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34.1	 �Introduction

The normal thyroid gland is a butterfly-shaped organ com-
posed of two lobes (right and left) connected via the isthmus. 
A third and variable lobe called the pyramidal lobe can be 
seen arising from the isthmus at its superior aspect. The nor-
mal anatomical location of the thyroid is in the anterior neck 
starting from the thyroid cartilage and extending down into 
the fifth or sixth tracheal ring. A normal thyroid gland usu-
ally weighs approximately 18–60 grams in the adult.

The blood supply to the thyroid comes from the superior 
and inferior thyroid arteries, branches of the external carotid, 
and of the thyrocervical trunk, respectively. A not constant 
artery, the thyroid ima from the brachiocephalic trunk can 
also be present. Venous drainage is similar to its arterial sup-
ply, utilizing the superior and inferior thyroid veins draining 
into the internal jugular and the left brachiocephalic veins, 
respectively.

Important parasympathetic nerves supply innervation to 
the thyroid, mainly the superior laryngeal nerve and the 
recurrent laryngeal nerve. The recurrent laryngeal nerves are 
often intimately associated with the thyroid gland, coursing 
deep to the gland within the tracheoesophageal groove.

The term goiter, comes from the French (goitre) and Latin 
(guttur) which mean throat. A goiter is any enlargement of 
the thyroid gland. Many etiologies are known to cause goiter 
and are not the focus of this chapter.

Traditionally, thyroid operations are done with a cervical 
collar incision as initially described by Kocher and Halsted 
in the early 1900s. New minimally invasive techniques exist 
to perform cervical thyroidectomies including minimally 
invasive video-assisted thyroidectomies (MIVAT) and trans-
axillary robotic approaches [1]. Both of these approaches 
address resection of thyroid glands that are limited to the 

neck or minimally enter the thoracic cavity, but true intratho-
racic goiters are very difficult to resect via these techniques.

Intrathoracic goiters are rare, less than 6% of all medias-
tinal masses in adults are of thyroid origin [2]. The first ana-
tomical description of an intrathoracic goiter was by Haller 
in 1749 [3], since then, different terminology has been used 
including the terms retrosternal, mediastinal, or subclavicu-
lar. The definition for intrathoracic goiter is a thyroid mass 
with 50% or more of it located below the thoracic inlet [4]. 
The vast majority of these cases are a result of direct caudal 
growth of cervical goiters into the superior mediastinum.

Intrathoracic goiters can be divided into primary and sec-
ondary. True primary intrathoracic goiters (also called aber-
rant or ectopic) are very rare with an incidence of less than 
1% of all mediastinal masses [2, 5]. They are characterized 
by a blood supply from intrathoracic vessels rather than cer-
vical ones. Frequently the cervical component of the thyroid 
gland is normal or absent. Secondary intrathoracic goiters 
are much more common; they arise in the normal cervical 
position and, due to their growth, descend into the mediasti-
num, as it is the path of least resistance for the gland. The 
vast majority of intrathoracic goiters are found in the anterior 
mediastinum (85–90%) with the remainder (10–15%) in the 
posterior mediastinum [6, 7]. Rios et al. analyzed their expe-
rience with intrathoracic goiters and in a bivariate analysis 
found it to occur more often in older males, in longer stand-
ing goiters [8].

34.2	 �Clinical Findings

Symptoms usually present late in the evolution of this prob-
lem and up to 30% of patients remain asymptomatic [9–11]. 
The most frequent symptoms observed due to an intratho-
racic goiter are dyspnea, cough, hoarseness, stridor, and 
shortness of breath secondary to distortion and direct com-
pression of the trachea. Dysphagia, a sensation of choking 
from esophageal compression and occasionally swelling of 
the head and neck when superior vena cava compression is 
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present is less common. Up to 50% of patients can present 
with symptoms related to hyperthyroidism [12, 13]. A pal-
pable thyroid mass is found in the majority of patients, nev-
ertheless the absence of a palpable mass does not rule out a 
totally intrathoracic goiter. In multiple reported series, up to 
35% of intrathoracic goiters did not have a palpable cervical 
component [6, 14, 15].

34.3	 �Preoperative Testing

The work up for patients with intrathoracic goiters includes 
a simple PA and Lateral Chest X-Ray which usually show a 
mediastinal mass with potential tracheal deviation, but up to 
30% of chest roentograms are normal [16]. This examination 
needs to be followed by a computerized tomography (CT) of 
the chest with contrast, which provides detailed information 
about the intrathoracic mass and its anatomic relations with 
other vital intrathoracic structures. While some advocate 
MRI, its use adds minimal additional benefit and significant 
unnecessary cost.

Ultrasound, thyroid scintigraphy and fine needle aspira-
tion (FNA) are not necessary in the preoperative evaluation 
for intrathoracic goiters. Basic thyroid function test should 
be performed and correction of any significant abnormalities 
corrected prior to surgery.

If the patient has hoarseness or voice changes, the vocal 
cords should be inspected with either direct or indirect laryn-
goscopy prior to any surgical intervention to address possible 
vocal cord paresis or paralysis. Loss of function of both 
vocal cords can lead to an emergent airway issue in the 
immediate post-operative period, which should be avoided at 
all costs.

34.4	 �Treatment—Indications for Surgery

Medical treatment for patients with elevated TSH or defi-
ciency in thyroxin production with suppressive medications 
has shown poor results for patients with thyroid goiters. 
Radioactive iodine is traditionally used in patients with mul-
tinodular toxic goiter, but some reports exist of its use in 
non-toxic goiters. They have demonstrated goiter size reduc-
tion up to 40%, albeit this did not correlate with symptom 
resolution. Furthermore, radioactive iodine has the potential 
side effects of thyroiditis and post treatment gland swelling 
with risks of worsening airway compression. This modality 
of treatment should only be used in very high risk operative 
patients who would not tolerate surgery.

The preferred treatment for intrathoracic goiter is surgery. 
Potential malignant degeneration of the intrathoracic goiters 
has been described [17]. The mere size of the gland can 

cause significant compression of the airways, esophagus, or 
mediastinal vessels causing serious morbidity. The discovery 
on an intrathoracic goiter is criteria enough to merit surgical 
resection.

34.5	 �Surgical Technique

All procedures are performed under general anesthesia 
using a double-lumen endotracheal tube to achieve single 
lung ventilation. Either a left or right thoracic approach is 
appropriate depending on the location of the intrathoracic 
goiter. The patient is positioned supine with a small tilt 
(bump) up in the operative side. The ipsilateral shoulder is 
allowed to drop to minimize collision with the robotic arm. 
Three of the robotic arms are typically used but the fourth 
arm can be used if necessary. A single 8 or 12 mm port for 
the camera and two 8 mm instrument ports are placed. The 
camera port is positioned in the fourth intercostal space in 
the anterior axillary line. One 8 mm port is placed along the 
inframammary crease in the third intercostal space and 
anterior to the mid axillary line and the other 8 mm port is 
placed in the fifth intercostal space in the mid clavicular 
line. The robot is docked facing the patient from the contra-
lateral side.

An additional 5 mm port can be placed for the assistant to 
help with retraction and suction. C02 insufflation to 8–10 mm 
Hg is used to assist with the retraction and dissection and 
helps in collapsing the lung. Careful attention to the patient’s 
hemodynamics during insufflation is required since the rapid 
compression of the lung can lead to significant, but transient, 
hypotension.

Upon chest entry, the mediastinum is thoroughly 
inspected. Dissection is performed using either the vessel 
sealer device or monopolar cautery (spatula or hook). The 
fenestrated bipolar cautery in the opposite arm allows for 
retraction as well as dissection near vital structures, includ-
ing the phrenic nerve. .

Dissection should start with the opening of the mediasti-
nal pleura along the phrenic nerve to completely identify and 
dissect it free. Attention is placed to avoid any thermal injury 
to the phrenic nerve resulting in diaphragmatic paralysis. 
The most inferior aspect of the goiter is then identified, and 
the contralateral pleura is encountered. Sometimes the 
contralateral pleural space needs to be entered and one must 
be cognizant of the phrenic nerve when doing the dissection 
in the opposite chest. Identification of the innominate vein, 
as well as the internal mammary vessels, allows for safe dis-
section of any portion of the goiter that enters the thoracic 
inlet. With very large intrathoracic goiters (Fig. 34.1), visual-
ization may be difficult due to the sheer bulk of the gland. 
Placing the partially dissected gland in the contralateral chest 

E. Podgaetz et al.



401

as you complete the dissection aids not only your visualiza-
tion but also supplies counter-traction during the final stages 
of the resection. The specimen can be removed through the 
axillary incision after placing a larger port or extending the 
incision slightly. A single 28-Fr chest tube is placed through 
the lowest trocar site at the conclusion of the case. In some 
cases, a combined cervical and thoracic approach is manda-
tory if there is a large cervical component to the goiter as 
well. In these cases, the gland can be delivered via the neck 
incision.

34.6	 �Tips and Pitfalls

An experienced anesthesiologist is vital to a successful 
resection, as some patients may have significant tracheal 
compression. During induction, the airway compression 
may become critical and the ability to ventilate is lost. Also, 
a double-lumen endotracheal tube may not be adequate and 
a bronchial blocker will be required to achieve single lung 
ventilation. It is also critical to recognize that tracheomala-
cia may result from prolonged compression of the airway 
by the goiter, specifically around the thoracic inlet, though 
its incidence is low (0.001–1.5%) [18]. Therefore, extubat-
ing the patient needs to be done in a controlled environ-
ment, by an experienced anesthesiologist to avoid airway 
complications.

Placing the robotic ports too high in the chest cavity can 
lead to difficulty with the most inferior dissection of the 
gland. Furthermore, this limits the utility of the endowrist, 
creating an instrument that is similar to Tyrannosaurus Rex 
arms—essentially useless. For patients with short thoracic 
cavities, moving the ports an interspace inferiorly will avoid 
this problem.

34.7	 �Comments

While the majority of intrathoracic goiters can be removed 
through a cervical incision, there are some that require direct 
access to the mediastinum for removal either with a full ster-
notomy, partial sternotomy, hemiclamshell, or thoracotomy. 
New minimally invasive techniques have been described to 
remove intrathoracic goiters [7, 19, 20].

Cho et al. reported on 70 patients with intrathoracic goi-
ters where a cervical incision was used even for large goiters 
down to the aortic arch [21]. Similarly Judd from the Mayo 
Clinic advocated a collar incision even in large goiters [22]. 
In a series of 170 patients with substernal goiters, Erbil et al. 
was required to perform partial sternotomy in only 7% of 
patients [6]. A number of surgeons diverge from this approach 
arguing that it can lead to uncontrollable hemorrhage, injury 
to the recurrent laryngeal nerves, and incomplete removal of 
the goiter [23, 24].

Various techniques to assist in the removal of intrathoracic 
goiters through a cervical incision have been devised. Katlic in 
1985 reported about a special mediastinal spoon devised by 
Kocher to assist delivery of the goiter into the cervical incision 
[14]. Other published on using a Foley balloon catheter to help 
deliver the goiter into the neck [25], while others morcellate 
the specimen and remove it in fragments—a technique not 
recommended as this can spread potential malignant cells, 
cause more bleeding, and leave thyroid tissue behind. .

Minimally invasive techniques are used more often for 
removal of mediastinal masses. Specifically both VATS and 
robotic-assisted techniques have been described for thymo-
mas, intrathoracic goiters, and intrathoracic parathyroid ade-
nomas [7, 19, 20, 26–30]. Combined cervico-mediastinal 
approaches have also been described utilizing a traditional 
Kocher cervical incision and a robotic approach for the 
mediastinum [7], this approach is particularly useful when a 
large intrathoracic goiter would mandate the need for an 
extended chest incision to remove the specimen after all the 
dissection is completed. This way, the specimen can be 
removed through the much better tolerated cervical incision 
although without the cosmetic benefit.

The advent of robotic surgery has unveiled a new era of 
minimally invasive surgery overcoming some of the short-
coming of VATS technology. The Da Vinci™ system has 
added a new technical dimension to minimally invasive sur-
gery. The movement of the instruments in robotic surgery is 
more precise and controlled, sometimes even more than in 
open surgery. The camera provides a magnified, three dimen-
sional image and the operative field remains stable and easily 
adjusted, regardless of the assistant. These features allow the 
robotic arms access to small spaces where precise dissection 
can be safely achieved.

Fig. 34.1  Robotic view of a large intrathoracic goiter
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34.8	 �Conclusion

Intrathoracic goiters are rare, only compromising approxi-
mately 6% of all mediastinal masses. Their mere presence is 
enough to merit surgical removal as they have potential for 
malignant transformation and are associated with high mor-
bidity from airway, esophageal, and mediastinal 
compression.

Even though the majority of intrathoracic goiters can be 
removed through a cervical incision, for the selected patient, 
a robotic approach can be a safe, minimally invasive alterna-
tive to the standard median sternotomy or thoracotomy with 
much less morbidity, quicker recovery, and early return to 
activities.

It is essential for the surgeon performing this procedure to 
have enough robotic experience before attempting complex 
robotic procedures.
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