacent to the mediastinal organs, the simplest clinical
use should be preferred.

Classification

The definitions about substernal goiter (SG) generally are
not related about mediastinal shift, adjacence to other or-
gans, difficulty of thyroidectomy, surgical procedure type,
or risk of complication. SG could be classified as primary or
secondary according to its origin (Fig. 1, Fig. 2). The second-
ary SG develops from cervical thyroid gland’s shift to the
mediastinum, and in generally, SG develops with this way

Figure 1. Lateral view of mediastinal parts and borders (B&M). A: An-
terior mediastinum, P: posterior mediastinum, A1: anterior mediasti-
nal subternal goiter, and P1: posterior mediastinal subternal goiter.
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from cervical thyroid. Both SGs in anterior mediastinum
or posterior mediastinum are received their blood supply
from inferior and superior thyroid artery. The secondary SG
could be presented in anterior mediastinum commonly,
and rarely in posterior mediastinum (10-15%) (Fig. 1, Fig.
2). The primary SG is obtained from ectopic thyroid cells
derived from foregut endoderm that descends into me-
diastinum by embryological aortic arch and not related to
cervical thyroid gland. It constitutes <1% of SG and may be
localized in the anterior or posterior mediastinum. The pri-
mary SG is supplied by intrathoracic arteries (Fig. 3).1"

In addition, thyroid remnants could be detected in the thy-
rotymic region in approximately 50% of the patients who
underwent thyroidectomy, and 90% of these were smaller
than 1 cm. Approximately 20% of these rests are isolated
rests that are either connected to the thyroid by a thin fi-
brous band or are not directly connected, and nodular
structures that will develop from these rests that may cause
mediastinal goiter.2

Figure 2. Secondary substernal goiter. (a) anterior mediastinal, (b)
posterior to major vessels and trachea or esophagus, (c) posterior to
major vessels, anterior to trachea, and (d) Extension to the left be-
hind the major vessels and trachea or esophagus.

Figure 3. Primary substernal goiter. (a) Anterior mediastinal, (b) pos-
terior mediastinal. It may be posterior to the major vessels, anterior
to the trachea, or posterior to the major vessels and trachea.

Mediastinal masses developed from these remnants could
be associated with parasitic mediastinal vessels and may
be presented like primary SG. The primary SGs are general-
ly associated with the heart and great vessels as a result of
embryological development, and masses developing from
such rests have no direct relationship with these structures.
Combine SGs are rarely occured, through both substernal
extension of cervical thyroid and enlargement of mediasti-
nal ectopic thyroid synchronously. Our suggestion is that it
would be appropriate to call this situation mixed SG (Fig. 4).

However, rarely, both the cervical thyroid can grow subster-
nally and the thyrotymic rests that are not connected with
the thyroid can grow synchronously. It should be taken into
account that the cervical thyroid can push the thyrotymic
ligament rest nodule toward the mediastinum and it may
cause an appearence like mixed SGs.1?!

Huins et al. suggested classification system with three
grades according to the relationship between SG and
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Figure 4. Mixed substernal goiter. (a) Anterior mediastinal, and (b)
posterior mediastinal. Location is shown in Figure 2.
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aortic arch and right atrium to predict patients may need
intrathoracic interventions, preoperatively. Grade 1 SG
is located above the aortic arch and can be operated by
cervical incision. Grade 2 SG is located in between aortic
arch and pericardium and can be operated with partially
sternotomy. In addition, it is suggested that grade 3 SGs
descend below the right atrium and can be operated with
total sternotomy.??

Cohen and Cho divided SG into 4 categories (grades) ac-
cording to the percentage of thyroid gland tissue in the
mediastinum. If <25% of the thyroid gland tissue is in the
mediastinum, it is grade 1, if 26-50% is grade 2, 51-75% is
grade 3,and >75% is grade 4.[324

Recently, Liddy et al. proposed a classification including
anatomic features and localization in the mediastinum for
safe surgery of SG. In this study, this classification will be
evaluated in detail.

In this classification, types | and Il are secondary SGs deriv-
ing from the cervical thyroid. Type | is anterior mediastinal
growth and in this type, SG is located anterior to the recur-
rent laryngeal nerve (RLN), anterolateral to the trachea.™

The enlarging mass to the mediastinum is anterior to the
subclavian and innominate vessels. The relationship be-
tween RLN and anterior mediastinal SG is similar like cervi-
cal goiter and the nerve is in the deep.

Anterior mediastinal SGs were found to be more common
on the left side. This situation could be explained by the
location of anatomical structures. The ascending aorta is
more anterior on the right. The ascending aorta and bra-
chiocephalic artery show greater resistance to the grow-
ing in anterior mediastene enlargement of the thyroid on
the right side. The aorta is curved posteriorly on the left
and, therefore, is likely to allow the anteriorly located thy-
roid gland to more easily enter the anterior median on the
left’?*! (Table 1).

Type 2 includes growths to the posterior mediastinum (Ta-
ble 1). The SG enters posterior to the trachea, descends into
the posterior mediastinum, and pushes the trachea anteri-
orly (Table 1). The mass first pushes the great vessels to the

Table 1. SG Classification
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anterior, which, then, settles in the space of posterior of the
innominate vein, carotid sheath contents, innominate and
subclavian arteries, RLN, and inferior thyroid artery. It is im-
portant in posterior SGs to know the relationship between
RLN and mass. RLN is located in the anterior of SGs inferior
part. RLN can be stretched or even cut if not detected early.
Even it could be trapped between the components of the
posterior mediastinal goiter.2®

In contrast to type | SG, type Il SG is more likely to occur on
the right side.”?”

Type 2 SG is classified as type 2A if the SG is derived from
ipsilateral lobe and type 2B if it grows into the contralateral
thorax with retrotracheal growth (Table 1). It is more com-
mon that growing into the right contralateral thorax due
to the aortic arch and its branches obstructing the way to
the left posterior mediastinum. It is defined as Type IIB1 if
growth into the contralateral thoracic cavity in the posteri-
or mediastinum occurs behind the trachea and esophagus,
and type lIB2 if it occurs between the trachea and esopha-
gus. In general, the caudal extension of the right thorax is
limited at the level of the azygos arch.”

Physiopathology

The etiology and etiopathogenesis of SG are the same as
cervical MNG. The etiopathogenesis of cervical MNG was
presented in detail in our previous study and will not be
detailed in this study.!"

In the cervical region, there is limited anatomical space for
the growth of nodular goiter. Thyroid grows toward the
region, where the resistance is least. Posterior growth is
limited by the trachea and vertebrae. Anterior growth is re-
lated to the resistance of the strep muscles, and the thyroid
grows anteriorly according to the degree of stretching of
the strep muscles and causing cervical goiter. At the level
where the strep muscles can no longer stretch, the growth
occurs inferiorly to the thoracic inlet and from there to the
mediastinum. Because there is no anatomical structure be-
tween the inferior part of the thyroid and the thoracicinlet,
there is only a thin areolar tissue.?!

Type Localization Anatomy

| Anterior mediastinum Located on anterior of the trachea, major vessels and RLN
Il Posterior mediastinum Located on posterior of the trachea, major vessels and RLN
A Ipsilateral enlargement

1B Contralateral enlargement

11B1 Enlargement to both posterior trachea and posterior esophagus

11B2 Enlargement to between trachea and esophagus

M Mediastinal Goiter Only

Unrelated to the cervical thyroid
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Traction force during swallowing, negative mediastinal
pressure on inspiration, and gravity may contribute to the
growth of the thyroid from the cervical region through the
fascial planes into the inferior mediastinum.B2"2

The short neck and strong neck muscles, along with the
short cervical trachea, are additional anatomical factors for
the faster growth of goiter down in patients.?® The SG inci-
dence is higher in individuals with short neck.”?3!

Symptoms and Findings

SGs are more common in endemic areas, too. SGs grow slowly
in years and, generally, were diagnosed at 5-7" decades of life.
2291 |n addition that, it can be occured in the ages between 15
and 95.2% Female/male ratio is approximately 3/1-4/1.

Compression of adjacent structures due to long-term and
progressive expansion of the SG causes symptoms and
signs. It can be asymptomatic for long time. Most patients
diagnosed and operated on are symptomatic. In a com-
parative multicentric study involving approximately 20,000
patients, patients with SG were more frequently symptom-
atic, with a rate of 73% in patients with SG and 29% in pa-
tients with cervical goiter.”

Patients with SG present with a mass in neck or with symp-
toms of compression of adjacent structures due to ana-
tomic localization. About 69-97% of the patients present
with cervical mass, 42-96% respiratory symptoms, 26-60%
dysphagia, and 1-5% acute airway obstruction.

Other less frequently reported symptoms are hoarseness,
symptoms of thyrotoxicosis, and symptoms of superior
vena cava syndrome.”!

In detailed examination, one of three asymptomatic pa-
tients can be diagnosed according to their symptoms.!

Respiratory symptoms are the most common complaint in
patients with SG. It occurs due to progressive enlargement
of the goiter and airway compression and deviation.**!

Mild symptoms are dyspnea, cough, choking sensation,
exercise-induced dyspnea, and orthopnea.””? Most of pa-
tients have chronic wheezing due to progressive tracheal
compression, which is misdiagnosed as asthma.

The exercise induced dyspnea occurs when the trachea di-
ameter is <8 mm; stridor and wheezing occur when it is <5
mm.BY Acute airway obstruction symptoms may not occur
until tracheal limen is obstructed up to 75%.52

Sometimes, life-threatening acute airway obstruction may
occur due to the sudden enlarging goiter mass. Acute air-
way obstruction is usually due to spontaneous or traumatic
bleeding into the nodule, cystic degeneration. In addition,
malignant degeneration, upper respiratory tract infections,
and pregnancy can cause acute airway symptoms.

Pulmonary hypoperfusion, pleural effusion, decompen-
sated right heart failure, secondary to compression of pul-
monary artery, are the other rare causes which can make
respiratory distress.”!

Emergency intubation or tracheostomy may be required
to secure the airway before definitive treatments for acute
airway obstruction.®® Surgery should be performed, while
these patients are intubated and stable. After thyroid sur-
gery, laryngeal examination should be performed to ex-
clude laryngeal edema and evaluate vocal cord function
before extubation.®

Although displacement of the esophagus is frequent, dys-
phagia is generally associated with retrooesophageal en-
largement of the goiter. It is associated with compression
of the esophagus between the trachea anteriorly and the
thyroid mass posteriorly.*

It has been reported that dysphagia complaints in many
patients improved significantly after surgery.3

The laryngopharyngeal reflux incidence is usually higher in
SG patient and in these patients reflux should be investi-
gated and treated specifically.**!

Less than 5% of SG patients apply with Pemberton’s sign.
[36] Pemperton’s sign is associated with moving down of
SG below the thoracic inlet and an increase in transient
venous obstruction. Complaints and findings may occur
when the patient raises his arms, lies on his back, extends
the neck, and looks to the right or left.?¥! With these ma-
neuvers in the patient; dilatation of the external jugular
veins, facial flushing, sometimes cyanosis, and increased
distress may occur. Temporary respiratory distress may also
develops in these patients.

When the SG obstructs venous flow in thoracic inlet, it may
cause superior vena cava syndrome. Clinical features are
facial plethora, congestion, cyanosis, swelling of the arms,
and prominent superficial chest veins for collateral drain-
age. Superior vena cava syndrome is usually associated
with malignancy. Malignancy should be excluded in these
SG patients.13

Superior vena cava syndrome may cause the downhill
esophageal varices which are occurred without portal hy-
pertension. These varices are collaterals either bypass supe-
rior vena cava obstruction by azygos vein or to drain blood
from head and neck to portal vein if the superior vena cava
and azygos are obstructed. Bleeding from varices and he-
matemesis as a result of this bleeding may be occurred in
these patients.>

Tracheal varices secondary to tracheal venous hyperten-
sion may rarely be occurred as a result of superior vena
cava syndrome.B”
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Pain and tenderness are rare symptoms of SG and could be
developed secondary to abscess or malignancy.® Further-
more, transient ischemik attack, cerebral edema, vocal cord
paralysis due to compression of nervus recurrens, Horner
syndrome, Chylothorax due to compression of ductus tho-
racicus, and pericardial effusion may be developed.’*45!

Rarely, tracheomalacia may develop due to destruction of
the tracheal rings due to SG compression. SG pressing on
the trachea for more than 5 years is a possible risk factor for
tracheomalacia.”? These patients may develop progressive
airway collapse after surgery.®! It should be kept in mind that
intubation trauma may develop in the posterior tracheal
membranous wall during intubation in patients with SG.*

Substernal Goiter and Hyperthyroidism

Hyperthyroidism can be seen in substernal goiter and this
entity can be a part of a spectrum which starts with sub-
clinical hyperthyroidism. Patients may be presented with-
out symptoms at the beginning of the follow-up and after
increased autonomy of the nodules hyperthyroidism can
turn into overt thyrotoxicosis.”!

In the literature, hyperthyroidism in substernal goiter was
reported between 13.1% and 28.8%.5383

In addition, in one study, 19,662 patients were evaluated
and in this study cervical goiter patients and substernal
goiter patients were assessed, thyrotoxicosis was higher in
the substernal goiter group compared to the cervical goi-
ter group (28.8% vs. 16.7%, 95% Cl: 1.76-2.33, p<0.001).”

There are several reasons that may cause increased per-
centage of hyperthyroidism in substernal goiter. In Graves
disease, continuous stimulations may cause enlargement
of thyroid gland. Autonomous growth may also be com-
bined with autonomous function and this can cause an
increased nodule size and decreased serum TSH levels.*4

Hyperthyroidism can be corrected with surgery in suitable
patients; however, radioiodine therapy may be helpful in
elder patients has comorbidities.*"

Substernal Goiter and Malignancy

Malignancy or suspicion of malignancy is an important in-
dication for surgery in substernal goiter patients. Several
studies have mentioned on malignancy in substernal goiter
and rate of malignancy was reported as 3.7% and 23.3%.12%

In a study which evaluated 19,662 goiter patients, malig-
nancy rate was higher in substernal goiter patients com-
pated to cervical goiter patients (10.4% vs. 23.3%, 95% Cl:
2.25-3.04; p<0.001). Histologic subtypes of lesions in sub-
sternal goiter were papillary carcinoma (72.4%), follicular
carcinoma (26.8%), and medullary carcinoma (0.8%). In the
same study, increased sternotomy rate was observed in
substernal goiter with malignancy.®
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In substernal goiters with malignancy, findings of invasion
to the trachea are important and preoperative preparation
should be made such as flexible laryngoscopy and small in-
tubation tubes. Self expandable metallic stents for trachea
may be used in some cases.?38

Laboratory Assessment

Thyroid function tests should be seen as the first step in
SGs, as in cervical goiters. Especially, TSH and T4 levels are
the most important laboratory findings. Although there
are studies recommending thyroid peroxidase and anti-
thyroglobulin antibody tests in the literature, there is no
definite judgment for the necessity of these tests.*2 How-
ever, although there is a thyroid nodule with autonomous
function, TSH value can be seen within the normal range,
especially in iodine-deficient regions.

Although thyroglobulin measurement is not considered
necessary in the preoperative period, calcitonin measure-
ment may be requested in cases with suspected medullary
carcinoma.'® However, conditions such as Hashimoto's
thyroiditis, chronic kidney failure, and hypercalcemia that
will cause a false positive calcitonin value should be kept in
mind when this test is requested.

Imaging Methods

Chest Radiograph

SGs are mostly diagnosed by deviation or narrowing of the
trachea on posteroanterior chest radiographs. Due to its
frequent use and cost-effectiveness among imaging meth-
ods, incidental SG detection after PA chest radiograph is
common (Fig. 5).

Figure 5. Tracheal deviation due to SG on PA chest X-ray and a mass
pushing the trachea and extending to the mediastinum.
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Ultrasonography (USG)

USG is used as the first-line imaging method in goiter pa-
tients in many clinics. The advantages of this method are
that it is cheap, non-invasive, radiation-free, and iodine-
free.! In addition, if suspicious nodules are detected in the
cervical parts of the SGs with the USG method, fine-needle
aspiration biopsy (FNAB) can be performed.*!

Using USG has many advantages especially in cervical goi-
ters.l" Although the USG method is frequently used in SGs, it
has some limitations. Difficulties in sonographic evaluation
of retrosternal parts of SGs are one of the most important
limiting factors of this method. In the cervical parts of SGs, as
in normal cervical goiters, USG is one of the imaging meth-
ods frequently used in the determination of the volume and
structure of the thyroid tissue, the size, shape, and compo-
sition of the nodules, possible metastatic lymph nodes. In
addition, it is used as a guide method for histopathological
sampling in lesions with suspected malignancy.®¥

Scintigraphy

Scintigraphy is an imaging method, especially suitable for
imaging hyperfunctional thyroid tissues. In the presence
of autonomic hyperfunctional nodules, only the TSH value
may not always be sufficient.®! Therefore, scintigraphy is
considered the best method, especially in demonstrating
the presence of an autonomous thyroid nodule.®

Although scintigraphy has an important role in demon-
strating an ectopic thyroid focus or a hyperfunctional nod-
ule, its sensitivity may decrease in SGs due to the super-
position of intrathoracic vascular structures and sternum.
145461 |n addition, SG tissue radioiodine uptake could be low
in euthyroid patients and SG may not be seen, because it
remains posterior to the sternum and clavicle (Fig. 6).
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Figure 6. Scintigraphic imaging of SG. The retrosternal part of the
thyroid gland appears to shine at a lower attenuation than the cervi-
cal part superior to the mark placed on the jugular notch.

Cross-sectional Imaging Methods

CT and MRI are imaging modalities commonly used in
SGs. In the present, CT has advantages over MRI in terms
of being more accessible, cheaper, easier, and being able
to evaluate invasion into major vascular structures. On
the other hand, the iodine content of intravenous con-
trast agents used in CT can cause unwanted side effects,
although rarely, especially in patients with subclinical hy-
perthyroidism (Jod-Basedow Phenomenon). In addition,
the radiation exposure of the CT imaging method is also
one of its disadvantages compared to MRI. Although both
imaging methods are used in SG management today, CT is
used more frequently (Fig. 7, Fig. 8a-c).

In a study by Cho et al. including 70 patients, it was em-
phasized that CT was the best method to show the rela-
tionship between mediastinal structures and SGs."*”! In
addition, CT is of great importance in terms of predicting
the need for sternotomy in the pre-operative period in
SGst8481 (Fig. 8a-c).

FNAB

FNAB is one of the most appropriate methods in the evalu-
ation of thyroid nodules and in the differentiation of be-
nign/malignant nodules. However, in some studies, it has
been stated that this method has a 15-30% failure rate

Figure 7. The appearance of SG in sagittal and coronal sections in
MRI. (a) Sagittal sections, (b) Coronal Sections. Coronal sections
show that the SGis enlarged in the pear-shaped mediastinum.

Figure 8. CT images with SG contrast. (a) In the sagittal section, it is
seen that the anterior mediastinal SG springs the arterial structures.
(b) Tracheal deviation in the coronal section again shows a relation-
ship with the major vascular structures. (c) In the transverse section,
SG deviates the trachea to the right in the thorax.
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in the diagnosis of malignancy.“? Although the usage of
FNAB in SGs is similar to cervical goiter patients, the limita-
tions of the method are more for SG compared to cervical
goiter. Even though the benefits of this method in the eval-
uation of the cervical region in SGs are significantly high,
it is very difficult and dangerous to use in the retrosternal
region. Due to the difficulty of accessing the retrosternal
region with FNAB method and the complications that may
develop related to intrathoracic major vascular structures
and close adjacents structures, the rate of use of the meth-
od decreases in SGs. In addition, it is known that pneumo-
thorax that may develop due to pleural damage or hemo-
thorax that may develop due to damage to major vascular
structures can be mortal. For these reasons, FNAB is not
routinely used in SGs.38

Other Imaging Methods

The majority of SGs are also multinodular. The use of mo-
lecular tests has recently been recommended in nodules
with suspicious FNAB results (Bethesda lll, Bethesda IV).[50]
In this way, it may even be possible to save patients from an
unnecessary sternotomy. These molecular tests, which are
not routinely performed, yet, because they are applied in a
small number of centers and are expensive, may be one of
the frequently used methods in the future.

Although its feasibility with FNAB is debatable, bronchos-
copy is the only invasive method that can be used diagnos-
tically in SGs.B"

In addition, there are studies in the literature recommend-
ing endoscopy in the presence of symptoms of airway ob-
struction or in the presence of irregularities in the tracheal
mucosa during bronchoscopy. Symptoms such as hoarse-
ness, invasion of the trachea or esophagus, dyspnea, and
dysphonia suggest malignancy in SGs as well as in cervical
goiter.®

Airway obstructions, one of the most important indica-
tions of surgery in SGs, occur due to the compression of the
retrosternal mass on the trachea. Narrowing due to com-
pression of the trachea can be detected by methods such
as CT and MRI. However, cross-sectional images are not
sufficient to evaluate tracheal airflow. There are studies in
the literature suggesting the use of the flow volume loops
to adequately evaluate upper airway obstruction in SGs.
Furthermore, some of these studies have reported that,
especially, the inspiratory part of the flow volume loop is
useful in demonstrating airway obstructions.®? In addition,
there are publications reporting that this method may be
superior to conventional cross-sectional imaging methods.
B3 Again in the literature, it was stated in the study of Al-
bareda et al. that the flow volume loop is the most sensitive
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and effective method in showing airway obstructions.5
These results suggest that this method can be used more
frequently in the future.

Surgical Indications and Treatment

Although the surgical treatment of substernal goiter will
not be examined in detail in this review, studies on the in-
dications and the need for sternotomy will be briefly men-
tioned.

Surgical indications in SGs have been one of the most
debatable issue from past to present. There are studies
recommending surgery when detected incidentally in as-
ymptomatic SGs in the literature.®” In these studies, the
respiratory problems that patients may experience in the
future due to SG, the possible risk of malignancy, and the
possibility of intubation problems in any possible surgery
are shown as the necessity of the surgical method. There is
a general consensus on the necessity of surgery in symp-
tomatic patients. Surgery is preferred in respiratory and
gastrointestinal compression symptoms caused by en-
larged SG, compression on major vascular structures, sus-
pected malignancy, and cosmetic problems.!'8

Although it is one of the fearful dreams of endocrine sur-
geons, the need for sternotomy or thoracotomy in SGs is
not as high as it is thought. In fact, there are studies report-
ing that 95% of SGs can be completely removed with cervi-
cal incision. To prevent recurrence and treat possible ma-
lignancies, total thyroidectomy should be preferred over
subtotal thyroidectomy in SGs.® If malignancy is suspect-
ed, in the presence of a previous cervical operation and
in the presence of an extremely large retrosternal part, a
sternotomy or thoracotomy may be required for complete
resection.'® Many studies have been conducted for the
preoperative prediction of extracervical approaches such
as sternotomy or thoracotomy. In the study of Sormaz et
al,, it was determined that the need for extra cervical in-
tervention would increase significantly if the volume of the
thyroid gland under the thoracic inlet, calculated with the
help of tomography, was =162 cm?3 .57

There are also some treatment methods that have been
tried and are being tried other than surgery. In the litera-
ture, there are some studies investigating levothyroxine
treatment in SG patients. However, levothyroxine treat-
ment in SG patients is still controversial. Levothyroxine
treatment cannot provide sufficient reduction in thyroid
volume, especially in large SGs.*® Furthermore, this treat-
ment could be harmful due to side effects, especially in
subclinical hyperthyroidism patients.

Radioactive iodine treatment is another non-surgical alter-
native method considered for SG patients. The reduction
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in thyroid volume with radioiodine is only moderate. Fur-
thermore, there are some concerns that radioiodine may
acutely worsen obstruction or an overlooked malignancy.®

In our opinion, due to the side effects mentioned above,
non-surgical treatment methods should only be applied to
SG patients with a high risk of surgery.
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