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Large substernal goiters have presented a challenge to surgeons since the beginning of thyroid surgery.
With the widespread use of cross-sectional imaging and high-resolution ultrasound, more thyroid
pathology is identified every year. In the setting of compressive symptoms, refractory hyperthyroidism,
cosmetic concerns, malignancy, or even prophylaxis, thyroidectomy is indicated for large substernal
goiters. Our aims are to present (1) the rationale and an algorithm for a concise preoperative assessment
for thyroidectomy and (2) a detailed stepwise description of the procedure—emphasizing safety—for
a large substernal goiter. This description is complemented by a medical artist’s illustrations to
emphasize the salient points of dissection. With sound surgical technique, thyroidectomy, although still
sometimes quite challenging, may be performed safely, with rare need for median sternotomy,
providing great relief to the patient.
© 2009 Elsevier Inc. All rights reserved.
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A goiter is defined as a thyroid gland that is enlarged to
more than twice its normal size or weighing more than
40 g.1 Because these glands enlarge as a result of either
benign hypertrophy or malignant growth, the initial exten-
sion is typically outward as the overlying muscles and soft
tissues expand. After this cervical enlargement, expansion
may extend into the mediastinum, resulting in compression
of the structures within the thoracic inlet. As the goiter
descends into the mediastinum, 90% will descend into the
anterior mediastinum, displacing the normal anatomical
structures without invasion. The remaining 10% have a
more posterior position within the upper mediastinum.2 Pri-
mary growth of ectopic mediastinal thyroid tissue, separate
from the cervical gland, will not be considered as these
accounts for less than 1% of substernal goiters and are
approached differently.3

Multiple definitions for large substernal goiters have
been described. The 2 most common definitions are any
thyroid mass that descends below the plane of the thoracic
inlet4 to more restrictive definitions requiring that more than

50% of the thyroid parenchyma reside inferior to the tho-
racic inlet.5 Regardless of the definition, thyroidectomy
often is required for relief of compressive symptoms. In
regard to classification systems there are at least 2. The first
grades mediastinal extension on a scale from one to four and
the other grades goiters from 1 to 3 depending on the
surgical approach required for thyroidectomy (1-cervical,
2-manubriotomy, 3-full sternotomy).6,7

In the general population, large substernal goiters occur
in 1 in 5000. There is a 3:1 female predominance, with the
highest incidence of 1 in 2000 in women older than the age
of 45 years.5

Clinical presentation

Classically, patients present during the fourth and fifth de-
cades of life with symptomatic goiters caused by one or a
combination of the “3 Ds”: dyspnea, dysphagia, and dys-
phonia. Of these 3, the most common complaint is dyspnea
on exertion, which is present in 30% to 60% of patients.8

The mass affect symptoms related to the goiter often are
associated with positional changes that trap the gland within
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the inlet by either pulling it up or pushing it down into the
thoracic inlet depending on where the bulk of the mass
resides. Therefore, patients are more likely to become
symptomatic when reclining to sleep or while bending at the
waist. Severe compression of the trachea to a diameter less
than 5 mm may be associated with stridor at rest and greatly
exacerbated by even light exertion. Dysphonia when present
should prompt preoperative vocal cord examination. The
majority of patients have slow return of normal phonation
postoperatively when the recurrent laryngeal nerve is sim-
ply stretched by a benign process. In addition to these
symptoms of compression, there may be signs of hypothy-
roidism as with endemic iodine deficiency goiters or hyper-
thyroidism as with toxic multinodular goiters.

On physical examination, a substernal goiter should be
suspected when the inferior margin of an enlarged thyroid
gland is unable to be felt with the neck in extension. It
should be noted that up to 20% of patients with large
symptomatic substernal goiters may not have a palpable
goiter in the neck. Distended neck veins and facial plethora
are late findings in most cases yet these may be reproduced
by having the patient raise both arms over head forcing the
thyroid into the thoracic inlet, Pemberton’s sign.9 It is im-
portant during the examination to assess the patients cervi-
cal range of motion as full neck extension is vital to appro-
priate exposure and delivery of the gland through the
thoracic inlet.

Preoperative testing

All patients with a goiter should have a serum thyroid-
stimulating hormone (TSH) level checked regardless of
symptoms to detect subclinical thyroid dysfunction. High
resolution ultrasound has certainly been proven to be the
examination of choice for evaluation of the thyroid within
the neck but is unable to evaluate the substernal extension.
Computed tomography (CT) or magnetic resonance imag-
ing (MRI) should be used to better define the extent of the
substernal component. Of these 2, we favor a noncontrast
CT of the neck and chest for its exceptional precision,
resolution, and availability in a brief low-risk examination.
If better delineation of the vascular anatomy is required,
intravenous contrast is administered. Nuclear medicine thy-
roid scanning is rarely indicated and provides little value in
the setting of a symptomatic substernal goiter.

Pulmonary function testing demonstrates a blunted flow
volume loop in the setting of a fixed mechanical upper
airway obstruction and may be beneficial in documenting
the absence of underlying pulmonary dysfunction. Like-
wise, video barium esophagrams document esophageal
compression from a goiter but add little to the evaluation
when resection is already clinically indicated.

Fine-needle aspiration biopsy of discrete suspicious le-
sions or in the setting of rapidly enlarging glands may
provide useful information in the rare cases of thyroid
lymphoma or anaplastic thyroid cancer. However, thyroid-
ectomy in the presence of a substernal goiter is nearly

always indicated based on symptoms and/or pulmonary
dysfunction and rarely on fine-needle aspiration cytology.
For prophylaxis in suitable patients, thyroidectomy prevents
the development of atrial fibrillation in older patients from
an unsuspected multinodular goiter with toxicity. Not to
mention, the technical aspects become more difficult as the
goiter enlarges down into the mediastinum.

Procedural technique

The operative technique is described in a step-wise ap-
proach that is supplemented by medical artist (DAF) draw-
ings.

Positioning

The patient is induced with a general anesthetic and
orotracheally intubated, which may require fiber optic tech-
niques. We do not use intraoperative laryngeal nerve mon-
itoring; thus, long-acting muscle relaxants may be used to
facilitate retraction and exposure. The patient is positioned
with both arms tucked by his/her sides in a “beach chair”
position with a folded blanket behind the scapula to allow
for maximal passive cervical extension. The endotracheal
tube is secured away from the operative field.

Incision and exposure

A 6- to 10-cm transverse Kocher incision is centered 2
fingerbreadths above the sternal notch. The platysma is
divided sharply and a superior subplatysmal flap is raised to
the thyroid cartilage. A smaller inferior flap is dissected to
the sternal notch. The “midline” of the strap muscles is then
identified which is often deviated by an asymmetric goiter
as illustrated (Figure 1B). These strap muscles are separated
in the midline from the sternal notch to the thyroid cartilage
protecting the anterior jugular veins. The anterior surface of
both thyroid lobes is then exposed by blunt dissection. Often
as the sternohyoid muscles are retracted the sternothyroid
muscles may be divided without consequence as they are
often very thin and attenuated (Figure 1C).

Thyroid isthmus division

The thyroid isthmus is exposed by ligating the arborizing
venous network on the superior and inferior aspect of the
isthmus. The avascular plane is developed posterior to the
isthmus at the midline of the deviated trachea with a curved
clamp. The isthmus is then divided with electrocautery with
the clamp beneath the gland protecting trachea. If this is
unusually vascular, the isthmus is clamped, transected and
ligated.

Superior pole ligation

In contrast to our usual technique of securing the supe-
rior thyroid artery later in the dissection, it may be advan-
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