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Preface
The thyroid gland is located in the neck deep to the platysma. This is a
broad sheet of muscle that crosses over the clavicle to cover the antero-lateral
neck. Its anterior fibres interlace with the opposite side, finding an attachment
to the mandible and the dermis of the lower part of the face. The platymsa
covers the sternocleidomastoid and the strap muscles of the neck:
sternothyroid, sternohyoid and omohyoid. In order to maximize aesthetics
after thyroidectomy, surgeons use a transverse collar incision through the skin
and platysma. This book discusses the surgical procedures taken during a
thyroidectomy, and also explores the potential complications involved.
Postoperative outcomes are also discussed.
Chapter 1 – The immunopathogenesis of Graves‟ disease (GD) is an
evolving story, but the central role of Thyrotrophin receptor antibodies
(TRAb) in its aetiology is well established. TRAb are primarily produced in
intrathyroidal immune competent cells. In treatment naïve subjects, they are
found as stimulating (TSAb), blocking (TBAb) or possible neutral TRAb. The
clinical phenotype is therefore dependent on the dominant form in the blood
i.e. GD when TSAb, and hypothyroidism when TBAb predominates. But
currently commercially available assays in clinical use cannot differentiate
between TSAb and TBAb and there is no consensus about the utility of TRAb,
in diagnosing or predicting outcome in GD.
There are two assay types used to measure TRAb – “receptor assays” and
“bioassays”. Although these assays can detect TRAb in up to 95% of GD
patients, only the currently relatively cumbersome, time consuming and more
expensive bioassay can determine their functional characteristics. Their
clinical utility is therefore limited to research. The more user friendly, easy to
perform and cheaper receptor assays measure both TSAb and TBAb, and

Complimentary Contributor Copy

viii

Kimberly Rodolfo

cannot differentiate between them. Therefore TRAb positivity in these assays
does not predict clinical phenotype or outcome. Complicating these analytical
imperfections, TRAb also has the ability to change from one type to the other
during the course of the disease and its treatment. The clinician therefore has
only an imperfect tool to diagnose and predict GD outcome.
TRAb measurement in clinical situations other than isolated GD, merits
discussion - (a) GD complicates pregnancy in a minority and the utility of
maternal TRAb measurement to predict foetal and neonatal problems due to
tranpslacental TRAb transfer is well established. (b) The recently described
“Immune reconstitution syndrome” in patients receiving drugs such as
Alemtuzumab and the highly active anti retrovirals (HAART), predisposes
affected individuals to GD, and TRAb assays help diagnosis. (c) The
occurrence of typical Graves‟ orbitopathy (GO) in hypothyroid and euthyroid
patients and (d) unilateral GO are also situations where TRAb measurement
helps.
Chapter 2 – Albrecht von Haller first described an Intra-Thoracic Goiter
(ITG) in 1749. Terms such as retrosternal, sub-sternal, intrathoracic, or
mediastinal have also been used to define a goiter that extends beyond the
thoracic inlet. Incidence in the general population, based on mass chest
Computed Tomography (CT) screening, is 0.02 – 0.5%. The diagnosis of ITG
is frequently made in the fifth or sixth decade of life, with a male/female rate
of 1:4. ITG can be classified as either primary or secondary. Primary ITG
(<1%) arises from aberrant thyroid tissue ectopically located in the
mediastinum, receiving blood supply from mediastinal vessels and not
connected to the cervical thyroid. Secondary ITG develops from the thyroid
located in its normal cervical site; negative intra-thoracic pressure, gravity, and
traction forces during swallowing facilitate downward migration of the thyroid
into the mediastinum. The most common symptoms (dyspnea, choking,
inability to sleep comfortably, dysphagia, and hoarseness) are related to
compression of the airways and the esophagus. Less commonly, signs of
compression of vascular and nervous structures are present, such as superior
vena cava obstruction and/or Horner‟s syndrome. The diagnosis of ITG is
based upon clinical history and examinations, and imaging findings.
Nowadays CT scanning is the most comprehensive examination for the
assessment of ITG extension and compression effects on adjacent anatomical
structures. Surgical operations on large ITG are a major challenge in endocrine
surgery. Surgery for ITG is required for the management of compression
symptoms, potential airway compromise, and for the treatment of thyroid
malignancy. While most ITG can be resected through a cervical approach,
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additional incisions, as manubriotomy, sternotomy, and lateral or antero-lateral
thoracotomy, may be required. Lateral thoracotomy gives excellent exposure
for a large posterior mediastinal goiter placed posterior to trachea with a
crossover from the left side to the right side. During ITG operation,
furthermore, there is a relevant rate of complications. The most frequent
complication is the recurrent laryngeal nerve injury; the visual recognition of
recurrent laryngeal nerve and a precise operative technique are still the most
important factors for a successful operation. Another complication is
parathyroid injury or blood supply impairment leading to postoperative
hypocalcaemia. Postoperative hemorrhage is a rare but potentially fatal
complication, occurring in 0.3 – 2%. In conclusion, in the presence of an ITG,
extra-cervical access approach should be considered. The assessment and
surgical treatment of ITG should be performed in specialized centers.
Chapter 3 – Hyperthyroidism is a common condition. Its prevalence is
around 2% of women and 0.2% of men. Graves' disease is the most common
cause of hyperthyroidism. There are three main approaches to treat
hyperthyroidism: antithyroid drugs (ATD), radioiodine and surgery. Surgery
and radioactive iodine are two types of ablative treatments. The selection of
the suitable treatment depends on a number of factors such as etiology of the
dysfunction, patient‟s age, associated comorbidities, and potential
complications. Overall in Europe, ATD are usually offered whereas in the
USA the first option is normally the radioiodine therapy. Regardless of the
surgical technique, any patient who is undergoing surgery should be pretreated
with ATD until the patient is in euthyroid state. Thyroidectomy has suffered
major changes in terms of technique and incidence of complications in the past
years. Many studies in the literature correlate the complications of thyroid
surgery with the surgeon's experience.
Surgical procedures: Total thyroidectomy is the recommended procedure
for definitive treatment in Graves' disease, and does not increase the rate of
complications compared to lobectomy in the hands of experienced surgeons.
In addition, total thyroidectomy minimizes the risk of relapse. Currently there
are minimally invasive techniques such as endoscopic and video-assisted
thyroidectomy. These techniques have been adopted by several centers,
especially in Asia and Europe. The indications include benign thyroid disease
and hyperthyroidism with a relatively small thyroid volume. Endoscopic
robotic thyroidectomy by axillary approach is a new technique that has some
cosmetic advantages. This technique offers an excellent operative field,
allowing the identification of the vital structures.
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Indications: Several situations such as pregnancy, reactions to ATD,
rejection of radioiodine treatment, presence of Graves‟ ophthalmopathy,
relapsed, and large goiter are some of the appropriate circumstances for
surgery approach in hyperthyroidism.
Potential Complications: Thyroidectomy is associated with several
complications such as: hypoparathyroidism (3.7% [0,6-50%]), recurrent
laryngeal nerve damage (1-8%) which can be transient (2.5-3% [0,9-4,7%]) or
permanent (0.3-2% [0-1,7%]), local hemorrhage (0.36%) which can cause
laryngeal edema (4.3%, [1-1,3%]), thyrotoxic storm (1-2%), surgical site
infection (0,5-3%) and recurrent hyperthyroidism (2%).
Conclusion: Although effective treatments for hyperthyroidism are
available, none is perfect. Thyroid surgery is associated to negligible mortality
and low complication rate. The experience of the surgeon and the use of new,
less invasive techniques, reduce the risk of postoperative complications and
improve the rate of recurrence.
Chapter 4 – Thyroidectomy is a well standardized procedure. Currently
mortality rate is reduced close to zero and its complications are not worrisome.
Technical progress and wide attention to the cosmetic results have pushed the
development of new surgical techniques, namely Minimal Invasive Video
Assisted thyroidectomy (MIVAT) and transaxillary robotic thyroidectomy.
MIVAT can be considered a miniaturization of traditional cervicotomic
approach with a similar spectrum of complications. In the literature have been
described a subcutaneous reimplant from a benign goiter. With the
transaxillary approach the spectrum of complications have been broadened
with tunnel associated problems and the position of the arm. One of the
authors (MP) have observed a neoplastic reimplant in the tunnel. The main
complications of the classic thyroidectomy are:






Acute post-operative hemorrage with compressive hematoma: this
causes asphyxia, that requests emergency decompression. When
bleeding is less dramatic we observe a subcutaneous hematoma,
which determines a visible lump without respiratory problems
Hypocalcemia is routinely checked and can be symptomatic or a
laboratory diagnosis, associated with overt symptoms or not. The
asymptomatic one can be a mild form of hypoparathyroidism,
deserving some forms of treatment or can reflect a low protein level:
this does not deserve any treatment.
Recurrent laryngeal nerve injury can be transient or permanent,
unilateral or bilateral: the last is one of the most dramatic acute event
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in thyroid surgery. In the recent years many surgeons have suggested
the use of neuromonitoring (NIM) to reduce the incidence of nerve
palsy and more to avoid bilateral palsy with a staged thyroidectomy.
Other complication of thyroid surgery are:






wound problems, like seroma, infection, cutaneous sensitive neck
problems and a bad scar
swallowing disorders
chilous fistula
Horner syndrome
tracheal or esophageal injury

Further peculiar complications are associated to the dissection of lateral
compartment of the neck.
Chapter 5 – The first thyroidectomy was performed in Baghdad circa 500
BC, but it was not until Emile Theodor Kocher refined his operative technique
in the nineteenth century that it became accepted as a mainstream operative
procedure. Due to the intricate relationship of numerous important functional
structures in the neck, thyroidectomy was still fraught with life altering, and
sometimes life threatening, complications. Despite this, surgical intervention
for thyroid disease remains as one of the pillars of treatment with 80,000
thyroidectomies being performed in the United States annually.
The authors reviewed the surgical anatomy of the thyroid gland along with
its relations to the parathyroid glands, recurrent and external laryngeal nerves
in a prior chapter in this book. Anatomic variations were discussed as well as
tips and tricks to identify these important structures at the time of surgery.
The indications for thyroidectomy together with the necessary preoperative assessment including history, examination, thyroid function tests,
ultrasound and fine needle aspiration cytology will be reviewed. The role of
Computerised Tomography scan, radionucleotide scanning and Magnetic
Resonance Imaging will be mentioned.
Traditional thyroid surgery involved the use of cold steel. In this era,
bleeding was a major concern as the vessels are numerous and thin walled and
they may retract to make control difficult. With the introduction of monopolar
and bipolar diathermy operative time has decreased. Operative time and blood
loss are even shorter now with the use of ultrasonic dissectors. Other tools
including nerve stimulators will be discussed and the data analysed.

Complimentary Contributor Copy

xii

Kimberly Rodolfo

Recent advances in surgical equipment has fostered an evolution of the
traditional thyroidectomy technique using sub-platysmal flaps. Considering
that cosmesis remains one of the main indications for this operation, the
authors have witnessed the introduction of video assisted thyroidectomy and
robotic thyroidectomy. These minimally invasive techniques are explored,
including their cost-benefit ratios and learning curves.
The authors also discuss modifications of the traditional open technique
including the retrograde sub-capsular approach that facilitates preservation of
the external branch of the superior laryngeal nerve when removing large bulky
glands. They also strive to discuss means to prevent complications, treat them
and look at the long term outcomes.
Chapter 6 – The first reports of thyroid surgery can be traced back to the
th
12 century, when only crude operative methods and rudimentary anaesthetic
techniques were available. Theodor Kocher revolutionized the thyroiddectomy
technique in 1877 by introducing meticulous dissection and better antisepsis
techniques.
In the 1890‟s William Halsted, Charles Mayo and George Crile
popularized Kocher‟s techniques in the United States.
Operative morbidity reduced further with technical refinements made by
Thomas Dunhill who introduced capsular dissection in 1912 and Frank Lahey
who popularized nerve preservation in 1938.
By the late 20th century there were significant advances in pharmacology,
anaesthetic techniques and antisepsis. Coupled with refined operative
techniques and meticulous dissection, thyroidectomy is now a safe operation
with complication rates less than 1%.
To ensure good outcomes, surgeons performing thyroidectomy must be
acutely familiar with the anatomy, and common variations of the thyroid
gland. In this chapter the authors review the gross anatomy of the gland, with
special emphasis on the surgical importance of the structures encountered
during a thyroidectomy. The authors discuss the anatomic basis of the
operative techniques and the common variations that may be encountered
when performing a thyroidectomy.
Chapter 7 – Thyroid surgery is traditionally performed using Kocher
incision over the neck for years. With the development of minimal access
surgical equipment, there are a variety of surgical methods to achieve thyroid
surgery with a good cosmetic result. These include cervical approach by
means of minimally invasive video-assisted thyroidectomy using a miniincision in the neck, or extra-cervical approach by means of remote access via
the breast, chest wall and/or axilla. With the use of da Vinci Robotic Surgical
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System, the authors would expect this operation to be performed under a
steady, magnified and high definition videoscopic view at a higher surgical
cost.
In this chapter, the author will discuss various methods of endoscopic
thyroidectomy. Indication, surgical procedure and potential benefits of each
procedure will be highlighted. They will also share their own series of
endoscopic and robotic thyroidectomy. The potential complications and
special precautions will be discussed as well. The authors hope their reader
will have an overview on endoscopic and robotic thyroidectomy after reading
this chapter.
Chapter 8 – A review of 814 thyroid surgery performed in a Public
Hospital at Buenos Aires is presented in order to compare the authors‟ statistic
with international reports. They compare sex, age, pathology, histological
type, surgical procedures, complications and associated treatment to surgery in
malignant tumors.
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Chapter 1

The Clinical Utility of Serum
Thyrotrophin Receptor
Antibodies (TRAb) – An Update
for Surgeons
L. N. R. Bondugulapati1, M. A. Adlan2
and L. D. Premawardhana1,2
1

Centre for Endocrine and Diabetes Sciences,
University Hospital of Wales, Heath Park, Cardiff;
2
Section of Endocrinology, Department of Medicine,
Ysbyty Ystrad Fawr, Ystrad Fawr Way, Hengoed, UK

Abstract
The immunopathogenesis of Graves‟ disease (GD) is an evolving story,
but the central role of Thyrotrophin receptor antibodies (TRAb) in its
aetiology is well established. TRAb are primarily produced in intrathyroidal
immune competent cells. In treatment naïve subjects, they are found as
stimulating (TSAb), blocking (TBAb) or possible neutral TRAb. The clinical
phenotype is therefore dependent on the dominant form in the blood i.e. GD
when TSAb, and hypothyroidism when TBAb predominates. But currently


Corresponding author: Dr. L.D. Premawardhana. Email – premawardhanald@cardiff.ac.uk.

Complimentary Contributor Copy

2

L. N. R. Bondugulapati, M. A. Adlan and L. D. Premawardhana

commercially available assays in clinical use cannot differentiate between
TSAb and TBAb and there is no consensus about the utility of TRAb, in
diagnosing or predicting outcome in GD.
There are two assay types used to measure TRAb – “receptor assays” and
“bioassays”. Although these assays can detect TRAb in up to 95% of GD
patients, only the currently relatively cumbersome, time consuming and more
expensive bioassay can determine their functional characteristics. Their
clinical utility is therefore limited to research. The more user friendly, easy to
perform and cheaper receptor assays measure both TSAb and TBAb, and
cannot differentiate between them. Therefore TRAb positivity in these assays
does not predict clinical phenotype or outcome. Complicating these analytical
imperfections, TRAb also has the ability to change from one type to the other
during the course of the disease and its treatment. The clinician therefore has
only an imperfect tool to diagnose and predict GD outcome.
TRAb measurement in clinical situations other than isolated GD, merits
discussion - (a) GD complicates pregnancy in a minority and the utility of
maternal TRAb measurement to predict foetal and neonatal problems due to
tranpslacental TRAb transfer is well established. (b) The recently described
“Immune reconstitution syndrome” in patients receiving drugs such as
Alemtuzumab and the highly active anti retrovirals (HAART), predisposes
affected individuals to GD, and TRAb assays help diagnosis. (c) The
occurrence of typical Graves‟ orbitopathy (GO) in hypothyroid and euthyroid
patients and (d) unilateral GO are also situations where TRAb measurement
helps.

Introduction
Graves‟ disease (GD) is one of the commonest causes of hyperthyroidism
in the West. GD primarily affects the thyroid, and in some, the eyes and skin.
But secondary involvement of the heart, bones, and other organs is well known
and contributes to its morbidity [1]. It is characterised by the presence of
autoantibodies against the Thyrotrophin receptor (TSHR), detectable in up to
95 % of affected individuals using current assays [2]. These Thyrotrophin
receptor antibodies (TRAb) are produced in intrathyroidal immune competent
cells. Their role in the pathogenesis of GD is well defined and is related to
their ability to bind the TSH receptor, and stimulate it in a manner analogous
to TSH. Measurement of TRAb in subjects suspected of having GD should
therefore assist in its diagnosis, as it is so closely involved in its pathogenesis.
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However, the link between detectable TRAb in the serum, and the clinical
manifestations of GD and its outcome, is an unpredictable one. This relates to
the variable ability of naturally occurring TRAb to stimulate the TSHR, as
much as to the imperfections of current assay methodology. It is known that
TRAb can be of different “functional” types based on their ability to activate
the TSHR – stimulating, blocking and the recently described “neutral”
antibody types [3]. A predominance of stimulating TRAb (TSAb) in the blood
results in GD; and a predominance of blocking TRAb (TBAb), results in
hypothyroidism. The balance between their opposing actions, therefore
determines the clinical phenotype at presentation. Confusingly for the
practising clinician, commonly available commercial TRAb assays do not
differentiate between these “functional” types of TRAb, and cannot predict the
clinical phenotype or the outcome of GD. There is no consensus therefore
about the clinical utility of TRAb assays in diagnosing and managing GD.
We discuss in this chapter, TRAb assay methodology and their relevance
to clinical practice, the natural history of TRAb during and after treatment of
GD, and the clinical utility of measuring TRAb in diagnosing and predicting
the outcome of GD.

TRAb Assay Methodology
There are two currently available assay methods for measuring serum
TRAb in the clinical and research settings –
Receptor assays – these are freely available commercially, and are the
assays used in clinical practice [4]. These assays detect TRAb by their ability
to compete with a TSH receptor (TSHR) ligand (e.g. radiolabelled TSH or
anti-TSHR monoclonal antibodies) for binding sites on the TSHR. They
therefore detect “thyroid binding inhibiting immunoglobulins” (TBII), without
clarifying their “functional properties”, i.e. they do not differentiate between
TSAb and TBAb. Consequently, their existence in the serum does not predict
accurately either the clinical phenotype or the outcome of GD as TRAb
positive individuals may have a combination of TSAb and TBAb and at any
given time the predominant form would determine the clinical phenotype.
Receptor assays have undergone considerable modification and
development over the decades. The early, imprecise, first generation porcine
and bovine assays using liquid phase technology, were largely superseded by
second generation, solid phase, recombinant human TSHR based assays. They
used ELISA techniques and chemiluminescence instead of radioactive
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readouts as their end points. They were highly sensitive and specific in some
studies. However, third generation assays using human monoclonal TSHR
stimulating antibodies are even better according to some recent evidence.
TRAb assays are fully automated and are suited well for clinical use.
Bioassays – these assays use cultured cells, and measure cAMP
production as an indicator of TSHR stimulation by TRAb in the serum. They
are mostly used in the research setting. While first generation bioassays used
human, porcine and rat thyroid cell lines (with intact TSHR), secondgeneration tests made use of Chinese hamster ovary cells transfected with
human TSHR. Third generation bioassays use a luciferase reporter gene to
generate light in more simplified assays. Further modifications to these have
utilised chimeric human TSHR and rat luteinizing hormone (LH) receptors
(the rat LH elements replacing TBAb binding epitopes in the wild type
TSHR). These changes are thought to have increased assay sensitivity and
simplified it from a practical point of view [5]. These bioassays have the
ability to differentiate between TSAb and TBAb, but are currently not
commonly used in daily clinical practice.
We have highlighted the features of receptor and bioassays and their
clinical use in Table 1.
Table 1. Features of the two types of TRAb assays currently available
Receptor Assays
Easily available for clinical use
Cheaper and easy to do, with high
sensitivity
Don‟t differentiate between TSAb and
TBAb
May lack correlation with clinical
phenotype and severity of illness
Limited use in predicting outcome

Bioassays
Mostly a research tool at present
More time consuming,
cumbersome, labour intensive and
currently more expensive
Differentiate between TSAb and
TBAb

TRAb Concentration and Treatment of GD
All three current treatment modalities for GD – thionamides
(methimazole, carbimazole, propylthiouracil), radioactive iodine (RAI) and
surgery - reduce TRAb concentration in the serum. The time course of this
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decrease and its extent are variable [6]. The reason for this decrease in TRAb
when GD is treated is unclear, but treatment induced immune modulation
(particularly with thionamide therapy and surgery) and controlling
biochemical hyperthyroidism (by all three modalities) are the main contenders.
The immune modulatory effects of thionamide therapy are well described.
Surgery too results in some immune modulation by antigen (TSHR) removal
and by inducing T and B lymphocyte apoptosis by sudden intense antigen
release during surgery. The predictable smooth TRAb reduction that should
therefore occur with these two treatment modalities is actually borne out in
clinical practice [6]. RAI induces a different pattern of change to serum TRAb
levels. An initial sudden increase in TRAb, most likely due to RAI induced
tissue destruction and antigen release, is followed by a slower and more
incomplete reduction of TRAb over many years. RAI also has effects on T
regulatory cells, which contribute to its mild immune modulatory properties.
The change to TRAb concentrations during treatment described above would
suggest that the persistence of high levels of TRAb after treatment would
predict a recurrence of GD. But the story is far from clear.

The Clinical Utility of TRAb Assays in Diagnosis and Prediction
of Outcome


TRAb in the differential diagnosis of thyrotoxicosis

Graves’ disease - The major clinical use for TRAb measurement in
clinical practice is in confirming the diagnosis of GD. However, despite a very
simple and clear relationship between TRAb and the clinical manifestations of
GD, its use as a diagnostic tool remains variable. This is partly because
professional societies have been slow in responding to the evidence [7], and
also because of differing practice across the world. The American Thyroid
Association (ATA) and the American Association of Clinical Endocrinologists
(AACE) both recommend RAI uptake scans as first line investigation for
thyrotoxicosis [8]. The British Thyroid Association (BTA) in their 2006
guidelines recommended TRAb testing only in special situations [9]. This is
surprising as TRAb testing where it is established as a first line test (most
European centres), is “user friendly” for the patient (a single blood test at the
time of clinic visit), has a much quicker turnaround time (a few days compared
to several weeks for RAI uptake scans) and is considerably cheaper.
Furthermore, third generation receptor assays are very sensitive and specific
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with high positive and negative predictive values and therefore clinicians can
use them with confidence. It is our practice to use TRAb assays as a first line
test in the differential diagnosis of thyrotoxicosis.
Toxic Nodular Disease
Subjects with toxic nodular disease are almost all TRAb negative. In
appropriate circumstances (clinically thyrotoxic patients with nodular goitres)
a negative TRAb test would indicate the need for further investigations (e.g. a
RAI uptake scan) and facilitate definitive treatment at an early stage.
“Thyroiditis”
Several conditions causing a “destructive thyroiditis” give rise to mild and
short lasting thyrotoxicosis, which is usually self-limiting. Subacute or De
Quervain‟s thyroiditis, painless thyroiditis, postpartum thyroiditis (PPT) and
some forms of drug-induced thyroiditis fall in to this category. Their mild
clinical presentation, combined with the absence of serum TRAb, help in
eliminating GD as a cause. Furthermore, RAI uptake is low or absent in these
subjects. The use of colour flow Doppler analysis also may help to
differentiate these conditions from the more “vascular” looking thyroid gland
found in GD. RAI uptake or colour flow Doppler scans would help in the
small percentage of patients with some forms of destructive thyroiditis who
are also TRAb positive.
The “Immune Reconstitution Syndrome” –
Modern treatment of multiple sclerosis (MS) and HIV disease, using drugs
that cause lymphocyte depletion (Alemtuzumab, an anti-CD52 monoclonal
antibody in MS; and highly active antiretroviral therapy or HAART in HIV
infection), causes the recently described “Immune reconstitution syndrome” in
a significant minority of individuals, estimated to be about 30% in MS (10).
This syndrome may occur in bone marrow transplantation too. Antigen naïve
CD4 cell expansion during the phase of “reconstitution” following initial
lymphocyte depletion, results in TRAb formation, when these “antigen naïve”
immune competent cells are exposed to thyroid antigens, and results in GD in
these subjects.


TRAb in the prediction of GD outcome

A clinical tool that could predict the natural history of GD at an early
stage in its clinical course e.g. at first clinical presentation, would be of benefit
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to both patients and clinicians. Knowledge of the clinical course of GD in each
patient (e.g. would there be remission or recurrence after stopping anti thyroid
drugs) may help avoid prolonged treatment with potentially complicated
medication regimes with significant side effects. Definitive treatment with
RAI or surgery could then be recommended for those likely to have a
recurrence, at an early stage of their illness.
An ideal prediction tool should be easy and cheap to measure, sensitive,
and have high positive and negative predictive values when measured in the
initial stages of the disease. Early attempts at predicting the course of the
disease used clinical data (goitre volume, family history of GD, age, gender,
smoking etc.), biochemical data (thyroid hormone levels) or immunological
data (TRAb levels, rate of TRAb decline during treatment, etc.) either singly
or in combination, but were not entirely satisfactory. Most subsequent studies
have used TRAb as the prediction tool of choice in view of its intimate link to
the pathogenesis of GD. We have summarised the studies examining TRAb in
this role published within the last decade or so in Table 2. Although there were
a handful of studies where persistent and elevated TRAb concentrations were
predictive of early relapse (6 months and 56 weeks respectively in two
studies), its utility in predicting GD remission/relapse is still unproven. The
lack of large, reproducible, well-designed, prospective studies is a shortcoming
in this area of thyroidology. The variable study design, TRAb assay
methodology used, and target study populations in studies depicted, and the
variability of the intrinsic molecular and functional characteristics of the
TRAb molecule (both TSAb and TBAb found in the serum of most TRAb
positive patients), and its ability to change from one form to the other, make
this aspect of GD management frustrating and lacking in consensus. The jury
is still out on the use of TRAb measurement as a predictive tool of GD
recurrence [4, 7].


TRAb measurement in special situations

(1) Pregnancy
The majority of subjects who develop hyperthyroidism during pregnancy
have GD – estimated to be about 85% in total. The immune modulation that
occurs in the mother to accommodate the foetus (which is a “foreign body”
with paternal antigens), has a salutary effect on GD too. TRAb levels fall and
the disease becomes easier to control, and in some completely remits in the
third trimester. In some however, TRAb levels continue to be high in late
pregnancy.
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Table 2. Recent clinical studies examining the utility of TRAb assays in predicting GD outcome
Author
[year, (ref)]
ZimmermanBelsing
[2002, [12]]
Quadbeck
[2005, [13]]
Quadbeck
[2005, [13]]

Assay (n)

Study design

TBII
(129)

TRAb assays at diagnosis (122) and at
withdrawal of drugs (129) – median follow up
18 months
TRAb assays done 4 weeks after withdrawal of
drugs – follow up for 2 years in total
As above

TBII
(96)
Bioassay
(96)

Schott
[2007, [14]]

TBII
(131)

TRAb and TPOAb assays done 4.3 months
(mean) after GD diagnosis

Capelli
[2007, [15]]

TBII
(216)

TRAb assays done at diagnosis and 6 monthly
for 10 years

Massart
[2009, [16])
Giuliani
(2012, [17])

TBII
(128)
Bioassay
Mc4 chimera
(55)

TRAb assays compared after 18 months of
treatment - 3 year follow up
TSAb at diagnosis in those who had remission,
relapse and unsuspended therapy – 5 year
follow up

TRAb cut
Off value
1.5 U/l

% Relapse

PPV %

45

49

1.5 U/l
10 U/l
1.5 U/l

49

49
83
49
TSAb - 51

>2 and <6 U/l
>6+>5000
>6+ >500
>46.5 U/l at
diagnosis or
>30.7 U/l at 6
months
0.94 – 3.2 IU/l

71.8

66.7-90
100
93.7-96
52%

67.1

53.2%
48

53-66%

49 (relapse and
unsuspended
therapy)

95.4%
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These TRAb can travel transplacentally and cause intrauterine problems
for the foetus by stimulating its thyroid gland – foetal tachycardia, growth
retardation etc. TRAb is a predictor of such foetal and neonatal problems and
its measurement helps in managing children of mothers with GD, both during
the intrauterine and neonatal phases. Pregnant mothers on anti thyroid
medication, those who have had RAI or surgery previously for GD, and those
who have given birth to children with neonatal thyrotoxicosis should have
serum TRAb checked. TRAb should definitely be checked in the third
trimester, but some would limit this to those who were positive in the first
trimester [11].

(2) Euthyroid, Hypothyroid or Unilateral GO
Although sight-threatening GO occurs in only about 5% of subjects with
GD, a significant proportion will have clinical evidence of eye involvement –
estimated to be between 30-50% in some studies. When clinical symptoms and
signs of GD co-exist with signs of GO, it is easy to make an accurate
diagnosis. However, serum TRAb needs to be measured when GO occurs (a)
without clinical symptoms or signs of GD – euthyroid GO, (b) in hypothyroid
patients – hypothyroid GO, and (c) in one eye only – unilateral GO.
Table 3. Current indications for TRAb testing
Indications for TRAb testing
(1) Establishing diagnosis of GD and differentiating from other thyrotoxic
conditions
(2) Euthyroid or hypothyroid orbitopathy
(3) Unilateral orbitopathy
(4) Pregnancy in women who –
(a) are currently on anti thyroid drug therapy
(b) have had ablative therapy for GD (RAI or surgery)
(c) have given birth to children with neonatal thyrotoxicosis
TRAb to be checked in the first trimester and at 22-26 weeks gestation
(5) Thyrotoxicosis complicating the Immune reconstitution syndrome
(use of CAMPATH and HAART)

Conclusion
Assay imperfections, and the intrinsic variability of the functional
properties of the TRAb molecule (e.g. found in two forms in the serum –
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TSAb and TBAb), make it an imperfect tool both for the diagnosis and for the
prediction of outcome of GD. Such a tool would be very useful for clinicians
managing patients with GD, to tailor treatment to the individual patient.
Despite these imperfections, TRAb remains a clinically useful investigative
tool in the differential diagnosis of the thyrotoxic state. In the appropriate
clinical setting, TRAb positivity establishes the diagnosis of GD in up to 95%
of patients. However, its utility in predicting the outcome of GD remains
unresolved and there is no consensus currently.
TRAb measurements using current 3rd generation “receptor” assays are
freely available, easily and relatively quickly done, and indeed cheap to do in
high volume laboratories. They offer a higher degree of sensitivity and
specificity over thyroid peroxidase antibodies (another thyroid antibody
recommended by some experts), a quicker turnaround time compared to RAI
uptake scans (recommended by some specialist societies) and are definitely
cheaper. We have summarised in Table 3 the current indications for TRAb
testing in clinical practice.
In conclusion we feel that although the value of TRAb measurement using
current assays, in predicting the outcome of GD remains unresolved, we
believe its use in diagnosing GD and differentiating between the causes of
thyrotoxicosis is firmly established.
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Abstract
Albrecht von Haller first described an Intra-Thoracic Goiter (ITG) in
1749. Terms such as retrosternal, sub-sternal, intrathoracic, or mediastinal
have also been used to define a goiter that extends beyond the thoracic
inlet. Incidence in the general population, based on mass chest Computed
Tomography (CT) screening, is 0.02 – 0.5%. The diagnosis of ITG is
frequently made in the fifth or sixth decade of life, with a male/female
*

Corresponding Author: Luca Bertolaccini, MD PhD FCCP. Mailing address: Thoracic Surgery
Unit, S. Croce e Carle Hospital, Via Michele Coppino 26 – 12100 Cuneo (IT). Tel:+390171-641450; Fax: +39-0171-642491; E-Mail: luca.bertolaccini@gmail.com.

Complimentary Contributor Copy

14

Luca Bertolaccini, Andrea Viti, Corrado Lauro et al.
rate of 1:4. ITG can be classified as either primary or secondary. Primary
ITG (<1%) arises from aberrant thyroid tissue ectopically located in the
mediastinum, receiving blood supply from mediastinal vessels and not
connected to the cervical thyroid. Secondary ITG develops from the
thyroid located in its normal cervical site; negative intra-thoracic
pressure, gravity, and traction forces during swallowing facilitate
downward migration of the thyroid into the mediastinum. The most
common symptoms (dyspnea, choking, inability to sleep comfortably,
dysphagia, and hoarseness) are related to compression of the airways and
the esophagus. Less commonly, signs of compression of vascular and
nervous structures are present, such as superior vena cava obstruction
and/or Horner‟s syndrome. The diagnosis of ITG is based upon clinical
history and examinations, and imaging findings. Nowadays CT scanning
is the most comprehensive examination for the assessment of ITG
extension and compression effects on adjacent anatomical structures.
Surgical operations on large ITG are a major challenge in endocrine
surgery. Surgery for ITG is required for the management of compression
symptoms, potential airway compromise, and for the treatment of thyroid
malignancy. While most ITG can be resected through a cervical
approach, additional incisions, as manubriotomy, sternotomy, and lateral
or antero-lateral thoracotomy, may be required. Lateral thoracotomy
gives excellent exposure for a large posterior mediastinal goiter placed
posterior to trachea with a crossover from the left side to the right side.
During ITG operation, furthermore, there is a relevant rate of
complications. The most frequent complication is the recurrent laryngeal
nerve injury; the visual recognition of recurrent laryngeal nerve and a
precise operative technique are still the most important factors for a
successful operation. Another complication is parathyroid injury or blood
supply impairment leading to postoperative hypocalcaemia. Postoperative
hemorrhage is a rare but potentially fatal complication, occurring in 0.3 –
2%. In conclusion, in the presence of an ITG, extra-cervical access
approach should be considered. The assessment and surgical treatment of
ITG should be performed in specialized centers.

Introduction
In 1749, Albrecht von Haller described in his paper the Intra-Thoracic
Goiter (ITG), as extension of thyroidal tissue below the suprasternal notch
(fossa jugularis sternalis) [1]. Since there are technical hitches that may be
encountered during surgical removal, ITG is a challenge for general surgeons.
A widely accepted definition of ITG is still lacking. Usually ITG refers to a
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goiter that is for at least 50% located in the mediastinum [2 – 3]. Other
definitions of ITG have been suggested:
1. A thyroid in which any part of the gland extends below the thoracic
inlet with the patient in the surgical position [4];
2. A gland reaching the level of the aortic arch [5];
3. A thyroid reaching the level of T4 (on chest roentgenogram) [6];
4. Greater than 50% of the gland residing below the thoracic inlet [2].
Although there are arguments for and against the use of each definition,
surgeons should develop a common definition to compare patients and results.

Epidemiology and Classification
The incidence of ITG is variable (from 2 to 19% of all thyroidectomies) [7
– 9]. The clinical diagnosis is most frequently made in the fifth or sixth decade
of life (ratio female/male = 4:1). The ITG can be primary or secondary.
Primary ITG is very rare (1%), it arises from thyroid tissue ectopically
located in the mediastinum due to an abnormal embryologic migration anlage
closely associated with the aortic sac; it receives the blood supply from
mediastinal vessels and it has no connection with the thyroid.
Secondary ITG develops from the normal cervical thyroid; the migration
into the mediastinum is facilitated by negative intra-thoracic pressure, gravity,
swallowing traction forces and anatomical barriers that prevent the
enlargement in other directions. The secondary ITG is in continuity with the
cervical portion of thyroid and it receives the blood supply usually through
branches of the inferior thyroid artery. Sometimes, ITG may extend cranially
behind or along the side of the pharynx, but they may exceptionally extend
even to the diaphragm [10 – 11]. Additional factors associated with ITG are
short neck, short cervical trachea, and well-developed neck muscles [12].

Symptoms and Diagnosis
Usually patients with ITG complaint of a slow-growing but asymptomatic
enlargement of the neck for many years; in about 30% of cases ITG are
incidentally discovered with chest radiography [13]. The most common

Complimentary Contributor Copy

16

Luca Bertolaccini, Andrea Viti, Corrado Lauro et al.

symptoms, related to compression of the upper aero-digestive ways, are
represented by dyspnea, choking, inability to sleep comfortably, dysphagia and
hoarseness. Less common signs are the superior vena cava syndrome and/or
Horner‟s syndrome, both indirect evidences of the compression of vascular
and nervous structures.
The diagnosis of ITG is based on history, clinical examinations, and
imaging findings [14]. Computed Tomography (CT) scan of the neck and the
chest is the gold standard for the assessment of extension of the goiter and the
mass effect on adjacent structures [15].

Surgical Treatment
The presence of ITG is an indication for surgery in an otherwise healthy
patient, even in the absence of clinical symptoms [16] because there is no
effective treatment other than surgery, and because thyrodectomy, the
treatment of choice, performed by skilled surgeons is both safe and effective.
Alternative treatments such as thyroid hormone ablation or radioactive iodine
ablation are rarely successful [17 – 18]. Moreover, ITG can become a lifethreatening emergency, if a sudden enlargement of goiter due to hemorrhage
occurs. Furthermore, in 3 – 21% of ITG [19] thyroid cancer was detected into
the goiter. Tracheomalacia on the contrary is an extremely rare complication
as well as the superior vena cava syndrome and it is virtually nonexistent in
thyroid glands extending just below the thoracic inlet. It is essential to identify
preoperatively patients who could require a thoracic approach, in order to plan
the presence of a multidisciplinary team with the thoracic surgeon, and to
inform correctly the patient. As reported in Literature the thoracic approach is
probable in ITG that are >70% in the mediastinum, in ITG >10 cm, in patients
with a history of cervical thyroidectomy, and in patients with an invasive
carcinoma or ectopic goiter [26]. Recently, four factors were identified that
significantly increase the need of a thoracic approach for an ITG:
1.
2.
3.
4.

The presence of malignancy;
The involvement of the posterior mediastinum;
The extension of the ITG below the aortic arch;
The presence of ectopic goiter [22].

The removal of ITG is associated with higher morbidity and even
mortality, especially when an extracervical thoracic approach is required [23].
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To avoid a thoracotomy or a sternotomy, many techniques have been
described to facilitate extraction. Accurate surgical technique that includes
adequate cervical incision, proper strap muscles preparation, thyroid section,
progressive traction over the upper pole to allow a safe delivery of the goiters
extending into the mediastinum through a cervical approach [12]. Although
the necessity of extracervical extension should be planned preoperatively, the
decision to perform an extracervical access should always be made
intraoperatively, after careful attempts to remove the mass through the cervical
incision [24].

Surgical Technique
Total thyroidectomy is defined as total bilateral extracapsular
thyroidectomy; hemithyroidectomy is defined as total unilateral extracapsular
thyroidectomy; completion thyroidectomy is defined as the removal of all the
residual thyroid tissue after previous unilateral or bilateral thyroid resections
(nodulectomy, hemithyroidectomy, subtotal thyroidectomy) [22]. Most ITG
can be removed through a proper cervical approach, while a thoracic approach
should be performed only in few patients (1 – 11%) [25]; nevertheless some
Authors have reported the need of a sternotomy in 29% [26]. This variability
has to be correlated with the lack of uniformity in definition of ITG. After oral
intubation, the patient is placed in a supine position with the neck well
extended. Iodine-free solutions should be used to swab the operative fields.
The Kocher‟s cervical transverse incision is performed 1 to 2 cm higher than
usual to gain a better access to the gland. The strap muscles are usually
divided along the midline. In selected cases, the strap muscles can be sectioned
in order to obtain a better exposure and then they are reconstructed at the end
of the operation. After mobilization of the upper pole, the superior thyroid
vessels are ligated close to the thyroid capsule avoiding injury to the external
branch of the superior laryngeal nerve, which is not routinely exposed. The
middle thyroid vein is identified and ligated to allow the mobilization of the
substernal extension. A systematic and prompt identification of the recurrent
laryngeal nerves is mandatory in thyroid surgery, usually where they cross the
inferior thyroid artery. After their identification, the surgeon should follow the
recurrent laryngeal nerve upward until it enters the larynx. If the nerve is not
found at its usual place, the surgeons should be aware of the possibility of a
non-recurrent inferior laryngeal nerve on the right side. In some situation, the
recurrent laryngeal nerve should be identified first at its entry point, which
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represents the most constant site, and then followed downward, before goiter
delivery. The gland is then progressively delivered through the incision by
gentle traction over the upper thyroid pole (the so called „„toboggan
technique‟‟) [25]. It has been suggested that digital luxation of the goiter be
avoided because this maneuver poses recurrent nerves at risk in the case of
nerves displacement by large goiters. In all the cases, an effort is made by the
surgeons to identify and preserve all the parathyroid glands. Parathyroid autotransplantation in the ipsilateral sternocleidomastoid muscle is performed only
in the case of a compromised vascular supply or an inadvertent excision.
In patients with ITG, when cervicotomy is not adequate, the intrathoracic
approaches that can be used are:




Manubriotomy;
Full sternotomy;
Antero-lateral thoracotomy to the fourth intercostal space.

Manubriotomy, or full sternotomy, by vertical extension of the cervical
incision can be performed rapidly and with very low morbidity, [27] and they
provide excellent exposure of mediastinum to allow delivery of the retrosternal
portion of the gland [28], and they can be performed without repositioning the
patient [29]. A partial upper sternotomy is performed through a limited skin
incision, extending less than 6 cm below the sternal notch. Gradual spreading
of the sternal halves permits a complete exposure of the antero-superior
mediastinum without sternal fracture and a self-retraining retractor is placed
[26]. Extension to a total sternotomy can be performed when necessary.
Retrosternal extension of mediastinal goiters does not appear to be, per se,
a predicting factor for sternal incision; while posterior mediastinum
involvement by the gland is considered a strong predictor for the need of a
thoracotomy [22]. ITG that descends into the posterior mediastinum behind
the carotid sheath and recurrent laryngeal nerve can cause significant
esophageal displacement and compression. These ITG are difficult to extract
through a cervical approach alone, and even sternotomy affords suboptimal
exposure. Therefore, posterior mediastinal extension can require thoracotomy
in addition to the cervical incision [27].
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Discussion
According to Hedayati [27], postoperative morbidity is more common
after ITG resection than in standard thyrodectomy for cervical thyroid disease.
Various risk factors for complications have been described, including longer
operative time, increased blood loss, extension beyond the carina, or very large
thyroid glands [28]. While the complications rate, both transient and
definitive, was similar for patients operated on for ITG or cervical goiters
according to others [12]. Conversely, operative time and mean hospital stay
were longer in patients with ITG.
An accurate and appropriate surgical technique is mandatory. In particular,
blind finger luxation of the thyroid lobe should be avoided in any case to
reduce the risk of recurrent laryngeal nerve damage and dangerous and
difficult-to-control mediastinal hemorrhages [29]. When dissection cannot be
safely performed from a cervical incision, even after sectioning the strap
muscles, an extracervical approach becomes mandatory. The need of an
extracervical approach and the complication rates are highly correlated with
the experience of the surgical team.
There is a consensus that the vast majority of ITG can be successfully
removed through a cervical approach. Several series have examined the factors
that increase the possibility of a thoracic approach. Thoracotomy or
sternotomy is inevitable when a goiter is iceberg shaped and more than 70% of
it resides within the mediastinum. According to literature a thoracic approach
might be necessary for the malignant substernal goiter (although not
mandatory), the posterior ITG with contralateral extension or mediastinal
blood supply, the ITG causing superior vena cava syndrome, the reoperation
cases, the occurrence of a significant mediastinal hemorrhage, and when the
diameter of mediastinal goiter exceeds the thoracic inlet diameter [30]. The
inlet has relatively fixed dimensions, as both the bony clavicle and sternum are
unyielding. Pressure against the partially distensible trachea will permit
temporary but only slight enlargement of the inlet [31]. Although malignancy
does not automatically mandate sternotomy, thoracic access should be
considered when adhesion to mediastinal structures or blood vessels is
preoperatively detected or suspected and for larger cancers whose transit
through the thoracic inlet might result in tumor spillage [32]. The most
important predictive factor as to whether a goiter can safely be removed
through a cervical approach is the presence of a clear tissue plane in the
mediastinum on preoperative imaging [33].
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The growth of a thyroid in the neck or chest can be considerable without
causing severe tracheal compression, but growth in the inlet can wedge the
goiter between the rigid manubrium and the cartilaginous trachea.
Enlargement of the goiter in the inlet can therefore cause severe tracheal
compression. Moreover, these patients often cannot extend their heads during
intubation, since the maneuver will elevate the mediastinal part of the goiter
into the inlet and result in tracheal narrowing. Thus while a large goiter located
inferiorly in the mediastinum can sometimes be completely asymptomatic
[34], a smaller goiter located at the thoracic inlet may cause severe symptoms.

Conclusion
Thyrodectomy for an ITG can be safely performed through a cervical
incision in most patients. A thoracic approach has very limited indications and
should be used in selected patients. Preoperative CT or MRI scans help to
select these patients. Posterior mediastinal involvement, the massive size of a
goiter extending inferior to the aortic arch, and an ectopic goiter located deep
in the mediastinum are factors posed for the patients at risk of sternotomy or
thoracotomy. An extracervical approach does not increase the morbidity of
surgery and may be “safer surgery” in selected conditions. ITG should be
operated on in high volume specialized centers to obtain the best results, as
surgery, in this case, does not seem to be associated with a higher risk of
postoperative complications.
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Abstract
Hyperthyroidism is a common condition. Its prevalence is around 2%
of women and 0.2% of men [1]. Graves' disease is the most common
cause of hyperthyroidism. There are three main approaches to treat
hyperthyroidism: antithyroid drugs (ATD), radioiodine and surgery [2].
Surgery and radioactive iodine are two types of ablative treatments. The
selection of the suitable treatment depends on a number of factors such as
etiology of the dysfunction, patient‟s age, associated comorbidities, and
potential complications [3]. Overall in Europe, ATD are usually offered
whereas in the USA the first option is normally the radioiodine therapy
[4,5]. Regardless of the surgical technique, any patient who is undergoing
surgery should be pretreated with ATD until the patient is in euthyroid
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state. Thyroidectomy has suffered major changes in terms of technique
and incidence of complications in the past years. Many studies in the
literature correlate the complications of thyroid surgery with the surgeon's
experience [6,7].
Surgical procedures: Total thyroidectomy is the recommended
procedure for definitive treatment in Graves' disease, and does not
increase the rate of complications compared to lobectomy in the hands of
experienced surgeons. In addition, total thyroidectomy minimizes the risk
of relapse. Currently there are minimally invasive techniques such as
endoscopic and video-assisted thyroidectomy. These techniques have
been adopted by several centers, especially in Asia and Europe. The
indications include benign thyroid disease and hyperthyroidism with a
relatively small thyroid volume. Endoscopic robotic thyroidectomy by
axillary approach is a new technique that has some cosmetic advantages
[8]. This technique offers an excellent operative field, allowing the
identification of the vital structures.
Indications: Several situations such as pregnancy, reactions to ATD,
rejection of radioiodine treatment, presence of Graves‟ ophthalmopathy,
relapsed, and large goiter are some of the appropriate circumstances for
surgery approach in hyperthyroidism [9-11].
Potential Complications: Thyroidectomy is associated with several
complications such as: hypoparathyroidism (3.7% [0,6-50%]) [12,13],
recurrent laryngeal nerve damage (1-8%) which can be transient (2.5-3%
[0,9-4,7%]) [12,13] or permanent (0.3-2% [0-1,7%]) [12,13], local
hemorrhage (0.36%) which can cause laryngeal edema (4.3%, [1-1,3%])
[14], thyrotoxic storm (1-2%) [15-17], surgical site infection (0,5-3%)
[18-20] and recurrent hyperthyroidism (2%) [12,13].
Conclusion: Although effective treatments for hyperthyroidism are
available, none is perfect. Thyroid surgery is associated to negligible
mortality and low complication rate [1-6]. The experience of the surgeon
and the use of new, less invasive techniques, reduce the risk of
postoperative complications and improve the rate of recurrence [7,8,21].

Introduction
Hyperthyroidism is a common endocrine disorder. Its prevalence is around
2% in women and 0.2% in men. Graves' disease is the most common cause of
hyperthyroidism [1]. The arsenal against hyperthyroidism includes antithyroid
drugs (AD), radioactive iodine therapy and surgery [2]. Around 30 to 40% of
patients who are treated with antithyroid drugs remain euthyroid for prolonged
time periods after the withdrawal of the drug [2]. Overall, in Europe, medical
treatment is usually the first therapeutic option, whereas in the USA the first

Complimentary Contributor Copy

Surgical Procedures and Potential Complications

27

choice is commonly radioiodine [3,4]. Both surgery and radioactive iodine are
two types of ablative treatment that improve thyrotoxicosis causing permanent
removal or destruction of thyroid tissue [2]. This chapter is focused in the
surgical approach. In order to prevent potential complications, patients who
undergo surgery should be pretreated with antithyroid drugs until they achieve
the euthyroid state.
In experienced hands, the rate of complications related to thyroid surgery
is very low and must not exceed the 9% although they may reach 50% in some
series [12, 13]. The complications that are typically associated with thyroid
surgery are intraoperative and postoperative bleeding, injury of the recurrent
laryngeal nerve (transient or permanent) and postoperative hypocalcaemia due
to hypoparathyroidism (transient or permanent) [12-20, 22].

Preparation for Surgery
Hyperthyroid patients have to be euthyroid before the operation in order to
decrease morbidity and mortality related to surgery. Thus, the first aim of presurgery medical treatment is the normalization of hormonal and metabolic
status. These patients usually need to be treated with antithyroid drugs during
several weeks, which reduces glandular thyroid hormone storage and prevents
their synthesis and output [23, 24]. However, this measure does not improve
the typical hyperplasia with hypervascularization of Graves' disease. For this
reason some surgeons recommend pre-treatment with iodine during one week
before the operation in order to reduce follicular cell size and
hypervascularization. It is recommended that treatment with iodine should be
initiated once the metabolic state has been normalized [23, 24].

Indication for Surgery in Hyperthyroidism
Surgical treatment in the way of thyroidectomy may be the treatment of
choice in several situations such as patient preference, failed medical treatment
or reactions to AD, rejection of radioiodine treatment, pregnancy, presence of
Graves‟ ophthalmopathy, urgency of treatment (surgery is the quickest way to
return a patient to the euthyroid state), relapsed hyperthyroidism or because of
the presence of structural reasons. The structural conditions may comprise
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concomitant presence of thyroid cancer, presence of suspicious nodules with
indeterminate cytology, tracheal compression, large goiter or nodule. [9-11].
In a pregnant woman, if thyroidectomy is necessary, it should be
performed during the second trimester. This should avoid the risk of
miscarriage and premature delivery that may occur in the first and third
trimesters, respectively [25, 26].

Surgical Procedures
Near-total or total thyroidectomy are the recommended procedures in
hyperthyroidism. Well-performed thyroid surgery usually produces few
complications, although total thyroidectomy is associated with a higher
incidence of postoperative morbidity, this procedure minimizes the risk of
relapse. Recurrence of hyperthyroidism is undesirable because a second
operation is technically more difficult than the first one and involves greater
risk of complications. If a second surgery is the only option, a repeat vocal
cord check is mandatory and all information regarding previous surgery should
be obtained. Near-total or total thyroidectomy are the recommended
procedures in Graves' disease and multinodular hyperthyroidism, whereas
removal of the hyperfunctioning nodule is the recommended procedure for
toxic adenoma. Well-performed thyroid surgery usually produces few
complications, although total thyroidectomy is associated with a higher
incidence of postoperative morbidity, this procedure eliminates the risk of
relapse. Recurrence of hyperthyroidism is undesirable because a second
operation is technically more challenging than the first one and involves
greater risk of complications. If a second surgery is the only option, a repeat
vocal cord check is mandatory and all information regarding previous surgery
should be obtained [27].

Standard Procedure
Usually two assistants help the surgeon. The operative table should be in a
slight reverse Trendelenbourg position, which improves presentation of the
operative field to the surgeon and decreases venous congestion [28].
The standard incision for thyroidectomy is the Kocher incision, placed
transversely in the lower neck, at the level of the thyroid isthmus, which is
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situated immediately inferior to the cricoid cartilage [27]. The thyroid gland is
situated underneath the infrahyoid muscles (sternohyoid and sternothyroid
muscle). Once the incision is made, retraction of the skin with the platysma
muscle, the subcutaneous fat and the superficial cervical fascia is needed.
Then, the thyroid gland is approached by lateral retraction of the sternohyoid
muscle and transection of the sternothyroid muscle [28]. The following step is
the capsular dissection, i.e. the dissection between the capsula propria of the
thyroid gland and the fascia covering the visceral compartment. The thyroid
vessels are defined and ligated. It is critical to identify the recurrent laryngeal
nerves (RLN). Systematic visualization of the RLN is the gold standard for
thyroid surgery due to the decrease in RLN paralysis with this technique as
compared to a „blind‟ approach [29]. These nerves arise from the vagus nerve
on both sides.
Thus, the right RLN recurs beneath the right subclavian artery, whereas
the left recurs beneath the aortic arch. Both nerves pass posterior to the thyroid
lobes and parallel the trachea as they approach the cricoid cartilage and enter
the larynx. The surgical approach to finding the RLN may vary, nonetheless
there are some landmarks that can help us identify the nerves: the laryngeal
entry point, ligament of Berry, Tubercule of Zuckerkandl or the inferior
thyroid artery. The relation between the inferior thyroid artery and the RLN
may vary, hence, it is preferable to identify the inferior thyroid artery as it
emerges from behind the carotid artery. Once the RLN are identified, the
dissection may be completed [27].
The most common complication of total thyroidectomy is hypocalcaemia.
Understanding the location and vascular anatomy of the parathyroid glands is
critical to its preservation. The blood supply to the parathyroid glands is
primarily from the inferior thyroid artery, though sometimes there is
contribution from the superior thyroid artery. Each gland weighs 35-40 mg,
measures 3-8 mm, and its color can vary from light yellow to reddish-brown
[29].
The parathyroid should be dissected off the thyroid capsule and mobilized
laterally with its vascular pedicle, controlling the small vessels between this
capsule and the parathyroid. It is possible that the parathyroid glands are
inadvertently removed during thyroidectomy; if this occurs, the parathyroid
tissue may be reimplantated into an intramuscular pocket in the
sternocleidomastoid muscle [27].
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Minimally Invasive and Robotic Surgery
The term minimally invasive thyroid surgery encompasses a host of
different techniques, which include small incision open surgery, endoscopic
surgery and robotic surgery. These techniques have been developed to
improve cosmetic and patient satisfaction; however, widespread adoption of
these techniques cannot be recommended based on evidence [8]. A South
Korean group pioneered the use of the Da Vinci robot (i.e. „robotic-assisted
thyroidectomy‟ or RT). Despite higher cost and longer operating time, it offers
some advantages such as avoiding placement of cervical incision. However,
RT remains controversial and specific indications are still being evaluated [8].
Various endoscopic approaches have been described, either via a lateral or
central neck incision. Evidence suggests that, in the hands of experienced
endoscopic endocrine surgeons, their safety outcome is comparable to open
surgery, and there are obvious cosmetic advantages [21].

Potential Thyroid Surgery Complications
Overall complication rate is around 0.3-50% [12, 13]. Factors that may
influence in the frequency and type of complications depend on the patient
(age; presence of comorbidities such as hypertension, diabetes, heart disease);
thyroid structure such as thyroid volume (hypocalcaemia rate is higher in
patients with volume ≤50ml) [30]; compression of adjacent structures or
infiltration of neighboring structures; clinical entity (Graves' disease or
carcinoma) [1-6]. However, the main determining factors are the experience of
the surgical team and the experience of the individual surgeon [6, 7].
Table 1. Potential Thyroid Surgery Complications
Recurrent hyperthyroidism
Paralysis of the vocal cords
Transient
Permanent
Hypoparathyroidism
Transient
Permanent
Hemorrhage
Wound infection
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In the analysis of the study of data from patients who underwent
thyroidectomy in Maryland between 1991 and 1996, individual surgeon
experience, rather than hospital experience, was significantly associated with
complication rates and length of stay. This relation was observed in disease
and procedure subgroups, and it remained significant after adjustment for
patient case mix and time period [6]. Complications are summarized in table 1.

Hypoparathyroidism
Hypoparathyroidism is the most common complication of total
thyroidectomy [31-34].
The prevalence rate of thyroid surgery related hypoparathyroidism ranges
between 0,6-50% with an average of 3,7%. Hypoparathyroidism can be
transient (2.7%) or permanent (0.2-1.4% [12, 13]. Most cases of postoperative
hypocalcaemia are clinically manifested within 72 hours after surgery.
The parathyroid glands may not be identified during surgery even after a
careful capsular dissection technique because in some cases they are
intrathyroidal, flattened subcapsular, hidden in the internodular grooves, or
infiltrated by thyroid tumor. It is difficult to predict which patients will be at
risk of unintentional parathyroid excision and whether these patients develop
hypocalcemia [21, 29-32,34].
The surgical specimen of a total thyroidectomy should be examined by the
surgeon after its removal to identify unintentional parathyroid gland excision.
If possible parathyroid glands should be reimplantated into an intramuscular
pocket in the sternocleidomastoid muscle.
Some studies have suggested measuring serum PTH levels 1 and 6 hours
after the thyroidectomy. The decrease in PTH and calcium levels serves as a
guide to predict the development of hypoparathyroidism. Other authors
recommend a PTH cutoff level of 15 pg/mL obtained 1 hour after surgery [35,
36]. Moreover, some centers have integrated an intraoperative quick PTH
assay into their practice [37].
When the parathyroid glands are injured during surgery, they may respond
with complete loss of function or temporary reduction of function after
minimal trauma (mainly due to ischemia) [21, 29-32].
Mild to moderate hypocalcaemia is manifested by soon paresthesia
("tingling" as reported by patients), numbness and cramps. In severe cases the
alarm symptoms are carpopedal spasm, tetany crisis and impaired function of
the heart muscle, with the presence of arrhythmia. On physical examination
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Chvostek and Trousseau signs are present. The diagnosis is confirmed with the
finding of a low blood calcium concentration [31, 32, 35]. Symptoms are
relieved immediately with the intravenous administration of calcium.
Permanent hypoparathyroidism is considered when normalization of the
function of the parathyroid glands is not achieved within the 6th postoperative
month [31, 32, 35].
As stated earlier, there is a great variability in the literature regarding the
frequency of hypoparathyroidism secondary to thyroid surgery. An estimation
of the prevalence is the following:
Transient hypoparathyroidism: The prevalence ranges from 1.6 to 50%
with an estimated average around 2.7% [12, 13]. The mechanisms involved
include ischemia due to devascularization by ligation of vessels or secondary
to vascular spasm sustained by hypothermia. Tissue warming related to light
intensity (operating lights, surgeon‟s front light) also could be involved. Some
investigators have related endothelin-1 which is an acute phase reactant that
inhibits PTH secretion and has been shown to be elevated in the transient
hypoparathyroidism. Other involved mechanisms may be the coexistence of
hungry bone syndrome (osteodystrophy associated with hyperthyroidism), the
release of calcitonin after manipulation of the gland, or decrease in serum
calcium due to associated post-surgery hypoalbuminemia or hemodilution.
Certainly hypomagnesemia that inhibits PTH secretion, also contributes to
enhance hypocalcemic symptoms [31, 32, 35-39].
Permanent hypoparathyroidism: The prevalence ranges from 0,2 to 1.4%
[12,13]. The main mechanism is the lasting gland devascularization or a direct
trauma to the glands. Obviously the total removal of the parathyroid glands
during surgery will head towards permanent hypocalcemia. The prevalence of
unintentional parathyroidectomy during total thyroidectomy has been
calculated in 12.9% [6]. The main risk factors for permanent hypocalcaemia
are: female gender, small thyroid gland volume [32], elderly, reoperations, and
central neck node dissection (VI area) [33-39].
The temporary parathyroid insufficiency is not a major problem, but in
cases of permanent impairment, patients must carefully be reviewed and
maintain a satisfactory medication indefinitely associating calcium and
vitamin D to their treatment. When patients are poorly controlled,
complications such as cataracts, hypertension, and nephrocalcinosis may
appear.
Hypoparathyroidism occurs more frequently after thyroidectomy for
Graves' disease or thyroid carcinoma. Again, it has been shown that its effect
is directly related to the experience of the surgeon [6,7]. Anatomical
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knowledge of typical and atypical location of the four parathyroid glands, and
their systematic search in any intervention, is one of the determinants of their
potential damage.
Treatment: Mild hypocalcemia is treated by administration of oral calcium
and vitamin D. This measure bridges the parathyroid temporary dysfunction
until recovery. From the outset, it is impossible to predict whether
hypoparathyroidism is transient or permanent [33, 34, 38].
The presence of symptomatic hypocalcemia is a medical emergency that
requires immediate administration of intravenous calcium. Once the
hypocalcaemia has been corrected treatment can be switched to oral calcium
carbonate supplement at doses of 1-1.5 g every 24 h [33, 34, 38]. In the
follow-up, a close monitoring of serum calcium levels is necessary. The target
is to maintain serum calcium levels between 8 and 9 mg/dL [33, 34, 38].

Laryngeal Nerve Injury
The injury of the laryngeal nerve, both of the RLN and the superior
laryngeal nerve (SLN), is a typical complication of total thyroidectomy.
According to different series, its frequency ranges between 1 % and 8 %.
As in hypoparathyroidism, the lesion could be transient (2.5 [0,9-4,7%])
or permanent (1% [0-2%]). However, there has been a decrease in its
occurrence in the last years [28].

On the other hand, the affectation could be bilateral between 0,4% and
0,9% of cases, increasing this incidence to 13% if the nerve was not identified
previously; and diminishing significantly, between 0% and 6.6%, when
identified previously [40,41]. The transient injury of the RLN is solved in 6 up
to 8 weeks, while in permanent cases; the voice quality remains damaged,
being able to improve gradually thanks to laryngeal compensation [39-42].
The unilateral damage can cause permanent hoarseness whereas the bilateral
lesion drives to aphonia, hoarseness or shortness of breath that threatens
patient‟s life. (Table 2 and 3)
RLN owes the name to its course during the embryological development.
It arises from the vague nerve and appears at the end of the sixth week of the
embryological development [40].
The most frequent location of the RLN is the triangle limited by the
carotid sheath, the trachea and esophagus, and the low thyroid artery, being
this last element its main reference. The most difficult point is when it enters
into the larynx due to the close contact with the thyroid gland [39,40].
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As previously mentioned, the RLN can be injured by section,
traction, ischemia, compression and thermal injuries with the use of the
electrosurgical unit. The surgeon‟s experience and anatomical knowledge
represent, once more, the keystone in the injury prevention [6,7].

Table 2. Percentage of Paralysis without Previous Identification of RLN
Author
Matersson y Terins [43]
Golliwitzer et al. [44]
Pimpl et al. [45]
Schacht et al. [46]
Roulleau et al. [47]
Total

Patients
(nº)
514
1146
4154
1274
987
8075

% Transient
paralysis
13%
6%
8.7%
8.5%
3.5%
7.9%

% Permanent
paralysis
6.6%
3.8%
6.6%
4.6%
1%
5.2%

Table 3. Percentage of Paralysis Previous Identification of RLN
Author
Jacobs et al. [48]
Zoring et al. [49]
Ridell [50]
Kark et al. [51]
Hawe y Lothian [52]
Total

Patients
(nº)
213
887
1700
325
1011
4136

% Transient
paralysis
0.9%
4.7%
2%
2.2%
2.8%
2.7%

% Permanent
paralysis
0%
1.4%
1.7%
1.5%
0.3%
1.2%

The palsy of the RLN has an important negative impact in the
patient‟s life, especially when it is permanent, and can be life-threatening
when bilateral.

Some anomalies in the aortic arches develop a non-recurrent low laryngeal
nerve. In these cases, the injury is less frequent, -between 0.3% and 0.08% on
the right side, and 0,004% on the left side [39,42]. In these patients the nerve
enters into the larynx at the cervical level, without descending to the thoracic
level and also has been associated with a right subclavia artery that arises
straight from the aortic arch. This anatomical variation is clinically important
when an invasive procedure is planned in the head and neck region.
The SLN assumes less clinical importance than the RLN. Sometimes it is
described as the “forgotten nerve”. Nevertheless its injury has been reported
even in 3.7% of total thyroidectomies, and can cause different grades of
disability. It is usually located in the external face of the top constrictive
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muscle, although anatomical variants can exist. It has been observed that it
presents a longer course in males [39-42].
The damage to this nerve can be revealed with cricothyroid muscular
palsy in the ipsilateral side. Clinically the patients can warn hoarse and labored
voice, throat-clearing, vocal fatigue or diminished vocal frequency, especially
when raising the tone. The palsy of the SLN can be an important problem for
those patients whose careers depend on the different tones of voice, such as
Galli-Curci, a famous soprano that suffered this injury after a thyroid surgery
with painful aftermath. To diminish its damage it is necessary to identify it and
complete a precautious ligation of the top thyroid pedicle [39-42].
In cases of definitive unilateral palsy, an adaptation period is needed so
that the healthy vocal cord can compensate part of the functions of the injured
one, being crucial a reeducation of the voice and phoniatric rehabilitation.
The clinical manifestations also change according to the grade of
affectation. If there is a unilateral palsy the vocal cord is located usually in the
paramedian position and its main symptom is dysphonia. When the SLN injury
is bilateral dysphonia and aspiration episodes with cough may present. In cases
of bilateral palsy the vocal cords are located in median/paramedian position,
developing shortness of breath. In cases of bilateral combined palsy, cords are
located in intermediate or side position provoking aspirations, ineffective
cough and bronchopulmonary infections [39].
Other complications exist after thyroidectomy. Most frequently changes in
the tone of the voice can appear in even 42% of patients, according to the
different series. These changes are due to injuries in the larynx up to 20 % of
the times, more than to the damage in the nerve. Most of these take place as a
result of the intubation maneuvers, provoking different dysphonia grades.
Intubation and extubation may cause several injuries such as edema,
granuloma, hematomas and fibrinose laryngitis or enlargement of the vocal
cords [39-43].
There are other surgical risk factors associated to the injury of the RLN,
many of them are related to a poor visualization of the nerve. The weight of
the patient is important, since it limits the surgical collisions, as well as the
presence of short necks. On the other hand, the thyroid or parathyroid surgery
induces scars that modify the anatomy, and increase the risk of damaging the
RLN, between 2% and 12% in a re-intervention [48]. Important tumors or very
advanced grades of goiter, especially intrathoracic goiter, interfere in the
identification of the nerve. Other related factors include the precedent of
cervical irradiation, Graves' illness and finally thyroid gland carcinoma.
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The intraoperative monitoring of the nerve is a technique that can help
identify the course of the RLN and recognize its function, since the palsy
might belong to a previous intervention, and this could be unknown by the
patient or the doctor [53-55]. Anyhow, its use is controversial in first surgeries
but some authors recognize its utility in cases of reintervention, fibrosis,
aberrant path of the nerve, etc. although it neither reduces the paresis risk nor
predicts the postoperative result.
Finally, regarding the treatment, a maximum period of 6 months is
sufficient in order to solve injuries of neuropraxia or axonotmesis.
Consequently if there is no clinical or electrophysiological evidence of
recovery, a new surgery may be needed. This procedure aims to recover or to
improve the voice function, to avoid the aspirations and to improve the cough
reflex. In extreme cases, when damage is bilateral and the cords are in an
adduction position, invasive surgeries such as tracheotomy are needed to
diminish the shortness of breath [43-45]. In bilateral palsy in abduction
position, tracheobronchial aspiration episodes with infections constitute the
greatest problem. The ideal solution would be one that could eliminate the
aspirations allowing swallowing and at the same time maintaining the
phonation. Diverse treatments as the ball cannula tracheotomy have been
described, and even a total laryngectomy can be necessary in case of defeat of
the functional skills and bronchopulmonary severe infections. To avoid the
secretions step to the trachea, laryngeal closing by occlusive laryngeal
prosthesis can be practiced or even glottal suture [38-56].

Other Complications
Hemorrhage. The bleeding in the surgical field is the most serious
postoperative complication. Its incidence is low, around 1-1,3% (0.36 - 4.3%)
but it can be fatal if the correct diagnosis is missed [14, 56]. The suffocating
hematoma causes compression and edema of pharynx and may cause choking.
Intraoperative bleeding may drive to other complications due to poor
identification of anatomical structures (mainly recurrent nerves and
parathyroid glands) [15, 56, 57].
Bleeding is usually detected in the first 6 hours after surgery, although
there have been reports of bleeding on the 5th postoperative day.
Risk factors for its presentation are high blood pressure, vomiting
and Valsalva maneuvers, use of antiplatelet and anticoagulant drugs,
coagulation pathology, total thyroidectomy versus lobectomy, associated
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lymphadenectomy, and reoperations and thyroid disease, with a higher
prevalence in malignant tumors (anaplastic) and Graves' disease /
hyperthyroidism [14].
As for treatment, some authors propose surgical revision if deep
hematoma with stridor or hypoxia is present [56,57]. When bruising is
suspected, the surgical area should be reviewed and hemostasis performed if
bleeding site is located. If suffocating hematoma is presented, wound must be
opened by removing the stitches immediately.
Thyrotoxic storm. It is a rare complication. Most sources report that
thyroid storm accounts for between 1% and 2% of hospital admissions for
thyrotoxicosis. However, some reports estimate the incidence may be as high
as 10% [15-17]. It is potentially fatal and can occur intraoperatively or
postoperatively. The mortality of thyroid storm is currently reported at 10%
[15].
The way to avoid this complication is to preoperatively return the
hyperthyroid patient to a euthyroid state. Thyroidectomy should be performed
only in a euthyroidism state. Alarm symptoms should be hyperthermia,
tachycardia, tremor, nausea, mental changes, and coma.
Treatment during the episode consists in immediate treatment with
propylthiouracil, a beta-blocker, sodium iodide and steroids. It is necessary to
start a fluid therapy replacement in order to reduce body temperature and
induce diuresis. Symptomatic treatment may be progressively reduced as the
patient improves along the coming weeks [15-17].
Surgical site infection. Surgical site infections (SSI) after thyroidectomy
are rare but can have significant consequences. Rates of SSI in thyroidectomy
are quite low, reported to be between 0.5% and 3% in most series [18-20, 22].
A deep infection may indicate pharyngeal or esophageal fistula.
Factors that increase risk of infection include immunodeficiency, diabetes
and drains. Unidentified local infection may be complicated by necrotizing
mediastinitis, although this is very rare [18].
Routine antibiotic prophylaxis is not recommended for clean surgical
cases [18], and thyroidectomy is almost always classified as a clean case.
Because of this the aseptic care during and after surgery is important in order
to avoid this complication.
If signs of infection or abscess (local pain, discharge, swelling, redness)
should begin, antibiotic treatment is needed, and if purulent collection is seen,
drainage must be placed [18-20].
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Conclusion
The management of patients with Graves‟ disease is controversial and
continues to be debated. Although there are several treatment options, none is
free of complications and the choice should be based on careful attention to
the patient's clinical status and comorbidities, individualizing the
characteristics and risk factors in every patient.
The goal to be achieved in the management of hyperthyroidism treatment
is to reduce the secretion of thyroid hormone, achieving a euthyroid state [2].
In this chapter we have developed the indication and potential complications
of total thyroidectomy for the treatment of hyperthyroidism. Surgery offers an
immediate solution, eliminating the cause of hormone hypersecretion in a
definitive manner, with a recurrence rate of only 2% [4, 12, 13].
Surgical treatment may be the treatment of choice in several situations
such as patient preference, unsuccessful medical treatment or reactions to
ATD, rejection of radioiodine treatment, pregnancy and presence of Graves‟
ophthalmopathy. [9-11].
The causes of postsurgical hypocalcaemia are multifactorial [4, 14, 3034]. However, they can be avoided with a better understanding of the anatomic
location of the parathyroid glands, their relationship to the recurrent laryngeal
nerve and with a thorough knowledge of the surgical technique [6, 7, 29]. This
also occurs with de RLN injury [40-43] hemorrhage [14, 56] and other
potential complications.
Thyroidectomy should be performed only in a euthyroidism state to avoid
thyrotoxic storm. [15-17].
Although the infection of the surgical wound is an uncommon process, it
seems that it happens mostly in cases of thyroiditis and cancer. It is thought
that both immunosuppression and longer surgeries could be risk factors.
However, evidence does not recommend the use of antibiotic prophylaxis [19,
20, 22].
In summary, a complete and detailed clinical history, physical
examination and laboratory and ultrasound work-out are important factors in
order to predict the morbidity and possible complications of surgery [1-6]. The
surgeon‟s experience as well as the use of modern less invasive techniques
seem to be determinant factors that reduce the risk of complications [6,7],
although there are only few studies concerning minimally invasive thyroid
surgery.
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Abstract
Thyroidectomy is a well standardized procedure. Currently mortality
rate is reduced close to zero and its complications are not worrisome.
Technical progress and wide attention to the cosmetic results have pushed
the development of new surgical techniques, namely Minimal Invasive
Video Assisted thyroidectomy (MIVAT) and transaxillary robotic
thyroidectomy. MIVAT can be considered a miniaturization of traditional
cervicotomic approach with a similar spectrum of complications. In the
literature have been described a subcutaneous reimplant from a benign
goiter. With the transaxillary approach the spectrum of complications
have been broadened with tunnel associated problems and the position of
the arm. One of the authors (MP) have observed a neoplastic reimplant in
the tunnel. The main complications of the classic thyroidectomy are:


*
†

Acute post-operative hemorrage with compressive hematoma:
this causes asphyxia, that requests emergency decompression.
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When bleeding is less dramatic we observe a subcutaneous
hematoma, which determines a visible lump without respiratory
problems
Hypocalcemia is routinely checked and can be symptomatic or a
laboratory diagnosis, associated with overt symptoms or not.
The asymptomatic one can be a mild form of hypoparathyroidism, deserving some forms of treatment or can reflect
a low protein level: this does not deserve any treatment.
Recurrent laryngeal nerve injury can be transient or permanent,
unilateral or bilateral: the last is one of the most dramatic acute
event in thyroid surgery. In the recent years many surgeons have
suggested the use of neuromonitoring (NIM) to reduce the
incidence of nerve palsy and more to avoid bilateral palsy with a
staged thyroidectomy.

Other complication of thyroid surgery are:






wound problems, like seroma, infection, cutaneous sensitive
neck problems and a bad scar
swallowing disorders
chilous fistula
Horner syndrome
tracheal or esophageal injury

Further peculiar complications are associated to the dissection of
lateral compartment of the neck.

Introduction
Mortality for thyroid surgery, in our era is virtually absent. In the
eighteenth century mortality was 40% due to bleeding and sepsis. [1]
Systematic haemostasis allowed Kocher to lower mortality from 15% to
2,4% and in 1898 he published a paper reporting an overall incidence of
mortality for thyroidectomy of 0,18%.
Afterword the complications came in evidence. Today surgeons are
concerned by the three major complications: hypo-parathyroidism, recurrent
nerve palsy and post-operative bleeding. Sosa [2] demonstrated that there is a
relevant inverse relationship between the number of operations performed by
any surgeon and the occurrence of complications. Apart from surgical
complication there are also a 1,5% of non-surgical complications reported:
respiratory, urological, gastrointestinal, cardiac and drug allergies. Notoriously
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it‟s really difficult to get an actual percentage of complications in thyroid
surgery because almost always their incidence is underreported [3].
Major complications (hypoparathyroidism and laryngeal nerve palsy)
cause a life-long impairment and reduced life quality to patient, while postoperative bleeding may be life-treathening.

Patient’s Position
Anaesthetist and the surgeon are in charge for the correct position of the
patient on the table. Cervical and Brachial plexus and the ulnar nerve are at the
risk, during patient installation. It should be avoided head‟s hyperextension in
patients with cervical disc hernia. Moreover head hyperextension causes
cephalea in the post-operative period.

Laryngeal Nerve Palsy
Recurrent laryngeal nerve damage is the most frequent malpractice
litigation.
Any surgeon knows the anatomic variations of the nerve (recurrent not
recurrent, more branches). Classically we are teached where to watch for
finding the nerve: its crossing with the carotid artery, with inferior thyroid
artery, at Berry ligament [4]. Today watching for the nerve is considered
mandatory [2, 4, 5, 6, 7, 8, 9].
The inferior laryngeal nerve may be harmed by multiple actions: cutting,
clamping, tractioning, compression (by instruments, oedema or hematoma)
and thermal injury by electro coagulation. The damage can be transient or
permanent (when the nerve does not recovers after 6-12 months). Rarely the
damage is recognized during the operation: on occasion we advice to try a
primary repair using microsurgical techniques with epineural sutures. When a
long tract of the nerve is lacking the great auricular nerve can be interposed.
The resumption of function is rarely obtained, but primary reconstruction can
improve vocal cord function [10]. The late reconstruction has a minor
possibility of success.
When the vocal cord remains in a para-median position usually the patient
is asymptomatic. That is why an ORL exam is always requested before and
after the operation [9]. If the vocal cord remains in a lateral position, the
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patients are dysphonic (hoarseness and aspiration). These subjects request
logopedia and eventually injection or medialization laryngoplasty.
Many monitoring methods are suggested to preserve the functional more
than anatomical nerve integrity. Neuromonitoring is currently under
development and is claimed to be more efficient than simple intraoperative
visual inspection, and also to represent a better instrument in case of medicolegal litigation [12, 13, 14]. There are some controversies about: the risk
probably is not reduced and this outcome can not be predicted [11].
A bilateral recurrent laryngeal nerve injury implies a median vocal cord
position with airway obstruction. Rosato [14] reports his frequency as high as
0,4% of all thyroidectomies. At awakening the acute respiratory distress
requests immediate re-intubation and high doses of cortisone. Extubation is
attempted after 24-72 hours in a safe environment (possibly ICU or in OR,
with the chance of an emergency tracheostomy).
Extubation is usually successful if the nerve palsy is temporary. If
respiratory distress persists orotracheal intubation is mandatory and
tracheostomy (either transient or definitive) must be considered. It is usually
definitive if after 9-12 months a bilateral vocal cords palsy is still present.
Alternatively a cordotomy may be performed. [15].
Due to the risk of bilateral palsy and that may be a difficult reintubation,
we leave the operating table sterile till the complete awakening of the patients
(estubation): when the patient breathes normally and surely is not bleeding.
The modern energy based devices (Ligasure, Ultracision) inspire
confidence: this induces to neglect that like the normal monopolar
electrocautery generate heat, with the risk of damaging the nerve [16, 17].
As a matter of principle we do not use sources of energy in proximity of
the nerve. We suggest bipolar coagulation at a very low power, using a sharp
points device and with bursts not longer than 1-2 seconds.
Diagnosis of a lesion of the external branch of the superior laryngeal nerve
(EBSLN) is more difficult. Recently IONM has been used successfully for the
identification of the EBSLN [18]. Although its damage does not determine
respiratory distress it may be extremely harmful for professional voice users
(teachers, singers….). To reduce the risk of a EBSLN Lenquist suggests a
super-selective ligation of the superior vascular pole, because often this branch
intermingles the upper pole pedicle [19] Careful use of energy based devices
as well electrocautery at this level is also requested. By notice about 0,3% of
the laryngeal damages reported are due to the orotracheal intubation [20].
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Post-Operative Bleeding
Post-operative bleeding is a potentially lethal complication. It is heralded
by respiratory distress, cervical oppression and voice changes [14].
Bleeding usually occurs in the first 12 post-operative hours. This is the
main reason why most endocrine surgeons avoid thyroidectomy as an
outpatients procedure [21, 22]. In the presence of a neck hematoma, the wound
must be re-opened to avoid dead by asphyxiation. It may be sometimes
required directly at the bed of the patient (in the ward or recovery room). It is
not necessary (there is not time) any local anaesthesia.
At the end of surgery we routinely verify the haemostasis using some
tricks: the patient is either moved in a Trendelemburg position or we ask the
anaesthesiologist to perform a Valsalva manoever. Routine use of drainage
does not avoid bleeding neither surely consent a hematoma diagnosis. We
must consider that anaesthesiologist may have difficulty in achieve an orotracheal intubation in case of compressive neck hematoma. A set for
tracheostomy and a set with few sterile instruments (forceps, scissors, Kelly
clamps) must be available in the ward. Usually the evacuation of the
hematoma is sufficient to decompress the trachea and to allow intubation.
Remarkably, in our experience, cervical exploration in a patient with a postoperative neck hematoma rarely identifies a sure source of bleeding. The new
techniques of minimal access thyroidectomy, both cervical and extracervical,
seem to have the same incidence of postoperative bleeding, according to the
systematic review of Chen [23]. Avoiding postoperative nausea and vomiting
could reduce the risk of post-operative bleeding; so many surgical teams adopt
postoperative nausea and vomiting (PONV) protocols.

Hypocalcemia
Hypocalcemia is reported in the literature in a percentage between 1 and
50%. [24]
In a recent review [25] the median incidence of transient and permanent
hypocalcemia was 27 [19-38] and 1 (0-3) percent respectively.
Postoperative hypocalcemia is multifactorial [25, 26].
It can be due to unintentional removal of the parathyroids or their
devascularisation. Knowledge of their anatomy and vascular supply is
mandatory for their salvage.
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To maintain a sufficient blood flow to the parathyroids is essential to
perform selective ligations of the branches of inferior thyroid artery (ITA) and
to avoid an en-bloc ligation of it. Remarkably 20% of vascularization of the
inferior parathyroid gland may belong from branches of the superior vascular
pedicle, but mostly it comes from ITA and sometimes from subcapsular
thyroid branches.
There is no agreement in the literature about how many parathyroids are
needed to achieve eucalcemia. Some authors sustain that just one vital
parathyroid gland is enough while some others stand for at least three [27].
If a gland looks ischemic or is not possible to be left in place correctly
vascularised it must be transplanted. Usually this is performed creating a
pouch in the sternocleidomastoid muscle; the site of transplantation is often
marked by not resorbable stich or metallic clips. Biopsy of normal glands must
be avoided [28].
The prophylactic dissection of the central compartment of the neck is a
procedure associated to an increase in the incidence of postoperative
hypocalcemia, due to an extensive manipulation of the parathyroid glands,
especially the lower ones. And transient hypocalcemia seems to be the most
important complication with central neck dissection. If it is excluded, then a
thyroidectomy with central dissection has the same morbidity of a total
thyroidectomy alone [29, 30].
Calcemia is routinely measured during the postoperative course. Patient
with symptomatic hypocalcemia are treated by the administration of calcium
and vitamin D derivatives. Patients with asymptomatic hypocalcemia are
managed with different strategies by surgeons. Each professional tries to
develop a local management protocol, so “biochemical” hypoparathyroidism
represents a very controversial issue. According to some authors the
measurement of parathormone levels (PTH) could allow a safely early
discharge [31]. Half-life of PTH is around 5‟, so then a PTH measurement late
after the surgery (6 h to 24h) may allow recognizing surgical
hypoparathyroidism. Other Authors combine the measurement of PTH and
calcium to institute a supplemental treatment [32].
Hypocalcemia is managed by calcium carbonate (2-8 grams per die) and
Vit D supplementation. In case of symptomatic hypocalcemia (ranging from
peripheral numbness to titanic crisis) intravenous administration of calcium
gluconate may ameliorate these symptoms. To prevent post-thyroidectomy
hypocalcemia and to avoid the experience of hypocalemia symptoms, many
authors suggest the prophylactic administration of calcium and/or vitamin D
derivatives. A systematic review on this topic has been recently published, that
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recommend oral calcium for all patients following thyroidectomy, with the
addition of vitamin D for high-risk individuals [33, 34]. Nevertheless, usually
the administration of calcium and vitamin D supplementation is made on the
basis of some measurable variable, usually calcium levels on postoperative
day 1 and 2. Many examples are available in the literature [35].
In the literature there is a wide range of definition and a lack of consensus
on the definition of hypocalcemia [36]. It may be transient or definitive.
Usually transient hypocalcemia lasts less than 6 months, while after 6 months
it is considered definitive. This is associated with a significant impairment of
quality of life. At the moment the transplantation of parathyroid is not
available [37].

Chylous Fistula
Toracic duct lesion may occur during left lateral neck dissection. If
recognized intraoperatively must be immediately stopped by suturing or tying.
When the diagnosis is made postoperatively, there are two options, depending
from the load of the chylous fistula. If the 24 hours amount is less than 400 ml
it can be managed conservatively by fasting, total parenteral nutrition [38].
Short chain fatty acid can be useful. Somatostatin use has been reported. For
high output fistulas (more than 400 ml/24 h) management require an invasive
procedure (early surgical closure of the fistula or percutaneous radiological
intervention [39, 40]. Administration of a fat-rich meal (e.g. ice-cream with
high content of butter) 3-4 hours before the operation allows a prompt
recognition of a leak, due to the chylomicron-rich lymph which is easily
visible (Figures 1, 2).

Scar and Wound Infections
Wound healing usually is not remarkable. Nevertheless all the principles
of plastic surgery should be respected. For example one of the most common
mistakes is to perform a small incision then stretch skin and subcutaneous
tissues by over-traction to achieve a larger operatory field [41]. Another
important aspect regards the neck incision. It has to be made at least 2 cm
above the sternal notch. The closest the incision stands to the presternal aera
the highest is the risk of a cheloid development. Moreover there are racial
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differences in wound healing. Usually Caucasians and Asiatics show a minor
predisposition to cheloid development than Afroamericans (Fig 3).

Figure 1. Typical chylous content in the drain.

Figure 2. Operative findings. Chylous secretion within operative field.
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Figure 3. Cheloid scar along the neck incision in a young north-African lady.

Wound infections, usually due to staphilococci and/or streptococci, are
reported in between 0,3% and 0,8%[2]. Routinary use of antibiotics is not
indicated except in immuno-compromized subjects and for patients with
previous cardiac surgery or valvulopathies. When present an abscess must be
immediately drained for the risk of mediastinitis. Seromas may be managed
conservatively or by needle aspiration.

Tracheal Instability
Tracheomalacia is described, in many textbooks, as a potential occurrence
in long-term big goitres. It is a real rare finding and, if suspected, endoluminal
stenting has been suggested in order to gain tracheal stability. Personally in
doubt of tracheomalacia I have put two stitches, one on each side of the
trachea; the extremes of the threads were left free outside of the skin. These, in
the case of necessity, can be tied on a swab roll to maintain open the trachea.
They can be used for make an emergency tracheostomy. Some days after we
can cut the treads outside of the skin. Tracheotomy is the last option for
tracheomalacia.
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Rare Complications
Among rare complications, some neural, vascular and visceral lesions are
reported [29]. Cervical sympathetic chain damage is reported in one of 5000
operations, especially in retro-esophageal goitres [24]. Its damage causes a
Bernard Horner syndrome. Phrenic and the accessory spinal nerve are more at
risk during lateral neck dissection. A lesion of these nerves is responsible,
respectively, of an elevation of the hemidiaphragm and a drop of the shoulder
with difficulty in his elevation.
Pneumothorax or laceration of the subclavian artery or vein is described
for large substernal goitres. Overtraction on an atherosclerotic carotid may
determine an occlusion of its lumen or damage to its wall, so causing a
neurological damage due to blood flow alteration (either ischemia or
reperfusion edema).
A lesion of the oesophageal wall is rare. Immediate suture of the leak,
positioning of a nasogastric tube, fasting with total intravenous nutrition is
mandatory.
Tracheal laceration is very rare: Gosnell JE et al. have described the
mechanism of injury [43,44].
Thyroid storm is today an exceptional evenience. Tachycardia, nausea and
vomiting, restlessness, mental alteration and even coma are the typical signs
and symptoms. Patients, especially with hyperthyroidism, should be managed
pre-operatively with anti-thyroid drugs, beta-blockers and iodine to avoid this
complication.

New Techniques
The last evolution of approaches to the thyroid gland consists of robotic
approaches. According to first reports, it seems to be no difference about the
complications rate with respect to conventional approach, the advantage of
axillary approaches consisting in cosmetic satisfaction score. Robotic transaxyllary approaches may introduce the risk of new complications (tunnel
related complications, inadvertent implantation of thyroid tissue) and require
longer operative times. Furthermore, the positioning of the patient raises the
risk of brachial plexus injury [45, 46, 47].
As far as minimally invasive, video-assisted approach (MIVAT) the metaanalysis of available randomized clinical trials comparing MIVAT versus
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conventional thyroidectomy shows no important differences in the incidence /
quality of complications, but just a longer operative time associated to the
minimally invasive approach, counterbalanced by a better cosmetic score and
less postoperative pain [48, 49].
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Abstract
The first thyroidectomy was performed in Baghdad circa 500 BC, but
it was not until Emile Theodor Kocher refined his operative technique in
the nineteenth century that it became accepted as a mainstream operative
procedure. Due to the intricate relationship of numerous important
functional structures in the neck, thyroidectomy was still fraught with life
altering, and sometimes life threatening, complications. Despite this,
surgical intervention for thyroid disease remains as one of the pillars of
treatment with 80,000 thyroidectomies being performed in the United
States annually [1].
We reviewed the surgical anatomy of the thyroid gland along with its
relations to the parathyroid glands, recurrent and external laryngeal
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nerves in a prior chapter in this book. Anatomic variations were discussed
as well as tips and tricks to identify these important structures at the time
of surgery.
The indications for thyroidectomy together with the necessary preoperative assessment including history, examination, thyroid function
tests, ultrasound and fine needle aspiration cytology will be reviewed.
The role of Computerised Tomography scan, radionucleotide scanning
and Magnetic Resonance Imaging will be mentioned.
Traditional thyroid surgery involved the use of cold steel. In this era,
bleeding was a major concern as the vessels are numerous and thin walled
and they may retract to make control difficult. With the introduction of
monopolar and bipolar diathermy operative time has decreased. Operative
time and blood loss are even shorter now with the use of ultrasonic
dissectors [2]. Other tools including nerve stimulators will be discussed
and the data analysed.
Recent advances in surgical equipment has fostered an evolution of
the traditional thyroidectomy technique using sub-platysmal flaps.
Considering that cosmesis remains one of the main indications for this
operation, we have witnessed the introduction of video assisted
thyroidectomy and robotic thyroidectomy. These minimally invasive
techniques are explored, including their cost-benefit ratios and learning
curves.
We also discuss modifications of the traditional open technique
including the retrograde sub-capsular approach that facilitates
preservation of the external branch of the superior laryngeal nerve when
removing large bulky glands. We also strive to discuss means to prevent
complications, treat them and look at the long term outcomes.

A Brief History of Surgery of the
Thyroid Gland
The history of thyroid surgery dates back thousands of years. A
rudimentary understanding of the thyroid gland as an endocrine organ existed
with goiters being recognized by the Chinese in 2700 B.C. and the Indian
Ayurvedic system as „Gala Ganda‟ in 1400 BC [3].
Details of the thyroid gland first appeared in the drawings of Da Vinci in
1511 with detailed anatomy being described by Andreas Vesalius (1514–
1564). Eustachius (1520–1547) described the isthmus and the term thyroid
was coined by Thomas Warton. James Berry described the ligamentum
thyroideum in the 1800‟s [4].
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The genesis of thyroid surgery has deep historical roots with the first
thyroidectomy being performed in Baghdad around 500 BC followed by work
in the first and second century by Celsus and Galen [2]. Research continued in
Europe with Lorenz Heister describing colloid substance in 1754 and
acknowledging that goiters can become malignant. Further interest in thyroid
function continued with Kocher performing 2000 thyroid excisions by 1912,
the first being in 1876 [5].
Despite continuing research and development of new techniques thyroid
surgery even in the hands of experienced surgeons was a life threatening
procedure in the 1800‟s. Kocher saw a decrease in his operative mortality from
40% in 1877 to 14 % in 1884 to 2.4 % in 1889 and 0.18 % in 1898 [6, 7]. He
attributed this in part to antiseptic techniques introduced by Lister in 1867 and
anaesthesia [5].
The introduction of anaesthesia in the mid 1800‟s allowed the first
successful thyroidectomy to be performed in St. Petersburg by Nikolai
Pirigoff. Haemostatic forceps was another remarkable tool introduced at the
same time by Spencer Wells and Jules Pear in 1874 [8].
Thyroid surgery evolved from the use of hot setons to destroy thyroid
nodules to ligation of arterial poles and finally to excision of the thyroid gland
totally or in part.
Damage to the recurrent laryngeal nerve has always been avoided;
Billroth, Kocher, and other investigators avoided the nerve and proposed that
the inferior thyroid artery should be isolated and ligated laterally to avoid
nerve injury. Kocher also left behind the posterior portion of the internal
thyroid capsule to avoid the nerve injury. Nerve injuries however were largely
unnoticed until the invention of laryngoscopy by Spanish singer Manuel
Garcia in 1851 due to his extreme enthusiasm to see inside his throat while
singing. Billroth, Kocher, and Joll tried to avoid the nerve at surgery and Frank
Lahey, in 1938, advocated that exposure of the nerve routinely resulted in an
injury rate of only 0.3% [8].
The importance of superior laryngeal nerve function was realized after the
injury to the nerve during the surgery on the famous singer Amelita GalliCurci. Arnold Kegel and G. Raphael Dunleavy performed this surgery3.
Thyroid surgery today uses multiple techniques and technology developed
over the span of 200 years so that thyroidectomy can even be considered as an
outpatient procedure in selected cases [9].
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The Anatomy of the Thyroid Gland
This subject has been extensively discussed in our chapter on thyroid
anatomy earlier in this book. We looked at the relevant surgical relations and
the landmarks used to identify and preserve the recurrent laryngeal nerve
(RLN) and external branch of the superior laryngeal nerves (EBSLN) and the
parathyroid glands. Beautiful anatomical illustrations were provided which
will assist in understanding the principles involved in safe thyroid surgery.

Diagnostic Investigations and
Preoperative Preparation
Prior to thyroid surgery the lesion must be accurately diagnosed and
malignant disease accurately staged in order to plan the operation and improve
outcomes. The distinction between benign and malignant disease governs the
type of procedure done and the following investigation may help with this:
Thyroid Ultrasound: A high frequency (7.5-15mHz) probe is used. The
sensitivity of ultrasound in identifying asymptomatic nodules is 67%
compared to physical examination (5-8%) [10]. Features suggestive of
malignancy include marked hypo echogenicity, loss of the associated halo,
mixed cystic and solid components, increased vascularity, irregular margins,
micro calcifications, length >width and associated cervical lymphadenopathy.
The presence of the “halo” sign (a thin hypoechoic rim surrounding a nodule)
is very suggestive of benign pathology [11, 12]. Ultrasound is also useful for
guided FNAC of the thyroid mass or lymph nodes.
Fine Needle Aspiration for Cytology (FNAC): FNAC differentiates
between benign and malignant disease, helps select patients for surgery and
governs type of operation done. It can be done under ultrasound guidance for
non-palpable nodules, cystic nodules and posterior nodules [13]. Also FNA of
suspicious lymph nodes can determine if lymph node dissection should be
performed intra operatively [13, 14].
Papillary, medullary, anaplastic carcinoma as well as lymphoma can be
reliably diagnosed by FNAC. Follicular or Hurthle cell neoplasms cannot be
deemed malignant on FNAC and requires histologic proof of capsular
invasion. Papillary cystic nodules that repeatedly yield non-diagnostic
aspirates should be considered for surgery as well as solid solitary lesions of
indeterminate FNAC. Generally lesions less than 1cm are not investigated
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with FNAC unless there is a strong suspicion of cancer based on the history,
physical findings or ultrasound.
Molecular Diagnostic Testing can be done on indeterminate FNA
specimens to identify true carcinomas. These include BRAF, RAS, RET/PTC,
Pax8-PPAR gamma, or galectin-3 [13].
Thyroid Scintigraphy (Radio Isotopes or Technetium-99): Although not
always necessary this test can be used determine the functional status of a
nodule. Non-functioning (cold) and indeterminate nodules should be assessed
by FNA. Autonomous (hot/hyper functioning nodules) do not routinely need
FNA. The cold nodule is malignant in 15-20% of cases and hot nodules can
have malignancy in up to 9% of cases [15]. Technetium can be used to
determine function due to its short half-life and it is not organified by the
thyroid gland. Radioactive iodine I123 and I131 are both used for scanning and
are organified by the thyroid gland. Both have a longer half life than
technetium. I123 is used due to its shorter half-life and lower radiation dose. I131
can be used to perform the same function but in higher does and is used to
ablate residual thyroid tissue left after surgical intervention or for distant
metastases.
Computed Tomography (CT) or Magnetic resonance imaging (MRI) can
be used to preoperatively stage malignant disease (detect involved lymph
nodes, muscle invasion and distant metastases). There should be a 2 month
delay between CT with iodine and future radioiodine therapy as contrast may
block iodine uptake by thyroid gland and limit the effectiveness of radioiodine
therapy11. If retrosternal extension is suspected clinically, a CT scan with
contrast must be done preoperatively. Imaging is also important to assess
vascular invasion by tumours, relationship to the great vessels and the location
of the lesion in the mediastinum.

Specific Work up for Medullary Carcinoma
Carcinoembryonic antigen (CEA) and Calcitonin should be measured
preoperatively to use as a baseline for comparison after surgery [11, 16].
A patient with medullary thyroid carcinoma should be investigated for
Multiple Endocrine Neoplasia Type 2 (MEN2) syndrome. Serum calcium
should be done to screen for hyperparathyroidism. The diagnosis of
pheochromocytoma can be established by measuring plasma metanephrine
levels or through measuring metanephrine in the supine position or
catecholamine levels in a 24-hour urine collection [17]. If pheochromocytoma
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is found it should be removed prior to thyroidectomy [18]. All patients with
Medullary thyroid cancer should be offered germ line RET analysis even those
who appear to have sporadic mutations [16]. If the patient is positive for the
RET proto-oncogene then family members should be screened.

Work up Specific to the Operation
Thyroid surgery may result in numerous intraoperative and postoperative
complications. However if a patient is optimized thoroughly prior to surgery
some of these complications can be avoided.
Blood Tests

Complete Blood count
Group & Cross Match
Renal function
Liver function
Thyroid Function Tests
(Serum TSH, Serum free
T4, Total T3)
Serum Calcium

Should have optimal
haemoglobin since intraoperative blood loss may be
significant.
Patient should be euthyroid at
surgery to minimize risk of
thyroid storm (see below)
Screen for
hyperparathyroidism
Evaluate cardiac Functional status
Thyroid hormone is positively
risk
Pulse: rhythm and rate
inotropic, increases stroke
Blood pressure.
volume, cardiac output and
ECG
left ventricular ejection
Echocardiogram
fraction predisposing to high
output cardiac failure,
arrhythmias, tachycardia,
systolic hypertension and
angina
Pulmonary and Chest X Ray
Tracheal deviation,
airway
mediastinal extension and
assessment
pulmonary metastases.
Respiratory Flow loops
Extra thoracic compression of
studies
the trachea by a goiter results
in flattening of intra thoracic
and extra thoracic loops
Pre operative
To evaluate vocal cords and Important for baseline
laryngoscopy
document adequate function documentation [19].
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Pharmacological Therapy
Hyperthyroidism should be controlled before surgery to minimize adverse
cardiovascular outcomes and prevent precipitation of thyroid storm.
The use of the following drugs can render the patient euthyroid prior to
surgery:





Beta blockers (e.g. Atenolol) for control of adrenergic symptoms [20,
21].
Thionamides: Carbimazole (active metabolite is methimazole) is
usually started in patients with biochemical evidence of
hyperthyroidism. Propylthiouracil should never be used first line,
because of the risk of severe liver injury, except in the following
circumstances: the first trimester of pregnancy, for people with minor
reactions to carbimazole who refuse treatment with radioactive iodine
or surgery and in the treatment of thyroid storm (since it inhibits T4
conversion to the more potent T3) [21].
Iodine decreases the synthesis of thyroid hormone and decreases the
release of thyroid hormone from the gland. In thyrotoxic patients
Saturated Solution of potassium Iodine (SSKI) or Lugol‟s Iodine can
be used as an adjunct to antithyroid drugs 10-14 days before surgery
to reduce vascularity of the gland and reduce intraoperative blood
loss. Thyroid hormone production must first be blocked with
thionamides before starting iodine to prevent an iodine-induced
thyrotoxicosis. Iodine should not be used in conditions with
autonomous thyroid synthesis (e.g. toxic adenoma and toxic
multinodular goiter) as they may lead to thyrotoxicosis by the JodBasedow phenomenon [20].

General Measures
Prophylaxis of Post Operative Nausea and Vomiting
There is a relatively high incidence of postoperative nausea and vomiting
(PONV) with thyroidectomies. Serotonin antagonists, corticosteroids and
dopamine antagonists can be used independently or in combination to decrease
PONV [22, 23].
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Deep Venous Thromboembolism Prophylaxis
Given the high risk of bleeding with thyroidectomies and low risk of deep
vein thrombosis (DVT), if no risk factors for DVT are present no routine
pharmacological prophylaxis is indicated. Ambulation should be encouraged
before surgery and mechanical methods (graduated compression stockings and
pneumatic calf compression devices) can be employed [14].

Nursing Post-Operatively
Patients should be nursed in close proximity of the staff in event of major
post op bleeding which will cause acute respiratory compromise. Also they
should be nursed in a 30-45 degree head elevation. A thyroid tray and crash
cart should be close to bedside in the event the incision needs to be opened
urgently for bleeding.
Calcium and/or PTH monitoring should be done for patients with
symptoms of hypocalcemia or routinely if the dissection of parathyroids was
difficult or parathyroids not clearly visualized.

Indications for Thyroid Surgery
Thyroid surgery encompasses a variety of procedures listed below:









Hemi-thyroidectomy: complete removal of one lobe and isthmus
Sub-Total-Lobectomy: Total lobectomy but leaving behind a small
amount of thyroid tissue in an effort to protect the recurrent laryngeal
nerves
Sub-total Thyroidectomy: Both lobes are removed except for a small
amount of thyroid tissue (on one or both sides) in the vicinity of the
recurrent laryngeal nerve
Total Thyroidectomy: the removal of both lobes, isthmus and
pyramidal lobe
Isthmusectomy: removal of the isthmus
Central Lymph Node Dissection: the removal of the central
compartment nodes in event that one is operating for papillary or
medullary carcinoma
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Table 1. Demonstrating the surgical procedure for various thyroid
diseases [11, 13, 18, 20, 21, 24-27]
Disease
Graves Disease

Recommended Procedure
Total thyroidectomy or subtotal thyroidectomy is equally
effective as anti-thyroid
medications and radioactive
iodine therapy in treating
Graves Disease

Reidel‟s Thyroiditis
Isthmusectomy
Multinodular Non Toxic Goitre Total or near-total
thyroidectomy
Toxic adenoma
Ipsilateral lobectomy or
Isthmusectomy (if adenoma
is located in the isthmus)
Toxic adenoma and non
Total thyroidectomy
functioning nodule in other
lobe
Multinodular Toxic Goitre
Total or sub-total
thyroidectomy

Thyroid Nodules:
1) If repeat FNA shows
atypical features or mixed
macro- and microfollicular
cells
2) follicular neoplasm is
suspected or Hurtle cells on
FNAC
3) suspicion of malignancy but
no definitive diagnosis can be
given

Notes
Consider surgery in patients with
1) Symptoms refractory to thyroid
medications and radio-iodine
therapy or severe reactions to
medical therapy
2) Co-existing pathology
(parathyroid disease, thyroid
nodule or severe ophthalmopathy)
3) Large goitres with compressive
symptoms e.g. dysphagia,
dyspnea, hoarseness of voice,
inspiratory stridor, pain
4) Symptomatic pregnant patients
who are allergic to or experience
serious side effects (e.g.
agranulocytosis) on thionamides.
Surgery in the second trimester
may reduce fetal and maternal
risks.
To prevent tracheal compression
Multinodular Non Toxic Goitre

Consider surgery over radioiodine
therapy in
1) Patients with large obstructive
goitres
2) Patients who need rapid
correction of hyperthyroidism
3) Coexisting malignancy or
parathyroid disease
4) Women planning a pregnancy
5) Children
Diagnostic HemiIf scintigraphy or molecular
thyroidectomy with
testing is available, may do these
completion thyroidectomy if before deciding on surgical
surgical histology shows
option.
follicular thyroid cancer
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Table 1. (Continued)

Disease
Papillary or follicular
cancer

Medullary carcinoma

Multiple Endocrine
Neoplasia Type 2
(MEN 2)

Anaplastic tumours

Thyroid Lymphoma

Recommended Procedure
Unilateral lobectomy and
isthmusectomy (optional but
Total Thyroidectomy standard)

Notes
Low risk patients, single nodule,
<4cm, with no evidence of extra
thyroid extension, confined to one
lobe or gland, no lymph nodes
involved
High risk patients, >4cm
Presence of multiple tumour nodules,
extra thyroid extension or metastases
Previously exposed to radioiodine of
head and neck
If there is no lymph node involvement
consider prophylactic central
dissection in large tumours (>4cm)
If there is confirmed lymph node
involvement therapeutic lymph node
dissection is indicated
Total thyroidectomy with
Consider prophylactic lateral neck
central neck node dissection
dissection if extensive lymph node
metastases in central neck or if pre op
imaging shows lymph node
involvement in the lateral
compartment
Prophylactic thyroidectomy
Timing of surgery is based upon the
specific DNA mutation in RET protooncogene. Patient stratified into risk
group based on codons affected.
Highest risk: operate in 1st year of life
High risk: 2-4 years
Intermediate: before 6 years
Low risk: by 10 years or if there is an
abnormal calcitonin stimulation test
(after provocation with calcium or
pentagastrin)
Total thyroidectomy with post In the majority of cases the surgeon‟s
op external beam radiation if role is primarily to biopsy to diagnose
no infiltration and extension
or to secure an airway.
into surrounding tissue but
rarely present at a stage
amenable to surgery
Thyroidectomy of little or no Only role of surgeon is diagnostic
value
biopsy

One may embark on thyroid surgery for various benign and malignant
conditions which will be discussed below (Table 1). Particularly for benign
disease other therapeutic options (radioactive iodine therapy or anti thyroid

Complimentary Contributor Copy

Thyroidectomy: Indications, Technique and Perioperative Care

71

medications) are available and the treatment should be based on patient factors
after review with an endocrinologist and discussion with the patient.

Thyroidectomy Surgical Techniques
Basics
The patient should be supine on the operating table with a sandbag placed
at the back between the shoulder blades so the shoulders would droop
laterally; a head ring is put behind the extended neck to stabilise the head. The
chin should be straight and the shoulders symmetrical. The head of the bed is
then elevated 15-20° to decrease venous pressure in the neck. It is preferable
for the surgeon to operate with loupe magnification (2.5 – 3.5x) and coaxial
head lighting.

Collar Incision
This was first described by the renowned Nobel Prize winning thyroid
surgeon, Theodore Kocher. It is a curved, transverse neck incision, 2.0 – 3.0
cm above the sternal notch. Ideally, it should be marked preoperatively, before
the neck is extended on the operating table. When the neck is extended, the
skin is drawn cranially and a low neck incision could actually be on or below
the sternal notch.
These latter incisions often heal with an unsightly scar; it is better to err on
the side of placing the incision more cephalad rather than caudad. Another
advantage of marking the skin pre-op is that skin creases are less evident when
the neck is extended at surgery. Skin marking pre-op also ensures symmetry
since in asymmetrical thyroid enlargement it is possible to inadvertently carry
the incision further to one side than the other.
Having marked the skin, it should be properly stretched to ensure that the
incision is vertical to the skin with no skewing of the knife. The cut should be
carried down to the deep cervical fascia ensuring that the platysma is incised
throughout the length of the incision and that the anterior jugular veins are
preserved.
While meticulous haemostasis is essential, the authors prefer diathermy
coagulation over the use of infiltration of an adrenaline solution as the latter
produces more bulky and turgid flaps than the softer, pliable flaps.
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Raising Flaps
The flaps must be raised deep to platysma. If this is done superficial to
platysma, flap ischaemia and necrosis may occur. Even if healing is achieved,
fibrosis between the skin and platysma produces unsightly tethering each time
the platysma contracts. It must be noted that the platysma is often deficient in
the midline and less evident in the obese patient with the short thick neck.
In these cases, one must ensure that the incision goes right down to the
deep cervical fascia before lifting the flap. It is easier to find the correct plane
laterally than in the midline.
A tissue forceps is placed on each side of the midline of the upper flap,
engaging the platysma and subcutaneous fat. Upward traction on these by the
assistant, combined with downward pressure by the surgeon‟s non-cutting
hand help to define a relatively avascular plane between the deep fascia and
subcutaneous fat. This plane must be developed cephalad up to the thyroid
prominence. By a similar technique the inferior flap is raised down to the
sternal notch. Care must be taken to avoid injury to the anterior jugular veins
and their branches as they lie adherent to the deep cervical fascia (Figure 2). If
injured, haemostasis should be secured by suturing rather than diathermy. The
flaps are then held apart by a thyroid retractor (e.g., Joll‟s).

Figure 1. Photograph of the neck of a human cadaver. The skin and subcutaneous
tissues (1) have been reflected to reveal the large flat sheet of the platysma muscle (2).
Beneath the platysma, the origin of the sternomastoid (3) can be seen on the right.
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Figure 2. Flaps raised with preservation of the anterior jugular veins.

Exposing the Thyroid
The deep cervical fascia should be incised along the midline. It could be
difficult to identify the midline especially in asymmetrical enlargement. It is
easier to find the midline by incising the deep fascia near the sternal notch or
the thyroid prominence. At both these points the sternothyroid muscle is fixed
while the sternohyoid is attached at the lower end.

Figure 3. Incision of deep cervical fascia in midline.
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Figure 4. Incision of pretracheal fascia after separation of strap muscles.

The deep cervical fascia is picked up on each side of the midline and lifted
with artery forceps (Figure 3). If diathermy coagulation is used to incise this
fascia, the contraction of the underlying sternohyoid may assist in identifying
the midline. After the fascial incision is carried from the thyroid prominence to
the sternal notch, the strap muscles are separated in the midline. When the
thyroid isthmus is approached, the pretracheal fascia should be lifted with
artery forceps and incised sharply (Figure 4).
Care should be taken that this layer is opened for the full length of the
incision. The surgeon should now stand on the side opposite to the lobe being
mobilised. The strap muscles and deep fascia of the side being exposed are
grasped by two tissue forceps and lifted. The surgeon depresses the thyroid
with one hand while incising the plane between the deep surface of the
sternothyroid muscle and the thyroid capsule. This should be done
meticulously while coagulating the few small vessels that traverse this plane.
When the dissection has extended about 2cm laterally, the tissue forceps are
removed and two US Army/Navy retractors used to expose the anterolateral
aspect of the thyroid lobe. This dissection should be carried as far cephalad
and caudad as possible.

Mobilization of Lobe
Medial traction on the thyroid lobe and lateral retraction of the strap
muscles should reveal the middle thyroid vein when it is present (in 60 – 70%
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cases). The vein should be ligated and divided. In many cases, however, when
the lobe is quite large, the space between the lobe and the strap muscles may
be too narrow to allow easy access to the vein. In such cases, the whole lobe
above and below the middle thyroid vein is mobilized with finger dissection.
Then the finger is used to tear the vein off the thyroid lobe as it is delivered
into the wound; the lateral aspect of the wound is packed with two small gauze
swabs while a swab is kept on the thyroid with the hand drawing the lobe
medially. (We found it quite unnecessary to divide the strap muscles in 99% of
our last 500 cases.) At this stage, it is possible to peel off the areolar tissue
posteromedially to reveal the parathyroids, inferior thyroid artery and recurrent
laryngeal nerve (Figure 5).
While the retractors hold the two gauze swabs laterally, the inferior
thyroid veins are ligated and divided.
The lower pole is lifted and capsular dissection proceeds cephalad using
bipolar cautery; dissection should be maintained closely against the thyroid
capsule at all times. When the level of the isthmus is reached this is lifted off
the trachea by blunt dissection and the isthmus divided using diathermy
coagulation. (Figure 6)
At the superior border of the isthmus, there is an arterial arcade extending
from the medial border of each superior pole (across the isthmus); this may
need suture ligation.

Figure 5. Medical mobilization of the lobe reveals parathyroid (a), RLN (b) and
inferior thyroid artery (c).
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Figure 6. Artery forceps separating isthmus (i) from trachea, facilitating division.

Figure 7. Mobilization of the lobe of the trachea reveals the medial border of the
ligament of Berry (arrow).

As the isthmus and lower lobe are lifted off the trachea, the ligament of
Berry (LB) is encountered (Figure 7).
This is a firm band of connective tissue that runs from the inner, deep
surface of the lateral lobe to the cricoid cartilage. It may also have fibres
attaching it to the inferior margin of the thyroid cartilage 28. This LB must be
divided carefully, from medial to lateral, using fine bipolar diathermy forceps.
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Figure 8. Both RLN‟s are quite lateral to the tracheo-oesophageal groove in this patient
(arrows).

When the lateral portion of the ligament is reached the gland is lifted and
the remaining portion is divided from lateral to medial, the dissection being
carried out against the deep surface of the gland itself. This is the point where
the recurrent laryngeal nerve (RLN) is most vulnerable as it runs immediately
posterolateral to the LB and extends about 2mm cephalad before disappearing
beneath the inferior constrictor. Although the RLN usually runs in the tracheooesophageal groove, it can be quite lateral (Figure 8).
With this lateral edge of the LB taut, under tension, as the thyroid is lifted,
it „snaps open‟ when divided. If capsular dissection is maintained throughout
using bipolar cautery against the gland, it is not necessary to identify the RLN
although when the lateral aspect of LB is being divided, the nerve comes into
view. In over 50% of cases, a lateral extension of the thyroid lobe, the tubercle
of Zuckerkandl may be encountered at this point.
Dissection of this tubercle must be carefully done as the RLN runs
immediately deep to it; rarely, the nerve is superficial to it. The thyroid lobe is
now fully mobilised by developing the avascular plane of loose areolar tissue
between the upper lobe and the cricothyroid muscle. The upper pole is drawn
down and the superior pole vessels are peeled free of all areolar tissue with
peanut/finger dissection. They are now well visualised and easily ligated and
divided (Figure 10).
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Figure 9. An excised specimen after right hemithyroidectomy. The thyroid gland has
been transected at the isthmus. A large Tubercle of Zuckerkandl (1) can be seen at the
posterolateral part of the right lateral lobe (2).

Figure 10. Excellent exposure of the superior thyroid pedicle (arrow) by downward
traction of the completely mobilized lobe.

Using this technique of „retrograde thyroidectomy‟, the entire lobe and
superior thyroid vessels are drawn so far inferiorly that the risk of damage to
the external branch of the superior laryngeal nerve (EBSLN) is almost
eliminated since the nerve is fixed by its entry into the cricothyroid muscle;
the EBSLN can be identified in most cases [29].
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For a total thyroidectomy, the same procedure is repeated, with the
surgeon moving to the opposite side of the table. In these cases, it is easier to
do the larger lobe first.

Subtotal Lobectomy
For subtotal lobectomy, the mobilisation is the same (as above) up to the
division of the middle thyroid vein. The lobe is then drawn medially and by
blunt (peanut or finger) dissection the lobe is mobilised off the carotid sheath
and oesophagus, keeping the plane very close to the thyroid capsule. The
inferior thyroid veins are thus divided thus freeing the lower pole.
The upper pole is now mobilised by placing two US Army/Navy retractors
laterally and bluntly (using finger/peanut) dissection the lateral and posterior
surfaces of the lobe. After thorough lateral and posterior mobilisation, the
lower retractor is moved to the midline superiorly so that both sides of the
upper pole are exposed. The upper pole is then drawn laterally by the surgeon
and the plane between cricothyroid and the upper pole developed by blunt
dissection. By this manoeuvre, the upper pole is completely encircled. It must
be drawn caudally as far as possible, while gently peeling off all tissue from
the superior thyroid pedicle, which is then doubly ligated close to the gland, in
continuity, prior to division.

Figure 11. The RLN and parathyroids (P) are preserved if the posteromedial portion of
the lobe is not removed. Note: Inferior Thyroid Artery (IFT).
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The isthmus is now divided. Thus, the entire lobe apart from its
posteromedial attachment is freed. Preservation of this posteromedial portion
of the lobe minimises injury to parathyroids and RLN (Figure 11).
Artery forceps are now placed around the lobe at the planned site of
resection. These assist with haemostasis but, more importantly, they serve as
markers for safe placement of sutures, even if the field is bloody, after
transecting the lobe. The thyroid is now resected, constructing a shallow Vwedge if possible. The cut surface is now sutured using a lubricated
continuous absorbable suture ensuring adequate bites on both sides of the
thyroid tissue and capsule. This ensures good haemostasis. We prefer this
technique over the recommendation to suture the cut surface to the trachea.
The wound is closed with continuous suture in 3 layers - deep cervical
fascia, platysma and subcuticular, with no drainage [8].

Retrosternal Goitre
If retrosternal extension is suspected clinically, a CT scan with contrast
must be done preoperatively. (Figures 12, 13)
This must be studied by the surgeon to ascertain the following:
1.
2.
3.
4.
5.

Which lobe(s) extends retrosternally.
Depth of extension.
Relationship with innominate vein.
Any blood supply from within chest.
Relationship with trachea, aortic arch and great vessels.

In most retrosternal goitres the lower pole can be delivered by blunt
mobilisation with a finger and the thyroidectomy performed with minimal
alteration in technique.
While one should always be prepared for thoracotomy, this is particularly
relevant when the intra thoracic portion reaches below the aortic arch, is too
large to deliver through the thoracic inlet or where malignancy is suspected
(and invasion of adjacent structures needs to be considered).
If the retrosternal extension cannot be easily delivered by sweeping the
finger around the lower pole, then all suprasternal thyroid tissue must be fully
mobilised. This is done by division of the superior pedicle, division of the LB
and capsular dissection until the lobe has no attachment on the neck. The
thyroid is held with gauze in one hand exercising gentle traction while the
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dissecting finger sweeps around the lower pole with great care to ensure that
the plane is well defined and the pressure is directed against the thyroid, not on
the mediastinal structures. If, in spite of these manoeuvres, the lobe cannot be
delivered, the cervical leverage technique (using a US Army/Navy retractor)
may be used [30]. If this fails, one may consider using the Marzouk technique
or proceed to thoracotomy [31].

Figure 12. Retrosternal goitre (R) extending between the aortic arch (A) and trachea
(T).

Figure 13. Retrosternal goitre (R) extending between the innominate vein (IV) and
aortic arch (A).
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Central Node Dissection
Essentially, the central compartment node dissection involves all nodal
structures below the hyoid bone, medial to common carotid vessels and
superior to the innominate vessels [32, 33]. This is generally segment VI. It is
important to identify and protect the recurrent laryngeal nerves inferiorly [32].
Sometimes it may be necessary to remove and re-implant the inferior
parathyroids. However this has to be histologically confirmed by frozen
section first. The size of the primary tumor guides the use of unilateral or
bilateral central dissection with 1cm being the cutoff. A modified radical neck
dissection is indicated if there are positive nodes present in segments II-IV
[33]. This discussion however is outside the scope of this chapter.

Complications of Thyroidectomy
When Kocher first performed thyroid surgery in 1872 the mortality rate
was 75%. At the time the operation was considered so dangerous that it was
prohibited by the Academy of Medicine [34].
Fortunately thanks to advances in surgery mortality and morbidity is
significantly reduced. However even with experienced surgeons and
meticulous care complications still occur. The difficulty of the surgery
increases with re-operative thyroidectomy and patients who present late with
large infiltrative tumours [35, 36].
Proper preoperative screening, optimisation of patients, sound anatomy,
good exposure, and meticulous attention to haemostasis, identification and
preservation of the parathyroid glands and laryngeal nerves reduce morbidity
and mortality. We will now discuss some of the common complications of
thyroidectomy.

Nerve Injury
Identification of the nerves is fundamental to avoid injury [19]. This may
be difficult with sub sternal goitre, thyroid cancers, large multinodular goitre
and where there are anatomical variations in the nerve‟s course. Many centres
use intraoperative nerve monitoring using electrical stimulation to determine
physiological status of the nerve [19, 37]. After identifying and stimulating the
nerve the thyroid gland is then removed.
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If a recurrent nerve injury becomes apparent intraoperatively, attempts
should be made to repair it. Injury of the recurrent laryngeal nerve (RLN) may
result in immobile vocal cord, a husky voice, feeble bovine cough and a
slightly restricted airway; bilateral RLN injury may present with severe
dyspnoea and inspiratory stridor indicating airway obstruction and the patient
may require a tracheostomy [24].
The external branch of the superior laryngeal nerve (EBSLN) may be
damaged at time of ligation of superior thyroid artery. Injury may be
asymptomatic or there may be changes in voice pitch, range and projection.
Transient neuropraxia resolves in weeks to months, while temporary
paresis from pressure or traction takes 3 – 6 months to recover. If symptoms
persist beyond one year they are likely to be permanent [24].

Tracheal Collapse
This is a very rare complication but can occur when there is loss of
elasticity of tracheal cartilage and tracheomalacia from a long standing goiter,
with tracheal collapse post-operatively [24]. Treatment involves a
tracheostomy.

Hematoma
Post-operative neck hematoma is a surgical emergency [38]. The patient
may present 6 to 8 hours post operatively with difficulty breathing and
inspiratory stridor due to respiratory obstruction [24]. The hematoma should
be evacuated immediately and the patient transferred to the operating room
where the neck is explored with an aim to achieve haemostasis.
It should be noted that bilateral cord paralysis, tracheal collapse and
hematoma all present with respiratory distress.

Infection
Infection is rare because of good blood supply and perioperative
antibiotics are seldom given in immunocompetent patients [24, 39].
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Hypocalcaemia Secondary to Hypoparathyroidism (Hungry
Bone Syndrome)
Hypoparathyroidism may occur secondary to gland removal or damage to
their blood supply, thus attempts should be made to identify and preserve the
glands and the vascular pedicles. It is thought that temporary ischemia of the
parathyroid gland may result in transient hypocalcemia but permanent
hypoparathyroidism also occurs.
Loss of parathyroid hormone encourages rapid remineralisation of bone
with precipitous drops in calcium, magnesium and phosphate levels. At end of
surgery the specimen should be inspected for parathyroid glands and auto
transplantation can be done. Following auto transplantation the patient should
be on calcium and vitamin D (alfacalcidol/calcitrol) for 2 to 3 months [24].
Hypocalcaemia may result in tingling in extremities or lips, a positive
Trousseau and Chvostek sign, nausea vomiting, thirst, irritability and QT
prolongation on electrocardiogram.
Hypocalcaemia can be ascertained by clinical evaluation and serial
calcium monitoring post operatively. More recently it has been shown that
parathyroid level the morning after surgery was a good predictor for
hypocalcaemia [40].
Hypocalcaemic patients should be started on oral calcium and
alfacalcidol/calcitrol supplementation based on calcium and parathyroid levels.
If calcium levels are very low or refractory to oral supplements intravenous
calcium gluconate should be given. A low salt diet may reduce tubular
reabsorption of calcium in the kidneys thereby minimising loss in urine24.
Magnesium and phosphate levels should also be corrected.

Thyroid Storm
Manipulation of the thyroid gland may lead to the release of hormones and
precipitate a thyroid crisis. The patient may be distressed, dyspnoeic,
tachycardia, hyperexic, with vomiting, diarrhoea, confusion and delirium [18].
Treatment entails intravenous propylthiouracil and propranolol
administration under ECG monitoring, the use of super saturated potassium
iodine (SSKI) or Lugol‟s iodine and intravenous hydrocortisone. Supportive
measures include intravenous fluids, cooling, oxygen and treatment of cardiac
failure [18, 21].
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Miscellaneous complications reported include seromas, hypertrophic and
keloid scars, Horner‟s syndrome, chyle fistula and tracheal and oesophageal
injury [18, 41, 42].

Advances in Thyroidectomy
Thyroid disease is classically a disease affecting mostly female patients
and this has fueled the desire for more cosmetically appropriate approaches
[43]. This is of special importance in the dark skinned population where the
likelihood of keloid and hypertrophic scarring is increased. Conventional open
thyroidectomy has average skinfold incision length of 5-6cm; in minimally
invasive open thyroid surgery the average incision length is 3.5 to 4.5cm;
compared to endoscopic minimally invasive video assisted thyroid surgery
with an incision length less than 2cm [44-47].
In 1997 the first endoscopic approach to thyroid surgery was described by
Huscher [48]. In 2000 Miccoli described video assisted techniques using
incisions of about 15mm placed 1cm above the sternal notch with CO2
inflation [49]. Since then minimally invasive video assisted thyroid surgery
(MIVAT) has been explored by many different studies using a variety of
approaches with varying results.
Endoscopic access has been attempted via cervical, axillary and breast
approach, with bilateral breast access being favoured as it provides wider
access, more range of movement and better cosmetic outcome, as there is no
scarring above the neck [40]. Tan et al. reported that the extra-cervical
approaches have been associated with longer operating times, increased
perioperative morbidity and longer hospital stay. Other centres have found an
increase in transient vocal cord palsy and increased transient hypocalcaemia
but similar rates in other complications compared to open thyroidectomy [40].
Robotic technology has also been applied to thyroid surgery using a
gasless unilateral axillo-breast or axillary approach with a Da Vinci robotic
system (described by Kang et al) [50]. Robotic surgery has proven itself to be
a reasonable and safe alternative to open and endoscopic procedure however
there is increased cost.
One key factor to consider when evaluating the benefit of endoscopic or
robotic surgery is the competency of the surgeon with the equipment. The
learning curve for performing these procedures is significantly greater than
open thyroidectomy and operating time can be significantly increased when
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performed by inexperienced surgeons, however they may have better
cosmesis, less postoperative pain, and reduced hospital stay [44, 47].
In conclusion as with most things in medicine each case must be evaluated
holistically. With the right patient selection and in competent hands
endoscopic and robotic technology are reasonable minimally invasive options
for thyroid surgery and can provide cosmetically favourable results.
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Abstract
The first reports of thyroid surgery can be traced back to the 12th
century, when only crude operative methods and rudimentary anaesthetic
techniques were available. Theodor Kocher revolutionized the thyroiddectomy technique in 1877 by introducing meticulous dissection and
better antisepsis techniques.
In the 1890‟s William Halsted, Charles Mayo and George Crile
popularized Kocher‟s techniques in the United States.
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Operative morbidity reduced further with technical refinements made
by Thomas Dunhill who introduced capsular dissection in 1912 and
Frank Lahey who popularized nerve preservation in 1938.
By the late 20th century there were significant advances in pharmacology, anaesthetic techniques and antisepsis. Coupled with refined
operative techniques and meticulous dissection, thyroidectomy is now a
safe operation with complication rates less than 1%.
To ensure good outcomes, surgeons performing thyroidectomy must
be acutely familiar with the anatomy, and common varations of the
thyroid gland. In this chapter we review the gross anatomy of the gland,
with special emphasis on the surgical importance of the structures
encountered during a thyroidectomy. We discuss the anatomic basis of
the operative techniques and the common variations that may be
encountered when performing a thyroidectomy.

Introduction
The first reports of thyroid surgery can be traced back to the 12th century
[1]. The associated mortality at that time was unacceptable because only crude
operative methods were available and anaesthesia and antisepsis were in their
infancy. It was not until 1877 when Theodor Kocher began to perform thyroidectomies in Germany with meticulous dissection techniques that the operative
mortality reduced from over 40% [2] to 13% [3].
In the 1890‟s William Halsted, Charles Mayo and George Crile
popularized Kocher‟s operative techniques in the United States [2].
Operative morbidity reduced further with technical refinements made by
Thomas Dunhill who introduced capsular dissection in 1912 [4] and Frank
Lahey who emphasized nerve preservation in 1938 [5].
By the mid-20th century there were significant advances in pharmacology,
anaesthetic techniques and antisepsis.
Coupled with refined operative techniques and meticulous dissection,
thyroidectomy is now considered a safe operation with complication rates less
than 1% [6].
To ensure good outcomes, surgeons performing thyroidectomy must be
intimately familiar with the anatomy of the thyroid gland.
In this chapter we review the gross anatomy, with special emphasis on the
surgical importance of the structures encountered during a thyroidectomy. We
discuss the anatomic basis of the operative techniques and the common
variations that may be encountered when performing a thyroidectomy.
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Surgical Anatomy of the Thyroid Gland
The thyroid gland is located in the neck deep to the platysma (Figure 1).
This is a broad sheet of muscle that crosses over the clavicle to cover the
antero-lateral neck. Its anterior fibres interlace with the opposite side, finding
an attachment to the mandible and the dermis of the lower part of the face. The
platymsa covers the sternocleidomastoid (Figure 2) and the strap muscles of
the neck: sternothyroid, sternohyoid and omohyoid (Figures 3 and 4).
The thyroid gland lies in the anterior neck deep to these muscles (Figure
5) and the anterior layer of cervical fascia [7]. The strap muscles meet, but do
not cross the midline of the neck.
In order to maximize aesthetics after thyroidectomy, surgeons use a
transverse collar incision through the skin and platysma. The deep cervical
fascia, however, is incised vertically in the midline to avoid bleeding from the
strap muscles of the neck that are running parallel in a sagittal plane.

Figure 1. Photograph of the neck of a human cadaver. The skin and subcutaneous
tissues (1) have been reflected to reveal the large flat sheet of platysma muscle (2).
Beneath the platysma, the origin of sternomastoid muscle (3) can be seen on the right.
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Figure 2. The skin, subcutanous tissue and platymsa have been dissected free to reveal
the underlying strap muscles of the neck. Sternocleidomastoid muscle (1) is visible on
the left side of the neck obliquely covering the origin of the sternohyoid muscle (2). On
the right side, the sternocleidomastoid muscle has been cut and reflected to expose the
sternohyoid (2), superior belly of omohyoid (3) and inferior belly of omohyoid (4).

There are two capsules surrounding the thyroid gland. A dense condensation of pre-tracheal fascia forms the outer (false) capsule. The inner true
capsule is a thin, fibrous membrane that encapsulates the gland and separates it
from surrounding structures. The false capsule also invests the parathyroid
glands, firmly applying them to the posterior surface of each lobe.
Therefore, they are at risk of inadvertent injury or excision during thyroidectomy. The gland has two lateral lobes that are connected at their lower
thirds [7] by a bridge of tissue - the isthmus (Figure 6).
The isthmus is approximately 2cm in length and 4-6 mm thick. It is
constant in position anterior to the second, third and fourth tracheal cartilages
where it is firmly applied by fibrous connective tissue.
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Figure 3. Deeper dissection in the neck. On the left, sternocleidomastoid muscle (1) is
visible obliquely covering the origin of sternohyoid (2). On the right side, the sternohyoid (2) and omohyoid (3) have been cut and reflected cephalad to expose the underlying sternothyroid muscle (4). The sternocleidomastoid has been cut and reflected
laterally to reveal the carotid artery (5) and internal jugular vein (6) both within the
carotid sheath.

In his original paper, Sir James Berry [8] described the suspensory (lateral
thyrohyoid) ligament as “a band of connective tissue that passes from the
inner back part of the lateral lobe upward to the cricoid cartilage” (Figure 7).
More recently, Leow et al. [9] demonstrated on 50 cadaveric dissections that
there was a more extensive attachment, from the inferior cornu of the thyroid
cartilage spanning infero-medially onto the tracheal wall, and even crossing
the midline in 8% of cases. This ligament is important from a clinical standpoint because in instances where the thyroid lobes become enlarged, the
fixation at this point keeps the gland immobile, thereby determining the final
lie of the enlarged gland [10] (i.e. whether it extends retrosternally or remains
within the neck).
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Figure 4. Neck dissection in a cadaver. On the right, the sternohyoid (2) and omohyoid
(3) have been cut and reflected cephalad to allow the dissecting forceps to be passed
beneath sternothyroid muscle (4). The sternocleidomastoid (1) has been cut and
reflected laterally, allowing the tip of the forceps to lie on the carotid sheath (5).

The anatomic course of the recurrent laryngeal nerve (RLN) at this point
is of extreme surgical importance (Figure 10). As it ascends in the tracheaoesophageal groove, the RLN passes just postero-lateral to the lateral thyrohyoid ligament [9-11]. The RLN then travels cephalad for a mean distance of
1.9mm before entering the larynx beneath the inferior constrictor [9].
Consequently, the RLN is particularly prone to iatrogenic injury at this
point. Based on the location of the RLN, running lateral to the ligament of
Berry [9-11], Naraynsingh et al. [10] advocated early division of the ligament
close to the trachea as one means of RLN preservation. However, it is
important to remember that there may be great variability in anatomy,
especially on the right side of the neck [12]. When Sunada et al. [12] examined
the course of 46 nerves in patients undergoing thyroidectomy, they located the
RLN lateral to the ligament in 54% of cases - as expected. But they found the
RLN posterior to the ligament in the trachea-esophageal groove in 37% of
cases; it actually pierced the ligament in 7%; and in 2% the nerve was not
visible at this level because a non-recurrent laryngeal nerve was present [12].
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Figure 5. Dissection of the neck in a cadaveric specimen (inset). The sternocleidomastoid (1) is reflected laterally to maximize exposure of the (transected) internal
jugular vein (2), carotid artery (3) and upper pole of the right thyroid lobe (3). The
superior belly of omohyoid (5), sternohyoid (6) and sternohyoid (7) are seen covering
the thyroid gland anteriorly.

Preservation of the RLN is important because it is the sole supply to all
intrinsic muscles of the larynx – except the cricothyroid. Among these, the
posterior cricoarytenoid is the only muscle to abduct the vocal cords.
Therefore, unilateral RLN injury allows the ipsilateral vocal cord to
assume a cadaveric (adducted) position, producing hoarseness and dysphonia
[13, 14]. Bilateral injury is devastating because both cords are adducted,
producing airway obstruction [15, 16]. The lateral lobes are roughly conical in
shape, approximately measuring 4cm in length, 2cm in breadth and 3cm in
thickness. They lie on either side of the trachea with their long axes in a
cranio-caudal plane and their apices projecting slightly supero-laterally (Figure
6). The upper pole extends to the junction of middle and upper third of the
thyroid cartilage [7]. The lower pole extends caudally to the level of the fifth
or sixth tracheal rings [7]. The lateral lobes lie in a gutter that is bounded
medially by the inferior constrictor, thyroid cartilage, cricoid cartilage, trachea
and cervical oesophagus (Figures 6, 10).
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Figure 6. Cadaveric dissection of the thyroid gland in situ. The isthmus (2) is seen
connecting both lateral lobes at their lower thirds. The isthmus straddles the trachea (1)
in the midline with the lateral lobes reaching posteriorly and laterally, coming to lie in
the para-tracheal gutter. In this position, the lateral lobes are related medially to the
trachea (1) cricoid caritlage (3), larynx (4) and oesophagus posteriorly (not visible in
this photograph). White arrows indicate the position of the lateral thyrohyoid ligament
of Berry just caudal to the cricothryoid muscle (5). The scalenus anterior muscle (6) is
also seen with inferior thyroid artery (7) ascending on its surface.

The RLN lies in the trachea-oesophageal groove as it courses cephalad. It
is at risk of injury or inadvertent transection during mobilization of the lateral
lobes.
Figure 11 demonstrates the boundaries of the para-tracheal gutter within
which the lateral lobes rest. The lateral wall of this gutter is formed by the
sternocleidomastoid and underlying carotid sheath.
Although firmly connected to the trachea and larynx by the lateral
thyrohyoid ligaments, the postero-lateral aspects of the lateral lobes lie loosely
within thin areolar tissue in the para-tracheal gutter.
This is important surgically as it forms a false capsule where many
surgeons choose to commence their dissection to mobilize the gland during a
classic thyroidectomy.
The posterior layer of deep cervical fascia forms the floor of the gutter.
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Figure 7. Anterolateral view of a cadaveric neck from the left. Skin, platysma and
anterior cervical fascia have been removed. The right sternohyoid muscle (1) and right
carotid artery (2) are seen. The trachea (3) is being tented anteriorly in the neck
because the middle forceps are forcefully retracting the left lateral lobe of the thyroid
(4) anteriorly and over to the right. This allows the thyrohyoid ligament of Berry (5) to
be artificially pulled antero-laterally so that it is visible from behind as it runs from the
postero-medial part of the thyroid lobe to the cricoid cartilage. Behind the lateral lobe,
the recurrent laryngeal nerve (6) can be seen running in the tracheo-esophageal groove.
The inferior thyroid artery (7) can be seen taking its characteristic downward turn,
leaving the scalenus anterior muscle (8). An important surgical landmark indicated by
the black pin is the point at which the inferior thyroid artery crosses the recurrent
laryngeal nerve – often used as a landmark to identify the superior parathyroid gland
(9).

There are two notable variations with clinical significance that may be
present: a tubercle of Zuckerkandl and a pyramidal lobe.
The pyramidal lobe is a projection of thyroid tissue that originates from a
base at the upper part of the isthmus or adjacent parts of the lateral lobes
(Figure 12) and then projects cranially for variable distances, potentially
reaching as high as the hyoid bone (Figure 13) [7].
The pyramidal lobe is a vestigial remnant of the thyroglossal duct that
formed during the embryonic stage of development.
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Figure 8. Photograph of a patient on the operating table being prepared for
thryoidectomy. Because the isthmus is held firmly in place by the ligament of Berry,
the enlarged left upper pole is pushed cranially (cephalization of the gland) accounting
for the full-ness at the sub-mandibular region.

This explains why it is in the midline extending toward the middle of the
hyoid bone. The pyramidal lobe is inconstant, but tends to be present in
disease states where the entire gland becomes hyperplastic such as Grave‟s
disease or Hashimoto‟s thyroiditis.
From a clinical standpoint, it is surgically important because the remnant
tissues may undergo hypertrophy post-thyroidectomy.
The Tubercle of Zuckerkandl is a projection of thyroid tissue that extends
from the posterior part of the lateral lobe(s) (Figure 14).
Although Otto Madelung is credited with its discovery [17], it was Emil
Zuckerkandl who gave the first detailed description in 1902 and named it the
processus posterior glandulae thyreoideae [18].
Several investigators have observed this structure at thyroidectomies [17,
19-21] and at autopsies [18, 22-24]. They report a Tubercle of Zuckerkandl
being present in 55% [19] to 66% [17] of unselected individuals.
When present, it is usually a unilateral finding and a marker for a coexistent pyramidal lobe [20].
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Figure 9. Photograph of a patient on the operating table being prepared for
thryoidectomy. Because the isthmus is held firmly in place by the ligament of Berry,
the enlarged lower poles are pushed caudally. In this patient, the goitre fills the suprasternal area and then dives into the superior mediastinum – but the sub-mandibular
region is not full because there has been no cephalization of the gland in this case.

Gurleyik et al. [17] prospectively evaluated 160 lateral lobes during
routine thyroidectomies and reported that there was a predilection for rightsided tubercles: 61% on the right, 38% on the left and bilateral in 25%.
The tubercles vary widely in size. This prompted Pellizio et al. [22] to
propose a four-tiered classification: Grade 0 - unrecognizable; Grade I - thick
lateral edge of gland <0.5cm, Grade II - tubercle 0.5-1cm, Grade III - tubercle
>1cm. It is a useful anatomic classification but has little clinical application.
Yet, a Tubercle of Zuckerkandl is clinically important for three reasons.
Firstly, after a thyroidectomy thyroidal tissue within a remnant tubercle
may be the focus of persistent endocrine function and/or recurrence from
glandular regeneration. Therefore, surgeons should be aware of the potential
for this to exist and they should perform a deliberate search for the Tubercle of
Zuckerkandl to ensure complete excision.
Secondly, the Tubercle of Zuckerkandl can facilitate RLN identification
[19-24].
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Figure 10. View of the left side of the neck in a dissected cadaver specimen. The left
lateral lobe of thyroid (1) is reflected antero-medially, so pulling the trachea (2) anteriorly and over toward the right carotid artery (3). This mobilizes the recurrent
laryngeal nerve (4) out of the tracheo-esophageal groove as it runs cephalad (to the
right of the photograph) to approach the Ligament of Berry (yellow arrow). The
Ligament of Berry in this photograph is artificially mobilized antero-laterally along
with the lateral lobe of the thyroid. The superior thyroid artery (5) can also be seen
superior and medial to the Ligament of Berry.

It does this by “pointing toward” the junction where the inferior thyroid
artery crosses over the RLN just infero-lateral to the ligament of Berry (Figure
7). It is not difficult to appreciate, therefore, that this last 2-3cm of the extralaryngeal course of the RLN is the point of greatest potential for nerve injury,
especially when an enlarged tubercle obscures this part of the nerve course
[19-24].
Finally, there are recognized variations that surgeons must be aware of.
Normally the RLN is found in the trachea-oesophageal groove medial (also
described as posterior) to the tubercle in 93% [21] to 94% [17, 19] of cases.
The tubercle may occasionally be wedged between the RLN and the tracheaoesophageal groove. In this case, the RLN lies lateral (also described as
anterior) to the tubercle of Zuckerkandl.
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Figure 11. A view of the cadaveric neck dissection from the right side of the neck
demonstrating the boundaries of the para-tracheal gutter within which the lateral lobes
rest. The sternocleidomastoid muscle (1) is cut and reflected laterally. The thyrohyoid
(2) and omohyoid (3) have been cut and reflected cranially. On the medial aspect the
lateral lobes are in contact with inferior constrictor, thyroid cartilage (4), (5) oblique
line of the thyroid carilage (6), cricoid cartilage, trachea and cervical oesophagus (not
seen in this photograph). Laterally, the lobes are in contact with sternocleidomastoid
muscle (1) and carotid artery (9) with internal jugular vein (10) both wrapped the
carotid sheath. Note the superior thyroid artery (7) as it descends just posterior to the
border of thyrohyoid muscle (8).

This variation is found in 6% [17, 19] to 7% [21] of individuals with a
tubercle. This anterior location is a dangerous variation as it places the RLN at
high risk of iatrogenic injury during dissection.

Blood Supply
Two pairs of arteries consistently supply arterial blood to the thyroid
gland. The superior thyroid arteries arise as the first branches from the external
carotid artery just below the greater horn of the hyoid bone [7].

Complimentary Contributor Copy

104

Shamir O. Cawich, Michael T. Gardner, Dilip Dan et al.

Figure 12. Intra-operative picture of a patient post total thyroidectomy. The specimen
has been excised en bloc and is placed on the patient‟s chest to show the orientation of
the gland. A thick pyramidal lobe (1) can be seen arising from the isthmus (2). The
extent of neck dissection demonstrates the course of the pyramidal lobe, passing
cephalad in the midline over the trachea (3) up to the level of the thyroid cartilage (4).
The lateral lobes (5) have also extended upward into the neck in the process of
glandular cephalization.

The artery descends to the upper pole of the thyroid, supplying the omohyoid, sternothyroid and sterohyoid muscles as it passes deep to them (Figure
15). As it approaches the upper pole, the superior thyroid artery breaks into
three un-named branches [7]: one supplying the upper part of the isthmus, a
second passing posteriorly to supply the posteromedial part of upper lobe, and
a third passing antero-laterally to supply the anterior part of the upper lobe.
The branches anastomose with their fellow on the opposite sides and the
inferior thyroid artery. In its course, the superior thyroid artery is closely
related to the external branch of the superior laryngeal nerve (EBSLN). The
EBSLN descends on the surface of the inferior constrictor to pierce and supply
cricothyroid [25, 26] (Figure 15).
The EBSLN provides the only motor supply to cricothyroid. Through its
action to elongate and tense the vocal cords, it plays an important role in phonation and determination of pitch.
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Figure 13. Intra-operative picture during a right hemi-thyroidectomy. The isthmus (1)
has been divided as the initial step of a retrograde thyroidectomy. An ischemic
pyramidal lobe (2) can be seen extending upward in the midline over the trachea (3).
Forceful retraction of the upper skin flap with a Langenbeck‟s retractor reveals the
upper pole of the right lobe (4).

The course of the EBSLN is highly variable. Several authors have
attempted to define the variations based on the relationships between the
EBSLN and the superior thyroid artery. Cernea et al. [27] proposed a
classification based on the distance from the upper pole at which the superior
thyroid artery crosses the EBSLN (Figure 15). This is a clinically relevant
classification as it can stratify patient risk for EBSLN injury. Type 1 refers to
the situation in which the artery crosses the EBSLN >1cm above the upper
pole. This is present in 23% [28] to 43% [27] of cases. Type 2a variations,
where the artery crosses the EBSLN <1cm above the upper pole, is present in
37% [27] to 60% [28] of persons. Type 2b variation, where the artery crosses
over the EBSLN below the upper pole of thyroid, is seen in 18% [28] to 20%
[27] of individuals. These patients have a very high risk of inadvertent EBSLN
injury during ligation of the upper pole pedicle. Although Cernea‟s
classification [27] may stratify nerve injury risk in individuals with normal
thyroid glands, the classification may be misleading when a goiter is present.
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Figure 14. An excised specimen after right hemi-thyroidectomy (viewed from the
lateral aspect). A large Tubercle of Zuckerkandl (1) can be seen at the postero-lateral
aspect of the right lateral lobe (2).

Due to the gland‟s firm fixation by the lateral thyrohyoid ligaments, any
pathology at the upper poles will result in “cephalization” of the gland (upward extension of an enlarged lateral lobe due to fixity by the ligament of
Berry). In this instance, the basis of Cernea‟s classification [27] - the point at
which the superior thyroid artery crosses the EBSLN - now has an abnormal
relationship that makes the classification ineffective.
The inferior thyroid arteries originate from the thyrocervical trunk (thyroid
axis) – a thick, short branch that comes off the first part of the subclavian
artery (figure 16). They ascend upward obliquely on the surface of the
scalenus anterior muscle, between the vertebral artery (behind) and the internal
jugular vein (in front). At a level just below the carotid tubercle and at about
the level of omohyoid tendon, the inferior thyroid artery turns medially. It
passes behind the carotid artery within its sheath and takes a characteristic
downward turn to reach the posterior surface of the lateral lobe (Figures 7 and
16).
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Figure 15. Cadaveric dissection of the neck with the strap muscles retracted anteromedially to expose the internal jugular vein (1), external carotid artery (2) and the
lateral lobe of the thyroid gland (3). The superior thryoid artery (4) is seen arising as
the first branch of the external carotid artery (2). It courses antero-inferiorly lying on
the inferior constrictor muscle (6) and traveling with the external branch of the
superior laryngeal nerve (5) to reach the upper pole of the thyroid (3). Here the artery
can be seen breaking into three branches that permeate the thyroid substance anteromedially, posterolaterally and at the isthmus. The internal branch of the superior
laryngeal nerve (7) is also visible beneath the parotid gland.

Here, the inferior thyroid artery usually crosses over the RLN, but great
variability exits. When Sunada et al. [12] studied the course of 46 RLNs in
patients at thyroidectomy, a normal relationship was found in 61% of cases.
However, the RLN passed through branches of the inferior thyroid artery in
24% of cases, anterior to the artery in 9% and in 2% of cases there was no
relationship with RLN due to the presence of a non-recurrent RLN [12].
Inconsistently, a thyroidea ima is encountered in 0.5-6% of persons [29].
When present, it has several potential origins (Figure 17). Gruber et al. [30]
reported that in a series of 90 cases, the commonest origins were innominate
artery followed by aortic arch, common carotid and internal thoracic arteries,
transverse scapular and suprascapular arteries. It ascends in front of the trachea
in the midline to reach the inferior surface of the isthmus in the midline.
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Figure 16. Anterolateral dissection of a cadaveric neck demonstrating the subclavian
artery (1) and the thyrocervical trunk (2). The inferior thyroid artery (3) is seen
originating from the thyrocervical trunk. The inferior thyroid artery travels cephalad
for a short distance before taking the characteristic infre-medial turn to reach the
posterior part of the lateral lobe (4). At this point, it is closely related to the recurrent
laryngeal nerve (5) that courses cephalad in the groove between the trachea (6) and
oesophagus (7). In this case the recurrent laryngeal nerve is seen crossing in front of
the inferior thyroid artery.

In this course, it may be at risk for inadvertent injury during
tracheostomies or sub-total thyroidectomy.
After reaching the gland the arteries divide into multiple large un-named
branches that ramify on the glandular surface beneath the true capsule,
forming an extensive superficial network with free anastomoses in the gland.
From this superficial network, multiple smaller arteries permeate into the
substance of the gland forming rich anastomotic capillary networks around the
follicles.
Venules coalesce to form a plexus of veins beneath the capsule that drain
into three pairs of named veins. The superior thyroid veins exit the upper pole
and eventually empty into the upper part of the internal jugular vein. Similarly,
the inferior thyroid veins leave the lower pole by traveling in the inferior
pedicle.
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Figure 17. Dissection of the anterior neck in a cadaver. The sternomastoid (1), sternohyoid (2) and omohyoid (3) muscles on the right are reflected to expose the upper
trachea (4) and the isthmus (5). The surgical forceps are passed behind the thyroidea
ima that originates deep in the thorax. The thyroidea ima can be seen exiting the
superior mediastinum behind the sternal notch (6), ascending in the midline in front of
the trachea to reach the inferior surface of the isthmus in the midline.

The left vein descends to empty into the left innominate trunk and the
right vein passes inferiorly and laterally across the innominate artery to empty
into the right innominate vein just at its junction with the superior vena cava.
The short middle thyroid vein leaves the lower part of the lateral lobe to
empty into the lower part of the internal jugular vein. This vein is encountered
and ligated early in the classic approach to thyroidectomy during mobilization
of the lateral lobe.

Lymphatic Drainage
Several lymphatic channels surround the follicles and coalesce beneath the
true capsule to form collecting trunks. Lymphatic channels follow the venous
drainage of the thyroid gland.
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From the upper isthmus and supero-medial parts of the lobes, lymphatic
channels drain toward the pre-laryngeal “Delphian” nodes and onward to the
digastric nodes. These channels drain a pyramidal lobe when present.
Lymphatics from lateral parts of the upper lobe follow the superior thyroid
vein, passing behind the sternohyoid to empty into the mid-jugular and
retropharyngeal nodes. Lymphatic channels from the lower part of the isthmus
and the lower parts of the lateral lobe follow the inferior thyroid veins,
eventually draining into antero-superior mediastinal nodes around the
innominate veins. Lymphatic channels from the postero-medial aspect of the
lobes travel to the tracheo-esophageal groove and eventually empty into nodal
chains traveling along the RLN.

Nerve Supply
The gland is innervated by the autonomic nervous systems, but its
physiological significance remains to be fully elucidated. Sympathetic supply
is derived from the cervical ganglia and the fibres enter the gland by traveling
along the blood vessels. Parasympathetic supply is derived from the vagus
nerve and travels to the thyroid through branches of the laryngeal nerves.

Parathyroid Glands
There are 4 parathyroid glands, each weighing approximately 20-40gms,
plastered to the posterior aspect of the thyroid near the upper and lower poles.
The glands are encapsulated and have a smooth surface, differentiating them
from the lobulated thyroid. However, the oxyphil cells impart a characteristic
tan-yellow color that makes them appear similar to fat in the living patient.
This may present difficulty for the surgeon when attempting to identify the
gland intra-operatively. During the fifth week of embryogenesis, the superior
glands migrate from the 4th pharyngeal pouch together with the ultimobranchial body [31]. The cells fuse with the posterior part of the thyroid and
form the superior parathyroid and the para-follicular C cells respectively. The
location of the superior parathyroid gland is relatively constant. It is
characteristically found on the postero-lateral surface of the upper pole just
above the point of intersection of the inferior thyroid artery and recurrent
laryngeal nerve (figure 18). This is an important surgical landmark when
trying to identify the superior parathyroid intra-operatively.
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Figure 18. Cadaveric neck viewed from the right side. The forceps are placed on the
lateral lobe of the thyroid (1) in order to retract it anteriorly. By reflecting the lateral
lobe, the parathyroid gland (2) becomes visible on the posterior surface of the gland.
The recurrent laryngeal nerve (3) is visible at the tracheo-esophageal groove traveling
cephalad. Several branches of the inferior thyroid artery (4) are seen coursing
anteriorly to supply the posterior surface of the gland.

In 18% of individuals, a superior parathyroid gland may be in an ectopic
location [32]. The commoner locations for an ectopic superior gland is within
the tracheo-esophageal groove or behind the pharynx / oesophagus [33].
Alternatively, the ultimobranchial bodies may fail to separate during
embryonic development causing the superior glands become completely
embedded within the thyroid parenchyma as an intra-thyroid parathyroid gland
[31, 33].
Most intra-thyroid glands are detected when searching for adenomatous
glands in operations for hyperparathyroidism. Goodman et al. [34] reported
that 0.7% parathyroids were embedded within thyroid when they
retrospectively evaluated 10,000 patients who had neck exploration for
primary hyperparathyroidism. Most authorities accept an incidence between
0.2% [32] and 1.4% [35], although a single study from Russia reported that up
to 22.7% of parathyroid adenomas embedded within the thyroid gland [36].
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The inferior parathyroid glands and the thymus originate from the third
pharyngeal pouch and they migrate together toward the anterior mediastinum.
Usually, the inferior parathyroid separates and comes to rest near the lower
pole of the thyroid, but in 26% of individuals [32] they may rest in ectopic
locations anywhere along the path of thymic descent into the anterior
mediastinum [33]. Up to 60% of ectopic glands are just infero-lateral to the
lower pole of the thyroid [37]. Other less common rests are beside the aortic
arch, along the hypoglossal nerve, in the aorto-pulmonary window or in the
pericardium [37-40]. Although there are usually four parathyroid glands,
super-numerary glands may exist in 5% of cases [32]. This is believed to be
due to improper separa-ion of the pharyngeal pouches during embryogenesis.
When present, the supernumerary glands are found near the lower poles of
the thyroid, in the thymus or near the jugulo-carotid axis [32].

Blood Supply
In 68% of cases, the upper branch of the inferior thyroid artery supplies
the superior parathyroid gland [41]. Occasionally the superior parathyroid may
also receive significant supply from a posterior branch of the superior thyroid
artery [42]. The inferior thyroid artery also supplies the inferior parathyroids in
over 80% of cases [41], also taking branches of the inferior thyroid artery with
them when they are found in ectopic locations. However, ectopic glands in the
mediastinum tend to have additional supply from the internal thoracic artery or
directly from the aorta.

Conclusion
Surgeons who perform operations on the thyroid or parathyroid glands
must be familiar with the anatomy of these glands and the anatomic variations
that are common with these organs.
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Chapter 7

Endoscopic and Robotic
Thyroidectomy
David Ka-kin Tsui* and Chung-ngai Tang
Department of Surgery, Pamela Youde Nethersole Eastern Hospital,
Chai Wan, Hong Kong, SAR

Abstract
Thyroid surgery is traditionally performed using Kocher incision
over the neck for years. With the development of minimal access surgical
equipment, there are a variety of surgical methods to achieve thyroid
surgery with a good cosmetic result. These include cervical approach by
means of minimally invasive video-assisted thyroidectomy using a miniincision in the neck, or extra-cervical approach by means of remote
access via the breast, chest wall and/or axilla. With the use of da Vinci
Robotic Surgical System, we would expect this operation to be performed
under a steady, magnified and high definition videoscopic view at a
higher surgical cost.
In this chapter, we will discuss various methods of endoscopic
thyroidectomy. Indication, surgical procedure and potential benefits of
each procedure will be highlighted. We will also share our own series of
endoscopic and robotic thyroidectomy. The potential complications and
special precautions will be discussed as well. We hope our reader will
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have an overview on endoscopic and robotic thyroidectomy after reading
this chapter.

Introduction
Thyroid surgery is one of the commonly performed general surgical
operations. In the old days, thyroid surgery was associated with significant
morbidity or even mortality. Theodor Kocher (1841-1917) has won the Nobel
Prize in Physiology or Medicine in 1909 for “his work on the physiology,
pathology and surgery of the thyroid gland”. With the better knowledge about
thyroid anatomy, thyroid surgery becomes safer over the years. Nowadays, the
mortality from thyroid surgery is kept to a minimum.
On the other hand, with the development minimal access surgical
equipment, thyroid surgery can be performed with a smaller incision
depending on situations. In order to achieve the best cosmetic result, the
incision may be placed little away from the neck, or far away (remote incision)
at the site which can be covered by clothings.

Development of Minimally Invasive
Techniques on Thyroid Surgery
Traditional thyroid surgery involved a neck collar incision [Figure 1].
Although it can provide a good access for surgery, some patients may have
hypertrophic or keloid scars after the surgery. The access wound can be
minimized by means of a smaller incision while the surgical view is being
maintained by videoscopic assistance. Gagner [1] reported the first endoscopic
parathyroidectomy in 1996 and Hϋscher et al. [2] performed the first videoassisted endoscopic thyroid lobectomy in 1997. Further efforts from other
parties were made to perform surgery in a magnified view under videoscopic
assistance through a smaller incision (cervical access). On the other hand,
another group of surgeons performed thyroid surgery with incision further
away from the neck to improve the cosmetic results (extra-cervical or remote
access).
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Cervical Access
The initial development of cervical access involves a mini-incision in the
neck. The pioneer in this technique is Paolo Miccoli from Italy who reported
his series of minimally invasive video-assisted thyroidectomy (MIVAT) [3].
This procedure starts with a 15mm incision above the sternal notch. Skin
retractors can be used to increase the exposure.
Needlescopic instruments and 30 degree 5mm laparoscope are used for
visualization of important structures including the parathyroid glands, the
recurrent laryngeal nerve as well as the external branch of superficial laryngeal
nerve. Vascular pedicles can be ligated between clips or controlled with
ultrasonic sealing devices through this mini-incision. This procedure can be
performed under a video-assisted manner without CO2 insufflation.
The MIVAT procedure is widely practiced in European countries showing
comparable results to conventional open surgery. Prospective randomized
controlled study between MIVAT and conventional thyroidectomy has shown
that the MIVAT procedure may have less postoperative pain and good
cosmetic outcome [4].
Cervical endoscopic surgery by incisions over the anterior neck with CO2
insufflation was also described for the management of small thyroid nodules
[5]. Similar to MIVAT, needlescopic instruments, ultrasonic shears and angled
laparoscope are used.
In Japan, Shimizu et al. reported his thyroidectomy procedure by the
video-assisted neck surgery (VANS) [6]. He starts the procedure with a 1.5cm
infraclavicular incision. Blunt finger dissection can be used to develop the
subplatysmal flap. Two pieces of Kirschner wire 1.2mm in diameter are
inserted horizontally in the subcutaneous layer of the anterior neck. These are
then lifted up and fixed to an L-shape pole to create a tent-like working space.
The working space is maintained by this special skin lifting device without the
needle of CO2 insufflation.
Two other working ports can be inserted under direct vision. Total
lobectomy and prophylactic neck dissection can be performed using this
approach [7]. The incisions can be covered by open-neck clothes of patients
later.
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Figure 1. Conventional open thyroidectomy by Kocher incision.

Extra-Cervical Access or Remote Access
In order to perform thyroidectomy without a neck incision, the „scarless
neck‟ procedure, some surgeons approach the thyroid gland using an access
further away. Ikeda et al. [8] performed a series of endoscopic thyroidectomy
using the axilla approach with CO2 insufflation. Higher satisfaction score
together with higher pain scores were found in their group of patients
underwent thyroidectomy by the axillary approach than those patients
underwent video-assisted approach using small suprasternal incision [9].
Ohgami et al. [10] reported endoscopic thyroidectomy via the breast approach
with low-pressure subcutaneous CO2 insufflation. Three trocars are inserted
into the breast and parasternal area. The vessels and parenchymal dissection
are achieved by ultrasonic shear as well. This approach is also favored by
surgeons in the mainland China because of a familial anatomical view to
conventional surgery and the relatively shorter learning curve [11]. However,
hypertrophic scars may develop in the parasternal port. Shimazu et al. [12]
developed another technique by converting the parasternal region to axilla
region on the tumor side to increase the viewing angle. This approach is
named the axillo-bilateral-breast approach (ABBA).
Korean surgeons also put a lot of efforts in the development of endoscopic
thyroidectomy via remote access. The most popular methods are the gasless
transaxillary approach (GTA) [13] and the bilateral axillo-breast approach
(BABA) [14] which will be illustrated later.
Besides, there are also reports on approach via a more remote access.
These include the postauricular-areolar approach [15], the trans-areola singleincision approach [16], the transoral thyroidectomy [17] as well as the facelift
thyroidectomy [18] using da Vinci surgical robotic system.
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I am going to outline the two most common methods in the following
paragraphs, namely the gasless transaxillary approach and bilateral axillobreast approach.

Gasless Transaxillary Approach (GTA)
The gasless transaxillary approach was pioneered by Chung WY [13,1926] from Yonsei University in year 2001. In his original version, a 3.5cm
vertical incision is made at the axilla. Another 0.5cm skin incision is made
near at the chest wall on ipsilateral side to the tumor. The subcutaneous flap is
raised by sharp dissection. The working space is then maintained by the
Chung‟s retractor without CO2 insufflation. Surgery can be performed under a
clear endoscopic view. The recurrent laryngeal nerve can be clearly identified.
Robotic da Vinci Surgical System can be docked in after skin flap is
developed and stabilized by the Chung‟s retractor [13,19,31]. A suction
catheter is connected to the retractor to suck out the vapour and smoke in the
operative field. In their later series, they are able to perform the surgery with a
single vertical 5-6cm incision at axilla without the need for an additional chest
port [21]. There are a number reports showing success in this approach for the
management of benign thyroid lesions [13,19-21,31], Graves‟ disease [22] as
well as early thyroid cancers [13,20,23-25,39]. Modified radical neck
dissection can be performed in the same setting in patients with lateral neck
lymph node metastasis [23]. The main criticism for this approach is the limited
view and access for contralateral thyroid lobe as well as the contralateral
recurrent laryngeal nerve. Since the anatomy is unfamiliar to most general
surgeon, the reported learning curve is steep [25-26]. They suggest the
learning curve for GTA is around 55-60 cases by endoscopic surgery and 3540 cases by robotic surgery [25].

Bilateral Axillo-Breast Approach (BABA)
Another Korean surgeon, Youn YK [14,27-30] from the Seoul National
University and Hospital, has developed another method using 4-port approach
towards bilateral areolar and axilla, which is known as the bilateral axillobreast approach (BABA). The subplatysmal flap is initially raised by injection
of diluted epinephrine as “hydro-dissection”. The plane is developed by blunt
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dissection of a vascular tunneler from the areola / axilla wound directly
towards the thyroid cartilage. CO2 insufflation can be maintained at 6-8mmHg
to avoid patient having hypercapnia. The remaining flap dissection is mainly
performed by ultrasonic dissector or diathermy hook under direct videoscopic
guidance. After full visualization of recurrent laryngeal nerve and parathyroid
glands, thyroidectomy is performed using Harmonic Scalpel. In case total
thyroidectomy is contemplated, this can be performed using the same trocars.
The specimen is put into a plastic bag and retrieved through the axilla port.
After meticulous haemostasis, midline is closed with endo-suture. A suction
drain is left in place. The skin wound is approximated with sutures and proper
compression of the skin flap is applied postoperatively.
The main advantage of this approach is good exposure for both sides as
well as a familiar anatomical view as in conventional open surgery. This main
criticism for this approach is the blunt trauma in development of a wide flap
which may cause paraesthesia over the anterior chest. Kim et al. [30] has
shown that the change in sensation of the anterior chest can be recovered in 3
months after BABA thyroidectomy. Nevertheless, patients from western
countries especially the United States are very reluctant to have the incisions
placed over their breasts or areolae for endoscopic thyroidectomy.

DA Vinci Robotic Thyroidectomy
With the development of da Vinci Robotic Surgical System, surgeons can
work in a narrow space with fine movement, dissection and suturing due to the
dexterity of robotic arm. The three-dimensional magnified view may help the
surgeons to overcome the limitations of endoscopic thyroidectomy.
Korean surgeons who developed endoscopic thyroidectomy also started
their gasless transaxillary thyroidectomy and BABA thyroidectomy by using
robot assistance in 2007 and 2008 and reported their works afterwards [20-30].
The robotic procedure is basically the same as the endoscopic thyroidectomy.
By having robotic assistance, the learning curve may be shorten and more
lymph nodes may be retrieved compared to endoscopic surgery as reported in
a multicenter trial [25].
The gasless transaxillary robotic thyroidectomy technique is learnt and
practiced by surgeons from the United States [32-35] and some European
countries [36].
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Role in Cancer Surgery
MIVAT procedure is shown to be having less postoperative pain and
better aesthetic result. Furthermore, prospective studies also showed that
MIVAT can be used for patients diagnosed to have small differentiated thyroid
cancer (<2cm in size) with a small thyroid volume (<25ml) and without
evidence of neck lymph node metastasis [37-38].
Korean surgeons have the greatest experiences of performing thyroid
cancer surgery using robot assistance, either by GTA or BABA techniques
[20-30]. Lee et al. [28] has compared the robotic BABA versus conventional
surgery by propensity score matching. The surgical completeness of both
procedures is not differed and so the author suggests that patients with small
thyroid cancers who prefer scarless neck surgery can consider robotic BABA
procedure. Another Korean surgeon Lee et al. [39] showed there is no
difference on the number of central compartment lymph nodes, postoperative
stimulated thyroglobulin level as well as the radioactive iodine uptake between
robotic GTA and conventional open surgery.

Our Local Experience
We have started endoscopic thyroidectomies since 2009. Different
approaches had been performed using including bilateral axillo-breast
approach (BABA), breast approach as described by Ohgami [10] [Figure 2] as
well as axillo-bilateral breast approach (ABBA) [Figure 3]. Majority of our
cases of endoscopic thyroidectomy are using breast approach [40]. To
overcome the narrow angle view from this approach, sometimes we can use a
hook inserted through the patients‟ neck for retraction of sternocleidomastoid
muscle [Figure 4].
In Hong Kong, there are only 6 robotic machines available at the moment.
This limited the chances of surgeons being trained and exposed to robotic
surgery. Cost is another issue that hindered the use of robotic surgery other
than the most common indications like prostatectomy and total mesorectal
excision of rectal tumors.
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Figure 2. Endoscopic thyroidectomy using breast approach.

Figure 3. Male patients underwent endoscopy thyroidectomy by ABBA (left side) and
breast approach (right side).

We are one of the surgical centers in Hong Kong that is practicing robotic
thyroidectomy [41]. We perform BABA robotic thyroidectomy for the
majority of our cases [Figure 5 & 6]. We have to ensure optimal patient
position with application of protection foams before starting the procedure
[Figure 7]. In the subplatysmal dissection, we use „hydro-dissection‟ method
as described in the BABA technique [14]. However, we try to keep the blunt
dissection by tunneler to a minimum in order to decrease the chest wall bruises
after surgery [Figure 8]. The flap can then be raised by Harmonic Scalpel.
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Once the working space is enough for the docking, we dock the da Vinci
robotic machine to continue the final step in the creation of the working space.
A clear view can be obtained in robotic camera view. With a better depth
perception and a clear magnified view, we think that important structures like
recurrent laryngeal nerves and parathyroid glands can be identified in more
details compared to endoscopic thyroidectomy.

Figure 4. Instruments for endoscopic thyroidectomy (list from above downwards).
a) Endo-peanut swab (upper left corner), b) Transparent 12mm long trocar, c) 5mm
metal long trocar, d) Curve hook for retraction of sternocleidomastoid muscle
(optional), e) 5mm thyroid dissector, f) Subcutaneous tunneler, g) Blunt tip needle for
injection of diluted epinephrine, h) Handle for the subtaneous tunneler (lower left,
corner), i) 20ml syringe.

Figure 5. Robotic BABA procedure. Left side: Patient side. Right side: Console
surgeon.
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Figure 6. Surgical specimen for robotic BABA total thyroidectomy.

Figure 7. Patient‟s position for robotic BABA thyroidectomy.

Until 2013, we have completed more than 50 cases of robotic
thyroidectomy using the BABA technique and a few cases of robotic gasless
transaxillary thyroidectomy [Figure 9]. Indications and contraindications for
robotic thyroidectomy are listed in Table 1. Our result of patients underwent
endoscopic thyroidectomy via breast approach and robotic thyroidectomy
using BABA technique during year 2010-2013 is shown. The patients‟
characteristics are shown in Table 2. Female predominance is noticed and
older patients are found in the endoscopic group. Only one-fourth of our
patients underwent total thyroidectomy. The hospital stay is longer for robotic
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surgery. The size of thyroid and size of tumor are similar for both groups
[Table 3]. 16-19% of our cases are malignant on final histology and most of
them are papillary microcarcinoma or papillary carcinoma. We have
encountered more recurrent laryngeal nerve injuries in the endoscopic group,
which are mainly happened during our early learning curve period [Table 4].
A possible reason is due to the heat transferred by hot surgical instruments like
Harmonic Scalpel. Hypertrophic scars were found at the parasternal port site
of two patients. One patient in robotic group developed haematoma in the neck
postoperatively. Re-laparoscopy through the original working ports showed
that the bleeding was originated from the camera port site. The bleeding was
controlled by surgical sutures.

Figure 8. Robotic BABA thyroidectomy. Left side: Port placement. Right side:
Immediate postoperative photo with drainage catheter on patient‟s right axilla.

Figure 9. Patient‟s position for gasless robotic transaxillary thyroidectomy.
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Table 1. Indications and contraindications for robotic thyroidectomy
Indications

Relative
Contraindications

Absolute
Contraindications

Thyroid nodule <= 5cm size
Papillary carcinoma < 2cm size
Follicular lesion
Follicular neoplasm
Indeterminate thyroid nodules on cytology
Posterior located tumor
Graves‟ disease with relapse (under control)
Tumor size > 5cm
Lymph node metastasis in lateral neck
Underlying chronic obstructive airway disease
Uncontrolled thyrotoxicosis
Retrosternal goiter
Thyroiditis
Tumor invasion to recurrent laryngeal nerve,
trachea, oesophagus and great vessels
Patient‟s refusal to robotic surgery

Table 2. Patient’s characteristics for endoscopic and robotic
thyroidectomy in 2010-2013

Median Age of patients
(years)*
Sex
male
female
Extension of resection
Hemithyroidectomy
Total thyriodectomy
Length of postoperative
hospital stay (days)*
* Median and range in parenthesis.
a
Chi-square test.
b
Mann-Whitney U test.
Bold signifies p < 0.05.

Endoscopic
Breast approach
(N=75)
52 (20 – 79)

Robotic
BABA
(N=51)
43 (17-63)

p Value
0.01a
0.026a

10 (13%)
65 (87%)

1 (2%)
50 (98%)
0.849a

57 (76%)
18 (24%)
1 (1-10)

38 (75%)
13 (25%)
2 (1-9)
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Table 3. Tumor characteristics and operative outcome of endoscopic and
robotic thyroidectomy (2010-2013)
Endoscopic
Breast approach
(N=75)
23 (1-62)
53 (30-100)
24 (5-138)
130 (55-382)
3 (0-800)

Robotic
BABA
(N=51)
20 (2-50)
54 (15-80)
21 (4-82)
220 (85-600)
20 (1-200)

61 (81%)
14 (19%)

43 (84%)
8 (16%)

Size of tumor (mm)*
Size of gland (mm)*
Specimen weight (g)*
Operating time (mins)*
Blood loss (ml)*
Final Histology
Benign
Malignant
Malignant Histology
PTMC
Papillary Carcinoma
Follicular Carcinoma
(minimally invasive)
* Median and range in parenthesis.
a
Chi-square test.
b
Mann-Whitney U test.
Bold signifies p < 0.05.
PTMC – papillary microcarcinoma.

p Value
0.365b
0.556b
0.06b
<0.01b
<0.01b
0.154a

0.400a
8
4
2

3
4
1

Table 4. Postoperative complications of endoscopic and robotic
thyroidectomy (2010-2013)

Open conversion
Complications
Bleeding/haematoma
Transient RLN palsy
Permanent RLN palsy
Hypoparathyroidism
Hypertrophic scars

Endoscopic
Breast approach
(n=75)
0
0
3
3
0
2

Robotic BABA
(n =51)
0
1 (re-exploration)
1
0
2
0
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Discussion
As the beginning of this new procedure, many surgeons suggest to start
off with small and benign lesions, followed by indeterminate lesion. The use
of endoscopoic and robotic thyroidectomy is still controversial for malignant
thyroid lesions although large scale series are reported by the Korean
surgeons.
The excellent postoperative outcomes are usually seen in Korean series.
Majority of these reports are coming from a single center, or even with single
chief surgeons who operate on a large number of cases and become proficient
in this procedure. Therefore, this is definitely difficult repeat such excellent
results in low volume centers.
There is a report of case series of 100 cases from the United States [33].
However, there are also reports on serious complications which have never
been happened in conventional thyroidectomy like persistent chest wall
numbness, brachial plexus injury and oesophageal perforation [42]. The Food
and Drug Administration in the United States has revoked the approval on the
use of robot for thyroidectomy in October 2011 [43]. Experience endocrine
surgeons who introduced robot-assisted GTA in the United States indeed stop
using this technique [43-46]. Lino D has studied the patient‟s attitude towards
GTA in Greece [47]. It was found that only 11.6% of the patients in the study
group prefer to have thyroidectomy by the robotic transaxillary method. The
underlying reasons given include various perceived disadvantages of the
robotic procedure (increase pain, longer operative time, and higher cost).

Figure 10. Patient‟s postoperative photo one week after robotic BABA thyroidectomy.
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Figure 11. Magnified view of patient in Figure 10 after robotic BABA thyroidectomy.

Figure 12. Postoperative photo three months after endoscopoic thyroidectomy using
breast approach. The parasternal wound (left side) can be completely covered by
patient‟s clothes.

In the development of minimally invasive surgical procedures, the
common quoted benefits are shorter operating time, less postoperative pain,
shorter hospital stay, early recovery and comparable result to open surgery for
oncological clearance. However, this is not the case for endoscopic or robotic
thyroid surgeries. With an additional tunnel or skin flap as access wound, the
access trauma towards the patients may cause pain. Some of the patients may
also complain of paraesthesia over the anterior chest wall. The additional
working tunnel will also increase a potential space of seroma formation.
Therefore we put in a suction drain liberally after endoscopic thyroidectomy
and robotic thyroidectomy.
Another important drawback of robotic thyroidectomy is the cost of
surgery. The cost of robotic surgery is the highest, followed by endoscopic
surgery. Conventional open thyroidectomy, the gold standard, is also having
the lowest cost [48,49]. Decreasing the operating time will reduce the cost
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differences theoretically. From a cost analysis in the United States, endoscopic
GTA needs to be decreased to 111 minutes and robotic GTA needs to be
decreased 68 minutes in order to make the cost equivalent to conventional
surgery [49]. This is not feasible especially in low volume surgical centers.
A recently published systemic review [50] showed that robotic
thyroidectomy has not demonstrated superiority in comparison with
conventional open surgery in terms of operating time, hospital stay and
temporary recurrent laryngeal nerve palsy rates. Expensive instruments,
increasing number of consumables, extra training in surgical staff as well as
theatre nurses are required. The most significant benefit is the good cosmetic
outcome with the wound hidden in the axilla or around the areola [Figure
10-12].

Conclusion
At the present moment, conventional surgery is still the gold standard for
thyroid surgery. Endoscopic and robotic thyroidectomies are not widely
practiced in the world. These procedures are still preferred to be done in high
volume surgical centers. Although good and favorable cosmetic outcome can
be achieved in the group of carefully selected patients, we should have a
throughout discussion with our patients about the pros and cons of these
procedures before proceeding to surgery.
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Thyroid Pathology:
Our Experience
José Luis D’Addino and Maria Mercedes Pigni
Head and Neck Surgery.Vicente Lopez Public Hospital.
Buenos Aires, Argentina
Vicente Lopez Public Hospital, Adolfo Alsina, Florida,
Vicente López, Buenos Aires, Argentina

Abstract
A review of 814 thyroid surgery performed in a Public Hospital at
Buenos Aires is presented in order to compare our statistic with
international reports. We compare sex, age, pathology, histological type,
surgical procedures, complications and associated treatment to surgery in
malignant tumors.

Keyword: Thyroid Pathology

Introduction
This Chapter is about a review of our Head and Neck Section‟s statistic of
general thyroid pathology that we had operated at Vicente Lopez Public
Hospital, between January 2004 and 2010.
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The total of patients were 814. The malignant pathology represented 229
cases. The statistic study is made considering: age, sex, histologicaltype, type
of surgery, treatment with iodine 131 and the negativization in the scintigraphy
scan and the assay of thyroglobulin. We compare complications and surgical
procedures.

Materials and Methods
We have analyzed 814 patients. All of them underwent to a surgical
procedure with benign or malignant pathology diagnosed. Statistical
differences were calculated for sex and pathology and the mean age. It is used:
media, average, percentage, statistical test of sensitivity.
Histological differences in malignant pathologies were considered:
aggressively, extrathyroideal invasion, local or distance metastases.
All of the histological samples were studied with Hematoxylin and eosin;
and when resulted necessary, we used immunohistochemistry marking.
We mention uncommon malignant cases with unusual presentation
operated in our Service.
All patients were studied by laboratory, ultrasound, CT scan, scintigraphy
scan, and fine needle aspiration. Eventually we performed a MRI or PET scan.
Surgeries have been performed by the same equipment and the surgical
procedures were: Benign pathology; total or subtotal thyroidectomy by
cervicotomy, average section (6 cm). A “minicervicotomy” (3 cm) was
performed if a single node is smaller than 1 x 1 cm and the patient had a thin
neck. Referring to Malignant pathology; we always do total thyroidectomy by
typical cervicotomy and if it is necessary, we enlarge the sectionl aterally in
order to perform neck dissection. The internment‟s average staying was 24
hours.
The postoperative outcomes and complications are explained comparing
to other authors.

Results
Total of patients operated because of thyroid pathology: 814 with a
minimum age of 18 and maximum of 82, media: 50 years old. Total of
surgeries were separated in 585 benign and 229 malignant. Considering the
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sex, 559 were female (95,5%) and 26 were male (4,48%) in relation to benign
pathology(Figure 1). There is a big predominance of benign pathology in
female but this predominance changes in malignant pathology. With a total of
229 malignant cases, 84,3%, 192 were female and 15,7%, 37 were male. This
difference is statistical significantly (P<0,01) (Figure 2).
Benign Thyroid Pathology: the total of 585 patients operated are
distributed as follows; Multinodular goiter 202 cases, (34,5%), 191 female and
11 male. Follicular adenoma in one solitary node 180 cases, (30,7%), 172
female and 18 male. In one case, we observed a Follicular adenoma papillary
variant. Patients with hyperthyroidism derived for surgery because of no
response with medical treatment (19,6%), 115 cases, 113 female and 2 male.
Hashimoto Thyroiditis with nodes, 71 cases, (12,1%), 66 female and 5 male.
The rest of the benign pathology was: Hurtle adenoma in one node 10
cases, Oncocitic adenoma 4 cases, Quervain Thyroiditis 3, all of them
female(Figure 3).
Malignant Thyroid Pathology: the total number of cases in this pathology
was 229. The Papillary carcinoma represented the 74 %of all the malignant
cases. In this case we are talking about 167 patients. Considering the papillary
carcinoma, the classic type was the most common with 118 patients, (70%), 99
female and 19 male. Secondly we observed the Multicentric papillary
carcinoma, 25 cases representing 14,9%, 19 female and 6 male. In this
mentioned group, 90% had lymphatic metastases discovered at the operating
room, all of them located at the “Recurrent area”, level VI. Because of this
reason, our election procedure in papillary carcinoma is total thyroidectomy
regardless of tumor stage. Third place was the papillary carcinoma, follicular
variant, 10 cases, 8 female and 2 male. In fourth place we observed the
Papillary carcinoma with extrathyroide alinvation, 9 cases, all female. In this
histological type we had 2 cases that resulted Tall cells. It also mentioned 4
cases of Squamous papillary carcinoma and 1 Diffuse sclerosing variant of the
papillary type. 85 % of Papillary carcinoma was developed on a Hashimoto
thyroiditis.
The following histological type in frequency was the Follicular carcinoma,
36 cases, (15,72 %), 30 female and 6 male.
The next malignant type was the Anaplastic carcinoma, 9 cases, (3,9%), 6
female and 3 male. Rare tumors were: Medullary carcinoma, 8 cases, (4%), 7
female, 1 male. Thyroid Lymphoma 3 cases, Squamous carcinoma 2 cases,
Epithelioid Angiosarcoma 1 case, Mucoepidermoid carcinoma 1 case and 1
Plasmocitoma (Figure 4).
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Figure 1. Pathology relationship.

Figure 2. Sex relationship.

Figure 3. Benign pathology distribution.
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Figure 4. Malignant pathology distribution.

Thyroid metastases due to second carcinoma: 2 cases, one Clear cell
carcinoma of the kidney operated 23 years earlier. The other case was one
metastases of Endometrial carcinoma that appeared two years later.
Cervical Lymph node metastases: total 56 cases, 2 patients were because
of Medullary carcinoma, the rest were in Papillary carcinoma type. In 1
woman we observed cystic metastases in a cervical lymph node, level V, with
a size of 8 x 8 cm.
Intraoperative Frozen section histology: resulted positive in 80% but we
obtained a false negative in 15 % of the cases that finally informed carcinoma.
In 5% of the intra operative samples, the diagnosis was false positive for
carcinoma and the deferred study was benign.
Post operative complication: in our series we registered 7 suffocating
hematoma with one death, all of the cases related with hyperthyroidism.
Recurrent palsy 12 cases (1,47% all in one nerve), 10 cases (1,1%) were only
temporally with total recovery between 1 and 5 months; average: 3 months.
Permanent paralysis of one nerve, 2 cases (0,2%), one due to recurrence of
Basedow disease, in the second surgery and the other case due to
extrathyroideal infiltration of Anaplastic carcinoma. We decided 10
tracheostomies in 5 Carcinomas, all the Anaplastic and Papillary carcinoma
with extrathyroideal infiltration. In 5 opportunities the tracheostomy was made
after a postoperative suffocating hematoma. One of these patients died because
of acute respiratory depression, a woman with a Graves disease, hypertension
and chronic obstructive pulmonary disease. The rest were decannulated
between 1 and 2 months without any complication.
Hipoparathyroidism was reported in 20 cases (2,4%) temporally and in 2
cases (0,2%) definitive, these two patient were underwent to a total
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thyroidectomy with neck dissection and post operative dose of I131 and
external radiotherapy because of malignant tumors.
No other complication related with the surgical procedure were found.
Scintigraphic screening post total thyroidectomy: it is frequent that
oncologic patients after a total thyroidectomy have positive screening in
scintigrahic scan with I131 especially in the surgical lodge. We had to reoperate patients in 8 cases and we found only 2 cases with neoplastic
recurrence. The histology of the rest resulted fibrosis. The extracted volume
average was 2 x 2 cm.
I131Treatment: thyroid tumors are treated with Iodine after a total
thyroidectomy using ablative dose. The most common is 100 mCi. Sometimes
it is needed a second or a third dose of iodine. In our series, 70 % of the cases
achieved negativization of the scintigraphic screening with one postoperative
dose. 15 % needed 2 applications, 10 % received a third dose. 5 % required
more than 3 doses.
Other treatments associated with thyroidectomy and I131: in the Anaplastic
carcinomas and the extrathyroideal infiltration carcinomas we used external
radiotherapy in the cervical lodge and laterocervical areas. The average was
5.500 cGy. In one case we underwent a gastrostomy for feeding.
Mortality: 24 patients died, one female (0,17 %) because of a benign
pathology, a suffocating hematoma which developed an acute respiratory
depression. The other 23 cases (10,04 %) were related with malignant
pathology in advanced stages.
Survival of carcinomas: the patients with classic papillary carcinoma, 118
cases recorded 98% of survival in 5 years. Considering all the Papillary types,
the survival is 72 % in 5 years. The Follicular carcinoma had a survival of
100% and the Anaplastic carcinoma only 12 %. All the rare tumors founded,
died before 5 years.

Discussion
According with international series, the nodular goiter has a prevalence of
2,5 % in the population and 7% predominates in female, specially in location
with iodine deficiency. 5 to 15 % of the patients derived for surgery because of
nodular goiter were carcinomas [1]. In our experience, 93% of the patients
were female with a relation of 13/1 female/male. The average age was 46, 3
years old. 29,9 % had familiar heritage of thyroid disease, one patient had
history of multiple endocrine disease. The benign pathology was the most
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frequent according with the international literature, in our chapter, 202 were
benign pathology.
The follicular adenoma is frequent (30,7% in our series) but the papillary
variant is uncommon, some authors mentioned that may exist papillary or
pseudopapillary structures that may produce a confusion with the papillary
carcinoma. The careful study of the specimen is important in order to avoid
over diagnosis of papillary carcinoma. [2]
We have a higher casuistic than others in hyperthyroidism, represented in
our study 19,6% of the benign pathology, the literature the frequency is 5%.
This could be explained because of the low response to oral anti thyroid
treatment in our population or incomplete treatment due to socioeconomic
factors. In many places, the surgery is indicated when there are: failures with
iodine treatment, goiter size, nodular goiter, anti thyroid allergy or drug
intolerance, leucopenia, discontinue the oral therapy. We prefer the surgery as
an initial treatment due to the economic factors in a Public Hospital and we
have the possibility to make histological study of the gland.
The hyperthyroid crisis has an incidence of 10 % and the mortality rise to
20 %. This is the reason why all patients are blocked with high doses of oral
Iodine, LugolTM(Wolff-Chaikoff effect) prior to the surgery. The recurrence
with Iodine treatment is 5 to 28 %. In our experience, all the cases were
operated, the recurrence were 2 women (1,7 %). Both with Basedow disease.
Foreign Authors observed 1 to 33 % of recurrence when the residual post
operative gland is more than 10 gr.(3)
With relation to malignant pathology, the Papillary carcinoma as a lonely
node represented 70 %, similar with 80% reported in the international
literature. Follicular carcinoma 15 % and Anaplastic 2 %. [2, 4]
Thyroid carcinoma is the 5th tumor in women, following the cancer breast,
skin, uterus and colon. Risk factors in this pathology are the irradiation,
heritage, diet, goiter, thyroiditis, estrogen. [5, 6, 7, 8, 9] The insulin resistance
is now consider as another risk factor because of the association with the
metabolic syndrome. [8, 10] In the Literature was described that the insulin
resistance increase the thyroid gland and may develop nodules. Thyroid cells
are sensitive to insulin and growth factors (IGF) I and II and TSH. TSH
hormone is the most important factor in growth and follicular cells
differentiation. [14, 15, 16, 17] This differentiation is associated with
important changes in the expression of TSH and IGF receptors. [11, 12, 13]
Rezzonico J and col [18, 19] reported an increase of insulin resistance in
patients with papillary carcinoma however these papillary carcinomas would
be less aggressive.
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The mortality has declined in the last three decades 50 %, the average
mortality age is 73 years old. The Papillary carcinoma has increase the
incidence and declined the mortality in women; in men it is observed an
increase of mortality, especially over 50 years old and worst in advanced
stages. 5 year survival in USA is 96,7%, considering stages, located disease
99,7%, local infiltration 96,9 % with cervical metastases 56 %. [6] 20 % of the
Papillary carcinomas are multicenter from the beginning and 10% have local
infiltration.
Some patients have high risk of local recurrence 5 to 20 % and may be
related with incomplete treatment, tumor aggressiveness, and age. The most
frequent localization are; the surgical lodge, lymphatic nodes and later distant
metastases in lung and bones (10-15 %). [10] The recurrence is higher for the
Tall cells Papillary carcinoma in youth under 16 years old and older than 45.
The same situation occurs in the Diffuse Sclerosing type and in tumors with
size bigger than 40 mm with extra thyroid infiltration. This is the reason why
we underwent total thyroidectomy in all cases; this procedure allows us to
complete a better follow up with Thyroglobulin, based on a negative
scintigraphic screening.
Tall cells variant, described by Hawk and Hazard in 1976 [20] are more
aggressive than classic Papillary carcinoma, in our experience, 2 cases, had
tumors bigger than 5 cm with cervical metastases at the first visit to the
Hospital. Both died in 3 years of follow up.
There are tumors that may have metastases with cystic transformation.
The Papillary and the Epidermoid carcinoma are the most frequent in young
people.(21) We operated 2 women that consulted at first because of
laterocervical cyst. The histological study revealed Papillary carcinoma
metastases with cystic transformation. There is less common clinical
presentation such as solitary metastases, parapharyngeal mass. The occult
carcinoma has a presentation of 15 %. [7, 8]
Diffuse sclerosing variant of the papillary type is rare, there are no
statistics differences between sexes. In our review we have operated a man
who consulted by cervical metastases mass. This type is associated with a
mutation of the RET gen. The presentation is 2% in children and 10 % in
adults. According with others authors, this tumor has a higher tendency to
local infiltration and metastases. [22, 23, 24] Although it is more aggressive,
the survival average is 93% in 10 years of follow up. [25, 26, 27] In our case,
we needed 4 doses of Iodine131 (post total thyroidectomy associated with
bilateral neck dissection) to obtain negativization of the scintigraphy scan and
thyroglobulin.
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Other uncommon type of thyroid tumor is the Squamous carcinoma
variant of the papillary type. The most usual presentation is with a cervical
mass. We underwent total thyroidectomy with neck dissection in 4 cases. Was
initially observed that there was local tissue infiltration. All of them died
before 5 years. [26] It is unknown its origin but seems to be an intense relation
between cellular metaplasia (irradiation) and Hashimoto Thyroiditis.
Mucoepidermoid carcinoma of thyroid, was described by Chan in 1991.
[27] We could find 35 cases in the International Literature, our case was the
first in Argentina. The histogenesis of the variant sclerosing with eosinophylia
mucoepidermoid carcinoma is related to a remnant of the last branchial body
nevertheless some authors think that it could be developed by follicular cells
directly. The patient we treated had a tumor of 4 x 4 cm without metastases.
After a total thyroidectomy, we prescribed one ablative dose of iodine. He is
actually free of disease. [28, 29]
Epithelioid Angiosarcoma was known formerly as hemangioendothelima
and appeared especially in “alpine people”. Rapidly metastasizing. Our case, a
66 years old man from Paraguay started symptoms with bone metastases
(clavicle).
A total thyroidectomy with bilateral neck dissection a bone resection was
performed. He died in 2 years. [30]
Metastases in thyroid gland is not frequent, our cases, a male and a
woman had at the beginning local extra thyroid infiltration and lymph node
metastases. One case was a renal tumor that was operated 23 years earlier and
the other was a metastatic endometrial carcinoma operated 2 years earlier.
Both are death.
The incidence of metastases found in autopsies was reported as 1-25 % in
patient without a known primary and 24 % in patients with malignant primary.
Mayo Clinic reported 43 patients with metastases in thyroid, the renal was the
most common (33%) and the average time to appearance of metastases was
106 months. [31]
As postoperative complications we had 10 temporally recurrent nerve
palsy, (1,2%) and 20 temporally hypoparathyroidism (2,4%). International
Literature reported (3% and 2,6 %). 4 patients, 2 cases with Definitive nerve
palsy and 2 definitive hypoparathyroidism (0,2 % in each case). Others
Authors reported (1,9 and 0,2%). [32]
We registered 7 suffocating hematoma (0,8%) that is similar with
international reviews that shows (0,9%).Mortality: 1 patient (0,17%) because
of a suffocating hematoma with a Graves disease, hypertension and chronic
obstructive pulmonary disease.
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Conclusion
Our review,814 cases, shows a prevalence of benign pathology in women.
The most common malignant tumor is the Papillary. Compared to the
international literature, we observed a higher aggressiveness of the Papillary
carcinoma in our population, considering intra thyroid or extra thyroid
dissemination and lymph node metastases. That is the reason why we perform
total thyroidectomy in all cases regardless the tumor type or stage.
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