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 It is a privilege to write the Foreword for the book  Minimally Invasive and 
Robotic Thyroid and Parathyroid Surgery , edited by David J. Terris and 
Michael C. Singer. 

 We are living in an era of remarkable increase in the detection of both 
thyroid and parathyroid diseases, due to more precise laboratory and imaging 
methods. In addition, recent technological advances offer better surgical 
visualization through optical magnifi cation and more precise dissection of 
the delicate anatomical structures within the central neck compartment. 

 This book brings a signifi cant new contribution for all health professionals 
interested in the surgical treatment of thyroid and parathyroid diseases. In 
fact, it represents a formidable effort to minimize the operative invasiveness 
while keeping the solid scientifi c basis of the surgical treatment of these dis-
eases established long ago by the landmark work of Kocher and his 
followers. 

 Drs. Terris and Singer, both world-class head and neck surgeons, were 
able to invite outstanding authors, who produced a comprehensive and very 
up-to-date collection of chapters, covering all aspects of minimally invasive 
thyroid and parathyroid surgery. 

 It is important to emphasize that some of the techniques described in this 
book are not universally applicable, due to several geographical and socio-
economic peculiarities of different countries around the world. Nevertheless, 
all surgeons must be aware of the newest available technical developments, 
in order to offer their patients the most effective, yet least aggressive, opera-
tive treatment for their thyroid and parathyroid diseases. 

 São Paulo, Brazil Claudio R. Cernea, MD, PhD  

   Foreword   
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 In the last 15 years, thyroid and parathyroid surgery has undergone revolu-
tionary changes. While the fundamental principles of these delicate surgeries 
have remained unchanged, tenets from the fi elds of laparoscopic, minimal 
invasive, and plastic surgery have led to dramatic innovations in technique 
and approaches. These minimally invasive approaches are designed to reduce 
the functional and cosmetic impact of surgery on patients undergoing thyroid 
and parathyroid surgery. In an effort to optimize the benefi ts for patients, 
surgeons have developed a wide array of minimally invasive techniques. 

 While minimally invasive thyroid and parathyroid techniques have been 
adopted on a widespread scale, no attempt has been made to compile these 
different techniques into one practical guide. This book serves as a resource 
for surgeons, fellows, residents, and students who are interested in learning 
about both the philosophy and technical details of the different robotic and 
endoscopic techniques available. Each chapter is authored by a surgeon writ-
ing about an area in which they hold a particular expertise. In many of the 
chapters, pioneers of surgical techniques describe their procedures in detail. 
Numerous fi gures and drawings serve to facilitate the understanding of the 
details of these procedures. 

 While the surgical approaches covered in this book vary greatly in tech-
nique and details, they all share one common element. All of these proce-
dures were developed by thyroid and parathyroid surgeons trying to improve 
the surgical outcomes for their patients. Perhaps through a greater knowledge 
and understanding of these techniques, further innovation will be spurred. 

 Augusta, GA, USA David J. Terris, MD, FACS 
 Detroit, MI, USA Michael C. Singer, MD  

  Pref ace   
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        The early history of thyroid surgery is closely 
related to the manifestation of iodine defi ciency 
as goitrous glandular enlargement. The fi rst men-
tion of goiter as a disease entity occurred in 2700 
B  BC  in China. However, it was not until  AD  500 
that Abdul Kasan Kelibis Abis reportedly per-
formed the fi rst surgical excision of the thyroid 
gland in Baghdad. Despite signifi cant postopera-
tive hemorrhage, the patient survived. 

 Understanding of the nature of thyroid dis-
eases was, of course, limited in ancient times, 
and attempts at surgery were rare. Early nonsur-
gical treatments for goiter included the applica-
tion of toad’s blood or placement of a cadaver’s 
hand on the neck. In the twelfth and thirteenth 
centuries in Salerno, Italy, heated setons were 
placed at right angles into the substance of the 
gland and turned twice daily until they pierced 
the skin. In some cases, a large hook was placed 
into the goiter, the overlying skin dissected away, 
and a segment of tissue was extirpated. A boot 
lace was sometimes used to strangulate a portion 
of the gland prior to removal. Patients were 

strapped to tables and held down during these 
procedures, and many of them expired due to 
sepsis or massive bleeding. Indications for sur-
gery during those times were primarily large goi-
ters causing airway impingement or suppurating 
glands. The latter may have in fact been represen-
tative of tuberculous lymphadenitis. 

 Surgical advances occurred slowly and were 
limited by lack of anesthesia, antisepsis, and poor 
instrumentation. The fi rst thyroidectomy using 
scalpels was performed by Wilhelm Fabricus in 
1646 on a 10-year-old girl, who died, leading to 
his imprisonment. A successful partial thyroidec-
tomy was achieved in Paris in 1791 by Pierre 
Joseph Desault, followed in 1808 by a total thy-
roidectomy by Guillaume Dupuytren. The latter 
led to the patient’s demise due to postoperative 
“shock” despite low blood loss. A German sur-
geon named Johann Hedenus was the most pro-
lifi c thyroid surgeon of that era, reporting on a 
series of six successful goiter excisions in 1821. 

 The fi rst experimental use of iodine as a treat-
ment for goiter was performed in 1820 by Johann 
Straub and Francois Coindet of Switzerland. 
Coindet suggested the preoperative use of iodine 
as a means to decrease the size and vascularity of 
goiters. Iodine was hailed as a miracle drug, and 
its widespread use often led to toxicity. With 
regard to surgical technique, a variety of inci-
sional styles, including oblique, longitudinal, and 
Y-shaped, were used during that era. Incision was 
followed by blunt dissection, often leading to sig-
nifi cant hemorrhage, and wounds were typically 
left open and packed. Bloodletting was a 

        E.  A.   Darr ,  MD      (*) 
  Division of Thyroid and Parathyroid Surgery, 
Department of Otolaryngology-Head and Neck Surgery , 
 Massachusetts Eye and Ear Infi rmary , 
  243 Charles Street ,  Boston ,  MA   02114 ,  USA   
 e-mail: ashlie.darr@gmail.com   
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 treatment used for postoperative complications 
despite signifi cant blood losses during surgery. 

 The surgical revolution began in the mid- 
1800s with the development of anesthesia. The 
fi rst to use sulfuric ether during surgery was 
Crawford W. Long in Georgia in 1842. In 1847, 
the fi rst thyroidectomy using anesthesia was per-
formed in Russia by Nikolai Pirigov. Joseph 
Lister introduced the concept of antisepsis in 
1867, which was further promoted by the initia-
tion of cap and gown wearing in the operating 
room by Gustav Neuber in 1883. This, together 
with the advent of steam sterilization of surgical 
instruments in 1886 by Ernst von Bergmann in 
Germany, contributed to lower postoperative 
infection rates and laid the foundation for current 
antiseptic surgical practice. Further progress in 
thyroid surgery was achieved due to the introduc-
tion of improved hemostatic tools, such as the 
self-retaining arterial forceps designed by 
Spencer Wells in 1872. These improvements led 
to the reduction of mortality from thyroid surgery 
from 40 % in 1850 to 20 % in 1875. 

    Modern Thyroid Surgery 

 The age of modern thyroid surgery followed 
from the developments of the surgical revolution. 
As mortality rates declined, increased numbers of 
thyroid surgeries were performed, and greater 
understanding and teaching of thyroid physiol-
ogy, anatomy, and surgical technique ensued. 
Among the most notable surgeons of the nine-
teenth century is Albert Theodor Billroth (1829–
1894), who served as chair in both Zurich and 
Vienna, published the textbook  General Surgical 
Pathology and Therapeutics , and created the 
 Archives of Clinical Surgery  (Fig.  1.1 ). He also 
disseminated his thyroidectomy techniques, such 
as division of the sternocleidomastoid muscle 
and incision and drainage of thyroid cysts, by 
founding a school of surgery. A variety of meth-
ods for hemostasis were also taught, including 
arterial ligation using aneurysmal needles and the 
use of penghawar djambi, an Indian vegetable 
hemostatic agent. Billroth initially abandoned 
thyroid surgery for over a decade due to high 

mortality rates. With advancement in hemostasis 
and antisepsis, however, patient mortality rates in 
Billroth’s practice decreased from 40 to 8 % over 
his career.

   In spite of Billroth’s myriad achievements, 
Theodor Kocher (1841–1917) stands alone as the 
father of modern thyroid surgery (Fig.  1.2 ). He 
completed more than 5,000 thyroidectomies dur-
ing his career as chair at the University of Bern. 
Mortality rates in his hands were 0.2 % by 1898 
due to his adoption of antiseptic and hemostatic 
techniques. Kocher pioneered the standard collar 
incision, which now carries his name, and uti-
lized local anesthesia with cocaine.

   Kocher abandoned performing total thyroid-
ectomy for benign disease when he discovered 
that patients developed the postoperative sequelae 
of hypothyroidism, namely myxedema, shedding 
light on thyroid physiology. He also established 
partial thyroidectomy as a treatment for Graves’ 
disease. William Halsted, an American surgeon, 
visited the clinics of both Kocher and Billroth 
and noted that Kocher’s patients often developed 
myxedema postoperatively but rarely tetany, 

  Fig. 1.1    Albert Theodor Billroth, 1867 (Reproduced 
with permission from Institut für Medizingeschichte, 
Universität Bern, Buehlstrasse 26, CH 3012 Bern)       

 

E.A. Darr and G. Randolph



3

whereas the opposite was true for Billroth. This 
speaks to the notoriety Kocher achieved for his 
bloodless fi eld, attention to detail, and complete-
ness of surgery. In 1908, he was awarded the 
Nobel Prize for his contributions to the under-
standing of thyroid physiology and thyroid sur-
gery. He was the fi rst surgeon to be awarded this 
honor. 

 As a student of both Billroth and Kocher, 
Halsted brought his education home to the United 
States, where he wrote  The Operative Story of 
Goiter  in 1920. He helped to found Johns 
Hopkins Hospital, where he developed the fi rst 
residency program and became the fi rst professor 
of surgery. He trained many distinguished sur-
geons, including Cushing, Dandy, Reed, Lahey, 
and Crile   . Among his various contributions to 
surgery, Crile devised an antishock garment for 
patient use during thyroid surgery (Fig.  1.3 ).

   Postoperative tetany was fi rst described by 
Wolfl er in 1879, but it was Eugene Gley who 
fi rst associated this symptom with disruption 
or removal of the parathyroid glands in 1891. 
An understanding of parathyroid physiology as 
it relates to calcium was discovered in 1900 by 
Mccallum and Carl Voegtlin. They discovered 
that postthyroidectomy tetany was associated 
with low levels of calcium in the tissues and 
that this could be reversed by injection of para-
thyroid extracts or calcium. Pfi effer and Mayer 
were the fi rst to demonstrate success in the treat-
ment of tetany with parathyroid autotransplanta-
tion. Frank Lahey further advanced the concept 
of autotransplantation in 1926 by advising its 
placement into the sternocleidomastoid muscle, 
while Sam Wells in 1976 showed the effi cacy 
of subtotal parathyroidectomy with forearm 
 autotransplantation for four-gland hyperplasia. 
A signifi cant advancement in parathyroid  surgery 

  Fig. 1.2    Theodor Kocher, 1912 (Reproduced with per-
mission from Institut für Medizingeschichte, Universität 
Bern, Buehlstrasse 26, CH 3012 Bern)       

  Fig. 1.3    Pneumatic 
antishock suit devised by 
Crile, used to prevent shock 
during thyroid surgery 
(From Park R. Principles 
and practice of modern 
surgery. Philadelphia: Lea 
and Brothers; 1907. Used 
with permission)       
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occurred with the advent of the immunoassay 
measurement of parathyroid hormone (PTH) by 
Solomon Berson and Rosalyn Yalow in 1963, 
which earned them a Nobel Prize. 

 The anatomy of the recurrent laryngeal nerves 
was fi rst detailed by Galen in the second century 
(Fig.  1.4 ). Due to his widespread infl uence, this 
knowledge was transmitted to generations of 
scholars and surgeons to come. A great deal was 
thus known by the 1700s about both the anatomy 
of the recurrent nerves and the sequelae of injury. 
The original approach of Kocher and Billroth to 
preserve the nerve was to ligate the inferior thy-
roid artery, away from the nerve–artery crossing 
point. Both Kocher and Miculicz advised leaving 
a small portion of thyroid tissue behind to cover 
and protect the nerve. Many other surgeons, 
including Prioleau, believed that the best strategy 
for avoiding nerve injury was to avoid visualizing 
it. It was Lahey in 1938 who demonstrated the 
importance and safety of nerve identifi cation and 
dissection when he reported on a series of 3,000 
thyroidectomies performed by he and his col-
leagues over a 3-year period. The signifi cance of 
the superior laryngeal nerve was not recognized 
until much later in 1935 when goiter surgery 
brought an end to singer Amelita Galli-Curci’s 
operatic career.

   The turn of the twentieth century led to signifi -
cant advancement in thyroid disease management 
with the advent of blood transfusions, frozen sec-
tion pathology, improvement in patient follow-up 
and research, and thyroid cancer staging systems. 
Treatment of hypothyroidism began with the 
transplantation of thyroid tissue into the spleen of 
a patient’s myxedematous daughter by E. Payr in 
1906. Thereafter, surgeons began the practice of 
thyroid tissue transplantation to control symp-
toms of hypothyroidism after thyroidectomy. This 
was replaced by the development of animal thy-
roid extracts and later thyroxine, which was iso-
lated by Edward C. Kendall in 1914. The treatment 
of hyperthyroidism was advanced with the devel-
opment of antithyroid drugs and radioiodine ther-
apy in the 1940s, providing alternatives to surgical 
excision, and propranolol was introduced for peri-
operative management in 1965. In the last quarter 
of the twentieth century, scintigraphy was devel-
oped and utilized as a diagnostic tool in thyroid 
disease workup but was largely supplanted by 
ultrasound in the 1980s. This allowed for discov-
ery of small, subcentimeter nodules that were not 
clinically palpable. Further advancements in 
imaging, including with computed tomography 
and magnetic resonance imaging (MRI), allowed 
for assessment of substernal extension of goiters 

  Fig. 1.4    Galen teaching 
Roman elders the anatomy of 
the recurrent laryngeal nerve 
in a living pig. Upon severing 
the nerve, the squealing pig 
became mute (From Galeni 
Liborum Quinta Classis 
EAM Medicinae Partem, 
edited by Fabius Paulinus. 
Published by Guinta Family 
of Venice, 1625. IM Rutkow. 
In: Surgery: an illustrated 
history, St. Louis: Mosby; 
1993. p. 40)       
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and for evaluation of metastatic lymphadenopa-
thy in cases of thyroid cancer. N. Söderström was 
the fi rst to develop fi ne-needle aspiration cytology 
for thyroid disease in 1952. This became widely 
available in the 1970s, allowing for the preopera-
tive diagnosis of cancer to be made, resulting in 
improved surgical decision-making and prioriti-
zation. Improved anesthetic agents, lighting, and 
instrumentation, such as advanced energy devices 
for hemostasis, further modernized the fi eld. 
Development of the intraoperative PTH assay led 
to additional real-time assessment of parathyroid 
status during surgery for hyperparathyroidism. 

 Riddell in 1970 fi rst described the use of 
recurrent laryngeal nerve (RLN) stimulation as a 
method for intraoperative detection of neural 
functionality. This was performed by using a fi n-
ger to feel for laryngeal twitch as well as visual-
izing cricothyroid contraction upon stimulation 
of the laryngeal nerves with a handheld stimula-
tor. Riddell also described direct laryngoscopic 
evaluation of vocal fold motion with RLN stimu-
lation intraoperatively after completion of sur-
gery on the fi rst side. At the same time, Flisburg 
and Lindholm introduced the technique of inser-
tion of intramuscular electrodes through the cri-
cothyroid membrane into the vocalis muscle for 
intraoperative EMG monitoring. In 1978, Rea 
and Davis instead used an endoscopically placed 
vocal fold electrode. Intramuscular electrode 
placement required separate endoscopic or other 
procedures to be performed, as well as expertise 
and precision of placement in order for them to 
function properly. Intramuscular electrodes were 
also easily dislodged and thus diffi cult to use. 
These shortcomings were improved upon with 
the advent of noninvasive surface electrodes. 
This technology was fi rst described by Davis in 
1979, who reported on a gold foil electrode 
wrapped around an endotracheal tube in dog 
studies. In 1990, Goldstone used an endotracheal 
tube with two paired wires connected to 
 electrodes that were exposed at the level of the 
vocal folds. These, in turn, were connected to an 
electromyogram (EMG) monitor. This became 
the basis for the development of the modern RLN 

endotracheal tube-based monitoring system, 
which has enhanced the capability of the surgeon 
both to identify the nerve intraoperatively and to 
detect its function in real time. 

 Other recent additions to thyroid disease man-
agement include the use of molecular genetic 
analysis and testing. The discovery of the  ret  
proto-oncogene has led to its use in the prophy-
lactic management of the children of patients 
with multiple endocrine neoplasia 2 (MEN-2) 
syndrome. Continued discoveries and under-
standing of genetic mutations associated with 
aggressive phenotypes of differentiated thyroid 
cancer show promise in improving the diagnostic 
accuracy of fi ne-needle aspiration biopsy (FNAB) 
and in predicting prognosis. 

 Over the last decade, there has been an increas-
ing interest in minimally invasive thyroid and 
parathyroid techniques. These all represent exten-
sions of previous innovations in the fi eld. This 
book focuses on these concepts and techniques.     
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           Introduction 

 Minimally invasive and remote access surgery 
for the thyroid and parathyroid glands has 
evolved over the last two decades. The emphasis 
of minimally invasive surgery is limiting the 
amount of tissue dissection while achieving the 
same surgical results. Alternatively, the emphasis 
of remote access surgery is to achieve better cos-
metic results by avoiding a cervical scar. 
Therefore, although minimally invasive surgery 
and remote access surgery may use similar tools, 
they ultimately provide different advantages and 
drawbacks. 

 The concept of minimally invasive parathy-
roidectomy (MIP) has been widely embraced, but 
includes a variety of operations, and the term may 
be confusing. The approaches and techniques of 
minimally invasive thyroidectomy (MIT) have 
been less universally adopted. MIP and MIT 
encompass an assortment of procedures ranging 
from simply shortening the cervical incision to 

using the endoscope and robot. In this chapter we 
review the evolution of the concepts, principles, 
and techniques of MIP, MIT, and remote access 
surgery for the thyroid and parathyroid surgery 
with the intent of giving surgeons a framework to 
understand these diverse and frequently misun-
derstood operations.  

    Minimally Invasive and Remote 
Access Parathyroid Surgery 

    Background 

 Bilateral four-gland parathyroid exploration for 
patients with primary hyperparathyroidism (HPT) 
through a 5–6 centimeter (cm) lower neck inci-
sion has been the standard surgical approach for 
decades. With the widespread adoption of high-
quality preoperative localization studies such as 
ultrasound (US) and sestamibi scanning (MIBI), 
as well as the introduction of intraoperative para-
thyroid hormone (ioPTH) monitoring to exclude 
hyperplasia or multiple adenomas, surgeons were 
able to modify their approach to use smaller inci-
sions and focus on a single side of the neck or a 
single enlarged parathyroid adenoma. The term 
 minimally invasive parathyroidectomy  is used to 
convey the potential advantages of this approach 
over traditional bilateral exploration, with shorter 
hospital stays, less pain, and better cosmesis. 

 In the mid-1990s, concurrent with the devel-
opment of laparoscopic abdominal surgery, some 
neck surgeons began to explore the possibility of 
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using the endoscope for parathyroid operations. 
In contrast to the abdomen, the neck has no pre-
formed space to accommodate the scope. Instead, 
this space is created bluntly and can be main-
tained with positive pressure, similar to laparos-
copy, or by lifting up the superfi cial tissues with 
instruments or lifting devices. Endoscopic para-
thyroidectomy can thus be classifi ed into two cat-
egories based on how the operative space in the 
neck is maintained. Totally endoscopic mini-
mally invasive parathyroidectomy (EMIP) relies 
on gas insuffl ation, and minimally invasive 
video-assisted parathyroidectomy (MIVAP) uses 
instruments and lifting devices. 

 As the techniques of endoscopic parathyroid-
ectomy matured, surgeons realized that the same 
operation could be accomplished by placing the 
port sites outside the neck, typically in the chest, 
breast, and axilla. This was the birth of remote 
access parathyroid surgery. Remote access sur-
gery trades the potential advantage of not having 
any visible incision in the neck for the potential 
disadvantage of a larger dissection required for 
the instruments to reach the target. Figure  2.1  
outlines the various approaches to minimally 
invasive and remote access parathyroidectomy.

       Mini-open Parathyroidectomy 

 The open, focused parathyroidectomy has gained 
widespread acceptance as having statistically 
equivalent outcomes to traditional bilateral explo-
ration. For a well-localized parathyroid adenoma, 
a focused approach can be performed through an 
incision of 2.5 cm with a success rate of 96 %. 

 One key to a successful focused parathyroid-
ectomy is accurate preoperative localization. 
Patients with primary HPT and a concordant pre-
operative MIBI and US very likely have a single 
adenoma at that location (96 %). In contrast, 
those who have no parathyroid localized on MIBI 
and US have a 30 % chance of having multigland 
disease and usually require bilateral exploration. 

 An anterior mini-open parathyroidectomy is 
performed through a small skin crease incision in 
the central, inferior neck between the strap mus-
cles and is well suited for exploring the lower 
parathyroid glands which tend to be more  anterior. 
The lateral, or so-called back-door, approach is 
better for upper parathyroid adenomas which 
tend to be located posteriorly. In this approach the 
space between the strap muscles and sternoclei-
domastoid muscle is entered to expose the plane 

Minimally Invasive
Parathyroid Surgery
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Videoscopic
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  Fig. 2.1    Different approaches to minimally invasive and remote access parathyroid surgery       
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behind the thyroid. The disadvantage is the poten-
tial for a larger incision or bilateral incisions if the 
contralateral side needs to be explored. 

 Mini-open parathyroidectomy has an equiva-
lent cure rate to the traditional bilateral explora-
tion with shorter operative times and shorter 
hospital stays. Mini-open parathyroidectomy has 
also been shown to decrease the overall cost per 
procedure compared to traditional exploration. 
Its success depends on good preoperative imag-
ing and ioPTH monitoring, which may not be 
universally available.  

    Radioguided Parathyroidectomy 

 Intraoperative radioguided localization, with ses-
tamibi technetium-99m (TC-99m) can be used to 
aid the standard mini-open parathyroidectomy. In 
this technique, the patient is injected with a 
TC-99m radiotracer 1–2 h prior to surgery. The 
radiotracer collects preferentially in the mito-
chondria of enlarged parathyroid glands and can 
therefore be identifi ed using a handheld gamma 
probe. The surgeon uses a gamma probe to 
explore the operative fi eld, looking for counts 
greater than background. 

 Reports on the utility of radioguided parathy-
roidectomy have been mixed with localization 
rates between 40 and 100 %. Some of this vari-
ability may be due to the learning curve associated 
with this technology. Advocates suggest that using 
the gamma probe helps select the location of the 
skin incision and allows for identifi cation of ecto-
pic parathyroid tumors. Drawbacks may include 
the increased cost of the technology, its learning 
curve, and its lack of substantiated benefi t.  

    Videoscopic Parathyroidectomy 

 Videoscopic parathyroidectomy has gained con-
siderable attention over the last decade. The 
potential advantages of videoscopic techniques 
include the magnifi cation provided by the optics, 
improved cosmesis, and reduced postoperative 
pain. Gagner et al. performed the fi rst videoscopic 
parathyroidectomy in 1996. The procedure took 
almost 5 h to perform, and the patient developed 

hypercarbia and subcutaneous emphysema from 
his eyelids to his scrotum that took 3 days to 
resolve. Since Gagner’s initial description, video-
scopic parathyroidectomy has continued to evolve 
and currently can be divided into two subgroups, 
EMIP and MIVAP, depending on how the operat-
ing space in the neck is maintained.  

    Endoscopic Minimally Invasive 
Parathyroidectomy 

 Henry et al. described endoscopic minimally 
invasive parathyroidectomy (EMIP) using a lat-
eral approach in 1999. One 12-mm and two 2.5- 
mm trocars are inserted at the anterior border of 
the sternocleidomastoid muscle. The plane 
between the strap muscles and the carotid is 
bluntly dissected and carbon dioxide (CO 2 ) insuf-
fl ation is used to maintain the working space. The 
posterior surface of the thyroid is approached and 
the parathyroid adenoma is dissected free using 
2-mm endoscopic instruments. A modifi ed 
approach was report by Ikeda et al. in 2002. 

 Several large series comparing EMIP to open 
parathyroidectomy demonstrate equivalent cure 
rates with minimal morbidity. EMIP is generally 
reserved for single-gland disease with adequate 
preoperative localization. The major advantage 
of EMIP is the improved lighting and view pro-
vided by the endoscope and the limited size of 
incision regardless of the patient’s body habitus. 
The major drawbacks are the cost of endoscopy, 
increased operative time, and possible gas insuf-
fl ation complications such as hypercarbia, subcu-
taneous emphysema, and gas embolism.  

    Minimally Invasive Video-Assisted 
Parathyroidectomy 

 MIVAP differs from EMIP in that it does not 
require gas insuffl ation. MIVAP was fi rst 
described by Miccoli et al. in 1998. In MIVAP, 
a small transverse skin incision is made 1 cm 
above the sternal notch. The strap muscles are 
separated. A 5-mm, 30° scope is inserted through 
the incision, and dissection is done using specially 
designed open instruments and external  retractors, 
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but under a videoscopic view. The operation is 
similar to mini-open parathyroidectomy, except 
special instruments and a videoscope are used, 
which allows the operation to be performed 
through a 1.5-cm instead of a 2.5-cm incision. 

 As with endoscopic MIP, MIVAP can be per-
formed with high cure rates and minimal morbid-
ity. The videoscope provides improved lighting 
and a magnifi ed view. Because of the anterior 
central approach, it can be used to perform a 
bilateral exploration. One major drawback is the 
need for two experienced assistants, one to main-
tain external retraction and the other to handle the 
scope. Large parathyroid adenomas, large  goiters, 
prior neck operations, lack of preoperative local-
ization, and suspicion of hyperplasia are relative 
contraindications to MIVAP.  

    Remote Access Parathyroidectomy 

 Remote access parathyroidectomy developed as 
an extension of endoscopic parathyroidectomy 
by moving the trocar sites and incisions away 
from the anterior neck to achieve better cosmetic 
results. In 2000, Ikeda and Takami reported on 
six patients who underwent successful parathy-
roidectomy via an axillary approach and four 
patients that underwent exploration via an ante-
rior chest approach. Although the operative time 
was long (180 min for a unilateral axillary 

approach), all the operations were successful 
with no signifi cant morbidity. Small series by 
Landry et al. and Foley et al. also suggested suc-
cessful outcomes can be achieved via the transax-
illary approach but that it is associated with 
longer operative times and increased costs. In 
2011, Karakas et al. described successful tran-
soral parathyroidectomy in two patients.  

    Conclusion 

 In summary, MIP, especially mini-open para-
thyroidectomy, is available in most high-volume 
endocrine surgery centers and is associated with 
high success rates and minimal morbidity. It has 
become a costandard with traditional bilateral 
four-gland exploration for treating patients with 
primary HPT. The mini-open technique, with 
a 2.5-cm neck incision, is the most commonly 
performed parathyroid procedure. Endoscopic 
parathyroidectomy and MIVAP are performed at 
fewer centers, but also have excellent outcomes. 
Remote access parathyroidectomy appears safe 
and may have cosmetic advantages, but requires 
more extensive dissection and is more expensive. 
Successful MIP and remote access parathyroidec-
tomy depends on accurate preoperative localization 
studies and intraoperative adjuncts such as ioPTH 
monitoring. Table  2.1  summarizes the advantages 
and drawbacks to the various approaches.

   Table 2.1    Benefi ts    and drawback to various approaches to parathyroidectomy and thyroidectomy   

 Approach  Incision length  Benefi t  Drawback 

  Parathyroidectomy  
 Traditional  4–5 cm  Excellent exposure to 

both sides of thyroid. 
Gold standard with cure 
rates in excess of 95 % 

 Relatively long incision. Bilateral 
exploration is often unnecessary 

 Mini-open “focused” 
parathyroidectomy 

 2–3 cm  Shorter incision. Able to 
explore both sides with 
aid of retraction. Reduced 
operative times and costs 

 Can be diffi cult in obese patients. 
Relies on adequate preoperative 
localization and ioPTH which 
may not be available 

 Radioguided 
parathyroidectomy 

 2–3 cm  Helps focus skin incision. 
May help localize ectopic 
adenomas 

 Diffi cult to learn. May increase 
patient costs 

 Totally endoscopic 
parathyroidectomy 

 (a) 5 mm ×3 
(anterior approach) 

 Improved magnifi cation 
and lighting with the 
endoscope. Shortest 
incision 

 Gas insuffl ation can cause 
subcutaneous emphysema, air 
embolism, hypercapnea. 
Increased cost and operative time 

 (b)1.2 cm, 2.5 mm 
x2 (lateral 
approach) 
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 Approach  Incision length  Benefi t  Drawback 

 Minimally invasive video- 
assisted parathyroidectomy 
(MIVAP) 

 1.5 cm  Improved magnifi cation 
and lighting with 
videoscope. No need for 
insuffl ation. Easy to 
convert to bilateral 
operation 

 Requires two experienced 
assistants to maintain exposure 

 Axillary approach to 
parathyroidectomy 

 4.5–6 cm  No neck scar  More extensive dissection. 
Increased operative times and 
cost. Diffi cult learning curve 

 Transoral approach to 
parathyroidectomy 

 1.5 cm  No neck scar  Concerns for infection. Minimal 
reported experience 

  Thyroidectomy  
 Standard open thyroidectomy  4–6 cm  Excellent exposure. Able 

to perform neck bilateral 
exploration and lymph 
node dissection 

 Relatively long scar in the neck 

 Mini-open thyroidectomy  2.5 cm  Easy to learn. Easy to 
convert to bilateral 
thyroidectomy 

 Limited to thyroid lobes <7 cm. 
Lateral approach only for thyroid 
lobectomy 

 Completely endoscopic 
thyroidectomy 
  Anterior approach  5 mm ×4  Short neck incisions and 

quicker return to normal 
activity. Magnifi ed view 

 Limited to selected patients. 
Longer operative time. 
Insuffl ation may cause 
complications (hypercarbia, 
subcutaneous emphysema) 

  Lateral approach  10 mm ×1; 2.5 mm 
×2 

 Short neck incisions and 
quicker return to normal 
activity. Magnifi ed view 

 Limited to selected patients. 
Only hemithyroidectomy. 
Insuffl ation may cause 
complications 

 Minimally invasive video- 
assisted thyroidectomy 
(MIVAT) 

 1.5 cm  Use open instruments. 
Easy to learn. Less pain 
and better cosmetic 
outcomes 

 Requires two experienced 
assistants to maintain exposure 

 Remote access thyroidectomy – 
infraclavicular approach 

 3 cm; 5 mm ×2  No scar in the neck  More extensive dissection. Risk 
of subcutaneous hemorrhage 

 Remote access thyroidectomy – 
axillary approach 

 3–6 cm  No scar in the neck. 
Ipsilateral central neck 
dissection possible 

 More extensive dissection. 
Longer operative time. More 
expensive. Diffi cult to dissect 
contralateral thyroid lobe 

 Remote access thyroidectomy – 
breast approach 

 15 mm ×1; 12 mm 
×1; 5 mm ×1 

 No scar in the neck  More extensive dissection. Scar 
in the breast 

 Remote access thyroidectomy –
axillo-bilateral breast approach 

 2.5 cm areolar; 
10 mm ×2 axillary 

 Improved angles of 
dissection between 
instruments and thyroid 

 More extensive dissection. Scar 
in the breast 

 Remote access thyroidectomy – 
bilateral axillo-breast approach 

 12 mm ×2 in each 
areolar; 5 mm × 2 
in each axilla 

 Improved angles of 
dissection between 
instruments and thyroid. 
Bilateral dissection easy 

 More extensive dissection. Scar 
in the breast 

 Transoral thyroidectomy  2.5 cm in the fl oor 
of the mouth 

 No neck scar  Very limited data on the utility 
and complications of this 
procedure 

 Robotic facelift thyroidectomy  N/A  No neck scar. Supine 
position 

 Greater auricular nerve at risk 

   ioPTH  intraoperative parathyroid hormone monitoring,  mm  millimeters,  cm  centimeters  

Table 2.1 (continued)
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        Minimally Invasive and Remote 
Access Thyroid Surgery 

    Background 

 Traditional thyroid surgery was developed by 
Theodor Kocher at the beginning of twentieth 
century and was performed through an 8–10 cm 
collar incision. Currently open thyroidectomies 
are routinely performed through an incision that 
is 4–6 cm. Minimally invasive thyroidectomy 
(MIT) strives to minimize the length of inci-
sion in the neck, sometimes with the help of an 
endoscope. MIT encompasses a diverse set of 
procedures including (1) completely endoscopic 
thyroidectomy with CO 2  insuffl ation, (2) mini-
mally invasive video-assisted thyroidectomy 
(MIVAT) without gas insuffl ation, and (3) mini- 
open thyroidectomy. All three approaches can 
be performed using an anterior (between the 
strap muscles) or lateral (between strap muscles 
and the sternocleidomastoid muscle) approach. 
Remote access thyroidectomy moves the inci-
sion from the neck to the chest, breast, axilla, 
upper back of the neck, or the mouth, but it is 
not truly minimally invasive surgery because 
of the additional surgical dissection required 

from the remote site. Figure  2.2  shows the 
various approaches of MIT and remote access 
thyroidectomy.

       Mini-open Thyroidectomy 

 The typical incision for an open thyroidectomy is 
about 4–6 cm. Several institutions have reported 
performing thyroidectomies through mini-open 
incisions ranging from 2.5 to 3 cm. Ferzli et al. 
used a 2.5-cm incision in a skin crease above the 
isthmus. Subplatysmal fl aps are raised, the upper 
pole is retracted inferiorly, and the superior pole 
vessels are ligated. This is followed by dividing 
the inferior pole vessels and the lateral attach-
ments. Gosnell and colleagues described a simi-
lar technique through a small incision over a 
palpable thyroid nodule using the standard lateral 
approach to dissect the thyroid lobe. 

 The advantage of the mini-open thyroidec-
tomy is that it is easily teachable because of its 
similarities to a traditional thyroidectomy with 
shorter operative times compared to endoscopic 
thyroidectomy. The size of gland, which should 
be less than 7 cm, is the major limiting factor to 
performing a mini-open thyroidectomy.  

Minimally Invasive and 
Remote Access
Thyroidectomy  
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Thyroidectomy
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Thyroidectomy
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  Fig. 2.2    Different approaches to minimally invasive and remote access thyroid surgery       
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    Completely Endoscopic 
Thyroidectomy 

 The fi rst completely endoscopic thyroidectomy 
was performed by Huscher et al. in 1997. In 
2001, Gagner et al. presented a series of 18 
patients who underwent endoscopic thyroidec-
tomy via an anterior approach. Endoscopic thy-
roidectomy commonly uses a 5-mm scope at the 
sternal notch to bluntly create a subplatysmal 
space. The working space is maintained using 
CO 2  insuffl ation, and three additional working 
trocars are used. Using this approach, Gagner 
et al. reported no major complications, better 
cosmetic results, and an earlier return to activity 
when compared to conventional thyroidectomy. 
They recommended the technique for benign 
nodules smaller than 3 cm, and the technique 
may not be used in the reoperative setting, in 
obese patients or those patients with short, wide 
necks, and the elderly who could not tolerate CO 2  
insuffl ation. 

 Henry described the lateral approach for 
endoscopic thyroidectomy in 2006. In this 
approach, the trocars are placed at the anterior 
border of the ipsilateral sternocleidomastoid 
muscle. Endoscopic thyroidectomy via the lateral 
approach is used for benign nodules smaller than 
3 cm in size. Contraindications are previous neck 
surgery and neck irradiation.  

    Minimally Invasive Video-Assisted 
Thyroidectomy 

 The technique of MIVAT is similar to that of 
MIVAP. It uses traditional instruments that have 
been modifi ed to fi t through a smaller incision 
and does not require insuffl ation. MIVAT uses a 
1.5-cm skin crease incision above the sternal 
notch. The working space is created by blunt dis-
section without gas insuffl ation and maintained 
with external retractors. The thyroid is mobilized 
and pulled through the incision and the remain-
der of the thyroidectomy is performed under 
direct vision without the endoscope. Because of 

the smaller neck incision and decreased 
 dissection, MIVAT is associated with improved 
patient satisfaction, less postoperative pain, a 
shorter postoperative stay, decreased wound 
healing time, and improved “voice and swallow-
ing” measures compared to traditional open thy-
roidectomy. A lateral MIVAT has been described 
by Yamashita et al. in Japan.  

    Remote Access Thyroid Surgery 

 Some surgeons, especially those in Asia where 
even a small scar in the neck is a signifi cant cos-
metic concern, adapted the tools of endoscopic 
thyroidectomy to move the trocar incisions to 
sites remote from the neck. Shimizu and col-
leagues reported the fi rst remote access thyroid-
ectomy in 1998 when they reported on fi ve 
patients who underwent thyroidectomies via inci-
sions below the ipsilateral clavicle. Subsequently 
remote access thyroidectomy has been described 
via incisions in the axilla, breast, mouth, and pos-
terior upper neck. Because remote access surgery 
is technically more challenging, some surgeons 
began to use robotic assistance to improve the 
surgical view and instrument movement.  

    Infraclavicular Approach 

 Shimizu and colleagues described the infracla-
vicular approach for remote access thyroidec-
tomy. Three infraclavicular incisions are used, 
and two Kirschner wires are used to lift up and 
expose the subplatysmal space and allow for 
gasless dissection of the thyroid. The strap mus-
cles are divided and the thyroid lobe is dissected 
using open and endoscopic instruments. 

 Shimizu and colleagues reported excellent 
results in 193 patients. All underwent a unilateral 
thyroidectomy. The maximum tumor size was 
7 cm. The mean operative time was 97 min. Four 
patients had temporary recurrent laryngeal nerve 
(RLN) palsies, and three had seromas that 
required aspiration. Shimizu et al. reported 
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improved cosmetic results compared to open thy-
roidectomy as well as a shorter hospital stay and 
rehabilitation.  

    Axillary Approach 

 Ikeda and colleagues reported the fi rst transaxil-
lary remote access thyroidectomy in 2000. This 
approach can be performed with or without gas 
insuffl ation. When using gas insuffl ation, the 
subplatysmal space is insuffl ated to 4 mmHg, and 
a fl exible endoscope is inserted. Three additional 
ports are inserted in the ipsilateral axilla. The thy-
roid gland is exposed by splitting the sternothy-
roid muscle. In the gasless approach, an external 
lift retractor is inserted through a 6-cm incision in 
the axilla to maintain the operative space. 

 Kang and colleagues reported their results 
using the transaxillary approach on 581 patients. 
In addition to improved cosmesis, they were also 
able to dissect the ipsilateral central lymph nodes 
when necessary. The disadvantages included a 
larger dissection for the remote access and diffi -
culty seeing the contralateral thyroid lobe. There 
were no conversions to a traditional cervical inci-
sion and the mean operative time 129 min. 
Transient hypocalcemia occurred in 19 patients 
(3 %), temporary RLN palsy in 13 patients (2 %), 
and permanent RLN injury in 2 patients (0.3 %). 

 The assistance of the robot (da Vinci Surgical 
System, Intuitive Surgical, Sunnyvale, California) 
alleviated some of the limitations of remote access 
thyroidectomy. The benefi ts of using the robot 
include a three-dimensional view of the operating 
fi eld, more fl exible articulated instruments with 
greater degrees of freedom of movement and fi l-
tering of hand tremors. Robotic thyroidectomy is 
more expensive, requires training, and has not yet 
proven to be better than non- robotic remote access 
thyroidectomy in outcomes or cosmesis.  

    Breast Approach 

 Ohgami and colleagues were the fi rst to describe 
using circumareolar incisions for trocar sites in 
remote access thyroidectomy. Two incisions are 

made on each breast at the upper areolar margin, 
and the subplatysmal space is bluntly created. 
The working space is maintained using gas insuf-
fl ation. The inferior and superior pole vessels are 
ligated using ultrasonic shears, and the specimen 
is retrieved through one of the circumareolar port 
sites. 

 Park and colleagues reported their results of 
100 patients using the breast approach for remote 
access thyroidectomy. They found no complica-
tions from gas insuffl ation and an overall excel-
lent cosmetic result. Initially it was felt that 
patients with known malignancy or previous 
neck surgery or radiation were not good candi-
date for this operation, but subsequently several 
surgeons have reported excellent short-term 
oncological results with remote access 
thyroidectomy.  

    Hybrid Approaches 

 There are several hybrid approaches using both 
the breast and axilla for access to improve the 
angle between the endoscopic instruments and the 
thyroid gland. Shimazu and colleagues described 
the axillo-bilateral breast approach (ABBA) in 
2003. In the ABBA, a trocar is placed in the ipsi-
lateral axilla in addition to the breast port sites. 
Choe and colleagues described the bilateral 
axillo-breast approach (BABA) in 2007, in which 
a port is used in each axilla. With this approach, a 
central neck dissection is technically more feasi-
ble than with other remote access approaches. 
Some have criticized BABA for being overly 
invasive due to its extensive dissection.  

    Transoral Thyroidectomy 

 In 2010 Wilhelm and Metzig reported the fi rst 
endoscopic transoral thyroidectomy. In this 
approach, a sublingual incision is made, and a 
trocar is placed into the subplatysmal layer, ante-
rior to the thyroid cartilage, and insuffl ation is 
established. Two additional trocars are placed in 
the mouth. The surgeon then meticulously divides 
the isthmus and uses ultrasonic shears to ligate 
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the upper and lower pole vessels. Once dissected 
free the thyroid is removed out of the sublingual 
incision. 

 In 2013, Nakajo and colleagues reported on a 
gasless transoral video-assisted neck surgery for 
thyroid resection. While similar to the approach 
reported by Wilhelm and Metzig, Nakajo et al. 
use an incision at the vestibulum and dissect 
anterior to the mandible and create the subplatys-
mal space. The working space is maintained 
using Kirschner wires to suspend the anterior 
cervical area. While both of these approaches by 
Wilhelm et al. and Nakajo et al. are promising, it 
is important to note that they are still in their 
infancy and have yet to be widely adopted by 
thyroid surgeons.  

    Robotic Facelift Thyroidectomy 

 In 2011, Terris et al. reported on a novel, remote 
access approach to performing a thyroidectomy 
using a postauricular facelift incision. The patient 
is positioned supine on the operating table, and 
an incision is made in the postauricular crease 
and continued within the occipital hairline. A 
musculocutaneous fl ap is raised, and a fi xed 
retractor system is introduced to maintain the 
working space. The da Vinci surgical system is 
used to facilitate the dissection of the ipsilateral 
thyroid lobe. 

 The benefi ts of the robotic facelift thyroidec-
tomy when compared to other remote access tech-
niques such as the axillary approach include its 
easier positioning and shorter distance to the thy-
roid. The primary disadvantage includes dissec-
tion near the greater auricular nerve which may 
develop temporary or permanent hypesthesia. 
Only the ipsilateral thyroid lobe can be removed 
through a unilateral facelift incision, while a total 
thyroidectomy requires bilateral incisions.  

    Conclusions 

 Minimizing or completely avoiding a scar in 
the anterior neck is appealing to many patients 
who need thyroidectomy. Surgical invasiveness, 

 however, is not just related to the length of or site 
of the incision, but includes the surgical trauma 
 rendered to create the space for dissection. The 
standard open thyroidectomy has excellent results 
and minimal morbidity and complications. MIT 
and remote access thyroidectomy continue to 
evolve. Efforts to improve cosmesis, by shorten-
ing the incision or moving it from the neck must 
be balanced against the increased operative time 
and cost. For now, these techniques are limited 
to high-volume centers with specifi c interest and 
experience to achieve good results.      
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           Minimally Invasive Thyroid 
and Parathyroid Surgery 

 Laparoscopically trained endocrine surgeons at 
the University of Pisa described in 1998 a tech-
nique of endoscopic-assisted thyroid surgery in 
which a very small incision in the cervical neck is 
made, and a gasless retractor-based video- 
assisted thyroidectomy is performed   . Paolo 
Miccoli and his colleagues introduced a number 
of novel procedural concepts with their technique 
(Fig.  3.1 ). One of the fi rst, and among the most 
important, is avoidance of the raising of subpla-
tysmal fl aps. This minimizes both the time 
required for surgery and the dissection-associated 
trauma to the tissues which predisposes to seroma 
formation and skin fl ap edema. Blunt dissection 
is used heavily and undertaken with elevators 
rather than sponges or peanuts. The technique 
eventually relied substantially on ultrasonic tech-
nology which affords the ability to ligate vessels 
reliably in a small space. Retraction on the thy-
roid gland itself is not intuitive but paramount to 
the successful performance of the procedure. 

Nerve dissection is accomplished by the use of 
the same blunt elevators, in a direction perpen-
dicular to the course of the nerve. A fi nal nonin-
tuitive step is the placement of clamps on the 
superior pole in order to deliver the dissected 
gland through the incision. No drains are neces-
sary, and in the Italian health system, the patients 
are kept in the hospital overnight.

   Substantial modifi cations to the Miccoli tech-
nique were described by our group in an effort to 
facilitate its performance by lower-volume sur-
geons. The very fi rst difference is that the loca-
tion of the incision is identifi ed with the patient 
sitting upright in the holding area in order to be 
certain the incision is in the proper location for 
when the patient is upright and in public. Some 
of the technical changes included the utiliza-
tion of nerve monitoring as an additional safety 
measure, implementation of a slave monitor to 
improve the ergonomics especially for the cam-
era assistant, and bundle ligation of the supe-
rior pedicle (Fig.  3.2 ) which reduces the time 
required to mobilize the superior pole. Patients 
are uniformly managed without a drain and on 
an outpatient basis. For those undergoing total 
thyroid surgery, routine calcium supplementation 
is provided to obviate the need for blood tests 
and to minimize the likelihood of symptomatic 
hypocalcemia.

   An intermediate approach to minimally inva-
sive surgery was also described in which a small 
incision is used but without the need for endo-
scopic assistance. The incision size for these 
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 procedures is generally between 25 and 40 mm, 
and the patients benefi t from all of the same pro-
cedural innovations, although with a slightly lon-
ger incision.  

    Remote Access and Robotic Thyroid 
and Parathyroid Surgery 

 In the inexorable movement toward smaller and 
more easily hidden scars, and especially in cul-
tures where a neck scar is particularly undesir-
able (including a number of Asian countries), 
Yoshifumi Ikeda from Japan made substantial 
contributions by innovating and refi ning a totally 
endoscopic insuffl ation-based axillary thyroidec-
tomy. Although this technique is lengthy and 
challenging for even very skilled laparoscopic 
and endocrine surgeons, it paved the way for 
future creative surgeons who modifi ed this 
approach in a number of different ways and with 
a number of different portals. 

 By 2013, the most popular technique that 
has emerged has been a gasless axillary 
approach which was refi ned by several differ-
ent South Korean groups. Deserving of much 
credit in advancing this fi eld, Woong Youn 
Chung merged robotic technology with remote 
access principles (Fig.  3.3 ) and was able to 
substantially shorten the duration of axillary 
thyroidectomy. This group has quickly accu-
mulated a vast experience with this approach 
and proven its safety and completeness, at least 
in a South Korean population. A more exten-
sive bilateral axillary and breast approach has 

  Fig. 3.1    Paolo Miccoli and his colleagues in Pisa devel-
oped a minimally invasive cervical approach that relies 
on endoscopic assistance to achieve and incision as small 
as ¾ in., with excellent visualization of the critical struc-
tures, such as the recurrent laryngeal nerve and para-
thyroid glands, as shown. Importantly, their innovations 
helped to demonstrate that the conventional approaches 
(and incision sizes) were no longer necessary for many 
patients (Reprinted with permission from    Miccoli P, 
Berti P, Ambrosini CE. Perspectives and lessons learned 
after a decade of minimally invasive video-assisted 
thyroidectomy. ORL J Otorhinolaryngol Relat Spec. 
2008;70(5):282–6)       

a b

  Fig. 3.2    An important modifi cation of the Miccoli mini-
mally invasive thyroidectomy was the application of bun-
dle ligation of the superior vascular pedicle, which is 
faster and easier in the confi ned space of the upper pole of 
the thyroid gland. After the upper pole is fully mobilized 

( a ), and advanced energy device is used to ligate the entire 
upper pedicle ( b ) in a single bundle (Reprinted with per-
mission from Terris DJ, Seybt MW. Modifi cations of 
Miccoli minimally invasive thyroidectomy for the low-
volume surgeon. Am J Otolaryngol. 2011;32(5):392–7)       
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also proven to be popular in the South Korean 
patient environment. Because of challenges in 
extrapolating these approaches to a North 
American population, an alternative approach 
that uses a facelift incision has recently been 
described (Fig.  3.4 ).

        Future Considerations 

 Probably the only certain prediction that can be 
made with regard to the future of endocrine neck 
surgery is that it is bound to change. Technology 
continues to improve, surgical techniques  continue 

  Fig. 3.3    Particularly in many Asian countries where the 
skin type predisposes to hypertrophic scarring and there is 
a cultural aversion to neck scars, remote access surgery 
has been extraordinarily popular. Woong Youn Chung 
made substantial contributions by innovating a gasless 
transaxillary approach that is retractor based and 

 eventually incorporated the use of the robot (Reprinted 
with permission from Kang SW, Jeong JJ, Yun JS, Sung 
TY, Lee SC, Lee YS, Nam KH, Chang HS, Chung WY, 
Park CS. Robot-assisted endoscopic surgery for thyroid 
cancer: experience with the fi rst 100 patients. Surg 
Endosc. 2009;23(11):2399–406)       

a b

  Fig. 3.4    Profound differences in patient populations ham-
pered the extrapolation of the axillary thyroidectomy to 
North    American patients. An alternative procedure using a 
facelift incision ( a ) was therefore described that is associ-
ated with easier positioning and a shorter distance to the 
thyroid gland. The exposure of the thyroid gland is achieved 

by refl ecting the omohyoid muscle ventrally ( b ).  GAN  
greater auricular nerve,  EJV  external jugular vein,  SCM  
sternocleidomastoid muscle (Reprinted with permission 
from Terris DJ, Singer MC, Seybt MW. Robotic facelift 
thyroidectomy: II. Clinical feasibility and safety. 
Laryngoscope. 2011;121(8):1636–41)       
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to evolve, and the expectations of society continue 
to motivate innovation and enhancements. Perhaps 
the thyroid will be removed through small punc-
ture holes. Perhaps a transcutaneous noninvasive 
technique that is safe and effective will be 
described. Perhaps the need for thyroid surgery 
will be eliminated altogether. Regardless of the 
directions, the future is certainly exciting.     
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        Over the past four decades, the healthcare system 
has seen a tremendous increase in the acceptance 
of ambulatory surgery. This trend toward outpa-
tient procedures has affected nearly every surgi-
cal specialty (general surgery, orthopedics, 
urology, otolaryngology, etc.) and continues to 
include increasingly more complex procedures. 
In this chapter we will review the current stan-
dards and controversies specifi c to ambulatory 
endocrine surgery. This discussion will primarily 
involve outpatient thyroid surgery, as it continues 
to be a more signifi cant source of discussion, but 
will also include issues unique to outpatient para-
thyroid surgery. 

    Ambulatory Surgery 

 In the United States, the fi rst signifi cant increases 
in ambulatory surgery began in the 1980s. In 
1983, only 239 stand-alone ambulatory surgical 
centers existed in the United States. By 2003, this 
number had swelled to over 3,300 centers. 

Similarly, the number of outpatient procedures 
performed dramatically increased from 380,000 
in 1983, to 31.5 million in 1996, to an estimated 
53.3 million in 2006 (as reported by the National 
Survey of Ambulatory Surgery). 

 This dramatic increase in outpatient surgery is 
generally attributed to two infl uential factors: (1) 
a national focus on decreasing the burgeoning 
costs of healthcare and (2) innovations in surgical 
and anesthetic techniques which reduce patient 
recovery time. 

 In an effort to reduce healthcare costs, several 
government-mandated changes to Medicare were 
introduced in the 1980s which provided fi nancial 
incentives to benefi ciaries performing operations 
in ambulatory centers. This began with the 
Omnibus Budget Reconciliation Act of 1980 
which increased reimbursement for facility fees 
at ambulatory centers, reduced Part B deductibles 
for patients undergoing ambulatory surgery, and 
increased surgeon reimbursement for ambulatory 
procedures. The Social Security Act Amendments 
of 1983 further created strong Medicare-based 
incentives toward shifting operative care to hos-
pital outpatient centers, ambulatory centers, and 
surgeon’s offi ces. Following these Medicare 
trends, private insurance companies and state- 
mandated healthcare plans began to provide sim-
ilar fi nancial incentives over the next several 
decades. Currently, a myriad of less explicit poli-
cies continue to provide fi nancial incentives for 
ambulatory surgery to third-party payers, health-
care providers, and patients in the current system. 
Additionally, and importantly, these early 
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 fi nancial incentives helped shift attitudes toward 
the acceptance of ambulatory surgery by both 
patients and providers.  

    Ambulatory Thyroid Surgery 

 In 1986, Steckler became the fi rst author to advo-
cate outpatient thyroidectomy. His rationale 
included cost savings, patient comfort, and a very 
acceptable safety profi le in the selected group of 
patients operated. Initially met with mixed accep-
tance, outpatient thyroidectomy gained signifi -
cant enthusiasm in the 1990s and 2000s. Initial 
reports advocated hemi-thyroidectomy, but more 
contemporary studies concluded that completion 
and total thyroidectomy were safe outpatient pro-
cedures in selected patients. This includes a 2007 
report of over 1,000 outpatient thyroidectomies 
in which Snyder concluded that ambulatory sur-
gery was safe and cost-effective. 

 In the context of this review, outpatient or 
ambulatory surgery is defi ned as any procedure 
that does not require postoperative overnight 
observation or admission. This includes both 
standard postanesthesia care unit (PACU) recov-
ery and planned short-stay recovery (4–6-h 
observation period) at an ambulatory care center 
or hospital-based outpatient center. The primary 
goals of ambulatory thyroidectomy are to maxi-
mize patient comfort, to reduce resource alloca-
tion/healthcare cost, and to maintain patient 
safety.  

    Patient Comfort 

 Generally, hemi-thyroidectomy, completion thy-
roidectomy, and total thyroidectomy (with or 
without central node dissection) are relatively 
well-tolerated procedures. Pain is usually 
described as modest, especially if the strap mus-
culature is preserved. Anecdotally, patients seem 
to tolerate pain with the use of combination 
hydrocodone/acetaminophen tablets and seem to 
use similar amounts of these analgesics whether 
at home or in hospital. The majority of patients, 
but not all, seem to value the comfort of home 

and prefer same-day discharge when given a 
preference. In a report by Sampson, 646 of 655 
patients undergoing outpatient thyroidectomy 
reported being “very pleased” with their treat-
ment and discharge strategy. In a study published 
by Houlton et al. in 2009, only 20 % of 137 
patients undergoing total or completion thyroid-
ectomy were admitted for overnight observation 
due to either patient preference or comorbidities. 

 In addition, the use of newer surgical tech-
niques and technologies may be resulting in 
improved patient comfort. Over the past several 
decades, surgical trends away from the classic 
low-collar incision, with wide elevation of sub-
platysmal fl aps, toward minimal invasive tech-
niques have resulted in less postoperative pain 
according to several studies. Also, the use of the 
harmonic scalpel and other ultrasonic technolo-
gies, which are an important aspect of minimally 
invasive surgery according to Miccoli et al., has 
been reported to decrease postoperative pain 
when compared to a suture ligature technique. 

 On the other hand, though the majority of 
patients fair well with same-day discharge, there 
is a signifi cant subset of patients that are more 
comfortable with overnight observation. This 
may be because they require intravenous medica-
tions for nausea or pain control, have little help at 
home, or may simply be personal preference. 
Ultimately, the decision about patient comfort 
should be discussed with, and left up to, the 
patient.  

    Cost Savings 

 There is little doubt that ambulatory thyroidec-
tomy results in decreased healthcare expendi-
tures. This includes reductions in nursing care, 
overnight variable expenses, and hospital bed 
allocation. While these reductions ultimately 
translate into to a decreased hospital charge and 
cost, the exact amount of savings is fairly diffi -
cult to calculate. In 2007, a $2,474 reduction in 
hospital charge (as opposed to reimbursed cost) 
per outpatient surgery was reported by Seybet 
et al. In 1995, Marohn et al. reported a $1,500 
decrease in dollars spent by the US military 
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 hospital system per same-day discharge. 
Similarly, Mowschenson et al. reported a 30 % 
reduction in cost with outpatient surgery. 
Regardless of the exact dollars saved, outpatient 
surgery is more effi cient for hospital system, 
third-party payers, and government agencies. In 
addition, a portion of these savings are passed 
onto the patient, depending on their healthcare 
plan and insurance deductible.  

    Patient Safety 

 Patient safety remains the principal concern 
when contemplating outpatient surgery. In fact, 
the ability to manage postoperative complica-
tions on an outpatient basis remains the central 
point of contention in the outpatient discussion. 
Safety concerns can generally be divided into 
two categories: (1) managing postoperative com-
plications inherent to thyroid surgery and (2) 
managing complications inherent to ambulatory 
surgery and general anesthesia. 

 Signifi cant surgical complications associated 
with thyroid surgery include hypocalcemia, post-
operative bleeding/hematoma, recurrent laryn-
geal nerve injury, superior laryngeal nerve injury, 
tracheal injury, airway compromise, and wound 
infection. 

    Hypocalcemia 

 The management of post-thyroidectomy 
 hypocalcemia has traditionally been a barrier to 
ambulatory surgery. Transient hypocalcemia is 
the most common complication of total, or 
 completion, thyroidectomy, affecting approxi-
mately 25 % of patients (though rates of hypocal-
cemia vary widely across series). Permanent 
 hypoparathyroidism is much less frequent, affect-
ing less than 1 % of patients in experienced 
hands. Patients undergoing fi rst time hemi- 
thyroidectomy are not at signifi cant risk of 
 hypoparathyroidism as long as contralateral para-
thyroid glands are left undisturbed. In addition, 
hemi-thyroidectomy results in virtually no risk of 
bilateral vocal cord paralysis and less risk of 

hematoma formation, ultimately making this a 
safer outpatient procedure than completion or 
total thyroidectomy. Alternatively, patients 
undergoing central node dissection are at 
increased risk of hypocalcemia compared to total 
thyroidectomy alone. 

 A variety of supplementation strategies have 
been developed for the prevention and treatment 
of post-thyroidectomy hypocalcemia. These 
strategies can generally be divided into three 
groups: (1) watchful waiting, (2) routine prophy-
lactic supplementation, and (3) the more contem-
porary, PTH-based selective supplementation. 

 Watchful waiting refers to the traditional 
method of checking calcium levels every 6–8 h 
during a hospital stay and only supplementing 
patients after a trend toward hypocalcemia devel-
ops. This frequently requires a 48–72-h hospital-
ization to both recognize and adequately treat 
hypocalcemia. Alternatively, an early, routine 
supplementation strategy involves supplement-
ing all patients prophylactically with calcium 
and/or vitamin D. Routine supplementation has 
been shown to reduce the rate of postoperative 
hypocalcemia compared with a watchful waiting 
approach and results in little, if any, negative 
effects. As such, the watchful waiting technique 
has largely been supplanted by most authors. 

 More recently, several groups have published 
on PTH-based selective supplementation strate-
gies that use postoperative PTH levels (generally 
drawn 1 h after surgery in the PACU) to predict a 
patient’s risk of developing hypocalcemia. Those 
patients that are hypoparathyroid (defi ned vari-
ably as PTH less than 8–20 pg/mL) are then sup-
plemented selectively and fairly aggressively. 
This strategy has several advantages that lend 
itself toward outpatient surgery. Most impor-
tantly, by identifying those patients most at risk 
for hypocalcemia, patients can be treated more 
generously with calcium and calcitriol (PTH- 
activated vitamin D). Also, a PTH-based protocol 
may be able to predict which patients benefi t 
from overnight observation instead of same-day 
discharge. In a study published by the authors of 
this manuscript in 2011, 180 patients underwent 
completion or total thyroidectomy and were 
 subject to a discharge criterion that included a 
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postoperative PTH >20 pg/mL. Sixty-six percent 
of patients met this criterion, and ultimately 95 
patients underwent outpatient surgery. None of 
these outpatients suffered from symptomatic 
hypocalcemia. This is in contrast to several 
ambulatory thyroidectomy series which, some-
what consistently, report a 5 % incidence of 
symptomatic hypocalcemia when using routine 
supplementation. 

 Regardless of technique, properly educating 
patients is paramount to the successful manage-
ment of hypocalcemia. The avoidance of symp-
tomatic calcium-related complications relies on 
patients seeking medical care when symptoms 
occur. Fortunately, the symptoms of 
 hypocalcemia, including perioral paresthesias 
and muscle spasm, occur consistently and 
 signifi cantly earlier than life-threatening tetany 
or cardiac arrhythmias. As such, reports of 
 post- thyroidectomy tetany, arrhythmia, or 
hypocalcemia- related death are devoid in the 
ambulatory literature. It is critical that patients be 
educated about the symptoms of hypocalcemia 
verbally and with a written handout. Access to a 
physician or representative should be provided 
24 h a day. A 48-h calcium check may be war-
ranted in patients at high-risk for hypocalcemia, 
though the authors typically check calcium levels 
5–7 days following surgery. 

 In summation, both routine calcium supple-
mentation (1 g TID or QID with or without vita-
min D) and PTH-based supplementation are fairly 
safe replacement strategies and may be adapted 
to outpatient completion or total thyroidectomy. 
Watchful waiting, however, is not an advis-
able strategy for managing ambulatory patients. 
Ultimately, patient education and access to a 
medical care are critical components to the suc-
cessful management of outpatient hypocalcemia.  

    Hematoma 

 The risk of postoperative hematoma and poten-
tial airway compromise remains the largest 
apprehension to outpatient surgery. Hematoma is 
generally accepted to occur and become 
 symptomatic less than 1 % of the time. 

 Traditionally, patients were admitted 
 postoperatively with a suction drain in order to 
monitor and prevent hematoma. In addition, 
some surgeons have placed hemostatic neck 
wraps or pressure dressings at the time of surgery 
to mitigate hematoma formation. Unfortunately, 
neither drain placement nor pressure dressings 
have been shown to decrease the risk of hema-
toma formation when used routinely. In a 2008 
study, 108 patients underwent thyroidectomy and 
were randomized to receive either pressure dress-
ings or nonpressure dressings. The rate of hema-
toma formation was not different between the 
two groups and neck ultrasound did not show a 
difference in subcutaneous fl uid collection. 

 In regard to drains, no less than 11 random-
ized controlled trials have evaluated the use of 
suction drains for the prevention of postoperative 
hematoma. No studies have consistently reported 
a reduction in hematoma formation, reoperation, 
or respiratory distress with the use of routine 
drains. In addition, several studies report an 
increase in postoperative pain and hospital stay 
with their use. As such, the authors do not rou-
tinely place suction drains, which contributes sig-
nifi cantly to the feasibility of outpatient surgery. 
Instead drains are reserved for patients with 
coagulopathies, patients using anticoagulant/
antiplatelet medications, large vascular Graves’ 
glands, massive goiters, or those who had signifi -
cant bleeding during surgery. Patients that have 
suction drains placed are observed overnight in 
the hospital and are not candidates for outpatient 
surgery. This allows nursing personnel to per-
form drain management and allows for the moni-
toring of those conditions that required drain 
placement. 

 Newer energy devices such as the harmonic 
scalpel (and other ultrasonic technologies) as 
well as energized vessel sealing devices have 
been reported to result in better hemostasis than 
classic suture ligature techniques. However, no 
studies have shown a reduction in hematoma for-
mation with the use of these technologies. The 
same is true for the variety of hemostatic agents, 
whose use has become popular in endocrine sur-
gery, including oxidized cellulose, thrombin, and 
fi brin glue. 
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 At this point, the data would suggest that no 
intervention, other than meticulous intraopera-
tive hemostasis, heralds a signifi cant impact on 
hematoma formation. Observing patients in the 
hospital, however, likely leads to quicker recog-
nition and treatment of postoperative hemato-
mas. Monitoring is particularly pertinent given 
that a large majority of hematomas (but not all) 
occur within 24 h of surgery. While a signifi cant 
portion of these hematomas could be recognized 
during recovery in the PACU (up to 4–6 h 
depending on protocol), it is clear that a certain 
percentage of hematomas will occur outside of 
this window. In a retrospective review by Burkey 
et al. in 2001, 43 % of hematomas occurred 
within 6 h of surgery, 38 % between 6 and 24 h, 
and 19 % greater than 24 h after surgery. 
However, patients with hematomas presenting 
greater than 6 h after surgery represented just 
0.2 % of the entire 13,817 patient cohort. 
Similarly, in a review by Leyre et al. 53 % of 
hematomas presented within 6 h of surgery, 37 % 
occurred between 6 and 24 h, and 10 % occurred 
greater than 24 h after surgery. 

 In the end, the unpredictable nature of hema-
toma formation, though rare, remains the most 
important limiting factor to an outpatient 
approach. Though we are unaware of any devas-
tating consequences resulting from post- 
ambulatory hematoma formation, this small but 
profound risk must be accepted by both surgeon 
and patient prior to undertaking outpatient sur-
gery. Patient education, therefore, continues to be 
critical. As part of instruction, patients should 
have a contingency plan set forth if bleeding does 
occur. As such, same-day surgery is generally not 
recommended for those patients requiring distant 
travel or who lack family support at home.  

    Airway Compromise 

 The risk of airway compromise from bilateral 
cord paralysis or tracheal injury is very low fol-
lowing routine surgery. When these complica-
tions do occur, they are generally recognized 
intraoperatively or shortly after the emergence of 
anesthesia. If there is concern for bilateral cord 

paresis or paralysis (resection of a nerve, bilateral 
injury, etc.), patients should be observed over-
night with central monitoring or cleared by fl ex-
ible laryngoscopy. Intraoperative recurrent 
laryngeal nerve monitoring may also be useful in 
this regard. Though nerve monitoring has not 
been shown to reduce the incidence of cord paral-
ysis or paresis (a large study of over 1,000 at risk 
nerves found no difference in rates of paralysis 
between monitored and unmonitored patients), it 
is frequently reliable in predicting nerve function 
at the end of the operation. If the recurrent laryn-
geal nerves were electrically stimulated at some 
point during the procedure, but failed to stimulate 
later in the thyroidectomy, it is the authors’ expe-
rience that the vocal cord will likely not be func-
tioning postoperatively. If both nerves fail to 
stimulate, a high level of concern for respiratory 
distress should be maintained, and extubation 
should be undertaken cautiously.  

    Comorbidities 

 Though several authors advocate the use of local 
and regional anesthesia for thyroidectomy, the 
majority of thyroidectomies are performed under 
general anesthesia. For many decades, same-day 
discharge following general anesthesia has been 
recognized as safe for the majority of patients, 
though signifi cant complications do rarely tran-
spire. In a 1993 report of 38,000 patients under-
going ambulatory surgery, 1 in 1,500 patients 
endured a serious medical complication within 
30 days of ambulatory surgery. This includes 
myocardial infarction, stroke, and pulmonary 
embolism, most frequently. Several authors have 
attempted to provide guidelines for medical can-
didacy for outpatient thyroid surgery. Materazzi 
et al., in 2007, recommended that patients be of 
American Society of Anesthesiologists (ASA) 
class I or II, be easily intubatable, and have a 
BMI less than 32 kg/m 2 . The American Thyroid 
Association is currently sponsoring in-press 
guidelines for patients undergoing outpatient 
 thyroid surgery. They recommend that eligi-
ble patients be of ASA class I–III, without 
major comorbidities (free of seizure disorder, 
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obstructive sleep apnea, pregnancy, and 
 uncompensated respiratory or cardiac disease), 
not use antiplatelet/anticoagulant therapy, and 
live within proximity of a skilled hospital facility. 
Correspondingly, a set of proposed relative con-
traindications to outpatient surgery are listed in 
Table  4.1 .

   In terms of complications, it is also mention-
able that one benefi t of an outpatient approach 
may be the reduction of certain in-hospital medi-
cal complications. Though this has not been stud-
ied adequately, it is conceivable that ambulatory 
endocrine surgery might reduce rare nosocomial 
infections (pneumonias, urinary tract infections, 
etc.) and overnight medical errors.   

    Ambulatory Parathyroid Surgery 

 Though the majority of controversy concerning 
ambulatory endocrine surgery involves thyroid-
ectomy, there are several notable issues related 
to parathyroid surgery. Analogous to thyroidec-
tomy, the classic approach to parathyroidectomy 
involved a low-collar incision, large subplatys-
mal fl aps, and mandatory bilateral exploration, 
historically requiring suction drain placement 
and inpatient observation. With the advent of 
improved parathyroid adenoma localization 
 (sestamibi localization and ultrasound imaging) 
and with the use of intraoperative PTH assays, 

limited unilateral dissections have become 
 standard. With less dissection, surgery for well-
localized adenomas is extremely well tolerated 
by the vast majority of patients. Virtually all 
healthy patients are candidates for outpatient 
surgery. Localized excisions are reported to be 
very safe even in morbidly obese and elderly 
patients. 

 Parathyroid operations that require four-gland 
exploration raise the risk of postoperative hypo-
parathyroidism and are slightly more uncomfort-
able than localized procedures, though they are 
still tolerated quite well. The majority of patients 
are eligible for outpatient surgery which is per-
formed more liberally than for patients undergo-
ing total thyroidectomy. This is because the risk 
of hypocalcemia (with solitary adenoma exci-
sion), hematoma, and vocal cord paralysis is sig-
nifi cantly less following parathyroid surgery 
compared to total thyroidectomy. 

 There are several unique risks to parathyroid 
surgery, however. In addition to hemodilution, 
and parathyroid devascularization, postoperative 
hypocalcemia may uniquely result from hungry 
bone syndrome for patients with long-standing or 
severe hyperparathyroidism. The risk of post- 
parathyroidectomy hypocalcemia is directly pro-
portional to preoperative hypercalcemia and is 
increased in patients with bone density 
scores ≤ −3 and when all four glands have been 
manipulated. Hypocalcemia can be quite signifi -
cant, not infrequently reaching symptomatic lev-
els, yet because calcium levels are high 
preoperatively, it may take 48–72 h for serum 
levels to reach a nadir. Therefore, overnight 
admission is not adequate to completely trend 
calcium levels. In general, we prefer outpatient 
management in patients with primary hyperpara-
thyroidism, even in patients at increased risk of 
developing hypocalcemia. Calcium levels are 
drawn 48 h following surgery for patients at risk 
for hungry bone syndrome or when there is con-
cern for signifi cant devascularization. A PACU- 
drawn PTH level may also be helpful in this 
setting, though we have only found it to be 
 predictive of hypocalcemia if PTH levels are 
very low or undetectable. This is because serum 
calcium levels typically remain high in the 

   Table 4.1    Relative contraindications to outpatient surgery   

 Distant travel 
 Signifi cant comorbidities 
  ASA IV or V 
  Uncompensated cardiac/pulmonary disease 
  Obstructive sleep apnea 
 Drain placement 
  Graves’ with large vascular goiters 
  Antiplatelet/anticoagulant therapy 
  Massive goiter 
  Poor hemostasis 
 Airway concern 
 Poorly tolerating anesthetic 
 Secondary or tertiary hyperparathyroidism 
 PTH <15–20 pg/mL post thyroidectomy a  

   a Optional  
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 immediate postoperative period appropriately 
suppressing PTH levels. 

 Patients with renal failure and secondary or 
tertiary hyperparathyroidism also offer a unique 
challenge following surgery. These patients typi-
cally become hypocalcemic quickly and dramati-
cally, following 3 ½ gland parathyroidectomy, 
typically requiring aggressive oral and intrave-
nous calcium replacement. Therefore, patients 
with secondary and tertiary hyperparathyroidism 
should not undergo outpatient surgery and these 
conditions should generally be considered con-
traindications to an ambulatory approach.  

    Same-Day Discharge 

 Patients should meet the discharge criteria listed 
in Table  4.2  prior to same-day discharge. Patients 
must have received proper education and a dis-
cussion about risks of complications must be 
addressed. Education should be reinforced with 
written instructions provided by the surgeon or 
discharge nurse. Nurses must be trained to com-
fortably assess the neck and respiratory status of 
the patient if the surgeon is not present at the time 
of discharge. Adequate family support and ade-
quate functional status should be assessed. The 
patient should receive either routine calcium 
therapy or supplementation based on a selective 
PTH protocol. Anesthesiology staff should clear 
the patient for discharge and assess for recalci-
trant nausea and vomiting. Coordination of these 
steps should not be underestimated, and initially 
will take signifi cant communication with anes-
thesiology and nursing staff. Ultimately, multi-
disciplinary care is paramount to successful 
outpatient endocrine surgery.

       Conclusion 

 With the advent of less invasive surgical tech-
niques, improved calcium supplementation 
strategies, and lower morbidity anesthetic 
techniques, outpatient endocrine surgery has 
become safer and better tolerated. Patient sat-
isfaction with ambulatory surgery is high, and 
overall, the risks of symptomatic hypocalce-
mia, postoperative hematoma, and airway 
compromise are low in experienced hands. 
Patient education is paramount to the success-
ful management of outpatient complications. 
Patients should be given both verbal and writ-
ten instructions and must be given continuous 
access to a physician. Ultimately, despite 
meticulous precautions, complications are 
inevitable and both patient and surgeon alike 
must be willing to accept the low risk of 
potentially devastating consequences, includ-
ing hematoma formation. Despite these inher-
ent risks, ambulatory endocrine surgery 
should be considered safe, cost-effective, and 
effi cient in selected patients.     
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           Background 

 In the past decade, the drive towards minimally 
invasive surgery has caused an evolution in 
 various surgical specialties. The emergence of 
minimally invasive endocrine surgical techniques 
has made procedures such as minimally invasive 
thyroid surgery and minimally invasive parathy-
roidectomy a part of daily surgical practice. 

 This chapter will discuss the emergence and 
evolution of non-endoscopic minimally invasive 
thyroid surgery (MITS), indications for the pro-
cedure and a step-by-step description of the sur-
gical technique of MITS. A variety of the 
so-called “minimally invasive” approaches to the 
thyroid have been developed. These can gener-
ally be categorised as those that take a cervical 
approach, both endoscopic and non-endoscopic, 
or those that utilise an extra-cervical approach, 
either chest wall, trans-mammary or axillary. 
However, it should be noted that the extra- 
cervical endoscopic approaches, while they have 
the advantage of avoiding a cervical incision, 
require major dissection that exceeds that of con-
ventional surgery, and so the term “minimally 
invasive” should be applied with caution. The 
various cervical approaches, which may or may 
not utilise endoscopic or video assistance, have 

been described by many different centres and 
have now been demonstrated to be both safe and 
feasible. The two most commonly utilised 
 cervical techniques are minimally invasive 
video- assisted thyroidectomy (MIVAT) and min-
imal invasive thyroid surgery through a direct 
lateral mini-incision approach (MITS). Both of 
these techniques have proven to be feasible with 
comparable morbidity rates as conventional sur-
gery. MITS, using the lateral mini-incision 
approach, was fi rst described by the University of 
Sydney Endocrine Surgical Unit in 2002. 

 The major application of this surgical approach 
is for the diagnostic excision of small thyroid 
nodules with atypical follicular cytology or exci-
sion of toxic nodules (particularly given that the 
majority of these are benign follicular adenomas 
or hyperplastic thyroid nodules). Depending 
upon the location of the nodule within the thyroid 
gland, this can be achieved with either a com-
plete lobectomy or a partial lobectomy, espe-
cially for nodules located either in the upper part 
of the superior pole or inferiorly within the lower 
pole. These patients are ideal candidates for a 
minimal access approach given the potential 
advantages of a small incision, less tissue trauma, 
less postoperative pain, shorter hospital stay and 
lower health-care cost combined with improved 
comfort and cosmetic results. MITS in diagnostic 
excision situations should be seen as proce-
dure positioned between fi ne-needle aspiration 
biopsy (FNAB) and conventional standard thy-
roidectomy achieved through a 5–6-cm incision. 
MITS follows exactly the same principles as a 
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conventional thyroid surgical procedure but is 
performed with less trauma. 

    Development of the MITS Technique 

 In the mid-1990s, the emergence of reliable pre-
operative parathyroid localisation facilitated the 
development of minimal access or minimally 
invasive parathyroidectomy (MIP). While the 
initial techniques employed endoscopic assis-
tance, it soon became clear in our institution that 
a parathyroid adenoma could more easily be 
approached directly via a 2-cm open lateral mini- 
incision. This incision allowed dissection 
between the medial border of the sternocleido-
mastoid muscle and lateral border of the strap 
muscles without the use the endoscope. 

 As a consequence, focused lateral approach 
parathyroidectomy was adopted widely in our 
institution and provided a familiarity with a later-
ally based minimal access approach. When coex-
isting thyroid nodules required surgery during a 
minimal invasive parathyroidectomy, a resection 
or nodulectomy of the thyroid gland was a logic 
next step. Thus lobectomy and partial thyroidec-
tomy as a MITS procedure slowly became incor-
porated as standard practice in our unit. The main 
advantage of the MITS procedure is that the 
approach maintains the conventional principles 
of open surgical technique. It uses a capsular dis-
section, requires identifi cation of the laryngeal 
nerves and parathyroid glands and can be readily 
learned by experienced thyroid surgeons without 
requiring complex instrumentation and addi-
tional surgical assistance (such as is needed in 
endoscopic techniques). The simple MITS opera-
tive setup combined with its low costs has made 
it an attractive alternative treatment option to 
conventional thyroidectomy.  

    Indications and Patient Selection 
for MITS 

 Careful patient selection is essential for both 
benign and possibly malignant thyroid disease. 
The principal indications for MITS are (1) 

 diagnostic excision of thyroid nodules when the 
 fi ne- needle biopsy has demonstrated atypical or 
indeterminate features and formal excision is 
required and (2) excision of toxic or autonomous 
thyroid nodules. The principal exclusion criteria 
for MITS are (1) nodule diameter greater than 
3 cm, (2) confi rmed malignancy requiring a bilat-
eral procedure and (3) bilateral multinodular goi-
tre. The presence of Hashimoto’s thyroiditis is 
considered a contraindication to MIVAT due to 
diffi culties of safely dissecting the infl ammatory 
capsule. However, there is no such problem with 
MITS during which the dissection is no different 
to that undertaken during formal open thyroid 
surgery. 

    MITS and Atypical Thyroid Nodules 
 In relation to the diagnostic excision of atypical 
solitary nodules, MITS can be seen as an ideal 
investigative procedure. Placing the incision in 
the lateral aspect of the neck is preferred because 
it seems to result in scars that are less visible and 
less likely to form a keloid that an incision placed 
in the midline of the neck. Laterally placed inci-
sions are often barely visible after 6 months. 
However, the rate of malignancy for a biopsy or 
hemithyroidectomy in diagnostic circumstances 
is estimated to be 15 %. Therefore, a potential 
criticism of the MITS lateral approach could be 
that if the resected nodule should turn out to be a 
thyroid cancer, the incision would not be well 
positioned for the completion thyroidectomy. 
However, in our experience, depending upon 
patient preference and habitus, a completion thy-
roidectomy can be readily performed either by a 
matching contralateral mini-incision or by con-
verting the initial lateral mini-incision into a 
standard cervicotomy (Fig.  5.1 ). We have previ-
ously demonstrated that in patients requiring a 
completion thyroidectomy, the mean fi nal inci-
sion length, scar appearance and patient satisfac-
tion with scar do not differ from those having an 
initial open procedure through a standard 
cervicotomy.

       MITS and Toxic Nodules 
 Solitary autonomous or toxic nodules are ideally 
suited to a MITS procedure. The principle aim of 
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surgery (as distinct from the use of radioiodine 
ablation for toxic nodules) is to maximise preser-
vation of normal thyroid tissue and avoid long- 
term hypothyroidism. Radioiodine has a 
signifi cant risk of inducing long-term hypothy-
roidism, while thyroid lobectomy has reported 
rates of postoperative hypothyroidism between 
15 and 35 %. This risk is even lower with MITS 
because only part of the thyroid lobe containing 
the toxic nodule is excised.   

    Surgical Technique of MITS 

    The Central Mini-incision Approach 
for Thyroid Lobectomy 
 Minimal invasive thyroidectomy with a central 
mini-incision is a technique that is performed 
through a small central incision, usually 3 cm 
or less. This is placed higher in the neck com-
pared to the classic Kocher collar incision, usu-
ally directly over the cricoid. The surgeon 
needs to have a headlamp, as good illumination 
is critical, and usually magnifi ed glasses. 

Because of the higher incision location, it is not 
necessary to develop large subcutaneous fl aps, 
making this approach well suited for the use of 
local regional anaesthesia. A direct ligation of 
the superior pole vessels can be performed as a 
fi rst step, as the incision is situated in the skin 
crease close to the cricoid cartilage. This proce-
dure is best undertaken as a sutureless tech-
nique, using either electrothermal or ultrasonic 
energy devices for vessel ligation. Finally, the 
target lobe can be removed through the mini-
mal incision by pulling it in a superior-medial 
direction, as the superior pole of the thyroid is 
usually more rigid and fi xed than the mobile 
inferior pole. At this stage the opportunity 
arises to identify the recurrent laryngeal nerve 
(RLN). To improve exposure and allow identifi -
cation of the key anatomical structures, the 
incision must be moved around the operative 
fi eld and maintained in precise position with 
retractors. 

   The Lateral Mini-incision Approach 
 The major concern with the central mini-incision 
approach is the limited view of the lateral struc-
tures, in particular the RLN, especially if it is in 
an anatomically challenging relationship with the 
inferior thyroid artery or passes medial to an 
enlarged tubercle of Zuckerkandl. For this reason 
we prefer the lateral mini-incision approach for 
MITS procedures, providing, as it does, direct 
visualisation of the entire lateral anatomy related 
to the thyroid gland, including the RLN and the 
parathyroid glands. Concurrently it provides the 
cosmetic advantages of a laterally placed, high 
skin crease incision. 

 For the lateral approach general anaesthesia 
is used and the patient is placed in the supine 
position with the neck held in mild extension. A 
headlight is used to provide appropriate illumi-
nation of the operative fi eld within the mini-
incision. The procedure starts with a 2.5-cm 
lateral transverse incision made in a skin crease 
near the level of the thyroid nodule, directly 
over the medial border of the sternocleidomas-
toid (SCM) muscle. The sub-platysmal plane 
can be developed digitally to be able to fully use 
the mobility of the skin incision and move it 

  Fig. 5.1    Preoperative photograph demonstrating both a 
healed mini-incision at 3 weeks on the left and matching 
skin crease 2.5-cm mini-incision placement on the right in 
a patient undergoing completion thyroidectomy for 
 follicular cancer (From Palazzo FF, et al. Safety and 
 feasibility of thyroid lobectomy via a lateral 2.5-cm 
 incision with a cohort comparison of the fi rst 50 cases: 
evolution of a surgical approach. Langenbecks Arch Surg. 
2005;390:230–5; with permission)       
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over the relevant  anatomy during the procedure. 
After the medial margin of the SCM is exposed 
together with the lateral border of the strap 
muscles, the SCM is retracted laterally and the 
space posterolateral to the strap muscles is 
developed to reveal the lateral border of the thy-
roid gland. This is then retracted medially to 
enable division of the middle thyroid vein. The 
space medial to the common carotid artery is 
then dissected down to the prevertebral fascial 
plane.  

   Superior Pole Dissection 
 The upper aspect of the dissection is achieved by 
moving the surgical fi eld in the cranial direction 
and gently pulling the upper thyroid pole later-
ally to open up the avascular plane between the 
medial border of the upper pole and the cricothy-
roid muscle. In this way the external branch of 
the superior laryngeal nerve can be visualised 
and preserved. The superior thyroid artery is then 
divided (Fig.  5.2 ).

      Trachea and Isthmus 
 The skin incision is now repositioned to the mid-
line to expose the trachea and to allow division of 
the isthmus. This results in increased mobility of 
the thyroid gland and permits the lateral dissec-
tion to be completed. It must be emphasised that 
routine division of the isthmus at this stage is a 
vital manoeuvre, in order to provide suffi cient 
mobility of the thyroid lobe to enable it to be sub-
sequently delivered through the mini-incision for 
the fi nal stage of dissection (Fig.  5.3 ).

      Lower Pole Dissection 
 The skin incision is now moved caudally to facil-
itate mobilisation of the lower pole of the thyroid 
gland and to undertake a capsular dissection. At 
this stage it is important to identify and preserve 
the inferior parathyroid gland. If the parathyroid 
gland cannot be preserved on a vascularised ped-
icle, it is autotransplanted by injection into the 
adjacent SCM muscle (Fig.  5.4 ).

      Lateral Dissection 
 The last step is to return the skin incision to its 
initial lateral position to enable delivery of 
the thyroid lobe, thereby improving the expo-
sure of lateral gland (Figs.  5.5  and  5.6 ). This is 

  Fig. 5.2    Exposure and dissection of the superior pole 
achieved by retraction of the wound superiorly (From 
Palazzo FF, et al. Safety and feasibility of thyroid lobec-
tomy via a lateral 2.5-cm incision with a cohort compari-
son of the fi rst 50 cases: evolution of a surgical approach. 
Langenbecks Arch Surg. 2005;390:230–5; with 
permission)       

  Fig. 5.3    Exposure and dissection of the isthmus achieved 
by retraction of the wound medially (From Palazzo FF, 
et al. Safety and feasibility of thyroid lobectomy via a lat-
eral 2.5-cm incision with a cohort comparison of the fi rst 
50 cases: evolution of a surgical approach. Langenbecks 
Arch Surg. 2005;390:230–5; with permission)       
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performed, as with any open thyroid procedure, 
with capsular dissection encountering the recur-
rent laryngeal nerve as it passes medial to the 
tubercle of Zuckerkandl. At this stage the supe-
rior parathyroid is preserved if possible on a vas-
cularised pedicle, or else autotransplanted. 
Finally, from the medial side, the ligament of 
Berry is progressively divided allowing the entire 
thyroid lobe to be delivered through the mini-
incision. The entire lobe can then be removed at 

this stage if the location of the nodule requires 
a lobectomy. Once haemostasis has been 
 confi rmed, the skin incision is closed with 
 subcutaneous absorbable sutures.

       The Lateral Mini-incision Approach 
for Partial Thyroidectomy 
 Since most atypical nodules requiring diagnostic 
excision, and almost all toxic nodules, will turn 
out to be benign, an approach which allows pres-
ervation of the maximum residual normal thyroid 
tissue is preferred to avoid postoperative hypo-
thyroidism (provided the anatomic location of the 
nodule is appropriate). For nodules at the cepha-
lad part of the superior pole, it may be possible to 
resect just the upper pole. Likewise for those nod-
ules located in an inferior position, resection of 
just the lower pole may be feasible. The tech-
nique of partial thyroidectomy is made possible 
by the advent of thermal sealing devices, which 
allow thyroid tissue to be divided in a bloodless 
manner. For both approaches, all the above steps 
are followed, with the exception that the superior 
pole vessels are not divided for inferior nodules 
and the inferior vessels also not divided for upper 
pole nodules. Otherwise division of the isthmus 
and formal identifi cation of the recurrent laryn-
geal nerve and parathyroid glands is undertaken, 
and with those structures clearly visible, the 
upper or lower pole is resected. Once haemosta-
sis has been confi rmed, the skin incision is closed 
with subcutaneous absorbable sutures.     

  Fig. 5.4    Capsular dissection of the inferior pole of the 
thyroid achieved by retraction of the wound inferiorly 
(From Palazzo FF, et al. Safety and feasibility of thyroid 
lobectomy via a lateral 2.5-cm incision with a cohort com-
parison of the fi rst 50 cases: evolution of a surgical 
approach. Langenbecks Arch Surg. 2005;390:230–5; with 
permission)       

  Fig. 5.5    The lateral aspect of 
the thyroid can be dissected 
after delivering the lobe 
through the mini-incision 
(From Palazzo, FF et al. 
Safety and feasibility of 
thyroid lobectomy via a lateral 
2.5-cm incision with a cohort 
comparison of the fi rst 50 
cases: evolution of a surgical 
approach. Langenbecks Arch 
Surg. 2005;390:230–5; with 
permission)       
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    Outcomes of MITS 

 The fi rst paper describing MITS using the lateral 
mini-incision approach was published over 10 
years ago with the title “Minimal access thyroid 
surgery: is it feasible, is it appropriate?” The 
study described 26 patients having undergone 
minimally invasive parathyroidectomy via a lat-
eral mini-incision approach. However, these 
patients also underwent unplanned thyroid sur-
gery because of the incidental discovery of an 
unsuspected thyroid nodule at the time of para-
thyroidectomy. In all cases the thyroid resection 
was completed without diffi culty or complica-
tion, leading us to propose it as a primary surgical 
approach to small thyroid nodules requiring exci-
sion. The encouraging results of the earlier feasi-
bility study led to a number of subsequent cohort 
studies evaluating the MITS procedures and 
comparing it with the conventional technique. A 
prospective, single-blinded, randomised 
 controlled trial was then undertaken which com-
pared MITS using the lateral direct approach ver-
sus conventional hemithyroidectomy. Patients 

with atypical nodules less than 3 cm diameters 
were included and randomised to either MITS 
through a lateral 2.5-cm incision or a conven-
tional hemithyroidectomy through a traditional 
cervicotomy. When the cosmetic results were 
evaluated after 3 months, MITS seemed cosmeti-
cally superior to the conventional approach. Also, 
as shown in other studies, the direct lateral 
approach resulted in less postoperative pain. 
These benefi ts are provided with the same com-
plication profi le as conventional surgery.  

    Conclusion 

 As a true minimally invasive procedure, MITS 
provides a number of signifi cant benefi ts to 
patients. It is an ideal procedure for evaluation 
of the atypical or indeterminate thyroid nodule 
or for the removal of a toxic nodule. Its 
 adoption broadens the surgical options thyroid 
surgeons can offer their patients.     
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           Introduction 

 The mid-1990s was a “golden” era for the 
 development of endoscopic surgical techniques 
that followed the introduction of laparoscopic 
surgery. After fi rst being used in minimally inva-
sive parathyroid surgery, endoscopes were intro-
duced into thyroid surgery. At fi rst, endoscopes 
were used in the thyroid region to assess if their 
magnifi cation might provide an advantage in a 
region where the identifi cation of small struc-
tures was of paramount importance. Subsequently, 
a number of different, purely endoscopic opera-
tions were described. These procedures used gas 
insuffl ation and were completed in an entirely 
endoscopic manner. In 1998 the fi rst minimally 

invasive video-assisted thyroidectomy (MIVAT) 
was performed in Pisa, Italy (Table  6.1 ). In this 
procedure the endoscope is held in position by an 
assistant, forgoing the need for gas insuffl ation. A 
year later the fi rst series of MIVAT procedures 
was published. MIVAT was the only endoscopic 
technique that allowed performance of a total 
thyroidectomy through a single, minimal midline 
incision in the neck. This was perhaps the fi rst 
example of a “single-port operation,” well before 
this term was introduced.

   While other complicated and often non- 
reproducible endoscopic techniques were aban-
doned, this operation has now become the most 
widespread technique for minimally invasive 
thyroidectomy. As a true minimally invasive 
approach, its popularity is partially attributable to 
the myriad advantages that it offers to patients 
over traditional thyroidectomy techniques. This 
procedure has been shown to result in less post-
operative pain, faster recovery times, and greater 
patient satisfaction with their results while hav-
ing a similar or better complication profi le com-
pared to conventional thyroidectomy. Further 
contributing to its attractiveness is MIVAT’s 
standardization and thus reproducibility. As will 
be described, MIVAT largely recreates the steps 
of conventional thyroidectomy, making it rela-
tively easy to learn and master.  
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    Selection Criteria 

 The extent of the operation does not represent a 
limit of the technique as the surgeon can strictly 
adhere to the basic rules of a conventional thy-
roidectomy. As a result, when necessary, a near- 
total or an extracapsular total thyroidectomy can 
be achieved, according to the oncologic princi-
ples of thyroid surgery. A level VI (central neck) 
lymph node dissection can also be performed 
with the MIVAT technique. However, this should 
be limited to cases of prophylactic neck 
dissections. 

 The possibility of performing a thorough 
total thyroidectomy with the MIVAT technique 
was demonstrated during the years that followed 
its introduction. Its safety and effi cacy docu-
mented, the indications for MIVAT expanded 
from benign disease to the treatment of low- 
and intermediate- risk papillary and follicular 
 carcinomas. Subsequently, it has been shown 

to be appropriate for the treatment of medul-
lary  carcinoma in patients with a RET mutation, 
requiring not only a total thyroidectomy, but also 
a prophylactic central neck dissection. 

 In order to have successful outcomes, the fol-
lowing are broad inclusion and exclusion criteria:
•    Benign thyroid nodules under 35 mm in their 

largest diameter or cytologically malignant 
(or suspicious) nodules under 20 mm,  together 
with   

•   A thyroid volume (ultrasonographically esti-
mated) under 25 ml  

•   No suspicion of metastatic lymph nodes in the 
central neck  

•   No evidence of metastatic or suspicious lymph 
nodes in the lateral neck  

•   No evidence of severe thyroiditis    
 As a suggestion, we always recommend to 

strictly adhere to the indications proposed, since 
every extension can cause unnecessary and unde-
sired complications or conversions.  

   Table 6.1    Milestones in the development of the MIVAT technique   

 Year  Ref. 

 First MIVAT performed in Pisa  1998 
 First series reported in literature  1999  Miccoli et al. 1  
 MIVAT and CT demonstrate similar surgical results  2001  Miccoli et al. 2  
 MIVAT and CT demonstrate similar oncological results  2002  Miccoli et al. 3  
 MIVAT and CT demonstrate a similar “manipulation” of the thyroid gland  2005  Lombardi et al. 4  
 Central neck dissection is feasible with the MIVAT technique in selected 
cases 

 2007  Miccoli et al. 5  

 MIVAT is demonstrated to be a safe and reproducible technique  2002, 2008  Miccoli et al. 6 ; Terris et al. 7  
 MIVAT and CT demonstrate similar oncological results after a 5-year 
follow-up 

 2009       Miccoli et al. 8  

   1 Miccoli P, Berti P, Conte M, Bendinelli C, Marcocci C. Minimally invasive surgery for thyroid small nodules: 
 preliminary report. J Endocrinol Invest. 1999;22(11):849–51 
  2 Miccoli P, Berti P, Raffaelli M, Materazzi G, Baldacci S, Rossi G. Comparison between minimally invasive video- 
assisted thyroidectomy and conventional thyroidectomy: a prospective randomized study. Surgery. 2001;130(6):1039–4 
  3 Miccoli P, Elisei R, Materazzi G, Capezzone M, Galleri D, Pacini F, Berti P, Pinchera A. Minimally invasive video-
assisted thyroidectomy for papillary carcinoma: a prospective study of its completeness. Surgery. 2002a;132(6):1070–3 
  4 Lombardi CP, Raffaelli M, Princi P, Lulli P, Rossi ED, Fadda G, Bellantone R. Safety of video-assisted thyroidectomy 
versus conventional surgery. Head Neck. 2005;27(1):58–64 
  5 Miccoli P, Elisei R, Donatini G, Materazzi G, Berti P. Video-assisted central compartment lymphadenectomy in a 
patient with a positive RET oncogene: initial experience. Surg Endosc. 2007;21(1):120–3 
  6 Miccoli P, Bellantone R, Mourad M, Walz M, Raffaelli M, Berti P. Minimally invasive video-assisted thyroidectomy: 
multiinstitutional experience. World J Surg. 2002b;26:972–5 
  7 Terris DJ, Angelos P, Steward DL, Simental AA. Minimally invasive video-assisted thyroidectomy. A multi-institu-
tional North American experience. Arch Otolaryngol Head Neck Surg. 2008;134(1):81–4 
  8 Miccoli P, Pinchera A, Materazzi G, Biagini A, Berti P, Faviana P, Molinaro E, Viola D, Elisei R. Surgical treatment of 
low- and intermediate-risk papillary thyroid cancer with minimally invasive video-assisted thyroidectomy. J Clin 
Endocrinol Metab. 2009;94(5):1618–22  
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    The Technique 

 The general principle behind the MIVAT 
 technique is to perform a thorough thyroidec-
tomy following the basic principles of the 
 traditional thyroid surgery while gaining the 
advantages of endoscopic magnifi cation. 
Critically, the endoscope is used only when it can 
improve the outcome of the procedure (thus the 
term “video-assisted” and not “endoscopic”). 

    Instruments 

 The instruments specifi cally dedicated to MIVAT 
are a 30°, 7 or 5 mm, 29 cm long endoscope, a 
21 cm long suction dissector (used to avoid the 
fogging of the endoscope resulting from the 
steam produced by the energy instrument), two 
2 mm elevators of approximately the same length 
as the suction dissector, small grasping forceps 
(15 cm long), scissors (8 mm blades, 8 cm long), 
and two small retractors (16 cm long). Other 
instruments often utilized are an energy device of 
choice, titanium clips, and conventional forceps 
used for thyroid surgery. An insulated Bovie tip 
should be used to avoid skin burns and inadver-
tent injury to surrounding structures (given the 
limited working space).  

    Positioning 

 The operation can be conducted under general 
(either with orotracheal intubation or laryngeal 
mask airway) or locoregional anesthesia, follow-
ing the surgeon’s, anesthesiologist’s, and patient’s 
preferences. 

 The patient is placed in the supine position, 
with the neck only slightly hyperextended. 
Avoiding signifi cant neck extension is one of the 
factors that explains the decreased pain associ-
ated with this procedure. 

 The primary surgeon will stand on the right 
side of the patient. Two assistants are employed. 
The camera assistant is positioned on the left 
side, across from the primary surgeon. The sec-
ond assistant, who holds the retractors, stands at 

the head of the bed, facing the feet. The monitors 
are placed at both sides of the patient’s head. The 
main monitor is in front of the primary surgeon. 
The second monitor is helpful but optional. 

 The camera assistant will always hold the 
endoscope looking toward the patient’s head, 
positioned slightly away from the axis of the 
patient’s midline, depending on the working side. 
The angled endoscope should always be used in 
one of two main positions: looking upside-down 
(30° lens looking inferiorly) and downside-up 
(30° angle looking upward), with no intermediate 
positions. This standardization allows the sur-
geon to always obtain the same visualization of 
the anatomy and orientation toward the neck. 
This is particularly crucial for non-experienced 
surgeons during all steps of the procedure.  

    Procedure Details 

 For teaching purposes we divide a MIVAT lobec-
tomy into fi ve steps:
    Step 1 : Incision and access to the thyroid region 

(performed under direct vision)  
   Step 2 : Section of the upper pedicle (performed 

endoscopically)  
   Step 3 : Identifi cation of the critical structures: the 

recurrent nerve and the parathyroids (per-
formed endoscopically)  

   Step 4 : Extraction of the thyroid lobe outside the 
neck and completion of the near-total or total 
lobectomy (performed under direct vision)  

   Step 5 : Suture of the access point    

    Step 1. Incision and Access 
to the Thyroid Region 
 The operation starts with a 2 cm, midline incision 
in a skin crease on the same line of the conven-
tional Kocher’s incision. This helps to maintain a 
satisfactory result in the case the operation needs 
a conversion to open surgery, when a short exten-
sion of the wound edges would convert the access 
to that of a conventional thyroidectomy. 

 Once the incision is made, the two smallest 
retractors should be positioned laterally. 
The “linea alba” should be carefully identifi ed as 
in an open approach. The main challenge is 
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 correctly identifying it in this limited space. We 
recommend palpating the tip of the thyroid carti-
lage to help fi nd the midline. 

 Once identifi ed, the midline should be opened 
by means of conventional electrocautery for a 
limited extent. The short aperture of the strap 
muscles will help avoid excessive retraction on 
the skin edges, focusing the majority of the ten-
sion on the muscles themselves. This allows the 
skin edges to remain vital and results in a good 
cosmetic outcome. 

 After visualization of the thyroid gland, the 
operative space of one side should be entered 
with blunt dissection utilizing the spatulas. As in 
open surgery, the virtual space between the strap 
muscles and the thyroid lobe should be entered 
with the small retractors at fi rst and then with the 
conventional army-navy after the posterior aspect 
of the thyroid lobe and the carotid sheath are 
visualized. 

 The correct positioning of the retractors is one 
of the key points of this operation. The lateral 
retractor should be retracting the carotid sheath 
and all its contents laterally (preventing an unde-
sired thermal injury to those structures when the 
energy devices are used in the small operative 
space). The medial retractor should “hook” the 
thyroid lobe medially, while at the same time try-
ing to slightly rotate it on the tracheal axis. The 
retractor should almost hide the lobe from the 
view of the endoscope (Fig.  6.1 ). The medial 
retractor mimics the role of the hand of the assis-
tant during a conventional thyroidectomy. Be 
aware that, in this phase, the two retractors should 
always be placed in a symmetrical position, at the 
two edges of the incision.

       Step 2. Section of the Upper Pedicle 
 This is the most challenging part of the endo-
scopic operation, and the only one step that 

is signifi cantly different from the way it is 
 performed in traditional surgery. 

 The largest retractors are still positioned on 
both sides of the incision. This positioning will 
be maintained throughout this entire step. 

 The endoscopic portion of the operation starts 
by introducing the tip of the endoscope through 
the incision to allow visualization of the opera-
tive fi eld. The endoscope is a 30°, 7 mm in cali-
ber scope that will initially be oriented caudally 
to allow division of the middle thyroid vein when 
present (Fig.  6.2a ). Ligation can be achieved 
using either the energy instrument or a double 
clip (Fig.  6.2b ).

   Once this step is done, the endoscope can be 
rotated downside-up and, looking upward, 
the upper pedicle will be visualized at the top of 
the screen (Fig.  6.3 ).

   The upper pedicle is then sectioned in one 
step. Alternatively, based on the surgeon’s prefer-
ence, the superior pedicle vessels can be divided 
individually. It is important to remember that for 
MIVAT, thyroid glands are of limited size, and 
consequently these vessels can be very small. 
Before sectioning the vessels of the upper pedi-
cle, it is highly advised to carefully check for the 
presence of the branches of the superior laryn-
geal (or Galli-Curci’s) nerve. The superior nerve 
creates a loop at various heights of the upper 
pedicle or higher, heading medially to enter the 
lateral side of the cricothyroid muscle (Fig.  6.4a–c ). 
The magnifi cation provided by the endoscope, 
together with the view it allows of the cephalic 
aspect of the surgical fi eld, permits this nerve to 
be seen when it is in its lowest positions (which is 
often not recognized during conventional thy-
roidectomy). Once the branches of the nerve 
have been visualized, their safety should be guar-
anteed by avoiding excessive heat exposure from 
using an energy device too close to them.

  Fig. 6.1    The medial retractor 
is used to “hook” the thyroid 
lobe toward the trachea while 
also rotating it out of the 
trachea-esophageal groove       
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   Once the pedicle has been divided, hemostasis 
should be carefully verifi ed. Any area of uncer-
tain ligation should be immediately addressed for 
two reasons. Any acute bleeding can be very hard 
to manage endoscopically and can lead to unde-
sired conversions. On the other hand, delayed 
bleeding can result in highly dangerous situa-
tions. As no drain will be left in the neck and the 
incision will be sealed, a spontaneous evacuation 
of the hematoma cannot be readily achieved.  

    Step 3. Identifi cation of the Recurrent 
Nerve and the Parathyroid Glands 
 The great benefi t of endoscopic magnifi cation is 
the reason why this step is the easiest of the 

whole procedure. From conventional thyroid 
 surgery, an experienced thyroid surgeon knows 
exactly where to search for the recurrent 
 laryngeal nerve and the parathyroid glands. 
During MIVAT, having 20x magnifi cation of 
these areas facilitates quick identifi cation of these 
structures. 

 Proper positioning of all of the instruments 
is a key point during this step of the proce-
dure. The retractors, in their lateral positions, 
should expose the space where the recurrent 
nerve and the  parathyroid glands are located. 
The medial  retractor is essential to “load” the 
thyroid lobe, also lifting it in order to visualize 
the area between the trachea and the  esophagus 

a

b

  Fig. 6.2    The endoscope, 
oriented caudally, allows 
direct vision of the middle 
thyroid vein ( a ). This vein is 
then divided ( b )       

  Fig. 6.3    In order to visualize 
the superior pedicle vessels, 
after division of the middle 
thyroid vein, the endoscope is 
faced cranially       
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(Fig.  6.5 ). The endoscope should always be facing 
 downward, with only a slight medial orientation.

   During this step there is generally no need to 
divide anything, and the entire phase is performed 
with blunt dissection achieved with the two 

 spatulas. First, the recurrent laryngeal nerve is 
identifi ed and then dissected until its point of 
entry in the laryngeal muscles. There is no need, 
in our opinion, to dissect the nerve too extensively 
in the caudal direction (farther from its entry 

a

c

b

  Fig. 6.4    The external branch 
of the superior laryngeal nerve 
can be visualized. This nerve 
can loop inferiorly to varying 
degrees ( a – c )       

  Fig. 6.5    The region where 
the recurrent laryngeal nerve 
and the superior parathyroid 
gland are located is exposed 
with medial retraction of the 
thyroid lobe       
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point), since the purpose of this dissection is to 
avoid any traction on the nerve during the step 
of the mobilization of the lobe. Adequately releas-
ing the nerve allows it to lie on the posterior fascia 
of the neck when extracting the lobe. The same 
principle is applied to the parathyroid glands: 
once identifi ed, they should be only minimally 
dissected to avoid injury to their vascular pedicles, 
which might limit their viability and function. 

 The main branch of the recurrent nerve lies on 
the anterior surface of the vertebral muscles cov-
ered by the deep cervical fascia on the right side 
and on the esophagus on the left side. On both 
sides the nerve can be easily visualized at the 
point it crosses the inferior thyroid artery. This 
exposure can be achieved with the two spatulas 
using blunt dissection. An additional anatomical 
clue to the location of the nerve is the many small 
lymph nodes that are almost always present in the 
area surrounding the recurrent nerve. These can 
be easily dissected, uncovering the nerve itself. 

 The most frequent position of the superior 
parathyroid gland is at the upper pole of the thy-
roid lobe, laterally to the lobe itself, or adherent 
to it. Familiarity with the typical shape and color 
of parathyroid glands is essential for their recog-
nition. These characteristics are greatly enhanced 
by the endoscopic vision. Once identifi ed the 
parathyroid gland can be gently dissected, always 
taking care to preserve its small pedicle, and 
 delicately moved away from the thyroid gland. It 
is important to release the parathyroid glands 
adequately from the thyroid lobe to avoid any 
damage to their vascular supply during the mobi-
lization and extraction of the lobe. 

 In regard to the inferior parathyroid gland, it 
can often be in a position where it can be hidden 
behind the blade of the retractor. In the case when 
an inferior parathyroid gland cannot be identifi ed 
during the endoscopic exploration, the surgeon 
can move to the next step of the surgery and 
search for the inferior parathyroid gland once the 
lobe has been rotated outside the wound.  

   Step 4. Mobilization and Extraction 
of the Thyroid Lobe and Completion 
of the Lobectomy 
 This portion of the operation is performed under 
direct vision, basically following the rules of 
 conventional open surgery. 

 This step starts by grasping the superior pole 
of the thyroid lobe (which has already been 
 dissected) with a conventional forceps. It is then 
gently extracted through the incision by rotating 
the entire lobe on his longest axis, paying atten-
tion to avoid any damage to the vessels of the 
inferior pole, from where the vascular feeding of 
the inferior parathyroid gland may arise. If the 
upper pedicle has been properly and completely 
dissected, the surgeon will encounter no resis-
tance in delivering the superior pole of the lobe. 
Once the upper pole is through the incision, it is 
necessary to increase the mobility of the lobe 
itself. This can be achieved by a step-by-step 
 dissection, starting from the areas that are safer 
(with a minimal risk of creating any morbidity). 

 With this basic principle in mind, better mobil-
ity can be obtained by starting to dissect the lobe 
from the upper pole and descending toward the 
isthmus, ultimately dividing it. The critical point 
of this maneuver, in our experience, is to open the 
space between the posterior aspect of the upper 
pedicle (the origin of the ligament of Berry) and 
the isthmus itself. This area is known among those 
who perform the MIVAT procedure as the “trian-
gle of Miccoli-Berti,” after the surgeons who iden-
tifi ed this point as an essential step for the correct 
extraction of the thyroid lobe (Fig.  6.6 ). The “tri-
angle” is oriented downward, composed of the 

  Fig. 6.6    The “triangle of Miccoli-Berti” is demonstrated. 
The  triangle  is bordered by the upper pedicle laterally, the 
pyramidal lobe or isthmus medially, and the prethyroidal 
muscles       
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posterior aspect of the upper pedicle laterally, the 
pyramidal lobe medially, and the prethyroidal 
muscles forming the base. This area can be safely 
dissected prior to exposing the recurrent nerve and 
the parathyroid glands once again. It is necessary, 
once all the elements are identifi ed, to cut the isth-
mus in a downward direction, completely dividing 
it and exposing the tracheal surface. The lobe is 
now free from its superior and medial attach-
ments. The next step is to cut the vessels of the 
inferior pole, taking care to not damage the ves-
sels supporting the inferior parathyroid gland. 
Once this step is complete, the lobe can be com-
pletely and delicately delivered through the inci-
sion. The surgeon can now expose the lateral side 
of the lobe, following, once again, the previously 
identifi ed recurrent nerve and both the parathyroid 
glands in the traditional way.

   If a problem is encountered while delivering 
the lobe (generally because of an underestima-
tion of its size), the surgeon can use these two 
“tricks” to allow a tension-free extraction avoid-
ing any rupture of the capsule. If there is an evi-
dent cystic component, aspirating the liquid with 
a syringe can signifi cantly decrease the size of 
the lobe. If there is excessive tension on the strap 
muscles, these can act “like a curtain,” hampering 
delivery of the lobe. This can often be solved by 
asking the anesthesiologist to provide a paralyz-
ing agent. This will allow the strap muscles to 
relax and the entire trachea-larynx-thyroid lobe 
block to be more easily mobilized. 

 A total thyroidectomy can be performed by 
repeating the same steps on the opposite side. If 
the surgeon has started on the side with the larg-
est lobe, as we always suggest, the opposite 
lobectomy will typically take less time to 
complete.  

   Step 5. Suture of the Access 
 Once the lobectomy/total thyroidectomy is fi n-
ished and the hemostasis is carefully obtained, 
the surgeon should inspect the critical structures 
on both sides for the last time. The integrity of the 
recurrent nerve(s) should be verifi ed as well as 
the viability of the parathyroid glands. When 
their vitality is uncertain, they should be auto-
transplanted. No drain is placed in MIVAT cases. 

 The strap muscles can then be reapproximated 
with one or two single stitch(es). Three single 
subcutaneous stitches are used to approach the 
skin edges. In our institution surgical glue is used 
to seal the skin.    

    Outcomes 

 Since its development, MIVAT has consistently 
been shown to result in extensive advantages for 
patients. These results have been exhibited in 
studies both from the group that developed 
MIVAT and subsequent groups who have adopted 
the technique. 

 The most commonly demonstrated advan-
tages of MIVAT compared with other thyroidec-
tomy techniques are decreased postoperative 
pain and improved cosmetic outcome. Other sig-
nifi cant benefi ts of the technique include less fre-
quent and less severe dysphonia and dysphagia, 
shorter recovery periods, and greater overall 
patient satisfaction with their surgical experi-
ence. The rates of complications, including laryn-
geal nerve injury and hypoparathyroidism, have 
been demonstrated to be as low as with conven-
tional thyroidectomy.  

    Conclusion 

 MIVAT currently represents the most wide-
spread minimally invasive technique for thy-
roidectomy, for reasons including its 
reproducibility, excellent clinical and onco-
logical results, and the clear advantages it pro-
vides to patients.     
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           Background 

 Endoscopic surgery reduces the level of surgical 
invasiveness and results in improved cosmetic 
outcomes. Consequently, endoscopic surgical 
techniques are rapidly being applied to thyroid 
and parathyroid surgery. Endoscopic procedures 
in the neck region can be classifi ed as either 
“pure” endoscopic procedures, characterized by 
a steady gas insuffl ation with the use of trocars, 
or video-assisted techniques, which use external 
retraction instead of gas insuffl ation to maintain 
the operative space. Each approach has its own 
advantages and disadvantages. With the “pure” 
endoscopic techniques, the cosmetic results are 
often superior to those of video-assisted gasless 
techniques because the incision can be small in 
diameter and be placed remotely from the neck 
region. Remote access procedures, such as total 
endoscopic thyroidectomy by the axillary 
approach, allow for incisions to be placed in less- 
conspicuous, non-cervical locations. 

 First performed in 1999, there are several the-
oretical advantages of endoscopic thyroidectomy 
by the axillary approach. The thyroid gland is 
viewed from the lateral aspect in this method. 
Consequently the superior and inferior poles of 
thyroid gland can be easily dissected and the 

perithyroidal fascia can be carefully divided 
under direct vision. This is critical in avoiding 
injury to the recurrent laryngeal nerve or the 
parathyroid glands. In total endoscopic thyroid-
ectomy by the axillary approach, since only the 
platysmal muscle needs to be displaced, CO 2  
insuffl ation at the pressure of less than 4 mmHg 
is suffi cient. Therefore, the potential complica-
tions of gas insuffl ation, including hypercapnia, 
respiratory acidosis, air embolus, and subcutane-
ous emphysema, are avoided. 

 It should be noted that thyroid lobectomies or 
subtotal thyroidectomies are possible with this 
operation. However, due to challenges related to 
anatomy and current technologies, a true total 
thyroidectomy cannot be safely performed 
because visualization of the contralateral recur-
rent laryngeal nerve is not easily achieved.  

    Selection Criteria 

 The indications for total endoscopic thyroidec-
tomy by the axillary approach include the pres-
ence of a follicular nodule or adenomatous goiter 
with a maximum diameter of less than 6 cm. 
Patients with Graves’ disease, with thyroid glands 
that have a volume less than 100 ml on preopera-
tive evaluation, are also candidates for this 
approach. In regions in which lobectomy is an 
accepted practice for low-risk papillary thyroid 
carcinomas, total endoscopic thyroidectomy 
by the axillary approach can be performed. For 
these patients, with well-differentiated thyroid 
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carcinomas, this approach is an option when tumor 
size does not exceed 15 mm, there is no evidence 
of lateral lymph node metastasis, and there are no 
fi ndings suggestive of possible local invasion.  

    Procedural Details 

 The patient is placed in the supine position on the 
operating table. After intubation, the neck is 
slightly extended. The arm on the side of the sur-
gery is raised and the axilla is completely 
exposed. A 30-mm skin incision is made in the 
axilla. The incision is placed such that the scar in 
the axilla should be completely covered by the 
patient’s arm when held in a neutral position. The 
deep layer of the platysma muscle is then exposed 
through the upper portion of the pectoralis major 
muscle. This dissection under the skin is per-
formed using Kelly forceps and PDB™ Balloons 
(Tyco Healthcare, Mansfi eld, CT, USA). After 
the pocket is created, two 5-mm trocars are 
inserted through the skin incision, and a purse- 
string suture is placed to prevent the insuffl ation 
gas from leaking and the trocars from slipping 
out of the wound. Carbon dioxide is then insuf-
fl ated up to 4 mmHg, and a fl exible laparoscope 
(Olympus Corporation, Tokyo, Japan) is inserted 
through the trocar. After adequate space is 
 created, one more 5-mm trocar is placed several 
centimeters caudal to the 30-mm skin incision in 
the axilla (Fig.  7.1 ). Additional blunt and sharp 

dissection, achieved with endoscopic scissors, is 
performed to enlarge the subplatysmal space. 
The anterior border of the sternocleidomastoid 
muscle is then separated from the sternohyoid 
muscle and a space is created between the sterno-
thyroid muscle and the sternohyoid muscle 
(Fig.  7.2 ). By dividing the sternothyroid muscle 
with a Harmonic scalpel, the thyroid gland is 
exposed (Johnson-Johnson Medical, Cincinnati, 
OH, USA).

    The upper pole of the thyroid gland can then 
be bluntly dissected and grasped. The superior 
thyroid artery and vein can then be identifi ed. 
The superior pole vessels are then dissected 
away from the larynx medially to avoid injuring 
the external branch of the superior laryngeal 
nerve (Fig.  7.3 ). These vessels are then ligated 
with the Harmonic device. If the external branch 
of the nerve is identifi ed close to the superior 
thyroid artery, the artery should be ligated with 
clips and then divided to avoid injuring the 
nerve. The lower pole of the gland is then grasped 
and retracted in a cephalad direction. This 
exposes the adipose tissue and cervical thymic 
tissue  inferior to the thyroid gland, which can 
then be dissected and divided. Care should be 
taken to avoid injuring the inferior parathyroid 
gland, which often rests in this area. Allowing it 
to fall inferiorly with the surrounding adipose 
and  thymic tissue can preserve the parathyroid 
gland.

  Fig. 7.1    Two trocars, one 12 mm and one 5 mm, are 
inserted through the 30-mm skin incision in the axilla. A 
second 5-mm trocar is then inserted just inferior to the 
incision       

  Fig. 7.2    The anterior border of the sternocleidomastoid 
muscle is separated from the sternohyoid muscle, and a 
space is created between the sternothyroid muscle and the 
sternohyoid muscle       
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   After releasing the inferior aspect of the gland, 
it is then retracted medially, and the perithyroidal 
fascia is incised using endoscopic scissors. In 
doing so, care must be taken to avoid injuring the 
recurrent nerve. The recurrent laryngeal nerve 
can usually be identifi ed between the trachea and 
the carotid artery (Fig.  7.4 ), often in close prox-
imity to the inferior thyroid artery. In this proce-
dure, the lateral view from the axillary port helps 
to ensure complete visualization of the nerve 
(Fig.  7.5 ). After the nerve is clearly exposed, the 
inferior thyroid artery can be divided. The remain-
ing attachments of the gland to Berry’s ligament 
can then be dissected and divided with careful 
manipulation of the endoscopic scissors and 
the dissector. Berry’s ligament then needs to be 

transected in order to complete the release of the 
thyroid gland from the trachea. To prevent ther-
mal injury when using the dissector, great care is 
taken to maintain a distance of at least 5 mm from 
the major neurovascular structures and the tra-
chea. When there is not adequate space to use the 
Harmonic device to manage Berry’s ligament, 
endoscopic clips are placed across the ligament 
before it is divided (Fig.  7.6 ). Some patients 
are anxious about having clips left in the neck. 
In these patients, the clips are removed after tight-
ening with a ligating loop just under the clip. 
During the course of this dissection, the superior 

  Fig. 7.3    The superior thyroid artery and vein are dis-
sected to avoid injuring the external branch of the superior 
laryngeal nerve       

  Fig. 7.4    The recurrent laryngeal nerve can usually be 
located between the trachea and the carotid artery. A right- 
sided nerve is shown       

  Fig. 7.5    The lateral view of the thyroid gland from the 
axillary port helped to ensure complete preservation and 
exposure of the nerve. The thyroid lobe is retracted medi-
ally. The  arrow  indicates the recurrent laryngeal nerve       

  Fig. 7.6    When there is not adequate space to use the 
Harmonic scalpel to divide Berry’s ligament because of 
concern about thermal injury, the ligament can be cut 
using endoscopic clips. A right thyroid lobe is retracted 
medially. The recurrent laryngeal nerve, marked by the 
 arrow , is seen coursing distally       
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parathyroid gland is typically identifi ed and 
 preserved. After the thyroid gland is freed from 
the trachea, the isthmus is divided using the 
Harmonic device. Complete hemostasis is then 
assured.

     In patients who require a subtotal thyroidec-
tomy, such as those with Graves’ disease, the 
approach is slightly altered. When developing the 
working space prior to dissection of the thyroid 
gland, dissection of the operative pocket is 
extended to the level of the thyroid cartilage 
superiorly and to the medial border of the contra-
lateral sternocleidomastoid muscle. After this is 
accomplished, the strap muscles are transversely 
divided along the width of the gland. While the 
contralateral recurrent laryngeal nerve can be 
identifi ed from this approach, it cannot be fully 
dissected along its course. 

 Before completing the operation, a 3-mm 
closed suction drain is placed under the platysma 
muscle and brought out through the site of the 
most inferior 5-mm trocar in the axilla. The 
wound is then closed with 3-0 absorbable sutures. 
A 4-0 absorbable monofi lament suture is then 
used to tightly suture the subcutaneous skin. 
Steri-Strips are then placed over the wound. The 
drain is removed 2 days after surgery.  

    Outcomes 

 Between August 1999 and July 2012, 244 
patients underwent endoscopic thyroidectomy by 
the axillary approach. Of these patients, 194 

underwent hemithyroidectomy for a thyroid 
 nodule, 22 underwent subtotal thyroidectomy 
for Graves’ disease, and 28 underwent hemithy-
roidectomy with ipsilateral central nodes dissec-
tion for thyroid papillary carcinoma. Average 
operative times were between 2 and 3 h and the 
need to convert to an open procedure occurred 
rarely. Rates of postoperative bleeding and laryn-
geal nerve dysfunction were similar to those of 
 conventional thyroidectomy techniques. Of note, 
no complications related to gas insuffl ation 
occurred. 

 The cosmetic results have been excellent 
(Fig.  7.7 ), and patients report experiencing only 
minimal pain, hypesthesia, or paresthesia in the 
neck or chest.

       Conclusion 

 As with many of the other remote access tech-
niques, the indications for pure endoscopic 
thyroidectomy by the axillary approach are 
still limited. Nonetheless, in selected patients, 
it seems a valid option for thyroidectomy.     
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           Introduction 

 Since the introduction of endoscopic thyroid 
 surgery in the late 1990s, numerous remote 
access thyroidectomy techniques have been 
reported, including those using cervical, axillary, 
breast, and anterior chest approaches. One of the 
most widely adopted is the bilateral axillo-breast 
approach (BABA), performed either endoscopi-
cally or with robotic assistance.  

    Background 

 BABA endoscopic thyroid surgery was  developed 
at Seoul National University Hospital in 2004. 
The introduction of BABA robotic thyroidec-
tomy in 2008 expanded the indications for this 
procedure. 

 The advantages of endoscopic or BABA 
robotic thyroidectomy include the following: (1) 
after exposure is obtained, the view and orienta-
tion to the thyroid and surrounding structures are 
similar to that of conventional thyroidectomy; (2) 
this exposure provides a symmetrical view of the 
thyroid gland and the major critical structures 
during the operation; (3) there is no interference 
between instruments during the procedure; and 

(4) excellent cosmetic results are obtained with 
no visible cervical scar.  

    Selection Criteria 

 Since its introduction in 2004, BABA endoscopic 
thyroidectomy has been consistently performed 
on patients with benign thyroid nodules less 
than 5 cm, fi ne-needle aspiration biopsies results 
suspicious for follicular neoplasm or Hurthle 
cell neoplasm, and patients in whom diagnos-
tic lobectomy revealed a well-differentiated 
thyroid carcinoma and now require completion 
thyroidectomy. 

 Absolute contraindications for BABA include 
patients with previous open neck surgery, aggres-
sive thyroid malignancies (medullary thyroid 
cancer, advanced papillary or follicular thyroid 
cancer, and poorly differentiated thyroid cancer), 
patients with a history of breast malignancy, and 
patients with substernal goiters. Other patients 
who should be approached hesitantly are men, 
those with Graves’ disease, and those with well- 
differentiated thyroid carcinoma over 1 cm in 
diameter.  

    Procedural Details 

 The patient is placed in the supine position on the 
operating table with a pillow under the shoulders. 
The patient’s neck is then extended to expose the 
surgical area properly. In order to expose both 
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axillae, the arms should be abducted. Routine 
skin preparation is done with a standard antisep-
tic solution. 

 For room setup, the primary surgeon stands on 
the side contralateral to the side of the thyroid 
requiring surgery. The fi rst assistant and camera 
operator stand across from the primary surgeon 
(Fig.  8.1 ).

   After skin preparation, the surgeon marks the 
midline, the major anatomical landmarks (includ-
ing the thyroid and cricoid cartilage, sternoclei-
domastoid muscles, clavicles, and suprasternal 
notch), and fi nally the different proposed inci-
sions (Fig.  8.2 ). A 12-mm incision is marked in 
the axilla ipsilateral to the side of the thyroid 
pathology and a 5-mm incision is placed in the 
contralateral axilla. Symmetrical, 5-mm inci-
sions are placed in the superomedial margins of 
the areolas.

   A 1:200,000 epinephrine solution is then 
injected in the working area deep to the platysma 
muscle in the neck and the subcutaneous tissues 
on the anterior chest (Fig.  8.3a ). In the neck area, 
a “pinch and raise” maneuver of the skin helps 

the injection of saline distribute into the 
 subplatysmal space (Fig.  8.3b ). This “hydrodis-
section” technique results in the formation of a 
saline pocket in the subplatysmal space, which 
can decrease bleeding in the fl aps and makes the 
dissection easier.

   After incisions are made in both axillae, blunt 
dissection is performed with a straight mosquito 
clamp and a vascular tunneler to elevate the fl aps. 
The 12-mm incision is used to extract the speci-
men later in the case. After blunt dissection, the 
ports are inserted through the incisions. The 
working space is maintained with CO 2  gas insuf-
fl ation at the pressure of 5–6 mmHg. Visualization 
is achieved with a 30° endoscope. 

 The next phase of the surgery requires sharp 
dissection which is achieved using a Harmonic 
device. The dissection should start in the infra-
clavicular area (Fig.  8.4 ). When this dissection 
is completed, the two 5-mm incisions in the 
superomedial margins of the areola of the 
breasts are made. The myocutaneous fl ap is then 
extended more cephalad, up to the thyroid 
cartilage.
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  Fig. 8.1    Schematic depiction of the operating room setup for a BABA endoscopic right hemithyroidectomy       
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   With the endoscope, the strap muscles and 
midline raphe can be well visualized. The mid-
line is then divided with electrocautery from the 
thyroid cartilage to the suprasternal notch, expos-
ing the isthmus of the thyroid gland (Fig.  8.5a, b ). 
The thyroid isthmus is then divided in the mid-
line using the Harmonic device. Prior to isthmec-
tomy, the absence of isthmus lesions should be 
verifi ed.

   While the thyroid gland is retracted medially 
with an endo-clinch, the strap muscles should be 
retracted laterally with the forceps. Dissection is 
carried down to the deep aspect of the gland to 
expose its lateral surface. With a snake retrac-
tor drawing the strap muscles farther laterally 
(Fig.  8.6 ), additional lateral dissection can be 
accomplished. In order to expose the lateral part 
of the thyroid gland for dissection, the gland can 
be medially retracted with a “switching motion” 
of the instruments (Fig.  8.7 ). The middle thyroid 
vein is identifi ed and divided during this stage of 
the procedure.

    Before the inferior thyroid artery enters the 
thyroid glands, it passes directly under or over 

the recurrent laryngeal nerve. The inferior thy-
roid artery can thus be used as a guide to fi nding 
the recurrent laryngeal nerve. If the nerve cannot 
be exposed immediately, further dissection is 
needed of the loose fi brous tissue at the point of 
the artery near the tracheal esophageal groove. 
After the nerve is identifi ed, it is traced from the 
area of the tubercle of Zuckerkandl to the liga-
ment of Berry. 

 The inferior parathyroid gland can often be 
identifi ed in this area. It is generally located 
near the branching point of the inferior thyroid 
artery. The gland is preserved by dissecting the 
gland in an inferior direction, maintaining the 
vascular pedicle. If the parathyroid gland can-
not be preserved, reimplantation should be per-
formed. The pectoralis major muscle serves as 
excellent option for reimplantation in BABA 
thyroidectomy. 

 Attention is then turned to the superior pole of 
the thyroid gland. Using Maryland forceps to 
retract the strap muscles laterally, the upper pole 
of the gland is dissected with the harmonic 
device. It is important to preserve the fascia of 
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  Fig. 8.2    Shown are the marks that should be made to prior to making the incisions       
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a

b

  Fig. 8.3    ( a ) Saline injection 
preparation. ( b ) The “pinch 
and raise” maneuver 
facilitates injection into the 
subplatysmal plane       
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  Fig. 8.4    Sharp dissection is 
used to elevate the fl ap 
through area 2 (marked 
by ★). The  areolar incisions 
are then made and the fl ap is 
extended through area 1       
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the cricothyroid muscles, because the external 
branch of the superior laryngeal nerve is closely 
associated with it. The terminal branches of the 
superior thyroidal artery and vein are identifi ed 
and carefully ligated with the harmonic shears. 

The branch that serves as the vascular supply to 
the superior parathyroid gland should be 
 preserved (Fig.  8.8 ).

   After dissecting the thyroid gland away from 
the trachea, the specimen is wrapped with a 

Sternohyoid musclea

b

Sternocleido
mastoid muscle

Thyroid gland

Sternocleido
mastoid muscle

  Fig. 8.5    ( a ) After fl ap 
development the midline raphe 
of the strap muscles is divided 
from the thyroid cartilage to 
the sternal notch. This exposes 
the thyroid isthmus. ( b ) The 
operative view       

  Fig. 8.6    Snake retractors 
used to retract the strap 
muscles laterally       
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 plastic bag and removed via the 12-mm axillary 
port. The specimen is inspected with care to iden-
tify any excised parathyroid gland. After meticu-
lous hemostasis is achieved with electrocautery, 
the right and left strap muscles are reapproxi-
mated in the midline. One Jackson-Pratt (JP) 
drain is placed into the thyroid pocket via an axil-
lary port. The skin of the breasts and axillae are 

sutured with buried stitches with absorbable 
sutures. 

 Finally the anterior chest is compressed with a 
robo-bra, which applies gentle pressure over the 
anterior chest fl ap, aiding healing and providing 
improved patient comfort (Fig.  8.9 ).

   The patient is admitted for 3 days after the 
operation. In our institution, this is the same as 
patients undergoing open thyroid surgery. 

3 4

21

  Fig. 8.7    A switching movement with the instruments can be used to draw the thyroid gland medially in order to expose 
its lateral aspect. 1–4 steps of the procedures (timeline)       

  Fig. 8.8    With the right lobe of the thyroid gland retracted 
medially, the recurrent laryngeal nerve ( RLN ) is seen after 
its dissection. The superior parathyroid gland ( SP ) is deep 
to the nerve       

  Fig. 8.9    The robo-bra helps with healing postoperatively       
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The drain is removed on the day of discharge. 
Patients are asked to wear the robo-bra for 2 
weeks after the operation.  

    Outcomes 

 Results with endoscopic BABA have been 
 excellent. Patients undergoing endoscopic BABA 
thyroidectomy may experience higher rates of 
temporary hypocalcemia and transient vocal cord 
palsy, compared with patients undergoing open 
thyroidectomy. However, permanent complica-
tion rates are the same. 

 In regard to cosmetic results, patients have a 
very high level of satisfaction. Both the axillary 
and areolar incisions heal well and are typically 
well hidden.  

    BABA Robotic Thyroidectomy 

    Background 

 The surgical robot provides a number of power-
ful qualities that makes it an excellent tool for 
remote access surgeries, such as BABA, which 
require precise movements in deep and narrow 
operative fi elds. These assets include its fl exible 
movements, 3-dimensional visualization, and 
tremor reduction ability. Starting in 2008 the 
robot was incorporated into BABA surgery. 

 The robot can make thyroid surgery more effi -
cient, effective, and comfortable, especially dis-
secting the central neck compartment. In our 
institution, central neck dissection is performed 
in almost all patients with papillary thyroid carci-
noma. BABA robotic thyroidectomy is thus par-
ticularly well suited for patients with papillary 
carcinoma.  

    Selection Criteria 

 With incorporation of the robot into the proce-
dure, the indications for BABA have widened. In 
addition to the indications described earlier for 
endoscopic BABA, BABA robotic can be per-
formed on patients with well-differentiated thy-
roid carcinomas less than 2 cm, patients with 

Graves’ disease, male patients, and patients with 
benign nodules up to 8 cm in diameter. Prior to 
the introduction of the robot, men were not typi-
cally good BABA candidates due to the promi-
nence of the clavicle and the absence of signifi cant 
breast tissue (which limits the range and fl exibil-
ity of the instruments). 

 Absolute contraindications for BABA robotic 
thyroidectomy are the same as for endoscopic 
BABA. Thyroid nodules over 8 cm can be chal-
lenging to remove with this technique. With 
BABA robotic thyroidectomy, lateral neck dis-
section can be effectively performed, so patients 
with suspicious lateral neck nodal disease remain 
eligible for this approach. Also, previous breast 
surgery for breast cancer or breast augmentation 
is not considered a contraindication.  

    Procedural Details 

 Many details of BABA robotic thyroidectomy are 
the same as with the endoscopic approach. The 
initial positioning, preparation of the patient, 
markings, and injections are identical in both 
techniques. 

 One element that is different from BABA 
endoscopic thyroidectomy is the length of inci-
sions. For the robotic technique, the incision on 
the right areola is 12 mm, in order to accom-
modate the robotic camera. The two axillary 
incisions in BABA robotic are only 8 mm, 
through which are placed 8-mm ports 
(Fig.  8.10 ).

   After fl ap elevation is completed in the same 
manner as in endoscopic BABA, the robot is 
docked from left shoulder of the patient. The 
anesthesiologist and the ventilator are placed on 
the right side of the patient. The head of the 
patient is positioned towards the robotic system 
and its center column is aligned with the camera 
port (12-mm port) of the right breast. After dock-
ing, the robotic arms are deployed through the 
axillary ports (Fig.  8.11 ).

   The midline is divided and the isthmus tran-
sected in the same manner as endoscopic 
BABA. The thyroid gland is then retracted 
medially with ProGrasp forceps, and the strap 
muscles are retracted laterally with a Maryland 
forceps. 
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Area 2
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(camera)

  Fig. 8.10    The marks and 
incisions for BABA robotic 
thyroidectomy       
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  Fig. 8.11    Schematic layout of the operating room for BABA robotic thyroidectomy       
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 In order to expose the lateral aspect of the 
gland, using a switching motion the instruments 
can retract the thyroid gland medially. The infe-
rior parathyroid gland and recurrent laryngeal 
nerve are identifi ed with dissection using the 
Maryland forceps. The harmonic shears, 
deployed through the left breast port, are used to 
retract the strap muscles at this moment. The dis-
section is continued cephalad to the point of the 
nerve entering underneath the inferior constrictor 
muscle. 

 After the inferior thyroid artery is divided, 
attention is turned to the superior aspect of the 
gland. With the Maryland forceps drawing 
the upper part of the strap muscles laterally, the 
 thyroid upper pole is dissected with the harmonic 
shears. After the superior pedicle is divided, the 

thyroid gland is dissected away from the tra-
chea. The specimen is then removed in the same 
 fashion as endoscopic BABA, through the left 
axillary port. If the incision of the left axilla is 
not long enough to extract the specimen, the inci-
sion may be widened posteriorly. 

 Contralateral surgery can be completed in a 
similar fashion (Fig.  8.12a, b ). Ipsilateral central 
neck dissection can also be performed if needed.

   After achieving hemostasis, the strap muscles 
are sutured together with a continuous running 
suture. If a total thyroidectomy is performed, 
drains are placed into both thyroid pockets via 
the axillary incisions. The skin incisions are 
closed with buried stitches with an absorbable 
suture. Postoperative care is the same as with 
endoscopic BABA.  

Left recurrent
laryngeal nerve

Right superior
parathyroid
gland

a

b

Right recurrent
laryngeal nerve

Left inferior
parthyroid
gland

  Fig. 8.12    ( a ) The results of a 
total thyroidectomy after 
exision of the gland are 
demonstrated. The right 
operative fi eld. ( b ) The left 
side       
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    Outcomes 

 Results with BABA robotic have been excellent 
(Fig.  8.13 ). As with patients undergoing endo-
scopic BABA thyroidectomy, the rates of tempo-
rary hypocalcemia and transient vocal cord palsy 
are higher than with conventional thyroidectomy. 
However, permanent complication rates are the 
same as with open thyroidectomy. Studies have 
shown that for patients with low-risk thyroid 
malignancies, BABA robotic thyroidectomy pro-
vides excellent  surgical results.

        Conclusions 

 The BABA technique has been shown to be a 
safe and effective method for patients with a 
range of thyroid disorders. For patients inter-
ested in avoiding a cervical incision, BABA is 
an ideal option.     
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           Introduction 

    Since Theodor Kocher transformed thyroid 
 surgery into a safe and reliable procedure, open 
thyroidectomy has been considered the standard 
operative approach to the thyroid gland. However, 
due to increased interest in patient quality of life 
during recent decades, there has been a need for 
advanced surgical techniques that minimize the 
unattractive, conspicuous scar in the neck area that 
results from a thyroidectomy. Accordingly, vari-
ous endoscopic techniques have been developed 
using smaller cervical or remote access incisions. 

 In 2001 we introduced the gasless, endoscopic 
transaxillary thyroidectomy approach. Through 
2007 more than 650 of these cases have been per-
formed successfully. However, an endoscopic 
thyroidectomy has some limitations in obtaining 
adequate visualization. Additionally, precise, 
meticulous manipulation of the surgical tissues 
can be challenging due to certain shortcomings, 
including two-dimensional imaging, the absence 
of tactile sensation and the use of unsophisticated 
endoscopic instruments in the narrow working 
space. 

 With the innovation of robotic technology, 
application of surgical robotic systems has 
enabled surgeons to overcome the abovemen-
tioned shortcomings of endoscopic procedures 
by providing three-dimensional images in magni-
fi ed view and more dexterous and accurate instru-
ment movements. Since 2007, when we fi rst 
introduced robot-assisted transaxillary thyroidec-
tomy (RAT), many studies have been performed 
defi ning the technical safety, feasibility, and 
functional or surgical outcomes of robotic thy-
roid surgery. With greater experience, robotic 
thyroidectomy can be performed through a single 
incision, and the indication of the procedure 
extended to include thyroid carcinoma with lat-
eral neck node metastasis or Graves’ disease. In 
this chapter, the specifi c indications for and 
detailed method of robot-assisted transaxillary 
thyroidectomy for the management of thyroid 
disease are described.  

    Selection Criteria 

    Surgeon and Specialized Team 

 Surgeons should be experienced at conventional 
open thyroid gland surgery before conducting 
robotic procedures. They should be fully 
acquainted with the relevant anatomy because it 
may be unfamiliar to them due to a different 
access point and a lack of preexisting working 
space. Before conducting operations in patients, 
surgeons should also receive suffi cient education 
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and training (using animals or cadavers) both for 
developing the working space and in the use of 
the robot. Furthermore, a surgeon should perform 
incrementally more challenging cases, starting 
with straightforward cases and progressing to 
more advanced cases. 

 Moreover, robot-assisted transaxillary thyroid-
ectomy is a complex procedure, which is best per-
formed along with a specialized robotic team. 
The team should consist of an anesthesiologist, an 
operating room staff (bedside assistant and nurse), 

and a robotic technician. All team members 
should become familiar not only with the robot 
(including robotic devices, instrument assign-
ments, setup, and operation and entry/exit) but 
also with the overall fl ow of the surgery. The 
robotic system should be tested for normal opera-
tion before usage, and a technician should trou-
bleshoot the robot immediately when a system 
error occurs.  

    Special Equipment 

 In terms of patient positioning, a soft pillow (for 
neck extension) and an arm board (placed on the 
lesion side) attached to the operative table should 
be prepared (Fig.  9.1 ). During development of 
the working space, electrocautery, a vascular 
DeBakey forceps, and various retractors (army- 
navy retractors, right-angled retractors, and 
lighted breast retractors) are used for subcutane-
ous fl ap dissection and elevation (Fig.  9.2 ). For 
maintaining the working space, we use an exter-
nal retractor we designed (Chung’s retractor; 
Fig.  9.3 ).

     For the robotic procedure, a da Vinci S or Si 
system (Intuitive, Inc., Sunnyvale, CA, USA) 
can be used. Three robotic instruments (5-mm 
Maryland dissector, 8-mm ProGrasp forceps, 
and 5-mm Harmonic curved shears) and a 

  Fig. 9.1    Soft pillow and arm board for patient 
positioning       

  Fig. 9.2    External retractor 
for maintaining the working 
space       
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 dual- channel camera (30° down) are needed 
(Table  9.1 ). Small rolled-up gauzes are used for 
control of bleeding.

       Surgical Indications 

 Based on the feasibility and safety of endoscopic 
transaxillary thyroidectomy for low-risk papil-
lary thyroid microcarcinomas, the initial eligibil-
ity criteria for RAT were limited to 
well-differentiated thyroid carcinomas with a 
tumor size of ≤2 cm (without extrathyroidal 
tumor extension) or to benign tumors with a size 
of ≤5 cm. At that time, due to the possibility of 
injuring critical structures (trachea, esophagus, or 
recurrent laryngeal nerve [RLN]) during the pro-
cedure, lesions located deep in the thyroid bed, 
especially those adjacent to the tracheoesopha-
geal groove, were considered ineligible. With 
greater experience the indications have expanded 
and now include advanced cancer cases, such as 
those with defi nite adjacent muscle invasion, 
RLN invasion, and lateral neck node metastasis. 

   Table 9.1    Special equipment for the robot-assisted 
transaxillary thyroidectomy   

 Patient positioning (Fig.  9.1 ) 
  Soft pillow 
  Arm board 
 Development of working space (Fig.  9.2 ) 
  Electrocautery with short, regular, and long tip 
  Vascular DeBakey 
  Army-navy retractor × 2 
  Right-angled retractors × 2 
  Breast lighted retractor × 2 
 Maintenance of working space (Fig.  9.3 ) 
  Chung’s retractor 
   Table mount and suspension device (BioRobotics, 

Seoul, Korea, or Marina Medical, Sunrise, FL) 
 Robotic procedure 
  5-mm Maryland dissector 
  8-mm ProGrasp forceps 
  5-mm Harmonic curved shears 
   Dual-channel 30° endoscope (used in the rotated 

down position) 
 Assistant instruments 
  Ethicon Endopath graspers and forceps 
  Ethicon Endopath suction irrigator 
 Miscellaneous 
  Small rolled-up gauzes 

  Fig. 9.3    Devices for 
developing the working space       
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 Currently, the eligibility criteria for RAT are 
as follows: (1) benign tumor or follicular neo-
plasm with a size of ≤5 cm, (2) mild- to moderate- 
size Graves’ goiters, and (3) well-differentiated 
thyroid carcinomas with a primary tumor size of 
≤4 cm and minimal invasion by the primary 
tumor into the anterior thyroid capsule and strap 
muscles. The contraindications for RAT include 
(1) defi nite tumor invasion into an adjacent organ 
(RLN, esophagus, major vessels, or trachea), (2) 
metastasis to multiple lymph nodes in multiple 
levels of the lateral neck, and (3) perinodal infi l-
tration around a metastatic lymph node. Prior to 
surgery, all patients should be evaluated by an 
ultrasonography-guided fi ne needle aspiration 
biopsy and the clinical stage should be checked 
by a staging neck ultrasonography or computed 
tomography scan.   

    Procedural Details 

    Patient Positioning 

 The patient is placed in the supine position with 
neck extension by inserting a soft pillow under 
the shoulders. The lesion-side arm is raised to 
shorten the distance between the axillary incision 
and the target area. To avoid brachial plexus 
paralysis, the arm is extended naturally within 
the range of shoulder motion and should not be 
fi xed by force. A modifi ed arm position or a later-
ally abducted position is helpful with a stiff 
shoulder.  

    Creating Working Space 

 The neck region is relatively narrow and encases 
many vital structures without a natural body cav-
ity, therefore, making an artifi cial space for 
accessing the thyroid gland is demanding. 
Additionally, suffi cient working space is essen-
tial for optimizing the use of the robot. 

 The working space consists of the outer and 
inner spaces. The outer space is the channel for 
approaching the target area and is bound by a 
subcutaneous skin fl ap and the pectoralis major 
muscle. The robotic dissection is performed in 

the inner space, which is surrounded by strap 
muscles and the sternal head of sternocleidomas-
toid (SCM) muscle ventrally and by the trachea, 
major blood vessels, and the clavicular head of 
SCM muscle dorsally (Fig.  9.4a ).

   The reference landmarks are (1) the sternal 
notch, (2) a transverse line from the sternal notch 
laterally to the axilla (inferior limit of the inci-
sion), (3) the upper limit of the lesion side of the 
thyroid gland, (4) a 70–80° oblique line from the 
upper pole of the thyroid to the axilla (superior 
limit of the incision), and (5) the medial border 
of the ipsilateral SCM muscle (Fig.  9.4b ). A 5- to 
6-cm vertical skin incision is made in the axillary 
area. The precise location of this incision (in a 
cephalad-caudad vector) should be based on the 
height of the upper limit of the thyroid gland. 
Additionally, it should be placed so that it is com-
pletely covered with the arm in the anatomic posi-
tion. The subcutaneous skin fl ap from the axilla 
to the anterior neck area is dissected over the 
anterior surface of the pectoralis major muscle 
and clavicle. To develop suffi cient working space 
without tension, the subcutaneous and subplatys-
mal fl aps should be dissected up to level of the 
upper limit of thyroid gland and to the superior 
end of the incision. In addition, dissection should 
be carried to 2 cm inferior to the level of the ster-
nal notch and to the lower edge of the incision. 
After the SCM muscle is exposed, the thyroid 
compartment is approached through the avas-
cular space between the two heads of the SCM 
muscle and deep to the strap muscle. Dissection 
should continue until the contralateral side of the 
thyroid gland is exposed. The omohyoid muscle 
is fully mobilized and retracted ventrally and the 
clavicular head of the SCM muscle is dissected 
fully to the bottom of inner space so as not to 
block the surgeon’s view. To assure suffi cient 
inner working space, all soft tissues and the ante-
rior surface of the thyroid gland are completely 
detached from the dorsal part of the strap mus-
cles. The external retractor (Chung’s retractor) 
is inserted through the skin incision to maintain 
the working space and placed between the thy-
roid gland and the strap muscles. Experience has 
shown that to achieve adequate working space, 
the height of incision entrance should be ≥4 cm 
and the space between the retractor blade and the 
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anterior surface of the thyroid gland should be 
≥1 cm.  

    Robotic Docking 

 The patient cart is placed on the side contralateral 
to the axillary incision. To avoid inter-arm 
 collisions, axis alignment is important. The 

 operative table should be positioned slightly 
oblique, and the center column of patient cart 
should be aligned with the long axis of the 
 external retractor. 

    Two-Incision Method 
 Robot-assisted transaxillary thyroidectomy was 
initially performed using a two-incision 
 technique. The second incision is made on the 

a

b

  Fig. 9.4    ( a ) The working space of the robotic thyroidec-
tomy consists of the outer and the inner spaces. The outer 
space is bound by a subcutaneous skin fl ap ( a ) and the 
pectoralis    major muscle ( b ). The inner space is surrounded 
by strap muscles ( c ) and the sternal head of sternocleido-
mastoid ( SCM ) muscle ( d ) ventrally and by the trachea, 
major vessels, and the clavicular head of SCM muscle ( e ) 
dorsally. ( b ) The reference landmarks of robotic thyroid-
ectomy: ( a ) the sternal notch, ( b ) a transverse line from 
the sternal notch laterally to the axilla (inferior limit of the 
incision), ( c ) the upper limit of the lesion side of the 

 thyroid gland, ( d ) 70–80° oblique line from the thyroid 
upper pole laterally to the axilla (superior limit of the 
 incision), and ( e ) the medial border of the ipsilateral SCM 
muscles.  Pm  platysma muscle,  STm  sternothyroid muscle, 
 SHm  sternohyoid muscle,  SN  sternal notch,  CCA  common 
arotid artery,  IJV  internal jugular vein,  CL  clavicle,  EJV  
external jugular vein,  PMm  pectoralis major uscle,  Omo  
omohyoid muscle,  Tm  trapezius muscle,  SCM-s  sternal 
head of SCM muscles,  SCM-c  clavicular head of SCM 
muscles       
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anterior chest wall on the side of the thyroid 
pathology, 2–4 cm superior and 6–8 cm medial to 
the nipple, and away from the sternum. Of the 
four robotic arms, three arms are inserted through 
the axillary incision and the remaining arm is 
inserted through the anterior chest wall. The 30° 
down dual-channel endoscope is placed on the 
central arm and introduced in a downward to 
upward direction. It should be in line with both 
the center column of the patient cart and the long 
axis of the external retractor. The 8-mm Harmonic 
curved shears and the 5-mm Maryland dissector 
are placed on both sides of the scope and intro-
duced in an upward to downward direction. The 
external third joints of these robotic arms should 
form an inverted triangle shape. The ProGrasp 
forceps, on the anterior chest arm, is inserted 
toward the targeted area and is placed laterally to 
the sternal head of the sternocleidomastoid 
(SCM) muscle.  

    Single-Incision Method 
 After performing more than 700 cases of the two- 
incision technique, we transitioned to using a 
single axillary incision. All four robotic arms are 
inserted through the axillary incision. As men-
tioned above, the dual-channel endoscope is 
placed at the center of the incision, aligned with 
the axis of the external retractor. To prevent inter-
ference between the robotic arms, the ProGrasp 
forceps are inserted caudal to the endoscope and 
positioned at the ceiling of the working space. 
The tip of the ProGrasp forceps is slid fully into 
the working space, and its external third joint 
moves backward and works in a different plane 
than the other three robotic arms. The 5-mm 
Maryland dissector and the 5-mm Harmonic 
curved shears are both inserted at the lateral bor-
der of the incision. From the outside, the arms 
form an inverted triangle with the external third 
joint of the endoscope.   

    Thyroidectomy (Dissection) 

 The surgical principles of robotic thyroidectomy 
and conventional open thyroidectomy are the 
same. Optimal dissection planes can be obtained 

by traction and countertraction using both a 
Maryland dissector and ProGrasp forceps, and all 
dissections and vascular ligations are performed 
using the Harmonic curved shears. The dissec-
tion proceeds in a superior to inferior direction. 
The upper pole of the thyroid gland is drawn in a 
medio-inferior direction using the ProGrasp for-
ceps, and the superior thyroid vessels are ligated 
individually using the Harmonic curved shears 
(Fig.  9.5a ). All vessels are identifi ed and ligated 
close to the thyroid gland to avoid injuring the 
external branch of the superior laryngeal nerve. 
The thyroid gland is carefully detached from the 
cricopharyngeal and cricothyroid muscles by 
repeated re-grasping, which leads to gradual dis-
section of thyroid tissue. The upper pole dissec-
tion is continued until the superior parathyroid 
gland is exposed and released (Fig.  9.5b ). The 
superior parathyroid gland is carefully preserved 
by avoiding lateral thermal spread from the 
Harmonic curved shears during dissection. For 
inferior pole dissection, the thyroid gland is 
pulled in a superior-medial direction. Before per-
forming a central compartment neck dissection 
(CCND), the ipsilateral RLN is identifi ed near 
the common carotid artery. After identifying the 
RLN, the ipsilateral CCND is started at the lat-
eral side of the central compartment and is car-
ried to the sternal notch inferiorly (Fig.  9.5c ). All 
the soft tissues are removed from the paratracheal 
and pretracheal areas. The central neck contents 
and the inferior pole of thyroid gland are pulled 
upward and the whole course of the RLN is 
traced distally and preserved. The inferior thy-
roid artery is divided close to the thyroid gland 
using the Harmonic curved shears. Care is needed 
to avoid direct or indirect thermal injury to the 
RLN. The thyroid gland is meticulously peeled 
off the trachea using the Harmonic curved shears. 
In cases of total thyroidectomy, a contralateral 
lobectomy is performed by subcapsular dissec-
tion. The contralateral dissection is performed in 
the same order as that described for the ipsilateral 
side. The contralateral upper pole is drawn in an 
inferomedial direction using the ProGrasp for-
ceps. The superior thyroid vessels are ligated 
close to the thyroid gland with subcapsular dis-
section (Fig.  9.5d ). After detaching the upper 
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pole from the cricothyroid muscle and preserving 
the superior parathyroid gland, the inferior pole 
dissection is completed. At the inferior pole, the 
inferior parathyroid gland and the contralateral 
RLN are preserved by subcapsular dissection 
(Fig.  9.5e ). The contralateral RLN usually runs 

parallel to the dissection plane and is safe with 
subscapular dissection. After the inferior pole 
dissection, the thyroid gland is retracted medially 
using the ProGrasp forceps, and the lateral por-
tion of the thyroid gland is detached until Berry’s 
ligament is exposed. The thyroid gland is then 

a b

c d

e f

  Fig. 9.5    The    robotic view of a total thyroidectomy. The 
right side is completed fi rst ( a – c ) and then the left ( d – f ). 
The patient’s head is to the left and the feet to the right. ( a ) 
As the right thyroid lobe is retracted inferiorly, the ipsilat-
eral superior thyroid vessels are ligated. ( b ) The right thy-
roid lobe is retracted medially and the superior parathyroid 
gland ( arrow heads ) is identifi ed and preserved. ( c ) As the 
central neck is dissected, the ipsilateral RLN ( arrow head ) 

is clearly seen. ( d ) The contralateral ( left ) superior thyroid 
vessels are ligated. ( e ) The contralateral inferior parathy-
roid gland ( white arrow head ) and RLN ( black arrow 
head ) are seen during the contralateral inferior pole dis-
section. The lobe is being retracted superiorly. The tra-
chea is seen at the bottom of the fi gure. ( f ) The dissection 
of the contralateral Berry’s ligament area ( arrow heads ) is 
shown       
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retracted ventrally and the dissection proceeds in 
a medial-to-lateral direction, following the RLN 
until its insertion site (Fig.  9.5f ). The specimen is 
extracted through the axillary incision, and a 
3-mm closed suction drain is inserted into the 
surgical bed.

   The single-incision method is performed in 
the same manner as the two-incision technique 
except for the use of the ProGrasp forceps. 
Because all four robotic arms are inserted through 
a single axillary incision, inter-arm collisions are 
prevented by using a slightly modifi ed method. 
The ProGrasp forceps is placed as described 
above and its instrument arm is positioned in a 
different plane. The console surgeon uses only 
the wristed motions of the ProGrasp forceps, 
minimizing the movement of the instrument arm 
and its external joints.   

    Outcomes 

 Overall, outcomes have been excellent. However, 
complications can occur. Complications of RAT 
are classifi ed as those that can occur with con-
ventional thyroidectomy and CCND and those 
that are related to the robotic method itself. The 
prevalence of complications related to thyroid-
ectomy and CCND (hypoparathyroidism (tran-
sient or permanent), RLN injury (transient or 
permanent), hematoma, and seroma formation) is 
similar with that of conventional open thyroid-
ectomy. The complications specifi c to the RAT 
method include lesion-side brachial plexus paral-
ysis, skin fl ap injury, and tracheal wall injury. 
The brachial plexus paralysis is a troublesome 
complication regarded as a stretch-induced neu-
ropathy and is related to the patient’s positioning. 
The symptoms are characterized by arm weak-
ness and paresthesia, and these typically improve 
gradually over several weeks with conservative 
management. As mentioned previously, to pre-
vent this type of injury, the arm ipsilateral to the 
lesion should be extended without tension. In 
cases of a patient with a stiff shoulder, a modifi ed 
arm position is recommended. For patients with 
a frozen shoulder or limited shoulder motion, in 
order to avoid interference between the arm and 

the robotic instruments, the laterally abducted 
position is recommended. The monitoring of 
somatosensory-evoked potential responses for 
radial, ulnar, and median nerves can be helpful in 
high-risk patients. A skin injury during fl ap dis-
section can occur, particularly when the surgery 
is being performed by an inexperienced surgeon. 
The cosmetic expectation of a patient undergo-
ing robotic thyroidectomy is very high; therefore, 
this complication can undermine the rationale for 
employing this technique. Therefore, a careful 
subplatysmal fl ap dissection should be performed 
with full understanding of the anatomy, particu-
larly in the lateral neck area where the fl ap is 
thinnest. The prevalence of tracheal injury requir-
ing primary repair in this approach is reported 
to be 0.3 %. A tracheal injury usually occurs 
during the process of peeling the thyroid gland 
off the trachea, from the vibration and heat pro-
duced by the Harmonic curved shears. Lifting the 
gland off the trachea helps to prevent this com-
plication and the active blade of the Harmonic 
curved shears should be not applied directly to 
the tracheal wall for an extended period of time. 
Tracheal wall injury can be managed by primary 
suture or placement of a muscle fl ap using the 
robotic instruments.  

    Conclusions 

 The application of robotic technology to thy-
roid disease enables meticulous surgical treat-
ment and frees the patient from a conspicuous 
neck scar. With instrumental advances and 
more experience, RAT will expand its indica-
tions and may replace the conventional open 
maneuver in more advanced cases.     
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           Background 

 Due to particular cultural attitudes and a predilec-
tion for hypertrophic scarring, avoidance of cer-
vical incisions has been particularly sought after 
in Asia. Initially, remote access endoscopic pro-
cedures were utilized. These tended to be techni-
cally challenging and protracted procedures. 

 Over the last several years, Woong Youn 
Chung and his colleagues have advanced remote 
access thyroid surgery with two critical innova-
tions. The fi rst was introduction of a fi xed retrac-
tor system, which eliminated the need for gas 
insuffl ation to maintain the operative pocket. 
Following this, Dr. Chung further enhanced the 
fi eld by introducing the use of the surgical robot 
into his robot-assisted, gasless transaxillary thy-
roidectomy technique (RAT). The robot’s ability 
to perform delicate maneuvers in constrained 
spaces is ideally suited for the restricted opera-
tive pocket created in RAT and other remote 
access techniques. This group of surgeons has 
now demonstrated that these procedures could be 
done in a high-volume, safe, and effi cient manner 
in a Korean population. This operation generated 
tremendous enthusiasm in other parts of Asia, 
and eventually in North America. 

 However, the introduction of RAT in the 
United States was accompanied by a number 
of signifi cant complications, including brachial 
plexus injury, large volume blood loss, and 
 persistent pain. It became clear that performance 
of the transaxillary thyroidectomy technique in 
American patients posed signifi cant challenges. 
Many surgeons have suggested that the diffi cul-
ties lie in the substantial differences in body habi-
tus and morphology that exist between American 
and Korean patients. American patients are 
typically heavier and taller, with larger necks. In 
addition to patient differences, the size and type 
of disease encountered in the United States ver-
sus Korea is another possible obstacle to smooth 
implementation of RAT in the United States. 
Many of the nodules and cancers operated on in 
Korea represent disease which would not even be 
likely biopsied in the United States. 

 In an effort to overcome these barriers and 
to develop a remote access technique that is 
less challenging and easier to learn, RFT was 
conceptualized. Development of RFT benefi t-
ted from several factors. All previous remote 
access techniques were designed as endoscopic 
procedures and only later was use of the robot 
incorporated into them. RFT was the fi rst 
remote access technique conceived with use 
of the robot in mind, so that the surgery was 
designed to optimize its abilities. Additionally, 
RFT was implemented with lessons drawn 
from the development and evolution of other 
remote access techniques. RFT consequently is 
a hybrid approach, which integrates important 
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components of traditional thyroid  surgery with 
several innovative  principles. These include use 
of the modifi ed facelift incision, the integration 
of the da Vinci robot (Intuitive Surgical Inc., 
Sunnyvale, CA), and the use of a fi xed retractor 
system as described by Chung. 

 The rational development of RFT imparts 
it with several potential advantages over other 
remote acess techniques. The modifi ed facelift 
incision, the value of which is demonstrated 
by its widespread adoption in parotid surgery, 
results in a completely concealed incision after 
surgery. Additionally, this incision requires sig-
nifi cantly less tissue dissection to approach 
the thyroid compartment compared to RAT. 
Furthermore, this dissection occurs along the 
anterior aspect of the sternocleidomastoid muscle 
and adjacent structures, surgical planes that are 
more familiar to many head and neck surgeons. 
This is likely partially responsible for the faster 
learning curve associated with RFT. Avoiding the 
need for special positioning of the arm, as is used 
in RAT, eliminates the possibility of brachial 
plexus injury (Fig.  10.1 ). Finally, as RFT does 
not require placement of a drain and can be per-
formed as an outpatient procedure, fewer of the 
tremendous benefi ts achieved with “minimally 
invasive” thyroidectomy techniques have to be 
surrendered.

       Selection Criteria 

 As with all surgical procedures, careful patient 
selection is fundamental for successful outcomes 
with RFT. Both disease and patient characteris-
tics determine eligibility for the procedure. 

 Patients with presumed benign disease, with 
nodules not exceeding 4 cm in greatest dimension 
and with no substernal extension, are candidates 
for RFT. In order to ease the dissection during the 
procedure, the absence of thyroiditis is preferred. 
At this time, RFT should be limited to unilateral 
surgery. Due to anatomical constraints and the 
current state of robotic technology, visualization 
and dissection of the contralateral recurrent laryn-
geal nerve cannot be adequately achieved in order 
to perform a true total thyroidectomy. 

 Patient criteria must also be considered when 
assessing suitability for RFT. Patients should not 
be morbidly obese. Additionally, patients should 
be suffi ciently healthy to tolerate a longer anes-
thetic exposure than is required for conventional 
thyroid surgery. Perhaps the most important fac-
tor is that the patient should be motivated to com-
pletely eliminate a neck scar, as this represents 
the principal advantage of remote access surgery. 
The patient should be fully informed of the risks of 
the procedure, including the expectation of hypes-
thesia in the region of the greater auricular nerve.  

  Fig. 10.1    Positioning of the 
patient for RFT is straightfor-
ward. While lying supine on 
the operating table, the head 
is turned 30° away from the 
side of surgery. A cushion is 
then used to prevent 
excessive rotation of the head       
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    Procedural Details 

    Preoperative 

 Safe and successful performance of RFT requires 
contributions from the entire surgical team—
nurses, anesthesiologists, and surgeons. All 
members of the robotic team should be well 
versed in the principle steps of the procedure. 
This will ensure effi ciency of the operation. 

 The anesthesiologist should use circuit extend-
ers to facilitate a 180° turn of the operative table. 
Laryngeal nerve monitoring is typically utilized, 
and intubation using a video laryngoscope device 
helps to ensure proper positioning of the laryn-
geal electromyographic endotracheal tube. Given 
the nerve monitoring, paralytic agents should be 
avoided. 

 Preoperatively, the surgeon should mark the 
incision both for RFT and for a cervical approach 
(Fig.  10.2 ). This would be used only in the rare 
case in which conversion to an open approach is 
needed. Both of these marks should be placed 
with the patient in the upright position in the 
holding area, in order to identify the most cos-
metically pleasing sites. The postauricular inci-
sion begins just behind the ear lobule and runs in 
the postauricular crease. It crosses into the occip-
ital hairline at a point above where the incision 

will be hidden by the auricle, and then extends 
down within the occipital hairline (this hair is 
clipped after intubation and positioning).

       Intraoperative 

 One of the benefi ts of RFT is that positioning of 
the patient is straightforward. The patient is 
placed on the operating table in the supine posi-
tion. After intubation, the endotracheal tube is 
secured in position and the table is turned 180° 
away from the anesthesia cart. The patient’s head 
is turned 30° away from the side of the surgery. In 
order to prevent excessive rotation of the neck 
during the procedure, a cushion is placed next to 
the head on the side contralateral to the side of 
surgery. No urinary catheter is needed. 

 Approximately 1 cm of hair is clipped along 
the descending limb of the incision. Quarter per-
cent bupivacaine with 1:200,000 of epinephrine 
is then injected along the length of the incision. 
After sterile prepping and draping, the table is 
placed in reverse Trendelenburg position and air-
planed away from the side of surgery to improve 
ergonomics for the operative surgeon. 

 After the incision is made, dissection is per-
formed down to the level of the sternocleidomas-
toid muscle. Flap elevation is achieved fi rst in the 
subcutaneous and then the subplatysmal plane. 

  Fig. 10.2    The incision is 
placed in the postauricular 
crease and then crosses into 
the occipital hairline       
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Particularly in thinner patients with less subcuta-
neous fat, care must be taken to avoid creating a 
buttonhole through the fl ap and skin. After iden-
tifying the sternocleidomastoid muscle, the great 
auricular nerve and then the external jugular vein 
are encountered. Dissection should be main-
tained ventral to these structures. The entire 
length of the sternocleidomastoid muscle is then 
exposed, with particular attention paid to releas-
ing the anterior border of the muscle. 

 Identifi cation of the omohyoid muscle is the 
next critical step. By dissecting and then retract-
ing this muscle ventrally, the sternohyoid and 
sternothyroid muscles are exposed (Fig.  10.3 ). 
These muscles are then refl ected from lateral to 
medial, exposing the upper pole of the thyroid 
gland.

   The omohyoid muscle is most readily seen 
by rolling the anterior border of the sternoclei-
domastoid muscle laterally, a maneuver per-
formed well with a malleable retractor. Cadaver 
dissections and intraoperative assessments have 
revealed that the omohyoid muscle can be con-
sistently identifi ed just inferior to an axial line 
drawn through the inferior aspect of the thyroid 
notch (Singer MC, 2012). The sternohyoid and 
sternothyroid muscles are elevated off the 

underlying thyroid gland down to the level of 
the sternum and then retracted ventrally with a 
modifi ed version of the Chung retractor blade 
(Marina Medical, Sunrise, Florida) (Fig.  10.4 ). 
This maintains the operative pocket. Additional 
exposure is achieved by retracting the sterno-
cleidomastoid muscle laterally using a retractor 
fi xed to the operating table.

   After the retractors are positioned, the da 
Vinci surgical robot is deployed. The pedestal of 
the patient side cart is positioned on the side con-
tralateral to the surgery, with the arms extended 
parallel to the long axis of the fi xed retractor. 
Three arms are utilized: the camera arm is posi-
tioned fi rst, holding a 30° down endoscope paral-
lel to the retractor system, or angled slightly 
upward. A Maryland grasper is placed in the non-
dominant arm, and a Harmonic device (Ethicon 
Endo-Surgery Inc., Cincinnati, Ohio) is placed in 
the dominant arm. These are positioned on either 
side of the endoscope. In order to minimize colli-
sions of the robotic arms, the working arms 
should be angled in such a way that they create a 
“V” in the axial plane. 

 For excision of the gland, the operative sur-
geon is seated at the robotic console. A bedside 
assistant supports performance of the surgery by 

  Fig. 10.3    A view of a right-sided operative pocket, with 
critical landmarks highlighted. The great auricular nerve 
( GAN ), external jugular vein ( EJV ), sternocleidomastoid 
muscle ( SCM ), and the omohyoid muscle are indicated       

  Fig. 10.4    After the strap muscles are elevated off of the 
underlying thyroid gland, the superior pole of the gland is 
well visualized (Reprinted with permission from Terris 
DJ, Singer MC, Seybt MW. Robotic facelift thyroidec-
tomy: II. Clinical feasibility and safety. Laryngoscope. 
2011;121(8):1636–41)       
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suctioning and retracting as necessary. At this 
point, the upper pedicle of the gland, exposed 
during the open phase of the case, is further 
mobilized. Once isolated the pedicle is ligated 
in a single bundle using the Harmonic device. 
The superior aspect of the thyroid lobe is then 
refl ected inferiorly, exposing the inferior con-
strictor muscle. Frequently, the superior para-
thyroid gland is visualized in this area. This 
gland is preserved by dissecting it posterolater-
ally (Fig.  10.5 ). Medially, the superior laryngeal 
nerve can be observed running on the inferior 
constrictor muscle. At this point, the recurrent 
laryngeal nerve is sought and clearly delineated. 
Using blunt dissection to demarcate the inferior 
border of the inferior constrictor muscle, the 
nerve can be recognized laterally, just prior to 
its entry deep to the muscle. Often the origin of 
the inferior constrictor muscle from the cricoid 
cartilage can be visualized. If observed, this 
oblique line can be used as a landmark for iden-
tifying the recurrent nerve, as the entry point of 
the nerve is approximately 1 cm lateral to this 
line. After initial recognition the recurrent nerve 
is dissected inferiorly for a short distance 
(Fig.  10.6 ). To confi rm proper function of the 
nerve monitoring system, the recurrent nerve 
can be stimulated at this time. As the nerve is 
now exposed laterally, the tissue medial to this, 

including the ligament of Berry, may be safely 
divided using the Harmonic device. The thyroid 
isthmus is then divided and the middle thyroid 
vein ligated. Attention is then turned to the infe-
rior aspect of the gland. The inferior parathyroid 
gland is mobilized with its blood supply intact 
and released. The remaining attachments inferi-
orly, including the inferior thyroid artery and 
vein, are then transected. Final attachments of 
the gland to the trachea are lysed, completing 
release of the lobe. The specimen can now be 
delivered through the wound. The surgeon can 
elect to stimulate the recurrent nerve a fi nal time 
at this point. The robotic arms and patient cart 
are then withdrawn.

    Following irrigation, the operative bed should 
be examined for the presence of any bleed-
ing. Typically, bleeding is minimal but absolute 
hemostasis should be assured. Surgicel (Ethicon 
Inc., Somerville, New Jersey) is placed in the 
wound and the subcutaneous tissues are closed 
with interrupted sutures of 4-0 Vicryl. The inci-
sion is then closed as per the surgeon’s prefer-
ence (cyanoacrylate glue is used in our practice, 
with an overlying dressing). No drain is placed. 
A deep extubation, which may help prevent ooz-
ing, is recommended.  

  Fig. 10.5    After the superior pedicle is ligated, the supe-
rior parathyroid gland ( white arrow ) can often be identi-
fi ed on the posterior aspect of the thyroid gland. Releasing 
it posteriorly preserves the parathyroid gland         Fig. 10.6    The recurrent laryngeal nerve ( white arrow ) is 

sought just inferior to its entry deep to the inferior con-
strictor muscle, its most constant location. Here, a right-
sided nerve is seen after dissection       
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    Postoperative 

 Patients are managed on an outpatient basis. 
They are observed in the recovery room and dis-
charged home as per the hospital’s routine. 

 Patients are prescribed antiemetic and pain 
medications. They are instructed to limit activi-
ties for 14 days postoperatively. As per routine, 
patients who have undergone bilateral or comple-
tion surgery are prescribed a 3-week course of 
oral calcium supplementation beginning on the 
evening of surgery and are counseled regarding 
the signs and symptoms of hypocalcemia.   

    Outcomes 

 Clinical outcomes have been excellent. Risk of 
permanent recurrent nerve injury or hypocalce-
mia is low. Due to dissection during develop-
ment of the operative pocket, patients do 
experience hyperesthesia in the distribution of 

great auricular nerve. This resolves over the 
course of several months. However, patients 
should be alerted preoperatively to the possibil-
ity of this periauricular discomfort, in addition to 
other complications that are the same as with tra-
ditional thyroid surgery. As the postauricular 
wound is completely hidden (particularly in 
women with longer hair), cosmetic results are 
superb (Fig.  10.7 ).

       Future Directions 

 RFT is early in its clinical evolution. As noted 
earlier, due to anatomical and technological con-
straints, RFT currently should be limited to 
 unilateral surgery. Improvements in robotic tech-
nology will likely in the near future allow for 
improved visualization and dissection of the con-
tralateral thyroid compartment. These advances 
will allow for total thyroidectomy to be per-
formed safely from a single incision. Additionally, 

a b

  Fig. 10.7    Frontal view of patient 1 year after undergoing robotic facelift thyroidectomy ( a ). Note that from a frontal 
view, the scar is completely hidden. The resulting scar is shown ( b )       
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the access obtained through the RFT incision 
exposes other critical anatomy and this approach 
could be used to perform other procedures. 
Surgeons have already begun to utilize this 
approach to perform lateral neck dissections. As 
experience with the RFT technique expands, the 
indications for the procedure will likely widen.     
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           Introduction 

 Cervical lymph node metastasis has been reported 
to occur in up to 90 % of patients with papillary 
thyroid cancer (PTC) and in a smaller proportion 
in patients with other histotypes. Metastatic thy-
roid cancer to the lymph nodes of the neck has 
long been recognized to signifi cantly correlate 
with both persistence and recurrence of disease, 
and potentially survival. In the early 1800s, com-
plete removal of cervical metastatic disease was 
considered impossible, although some surgeons 
attempted to remove involved cervical lymph 
nodes at the time of primary tumor resection. In 
January 1888, Jawdynski fi rst described, in 
detail, a systematic approach to en bloc resection 
of cervical lymph node disease. This approach 
was later popularized and illustrated, based on 
anatomical principles, by Crile, providing a con-
sistent and more effective treatment that forms 
the basis of our current techniques. The radical 
en bloc resection was intended to control 

 metastatic lymph nodes by completely resecting 
involved lymph nodes between the superfi cial 
and deep cervical fascias together with neck 
structures in close proximity to the disease, from 
the base of the skull to the level of the clavicle. 
The greatest boost to the popularity of radical 
neck dissection, based on the principles devel-
oped by Jawdynski and Crile, came from Hayes 
Martin. Martin’s technical principles include the 
removal of all the lymph nodes from levels I to V 
together with the spinal accessory nerve, internal 
jugular vein, sternocleidomastoid muscle, and 
various other structures in a single block of 
resected tissue. His technique of radical neck dis-
section was followed until the late twentieth cen-
tury when technical modifi cations to neck 
dissection procedures began to fi nd general 
acceptance, due to the signifi cant long-term mor-
bidity and deformity produced by this aggressive 
technique. 

 The concept of conservative neck dissection 
was fi rst introduced in the early 1900s, with the 
goal of decreasing morbidity while achieving 
equivalent oncological outcomes to radical neck 
dissection. Suarez proposed an effective tech-
nique and achieved satisfactory results with a 
modifi ed radical neck dissection, where impor-
tant structures, such as muscles, vessels, and 
nerves were preserved without adversely affect-
ing regional control. This technique allowed 
complete elimination of the nodal tissue in the 
neck along with the primary tumor while care-
fully preserving important structures such as the 
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sternocleidomastoid muscle, omohyoid muscle, 
submandibular gland, internal jugular vein, and 
in some cases the spinal accessory nerve. This 
modifi ed neck dissection technique was later 
refi ned and popularized by various authors in the 
English literature. However, still hindering its 
widespread adoption was the basic misperception 
that this type of dissection was not radical enough 
for cancer control, and therefore thought to be 
unacceptable. 

 In the 1930s, using a labeling system to 
describe the levels of a neck dissection devel-
oped at the Memorial Sloan-Kettering Cancer 
Center, the locations of cervical lymph node 
groups were delineated. This system not only 
defi ned the anatomical locations of lymph node 
groups but also refl ected the path of tumor exten-
sion through the neck and indicated which levels 
are at greatest risk for early metastasis. By the 
late twentieth century, with a better understand-
ing of lymphatic spread and cancer behavior, the 
concept of selective neck dissection, consisting 
of resection of only the nodal groups at greatest 
risk for containing metastases from a given pri-
mary site, was developed. These selective dissec-
tions are now widely employed for therapeutic 
treatment and staging of the neck. The develop-
ment of contemporary concepts of neck dissec-
tion clearly represents an important development 
in the management of patients with head and 
neck cancer. A better understanding of the biol-
ogy and behavior of the disease permits the use 
of procedures that result in both local control and 
better functional outcomes. 

 Other modifi cations related to cervical 
lymph node metastasis to the central neck 
include a revised system for classifi cation of 
neck dissections in 2002, the use of molecular 
techniques for identifi cation of lymph node 
metastases not detectable by microscopy, and 
the possibility of endoscopic and robotic cervi-
cal lymph node dissections. Central neck dis-
section (CND), in its various forms, continues 
to evolve as a fundamental tool in managing 
patients with cervical lymph node metastases 
from thyroid cancer.  

    Central Compartment Lymph 
Node Metastasis 

    Anatomy and Nomenclature 

 The classifi cation system of cervical lymph node 
compartments is well defi ned and is important 
not only in identifying the location of pathologic 
lymph nodes but also in providing an anatomical 
roadmap for surgical treatment as outlined in the 
recent American Thyroid Association (ATA) 
guidelines. The lymph node groups are divided 
into six cervical levels and one upper mediasti-
nal, comprising seven levels each bounded by 
distinct anatomical borders (Fig.  11.1 ). Level VI 
contains the thyroid gland and consists of pretra-
cheal and paratracheal nodes, the precricoid 
(Delphian) node, and the perithyroidal nodes, 
including nodes along the recurrent laryngeal 
nerves. Level VII contains the upper mediastinal 
nodes. The central compartment group includes 
levels VI and VII. The structures defi ning the 
anatomical boundaries of the neck levels and 
sublevels are summarized in Table  11.1 .

  Fig. 11.1    The lymph node groups are divided into six cer-
vical levels (levels 1-6) and one upper mediastinal (level 7), 
comprising seven levels each bounded by distinct anatomi-
cal borders    (From Kharchenko VP, Kotlyarov PM, Mogutoy 
MS, Alexandrov YK, Sencha AN, Patrunoy YN, Belyaev 
DV, editors. Ultrasound diagnostics of thyroid diseases. 
Berlin/Heidelberg: Springer; 2010. With permission)       
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    A therapeutic central compartment neck dis-
section implies that lymph node metastases are 
clinically apparent (preoperatively or intraopera-
tively) or radiographically identifi ed (clinically 
N1a). A prophylactic or elective compartment 
dissection implies lymph node metastases are not 
detected clinically or by imaging (clinically N0). 
Lymph node “berry picking” implies removal 
only of the clinically involved nodes rather than a 
complete nodal group within the compartment 
and is not synonymous with a selective 
compartment- oriented dissection. There is a gen-
eral agreement that therapeutic node dissection 
should be performed in patients with PTC who 
have visibly involved nodes. This should include 
a systemic or en bloc compartment-oriented neck 
dissection. Isolated removal of only grossly 
involved lymph nodes (“berry picking”) violates 
the nodal compartment and may be associated 
with higher recurrence rates and morbidity from 
reoperative surgery   . Although cervical lymph 
node metastases are rare in patients with FTC, 
patients with the Hurthle cell variant may have 
nodal disease or soft tissue metastases and should 

undergo a therapeutic CND if metastatic lymph 
nodes are identifi ed. 

 The recent ATA consensus statement on CND 
emphasizes that it is important to defi ne the ter-
minology used to classify the procedure. It 
defi nes CND as all perithyroidal and paratracheal 
soft tissue and lymph nodes with borders extend-
ing superiorly to the hyoid bone, inferiorly to the 
innominate artery, and laterally to the common 
carotid arteries. The goal of defi ning the termi-
nology and classifi cation scheme for CND is to 
allow investigators to communicate without 
uncertainty and compare the effi cacy of these 
interventions. For the fi rst time, this consensus 
statement defi ned the extent of CND as unilateral 
or bilateral. Bilateral CND is preferred as the ini-
tial management of clinically involved central 
nodes with therapeutic intention. Nonetheless, 
operative reports should clearly describe the 
extent (unilateral vs. bilateral) and the intent 
(elective vs. therapeutic) of CND. Lack of stan-
dardized reporting has been somewhat responsi-
ble for the debate regarding the role of elective or 
prophylactic CND in PTC. The inclusion of the 

   Table 11.1    Anatomical landmarks for the neck and upper mediastinum levels and sublevels   

 Level  Superior  Inferior  Medial  Lateral 

 IA  Symphysis of mandible  Hyoid bone  Anterior belly of 
contralateral digastric 
muscle 

 Anterior belly of 
ipsilateral digastric 
muscle 

 IB  Mandibular body  Posterior belly of digastric 
muscle 

 Anterior belly of 
digastric muscle 

 Stylohyoid muscle 

 IIA  Skull base  Horizontal plane – inferior 
body of the hyoid bone 

 Stylohyoid muscle  Vertical plane – 
spinal accessory 
nerve 

 IIB  Skull base  Horizontal plane – inferior 
border of the hyoid bone 

 Vertical plane – spinal 
accessory nerve 

 Lateral border of the 
SCM muscle 

 III  Horizontal plane – inferior 
border of the hyoid bone 

 Horizontal plane – inferior 
border of the cricoid cartilage 

 Lateral border of the 
sternohyoid muscle 

 Lateral border of the 
SCM muscle 

 IV  Horizontal plane – inferior 
border of the cricoid cartilage 

 Clavicle  Lateral border of the 
sternohyoid muscle 

 Lateral border of the 
SCM muscle 

 VA  Convergence of the SCM and 
trapezius muscles 

 Horizontal plane – inferior 
border of the cricoid cartilage 

 Posterior border of 
the SCM muscle 

 Anterior border of 
the trapezius muscle 

 VB  Horizontal plane – inferior 
border of the cricoid cartilage 

 Clavicle  Posterior border of 
the SCM muscle 

 Anterior border of 
the trapezius muscle 

 VI  Hyoid bone  Suprasternal notch  Carotid sheath  Carotid sheath 
 VII  Upper border of the sternum  Aortic arch  Carotid sheath  Carotid sheath 

  Key:  SCM     sternocleidomastoid  
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level VII nodes in the superior mediastinum with 
the CND should be noted as this is often a site of 
persistent disease following CND.  

    Detection of Metastasis 

 The management of a patient with suspected thy-
roid cancer should include a detailed examina-
tion of the thyroid gland and the cervical lymph 
node compartments. Patients with PTC occasion-
ally present with cervical lymphadenopathy, 
which is most often located in the central neck 
compartment or levels III and IV of the lateral 
neck, usually in conjunction with an ipsilateral 
thyroid nodule. Cervical ultrasound (US) is often 
the initial imaging modality employed in the 
assessment since it is readily accessible, inexpen-
sive, and noninvasive. High-resolution ultraso-
nography can detect cervical nodal metastasis in 
up to 20 % of patients with PTC. These US fi nd-
ings may alter the planned surgical procedure in 
up to 39 % of thyroid cancer patients. Pathologic 
lymph nodes have sonographic features that 
include round shape, absent hilus, calcifi cation, 
intranodal necrosis, reticulation, matting, soft tis-
sue edema, and peripheral vascularity. However, 
many nodal metastases demonstrate a wide vari-
ety of nondiagnostic features. To detect nonpal-
pable lymph node metastases in patients 
undergoing surgical evaluation for any thyroid 
cancer, a dedicated cervical ultrasound (includ-
ing levels II–VI) should be performed, ideally by 
a dedicated clinician such as a thyroid endocri-
nologist, the operating surgeon, or a radiologist. 
However, US can miss as many as 50 % of 
involved lymph nodes in the central neck as the 
overlying thyroid gland hinders adequate visual-
ization. In patients with suspected mediastinal 
disease or with bulky cervical lymphadenopathy, 
cross-sectional imaging with computed tomogra-
phy (CT), magnetic resonance imaging (MRI), or 
positron emission tomography (PET) should be 
considered. These often identify pathologic level 
VI and VII lymph nodes within the superior 
mediastinum that are not detected on cervical US 
or physical examination. This consideration for 
additional anatomical imaging is made despite 

the relatively low sensitivities of CT, MRI, and 
PET for the screening and detection of cervical 
lymph node metastases (30–40 %). 

 A CT with iodinated contrast is considered 
extremely helpful to evaluate the extent of cervi-
cal lymphadenopathy when there is gross nodal 
disease present, as it can help defi ne the extent of 
surgery necessary to clear all gross disease in the 
neck. CT with contrast can delay postoperative 
thyroid scanning and radioactive iodine (RAI) 
administration for 4–8 weeks. However, this 
delay would seem justifi ed in cases of bulky 
lymphadenopathy or locally invasive disease 
since complete surgical resection of gross disease 
is of paramount importance for disease control.   

    Conservative Central 
Neck Dissection 

    Therapeutic Central Neck Dissection 

 Therapeutic CND should be performed in patients 
with differentiated thyroid cancer (DTC) and 
pathologic lymph node involvement identifi ed 
preoperatively, on clinical exam or imaging, or 
intraoperatively. The goal of removing these 
lymph nodes is to aid in local control, prevent 
recurrences, and perhaps, improve survival. 
Standard therapeutic CND should include a sys-
temic or en block neck dissection of both the ipsi-
lateral and the contralateral central compartments. 
However, there is controversy regarding whether 
the extent of central dissection needs to be ipsilat-
eral to the thyroid tumor alone or bilateral. Moo 
et al. compared ipsilateral vs. bilateral CND for 
PTC and concluded that an ipsilateral dissection 
was suffi cient in tumors smaller than 1 cm, while 
larger tumors required bilateral CND based on the 
high incidence of contralateral central compart-
ment neck disease. Liberal parathyroid autotrans-
plantation during CND should be employed to 
prevent postoperative hypoparathyroidism. 

 The management in patients with medullary 
thyroid cancer (MTC) deserves special mention-
ing. MTC is a more aggressive tumor with a high 
incidence of lymph node metastasis and there is 
no role for radioiodine treatment in this type of 
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disease. Lymph node metastasis can occur in up 
to 81 % of patients. Patients    with MTC can only 
be cured with surgical intervention, which should 
at least include a total thyroidectomy with metic-
ulous CND.  

    Prophylactic Central Neck Dissection 

 The role of prophylactic CND remains a conten-
tious issue. The American Thyroid Association 
(ATA) guidelines suggest that prophylactic CND 
may be performed for advanced primary tumors 
(>4 cm and/or with extrathyroidal invasion) but 
is not necessary for small, noninvasive papillary 
and most follicular thyroid cancers. An essential 
component of any discussion on the extent of 
lymphadenectomy is whether patients derive any 
additional benefi t from having a lymphadenec-
tomy and whether this can be done without sig-
nifi cantly increasing the morbidity of the 
operation. Because microscopic nodal disease is 
rarely of clinical importance, many authors argue 
that prophylactic CND of microscopic lymph 
node metastases may not improve long-term out-
come and could subject patients to more risk than 
benefi t. However, the precise role of prophylactic 
CND for DTC remains controversial because in 
experienced hands, this procedure can be done 
with minimal additional risk and may in some 
patients provide a survival benefi t. 

 Proponents of prophylactic CND argue that the 
incidence of central neck metastases is high and 
the sensitivity of preoperative US to detect patho-
logic lymph nodes in PTC patients is higher in the 
lateral neck (94 %) than in the central neck com-
partments (53–55 %). Furthermore, prophylactic 
CND advocates argue that clearing the central 
neck at the initial operation removes potential 
sources of recurrence, increases the accuracy of 
staging for RAI ablation, permits accurate long- 
term surveillance, and avoids the potential mor-
bidity of a reoperation. An additional benefi t of 
reduced postoperative Tg levels after CND was 
also cited. We and others have suggested that pro-
phylactic CND be considered in patients with thy-
roid cancer harboring the BRAF mutation, since 
they have the potential to be more clinically 

aggressive and less responsive to RAI therapy. 
The BRAF mutation has been widely found in 
PTC, with a prevalence of approximately 45 %. 
Recent studies have established a strong associa-
tion between the presence of the BRAF mutation 
and aggressive clinicopathologic characteristics 
of PTC. However, additional studies are needed to 
demonstrate the clinical benefi t of this approach.   

    Conservative Surgery for Persistent/
Recurrent Disease 

 Regardless of the initial treatment paradigm uti-
lized for thyroid cancer, some patients will mani-
fest persistent or recurrent disease. Much of 
persistent or recurrent disease is detected sub-
clinically by surveillance strategies advocated by 
the ATA guidelines. High-resolution US and 
serum thyroglobulin (Tg) assays, with or without 
thyrotropin stimulation, have led to a new cate-
gory of patients with persistent or recurrent small 
volume disease of uncertain clinical signifi cance. 
Many authors have demonstrated that reoperative 
surgery for this disease, especially in the central 
compartment, is safe. Defi nitions of microscopic 
and macroscopic nodal recurrences should help 
to defi ne which groups of patients could be 
observed versus those that should be offered sur-
gery. Reasonable and realistic expectations 
should be set for the practitioners and patients 
involved. When surgery is chosen, a compart-
mental dissection of the neck nodal region 
involved should be performed to reduce the risk 
of locoregional recurrence and the morbidity of 
further reoperation. Many of these patients with 
persistent disease have undergone multiple sur-
geries in the central or lateral compartments. 
Further attempts at formal compartmental dissec-
tion must be conducted with a thoughtful assess-
ment of the risks and benefi ts to the patient. 
Perhaps the realistic goal of all reoperative sur-
gery should not be to render the serum Tg level 
undetectable but rather to prevent local disease 
progression in critical areas of the neck. Long- 
term follow-up of these patients is warranted to 
determine the optimal surveillance and treatment 
paradigm. 
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 Preoperative laryngoscopy should be per-
formed before all reoperative procedures to 
determine the presence of vocal fold paralysis. 
Intraoperative RLN identifi cation and dissection 
signifi cantly reduces the risk of its injury and is 
superior to limited nerve exposure. Recognition 
of the extralaryngeal branching of the RLN is 
also crucial during the operation. The motor 
fi bers of RLN are located in the anterior branch 
while the posterior branch is only sensory in 
function. Therefore, great caution is required 
after the presumed identifi cation of the RLN to 
ensure there is no unidentifi ed anterior branch, 
which may lead to increased risk of postoperative 
nerve injury. The surgeon can expect to encoun-
ter diffi culty in identifying and preserving the 
RLNs due to the fi brotic tissue that distorts the 
anatomy of the central neck area. Given the chal-
lenging nature of reoperative neck dissection, 
consideration of the use of RLN monitoring to 
help map out the location of the nerve and special 
care to preserve the parathyroid vasculature or 
parathyroid autotransplantation are important.  

    Conclusion 

 A long path has been crossed since the initial 
radical neck dissections performed for cervi-
cal nodal metastases to the development of 
effective conservative surgical techniques for 
the management of cervical lymph node 
metastasis from thyroid cancer. A greater 
understanding of the clinical signifi cance of 
lymph node metastases in thyroid cancer will 
promote continued refi nements in the 
approach to CND.     
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           Introduction 

 Since the description of the systematic en bloc 
neck dissection by Crile in 1906, neck dissections 
have evolved to include functional and minimally 
invasive techniques. Evidence-based medicine 
has allowed for the adoption of the selective 
neck dissection in a number of circumstances. 
Furthermore, as the primary disease becomes 
better understood and life expectancies increase, 
cosmetic outcomes have become an increasing 
concern in patient care. While this remains sec-
ondary to oncologic outcomes, reducing the mor-
bidity of neck dissections has become of great 
interest. When the primary operative purpose is 
as a staging procedure, the minimally invasive 
approach is particularly desirable. 

 In the 1990s Paolo Miccoli fi rst described the 
minimally invasive video-assisted thyroidectomy 
(MIVAT), which represented one of the fi rst 
successful attempts to bring minimally invasive 
surgery to the head and neck   . Although this has 
become a mainstay in thyroid and parathyroid 
surgery, the minimally invasive neck dissection 
is still controversial. 

 Of interest, the endoscopic neck dissection 
has also become a source of much research, with 
 successful small series presented in the literature. 
In 1996, the fi rst use of endoscopes in head and 
neck surgery, for parathyroidectomy, was reported. 
Adoption of endoscopes in head and neck surgery 
has been slow, which is attributed to the number of 
vital structures, as well as the relatively confi ned 
space of the neck.    However, there are now a num-
ber of reports that site success with endoscopic 
removal of the submandibular gland and branchial 
cleft cyst and with lateral neck dissections. At our 
institution we use a small (6 cm) incision for neck 
dissections that allows for equal access to all levels 
of the neck with appropriate retraction. This pro-
vides an optimal cosmetic outcome for the patient 
with equal oncologic outcomes. 

 In this chapter, we will highlight both our 
technique of the minimally invasive neck dissec-
tion (via a small incision) as well as some of the 
documented endoscopic techniques that are pres-
ent in the literature. Of note, most recently, endo-
scopic techniques have been described using the 
robot to complete neck dissections.  

    Procedural Details 

    Minimal Access Neck Dissection 

 A 6-cm horizontal incision is marked on the 
neck, appropriately placed within a neck crease 
(Fig.  12.1 ). The incision is made and carried 
through the level of the platysma muscle. 
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Subplatysmal fl aps are then elevated. Inferiorly 
the fl ap is carried to the level of the clavicle. 
Superiorly the fl ap is elevated to the level of the 
submandibular gland. As the incision is limited, 
in order to obtain adequate exposure, fl aps must 
be developed laterally beyond the border of the 
sternocleidomastoid muscle (SCM) and medially 
to the midline of the neck.

   At this point the fascia overlying the subman-
dibular gland is incised at the most inferior aspect 
of the gland. The fascia is then bluntly elevated 
from the underlying submandibular gland to allow 
for preservation of the marginal mandibular nerve. 
If level I of the neck warrants dissection based on 
pathology, then the submandibular gland and 
remainder of the level I contents of the neck are 
excised. If level I does not warrant dissection, then 
the submandibular gland is elevated and lifted with 
the superior fl ap to allow for identifi cation of the 
digastric muscle and hypoglossal nerve. 

 This “minimal access” form of neck dissec-
tion commences in the traditional fashion of 
selective neck dissection. However, as the inci-
sion is small and typically at the inferior aspect 
of the dissection, focus is placed on sequential 
retraction to allow for adequate visualization of 
all aspects of the neck. Initially, static retrac-
tion is placed at four points with the use of 
tapered hooks or silk sutures. Dynamic retrac-
tion is then applied as needed throughout the 

case to visualize the borders of the neck dis-
section. This may be accomplished with use of 
Army-Navy retractors, as well as appendiceal 
 retractors in the deeper portions of the neck. 

 Once the digastric muscle has been identifi ed, it 
is traced laterally to the medial border of the SCM. 
The fascia overlying the SCM is then excised, and 
the SCM is rotated laterally. The omohyoid is 
identifi ed and retracted inferiorly to allow for visu-
alization of the level 4 contents of the neck. The 
accessory nerve is identifi ed to allow for careful 
preservation (Fig.  12.2 ). The level IIb through V 

  Fig. 12.1    A 6-cm incision 
site is marked within a 
horizontal neck crease       

  Fig. 12.2    With use of retraction, a left-sided accessory 
nerve is easily identifi ed and preserved. The forceps indi-
cate the nerve. Dynamic retraction allows for visualiza-
tion of the neck from the level of the digastric muscle to 
the clavicle       
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contents of the neck may then be unrolled from the 
muscular fl oor of the neck and carotid sheath in 
the standard surgical fashion.

        Other Techniques 

    Endoscopic Neck Dissection 

 As the endoscopic neck dissection is still a matter 
of study, there has yet to be an established stan-
dard. Methods include both gas insuffl ation tech-
niques and endoscopic-assisted techniques that 
rely on retraction to maintain the operative space. 
A few of the described methods will be high-
lighted in this section.  

    Gas Insuffl ation Technique 

 The gas insuffl ation technique has been described 
for performing selective neck dissections and sub-
mandibular gland resections. This approach is in 
the development phase, but the central compo-
nents of this technique have been defi ned. The 
incisions for the camera and operative ports are 
marked and injected with local anesthetic. A 
14 mm incision for the operative port is then 
made. With use of a blunt trocar, a subplatysmal 
tunnel is created. A surgical balloon is then 
inserted through this tunnel and infl ated to 300–
500 ml while monitoring the patient’s heart rate 
and blood pressure. The surgical balloon bluntly 
creates space for the gas insuffl ation. The balloon 
is then removed and a 10–12 mm trocar is inserted. 
This serves as the port for a 10 mm, 0° endoscope. 
CO 2  insuffl ation at 4 mmHg is then provided. The 
operative ports are then established by making 
7 mm incisions and placing spring-loaded, bladed 
trocars under endoscopic visualization. 

 Once visualization is achieved with the endo-
scope, the steps of the procedure follow those of 
conventional, open surgery (Fig.  12.3 ). Grasping 
instruments are used in the nondominant hand 
and cutting instruments are controlled by the 
dominant hand. An assistant holds the camera. 
Advanced energy devices or clips may be used 
for ligation of blood vessels. Once the tissue has 

been dissected, it is retrieved through the larger 
camera port incision. This retrieval is completed 
under direct visualization provided by a 5 mm 
endoscope placed through an operative port.

       Minimal Access Video-Assisted 
Functional Lateral Neck Dissection 

 The video-assisted approach to lateral neck dis-
section was described by Lombardi et al. in 2007 
and applied to patients with metastatic papillary 
thyroid carcinoma. This approach is an extended 
version of MIVAT. In order to facilitate the 
extended dissection, a 4-cm central incision is 
made. In these patients a total thyroidectomy and 
central compartment dissection was completed 
utilizing the standard MIVAT technique. The 
endoscope is then used to aid in dissection of lev-
els II–IV, as well as part as level V of the neck.   

    Outcomes 

 At our institution we performed a quality control 
study to assure adequate oncologic outcome with 
the minimal access neck dissection. In this study 
we compared results of lateral neck dissections 
(levels II–IV) performed by two different sur-
geons, one who uses the minimal access technique 
and a second who uses the conventional hockey-
stick incision. A total of 58 patients were included. 
No statistical difference was found in the number 

  Fig. 12.3    Endoscopic view of the porcine neck immedi-
ately after insuffl ation. ( EJV ) external jugular vein, ( THY ) 
thymus, ( SMG ) submandibular gland       
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of nodes removed by the two techniques. An aver-
age of 27 nodes were removed by the minimal 
access technique and an average of 26 with the 
conventional technique ( p  = 0.34) (Solares et al.). 
No complications occurred in either group. 

 With the video-assisted technique, Lombardi 
et al. achieved comparable oncologic outcomes, 
with a total of 25 lymph nodes removed on aver-
age. They also experienced no major complica-
tions. There is also data supporting the safety and 
effi cacy of the video-assisted approach for central 
neck dissection in patients with thyroid carcinoma.  

    Conclusion 

 The goal of minimal access neck dissection 
is to achieve the same oncologic outcomes of 
conventional neck dissection while minimizing 
morbidity and improving the cosmetic outcomes 
of the procedure. There continues to be a lack 
of literature devoted to the topic. Use of these 
techniques clearly allows for smaller incisions. 
Theoretically, decreased tissue trauma and 
manipulation could also result in less postopera-
tive pain and faster recovery times. Initial efforts 
with minimally invasive neck dissections have 
been promising, and continued efforts should be 
made to further refi ne these techniques.     
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           Introduction 

 Cervical lymph node metastases outside the cen-
tral compartment are not uncommon in the man-
agement of papillary thyroid carcinoma (PTC). 
The papillary thyroid carcinoma (PTC) with 
lateral neck metastasis (LNM) has been treated 
with total thyroidectomy and lateral neck dissec-
tion through the anterior transverse or J-shaped 
incision to secure an enough surgical fi eld. Since 
the advent of robotic surgical systems, some 
have adopted the concept of remote access sur-
gery into developing various robotic thyroidec-
tomy techniques. The more former and widely 
acknowledged robotic thyroidectomy technique 
uses a transaxillary (TA) approach which has 
been developed by Chung et al. in Korea. This 
particular technique though has some limitations 
in the sense that accessing the lymph nodes of 
the central compartment is troublesome. Terris 
et al. realized some shortcomings of robotic TA 
thyroidectomy especially in their patients in 
the United States and developed and reported 
the feasibility of robotic facelift thyroidectomy. 

In cases of thyroid carcinomas with lateral neck 
node metastases, most abandoned the concept 
of minimally invasive or remote access surgery 
and safely adopted conventional open surgical 
methods to remove the tumor burden. However, 
Chung et al. have attempted to perform concomi-
tant modifi ed radical neck dissection (MRND) 
after robotic thyroidectomy through the same TA 
port. This type of robot-assisted neck dissection 
(RAND), however, had some inherent limita-
tions due to fact that lymph nodes of the upper 
neck were diffi cult to remove. We previously 
assessed the diffi culty of dissecting level II via 
the TA approach in a cadaveric study. According 
to studies examining the pattern of nodal metas-
tasis in PTC, the incidence of metastatic disease 
in level II ranges from 52 to 72.2 %. These size-
able fi gures prompted us to devise a modifi ed 
approach called the transaxillary and retroauric-
ular (TARA) approach, which was shown to be 
feasible for the management of nodal metastasis 
in head and neck cancer (HNC). With the accu-
mulation of experience with the TARA approach, 
we realized that the retroauricular (RA) or modi-
fi ed facelift (MFL) approach is suffi cient for 
RAND in HNC. Over the past few years, we have 
developed a RAND via RA or MFL approach 
and reported the feasibility and safety of this 
technique. Based on our surgical experiences, we 
could eventually adopt this particular technique 
to robotic total thyroidectomy and also MRND 
where needed. This chapter introduces the spe-
cifi c operative  technique, simultaneous robotic 
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total thyroidectomy, and RAND via TARA or RA 
approach in detail.  

    Indications 

     1.    Patients with biopsy-proven lateral lymph 
node metastasis of the papillary thyroid 
carcinoma   

   2.    Lymph node metastasis with residual nodal 
architecture (extracapsular extension (ECE) 
under grade 3 in the grading system of Lewis 
et al.)   

   3.    Patients eligible for robotic surgery and who 
are willing to receive the operation after hav-
ing been informed of certain disadvantages 
including high medical costs      

    Contraindications 

     1.    Recurrent thyroid papillary carcinoma   
   2.    Suspicious severe extracapsular spread of the 

metastatic lymph node (e.g., carotid encase-
ment) on preoperative imaging   

   3.    Thyroid carcinomas with gross invasion to 
local structures or extrathyroidal capsular   

   4.    Patients with past history of neck surgery of 
any kind      

    Surgical Anatomy 

 The surgical anatomy which the surgeon needs to 
be familiar of is similar to all other endoscopic or 
robotic neck surgeries utilizing the TA and RA 
approach. 

 To elevate the skin fl ap from the axillary skin 
incision, surgeon should be well informed of the 
anatomy of platysma muscle and sternocleido-
mastoid muscle and the structures of level V area 
(external jugular vein, brachial plexus) located 
just below the muscle. Knowledge of the surgical 
anatomy required for RAND via TA approach is 
quite different from that of conventional tech-
nique. After skin incision is made in the axilla, 
the axilla to the anterior neck area is dissected 
over the anterior surface of the pectoralis major 

muscle and clavicle under direct vision. At that 
time, great care should be taken not to injure the 
brachial plexus, which lies deep in the axillary 
fossa. After exposing the medial border of the 
sternocleidomastoid muscle, the avascular space 
between the sternal and clavicular heads should 
be identifi ed and dissection should be continued 
through the space. 

 To elevate the skin fl ap from the retroauricu-
lar skin incision, the operator would encounter 
the sternocleidomastoid (SCM) muscle fi rst when 
elevating the skin fl ap and continuing the fl ap 
elevation through the subplatysmal plane just as 
in conventional thyroidectomy or neck dissection, 
the great auricular nerve and the external jugular 
vein would come into view. On the contrary to 
the TA approach, the operation is executed from 
superior to inferior direction, so try to picture 
in mind the local anatomical structures which 
would be encountered according to this fashion. 
Remember that the upper portion of the larynx 
would be found fi rst before localizing the superior 
portion of the thyroid and that the great vessels 
of the carotid sheath would be brought into view 
fi rst before localizing the lateral border of the 
ipsilateral thyroid gland and the recurrent laryn-
geal nerve (RLN). If the RAND is performed as 
well, bear in mind also that the neck dissection is 
being progressed from the posterior direction. The 
parotid tail, the retromandibular vein, the posterior 
belly of digastric muscle, and the spinal accessory 
nerve can be sequentially visualized, and the con-
tour of the submandibular gland can be identifi ed 
at the anterior portion of the working space.  

    Instrumentations 

    Retractors to Secure the Skin Flap 

•     Army-Navy retractor  
•   Right angle “breast” retractor  
•   Self-retaining retractor: original Chung’s 

retractor and new one modifi ed from Chung’s 
retractor which was originally made for trans-
axillary robotic thyroidectomy (Sangdosa 
Inc., Seoul, Korea) (Fig.  13.1a )

•      Codman® GREENBERG Universal Retractor     
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    Robotic Instruments (da Vinci Robotic 
System – Intuitive Surgical Inc., 
Sunnyvale, CA) 

•     12 mm, 30° face-down dual-channel endo-
scope (Intuitive Surgical Inc., Sunnyvale, CA)  

•   5 mm, Maryland forceps (Intuitive Surgical 
Inc., Sunnyvale, CA)  

•   5 mm, Harmonic curved shears (Intuitive 
Surgical Inc., Sunnyvale, CA)  

•   8 mm, ProGrasp forceps (Intuitive Surgical 
Inc., Sunnyvale, CA)     

    Other Instruments to Facilitate 
Surgical Process 

•     Bovie tip (electrocautery tip): conventional 
size of spatula type and also additional tips 
which progressively lengthens  

•   Hemoclip or Hem-o-lok® (Telefl ex Inc., NC, 
USA): for ligating uncontrollable vessels such 
as branches of the internal jugular vein  

•   Yankauer suction (Fig.  13.1b )      

    Operative Technique 

    Robot-Assisted Modifi ed Radical 
Neck Dissection of Levels II–V via 
Transaxillary and Retroauricular 
(TARA) Approach 

    Step 1. Positioning of the Patient 
and Skin Flap Elevation 
 After general anesthesia, the patient is positioned 
supine with the head rotated to the contralateral 
side of the dissection. The operation can be 
greatly facilitated if the neck is relaxed by natural 
placement and not extended. A retroauricular 

a

b

  Fig. 13.1    Self-retaining 
retractors and Yankauer 
suctions. ( a ) Two retractors 
which are located on the left 
side had already been 
developed by Professor 
Chung for robotic thyroidec-
tomy via a transaxillary 
approach. Remaining four 
retractors were invented by 
Professor Koh for robot-
assisted neck dissection via a 
modifi ed facelift or retroau-
ricular approaches. ( b ) A 
long Yankauer suction which 
is located on the superior side 
devised for robot-assisted 
neck dissection       
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incision is made around the retroauricular sulcus 
and along the hairline. The design for the skin 
incision is similar to the MFL incision for 
 parotidectomy, but without the preauricular limb 
(Fig.  13.2 ). Suffi cient skin fl ap elevation is man-
datory for adequate working space creation. After 
skin incision, subplatysmal fl aps are elevated 
above the SCM muscle preserving the external 
jugular vein and great auricular nerve (Fig.  13.3 ). 
The sub-SMAS (superfi cial musculoaponeurotic 
system) fl ap elevation should be performed until 
the platysma muscle is met. Then the subplatys-
mal fl ap is elevated medially over the midline, 
inferiorly to the clavicle, and laterally to the ante-
rior border of the trapezius muscle (Fig.  13.3 ). 
After the fl ap elevation is performed, modifi ed 
Chung’s retractor (Sangdosa Inc., Seoul, Korea) 
is placed to maintain the working space.

        Step 2. Upper Neck Dissection Using 
Conventional Technique Under Direct 
Vision via Retroauricular Approach 
(Level IIA, IIB, and VA Dissection) 
 For the management of the papillary thyroid car-
cinoma with lateral neck metastasis, level II–V 
dissection is performed sparing level I. The infe-
rior border of the submandibular gland is dis-
sected and the posterior belly of the digastric 
muscle is identifi ed. The inferior border of the 
parotid gland is dissected and retracted superi-
orly. The spinal accessory nerve (SAN) is sought 
near the internal jugular vein (IJV) using the 
transverse process of  the second cervical spine 
as a landmark. The trapezius branch of the SAN 
is identifi ed about 1 cm lower than the point 
where the greater auricular nerve crosses the pos-
terior border of the sternocleidomastoid (SCM) 

  Fig. 13.2    Patient’s position 
and skin incision design. The 
patient is placed in the supine 
position without neck 
extension and the patient’s 
head is slightly rotated to 
contralateral side. A 
retroauricular incision is 
made around the retroauricu-
lar sulcus and along the 
hairline       

  Fig. 13.3    Creating a working space. Then subplatysmal 
fl ap is elevated medially over the midline, inferiorly to the 
clavicle, and laterally to the anterior border of the trape-
zius muscle. The external jugular vein and greater auricu-
lar nerve are landmarks for subplatysmal fl ap elevation       

  Fig. 13.4    Identifi cation of the spinal accessory nerve. 
The trapezius branch of the spinal accessory nerve is iden-
tifi ed about 1 cm lower than the point where the greater 
auricular nerve crosses the posterior border of the sterno-
cleidomastoid muscle       
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muscle (Fig.  13.4 ). With the preservation of both 
the sternocleidomastoid (SCM) muscle branch 
and the trapezius branch, the whole course of the 
SAN is identifi ed (Fig.  13.5 ). The SCM is skele-
tonized and elevated using Army-Navy retrac-
tors. The adipose tissues in levels IIB and VA are 
dissected and passed underneath the SAN, and 
the lymphofatty tissues in level IIA are then dis-
sected carefully not to damage the IJV or the 
carotid artery (Fig.  13.6 ). The upper portion of 
level III can be also done under direct vision 
using conventional technique.

         Step 3. Lower Neck Dissection Using 
Robotic Surgical System (Level III, IV, 
and VB Dissection) via Transaxillary 
Approach 
 The approach from the axilla may be unfamiliar 
with most of head and neck surgeon. The operator 
will see the fat tissues immediately after incision 
in the anterior axillary line. With no guidance of 
plane, the operator may have hard times to fi nd 
the pectoralis major fascia. After that, the dis-
section for the transaxillary fl ap elevation can be 
proceeded relatively quickly over the fascia of 
the pectoralis major muscle. The next obstacle 
is the clavicle. From the view point of axilla to 
neck, the clavicular head of the SCM muscle can 
be met after crossing over the clavicular emi-
nence. Previously formed working space from the 
retroauricular approach can be reached from the 

 transaxillary approach (Fig.  13.7 ). After fi nishing 
the fl ap elevation, self-retaining retractor (Chung’s 
retractor) is inserted through the axillary incision 
and is fi xed fi rmly to the operation table. A face-
down 30° endoscope is used for visualization 
of the surgical fi eld. A 5 mm Maryland forceps 
and 5 mm Harmonic curved shears are equipped 
on either side of the endoscope (Fig.  13.8 ). The 
lower neck dissection procedure is started at lev-
els IV and VB. With the preservation of the SAN, 
the inferior margin of the adipose tissues at level 
VB is dissected (Fig.  13.9 ). The omohyoid mus-
cle is identifi ed and cut using Harmonic curved 
shears. The brachial plexus and the phrenic nerve 
are identifi ed beneath the fascial carpet and the 
transverse  cervical vessels (Fig.  13.10 ). In level 
IV dissection, the transverse cervical artery and 

  Fig. 13.5    Elevation of the sternocleidomastoid (SCM) 
muscle. The SCM is skeletonized and elevated using 
Army-Navy retractors. With the preservation of both the 
SCM muscle branch ( arrow ) and the trapezius branch 
( arrowhead ), the whole course of the spinal accessory 
nerve is identifi ed       

  Fig. 13.6    The completion of upper neck dissection. The 
lymphofatty tissues in level II and upper III are then dis-
sected carefully not to damage the internal jugular vein or 
the carotid artery       

  Fig. 13.7    Making a working space from the transaxillary 
incision. Previously formed working space from the retro-
auricular approach can be reached also from the transaxil-
lary approach. The thyroid gland can be visualized after 
the elevation of the strap muscles       
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vein are verifi ed and the phrenic nerve is pre-
served. Carotid sheath dissection is carried out 
using Harmonic curved shears with great caution, 
and the vagus nerve, carotid artery, and IJV are 
exposed in level IV (Fig.  13.11 ). The manage-
ment of the thoracic or lymphatic duct is very 
important. For the prevention of chyle leakage, 
the sealing of the thoracic or lymphatic duct with 
the Harmonic curved shears is not enough. Those 
structures should be ligated with vessel clips or 
Hem-o-lok ligation system. Lymphofatty tissue 
in level Vb is dissected with the previously dis-
sected level Va. Cervical plexus is ligated with 
the Harmonic curved shears (Fig.  13.12 ). The 
inferior-to- superior dissection over level III can 
be performed along the carotid sheath and internal 

  Fig. 13.8    Docking of robotic 
surgical system. A face-down 
30° endoscope is used for 
visualization of the surgical 
fi eld. A 5 mm Maryland 
forceps and 5 mm Harmonic 
curved shears are equipped 
on either side of the 
endoscope       

  Fig. 13.9    Robot-assisted lower neck dissection. With the 
preservation of the pre-identifi ed spinal accessory nerve, 
the inferior margin of the adipose tissues at level VB is 
dissected       

  Fig. 13.10    Brachial plexus and phrenic nerve. The bra-
chial plexus ( arrow ) and the phrenic nerve ( arrowhead ) 
are identifi ed beneath the fascial carpet and the transverse 
cervical vessels       

  Fig. 13.11    Level IV dissection. Carotid sheath dissec-
tion is carried out using Harmonic curved shears with 
great caution, and the vagus nerve, carotid artery, and 
internal jugular vein are exposed in level IV       
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jugular chain. The superior thyroid artery anterior 
to the carotid sheath is identifi ed and preserved. 
After level III dissection, the axis of the robotic 
arms is realigned upward for level II dissection. 
The previously dissected specimen of level IIb is 
positioned medially, and the level IIa node dis-
section is performed in an inferior-to- superior 
fashion (Fig.  13.13 ). Careful dissection should be 
performed to identify the hypoglossal nerve in the 
area of the carotid artery bifurcation. The superior 
thyroid artery is identifi ed close to the external 
carotid artery. With previously dissected upper 
neck dissection specimen, the whole neck dissec-
tion specimen is pulled out through the transaxil-
lary incision (Figs.  13.14  and  13.15 ).

               Step 4. Robotic Total Thyroidectomy 
 Robotic modifi ed neck dissection via TARA 
approach is followed by ipsilateral thyroidec-
tomy with central compartment neck dissection 
(CCND) via the same approach. Finally, contra-
lateral thyroidectomy with CCND is carried out 
via TARA approach.   

    Robot-Assisted Modifi ed Radical 
Neck Dissection of Levels II–V via 
Retroauricular Approach 

    Step 1. Positioning of the Patient 
 Under general anesthesia, patient is placed in 
supine position on the surgical bed. The opera-
tion can be greatly facilitated if the neck is 
relaxed by natural placement and not extended. 
When RAND is performed simultaneously, the 
patient’s neck can be extended at times to aid the 
process of lower neck dissection (Fig.  13.16 ).

       Step 2. Skin Incision Design 
 A retroauricular incision is designed to perform 
level II–V dissection through single skin incision 
(Fig.  13.16 ). The design for the skin incision is 
similar to the MFL incision for parotidectomy, 
but without the preauricular limb. The RA inci-
sion is designed around the origin of the earlobe 
and along the RA sulcus and the hairline. At 
about the level of the tragus, it is extended poste-
riorly and then curved towards occipital direction 

  Fig. 13.12    Cervical plexus ligation. Cervical plexus is 
ligated with the Harmonic curved shears       

  Fig. 13.13    The dissections over levels III and IIa. The 
inferior-to-superior dissection over level III can be per-
formed along the carotid sheath and internal jugular chain. 
The previously dissected specimen of level IIb is posi-
tioned medially, and the level IIa node dissection is per-
formed in an inferior-to-superior fashion       

  Fig. 13.14    Surgical fi eld after specimen extraction. The 
posterior belly of digastric muscle ( white arrowhead ) was 
identifi ed. The spinal accessory nerve ( arrow ) and the 
hypoglossal nerve ( black arrowhead ) were also 
preserved       

 

 

 

13 Robot-Assisted Neck Dissection in Papillary Thyroid Carcinoma



104

below the hairline. Local anesthetic material is 
injected on the skin incision line. To make the 
exact and easy approximation of skin incision 
after the completion of operation, ink tattooing 
can be used.  

   Step 3. Skin Flap Elevation 
 Suffi cient skin fl ap elevation is mandatory for 
adequate working space creation. After skin inci-
sion, subplatysmal fl aps are elevated above the 
SCM muscle preserving the external jugular vein 

  Fig. 13.15    Specimen. The 
neck specimen has multiple 
gross metastases. Both lobes 
of the thyroid gland and the 
lymph nodes in the central 
compartment have gross 
lesions       

  Fig. 13.16    Patient’s position 
and skin incision. The actual 
distances from the entry of 
the retroauricular port to the 
ipsilateral thyroid gland and 
the sternal notch (the lowest 
limit of the modifi ed radical 
neck dissection procedure) 
have been each shown for 
reference       
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and great auricular nerve (Fig.  13.17 ). After 
reaching the anterior portion of the neck, the skin 
fl ap is elevated along the subplatysmal plane to 
the midline anteriorly, to the inferior border of the 
mandible superiorly, and to the clavicle inferiorly 
(Fig.  13.18 ). During this step, the procedure can 
be aided with the retractors held by an assistant 
surgeon. Assistants pull the skin fl ap upward 
using Army-Navy retractor and right- angled 
retractor and the surgeon pushes the sternocleido-
mastoid muscle (SCM) downward using Yankauer 

suction and Cushing forceps. Subplatysmal skin 
fl ap is elevated inferiorly to the level of clavicle. 
When suffi cient working space is acquired, a self-
retaining retractor (Sangdosa Inc., Seoul, Korea) 
is applied (Fig.  13.18 ).

       Step 4. Upper Neck Dissection 
Using Conventional Technique 
Under Direct Vision via 
Retroauricular Approach 
(Level IIA, IIB, and VA Dissection) 
 Upper neck levels such as IIB, IIA, or VA can be 
dissected under direct vision using conventional 
instruments according to a kind of neck dissec-
tion. Dissection proceeds along the inferior bor-
der of the submandibular gland using standard 
surgical instruments under naked eye. After 
identifying the posterior belly of the digastric 
muscle and internal jugular vein, the proximal 
portion of the spinal accessory nerve is identi-
fi ed near the IJV with the transverse process of 
atlas as a landmark (Fig.  13.19 ). As we approach 
level IIb through retroauricular approach, the 
exposure of level IIb can be obtained easily. 
Then, the fascia is opened along the posterior 
border of SCM and the SCM is pulled upwardly 
by using Army- Navy retractor. Fibrofatty tis-
sues are dissected from the medial side of SCM 
(Fig.  13.20 ).

  Fig. 13.17    Skin fl ap elevation. The skin fl ap is elevated 
along the subplatysmal plane preserving the external jug-
ular vein and great auricular nerve (platysma muscle, 
 white arrow ; external jugular vein,  black arrow ; greater 
auricular nerve,  white arrowhead ; sternocleidomastoid 
muscle,  black arrowhead )       

  Fig. 13.18    Setting up the self-retaining retractor. The 
skin fl ap is elevated to create adequate working space so 
that the lowest extent reaches the sternal notch. When suf-
fi cient working space is acquired, a self-retaining retractor 
is applied (clavicle:  black arrowhead )       

  Fig. 13.19    Identifying of the proximal portion of the spi-
nal accessory nerve (submandibular gland,  white arrow-
head ; posterior belly of digastric muscle,  black 
arrowhead )       
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       Step 5. Docking of the Robotic Arms 
 A dual-channel 30° endoscope was placed on the 
central camera arm of the robotic system and 
inserted in an upward direction. Maryland for-
ceps and Harmonic curved shears were placed on 
either side of the camera (Fig.  13.21 ). Lower skin 
fl ap can be easily retracted laterally using 
GREENBERG Universal Retractor. One assis-
tant surgeon and one nurse are located beside the 
patient’s head. The assistant surgeon sucks out 
the blood from the operative fi eld during the 
operation and ligates vessels using Hemoclip or 
Hem-o-lok®.

      Step 6. Lower Neck Dissection Using 
Robotic System via Retroauricular 
Approach (Level IIII, IV, and VB Dissection) 
 Level III is dissected in the direction of superior to 
inferior by using robotic system. The dissection 
was performed over the carotid sheath and 
extended to levels IV and VB. During the level III 
and IV dissection, fi brofatty tissue is dissected 
from internal jugular vein by using Harmonic 
curved shear (Fig.  13.22 ). The small branches of 
the IJV are ligated with Harmonic curved shears, 
whereas the large ones are ligated with a Hem-o- 
lok ligation system by an assistant. It is easy to dis-
sect level V area because the subplatysmal fl ap and 
sternocleidomastoid muscle are elevated upwardly. 
Dissection proceeds from posterior portion to ante-
rior portion, identifying and preserving the trans-
cervical artery, the brachial plexus, and the phrenic 
nerve located on the fl oor of level V (Fig   s.  13.23  
and  13.24 ). Then, level IV dissection is conducted 
after medial retraction of the specimen (Fig.  13.25 ). 
The lymphatic or thoracic duct should be ligated 
by using Hemoclip or Hem-o-lok® (Fig.  13.26 ).

          Step 7. Robotic Total Thyroidectomy 
 First, RAND through the RA incision is followed 
by ipsilateral thyroidectomy with central com-
partment neck dissection (CCND) via the same 
approach. Finally, contralateral thyroidectomy 
with CCND is carried out via the single RA port.  

  Fig. 13.20    Opening the fascia along the posterior border 
of SCM. SCM is pulled upwardly by using Army-Navy 
retractor. Fibrofatty tissues are dissected from the medial 
side of SCM (sternocleidomastoid muscle,  black arrow-
head ; spinal accessory nerve,  white arrowhead )       

  Fig. 13.21    Docking of 
robotic arms. Lower skin fl ap 
can be easily retracted 
laterally using GREENBERG 
Universal Retractor       
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   Step 8. Finishing the Operation 
 After the completion of neck dissection, the spec-
imen is taken out through RA incision 
(Fig.  13.27 ). After removal of the fi nal specimen, 

the surgical bed is irrigated with warm saline and 
thorough observation and meticulous bleeding 
control is performed under endoscopic visualiza-
tion. The surgical bed is placed with a closed suc-
tion drain which is inserted from behind the 
hairline and skin wound closure with simple, 
interrupted sutures is done.

         Postoperative Care 

 The postoperative management is similar to that 
of the conventional total thyroidectomy with neck 
dissection. Cranial nerves such as the hypoglossal 
nerve, vagus nerve, spinal accessory nerve, and 
lingual nerve should be identifi ed and preserved 
during the operation. Lymphoadipose tissue 

  Fig. 13.22    Leve   l III dissection       

  Fig. 13.23    Level V dissection. Spinal accessory nerve: 
 white arrowhead        

  Fig. 13.24    Surgical fi eld. Transverse cervical artery, 
 white arrowhead ; phrenic nerve,  black arrowhead        

  Fig. 13.25    Level IV dissection. Transverse cervical 
artery,  white arrowhead ; internal jugular vein,  black 
arrowhead        

  Fig. 13.26    Thoracic duct ligation. Thoracic duct:  black 
arrowhead        
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should be cautiously dissected from the internal 
jugular vein to prevent signifi cant bleeding from 
great vessels. The closed suction drain should be 
carefully monitored whether there are any signs 
of bleeding. The most common source of postop-
erative bleeding is the vessels of the skin fl ap. A 
meticulous hemostasis before the wound closure 
is important in preventing the bleeding event. The 
major bleeding should be handled in the operat-
ing room    immediately after the detection of the 
event. The retroauricular and transaxillary skin 
wound should be cared with daily dressing. 
Routine checkup for any local signs of wound 
dehiscence or infection should be closely moni-
tored daily. The chyle leakage can be managed 
with needle aspiration, local compression, and 
fat-suppressed diet. The indication for reopera-
tion to ligate the thoracic or the lymphatic duct is 
the same as the conventional neck dissection. The 
ionized calcium and the serum parathyroid hor-
mone level should be checked and the calcium 
and the vitamin D should be replaced on demand. 

    Complications 

 Some possible postoperative complications are 
listed below. In uncomplicated situations, the ret-
roauricular or transaxillary skin incisions are 

healed well without any wound dehiscence. 
Massive hemorrhage or hematoma can rarely 
occur from rupture or loosening of the previously 
ligated or clipped vessels or the nearby carotid 
artery. Minor, trivial bleeding or hematoma can 
be managed locally with compression, but in 
such uncontrollable or massive bleeding situa-
tions, do not hesitate to open the wound in the 
operating room. 

   Possible Postoperative Complications 
from Therapeutic RAND 
•     Nerve-related injury

 –    Recurrent laryngeal nerve and vagus nerve 
injury (vocal cord palsy)  

 –   Spinal accessory nerve injury (shoulder  
syndrome)  

 –   Hypoglossal nerve injury  
 –   Phrenic nerve injury  
 –   Sympathetic nerve injury (Horner’s 

syndrome)  
 –   Marginal mandibular branch of facial  nerve      

•    Hematoma/hemorrhage  
•   Seroma  
•   Chyle leakage  
•   Hypoparathyroidism  
•   Wound problems

 –    Hair loss along incision line  
 –   Wound infection, dehiscence  

  Fig. 13.27    Surgical specimen       
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 –   Skin fl ap necrosis, discoloration  
 –   Hypertrophic scar, keloid formation          

    Discussion 

 Robotic total thyroidectomy with or without 
concomitant MRND via TARA or unilateral RA 
approach without axillary incision is technically 
feasible. According to studies documenting 
nodal metastasis patterns in PTC, the incidence 
of level II lymph nodes cannot be disregarded, 
suggesting a need for a modifi ed approach to 
completely remove upper-neck-level nodes. 
Following our report on the feasibility of the 
TARA approach in HNC, we applied the TARA 
approach in the management of PTC with LNM, 
expecting competent extirpation of level II 
lymph nodes. There were no signifi cant differ-
ences between the TARA group and the conven-
tional ND group regarding the number of 
retrieved lymph nodes by neck level (unpub-
lished data). Inclusion of level IIB in our study 
may be one of the factors leading to a higher 
retrieval of level II lymph nodes, though we can-
not compare our results statistically with these 
earlier studies. However, we speculate that good 
accessibility under direct vision for level II dis-
section and less concern regarding injury to the 
SAN and the hypoglossal nerve in the TARA 
approach may have helped with competent clear-
ance of lymph nodes in that area. 

 RAND in conjunction with thyroidectomy via 
RA approach integrates the surgical technique of 
robotic facelift thyroidectomy as reported by 
Terris et al. and the surgical technique of RAND 
via a MFL or RA approach as reported by our 
institution. Appropriate positioning of the patient 
and confi guration of the robotic arms are essential 
elements to successful operation. The surgical 
procedure would be more manageable to conduct 
if the patient’s neck is relaxed. What is more dur-
ing contralateral thyroidectomy, the patient should 
be tilted or rotated towards the surgeon at the 
patient’s table for optimal exposure. The patient’s 
head could be supported and secured from the 

contralateral side with soft pad and sand bag. It is 
essentially important that suffi cient working 
space must be created for comfortable movements 
of the robotic arms through the RA port during 
both total thyroidectomy and neck dissection. The 
greatest advantage offered by this operative pro-
cedure would be an excellent cosmetic outcome 
(Fig.  13.28 ). In comparison with conventional 
transcervical open methods, by placing the surgi-
cal incision behind the auricle and within the hair-
line, an obvious cervical incision would be 
completely eliminated, however, at the cost of 
more extensive dissections just like any other 
remote access surgical techniques. However, 
according to the fi ndings of Terris et al., the area 
of dissection required would be 38 % lesser for 
the RA approach compared with the TA approach. 
Additionally, the operation would be relatively 
more comfortable for the surgeon due to familiar 
local anatomical structures, and the thyroid gland 
and lymph node tissues at the neck could be easily 
reached due to the decreased area of dissection 
when compared with the TA approach. Another 
advantage with respect to the TA thyroidectomy 
would be that the central compartment lymph 
nodes would be easier to address. The risk of 
intraoperative brachial plexus injury or any other 
physical sequelae resulting from the specifi c posi-
tioning of the patient for TA approach would be 
eliminated. This operative procedure, however, 
has a disadvantage of relatively longer operation 
times. Another important disadvantage of this 
operation is that it requires a considerable experi-
ence for the surgeon before he/she feels comfort-
able and is familiar with it. It is recommended that 
for optimal treatment outcomes, careful selection 
of clinically node negative patients must be 
carried out.

   In conclusion, we successfully performed 
RAND via TARA or RA approach in PTC 
patients with LNM. The surgical outcomes of 
this approach were comparable with those of 
conventional ND. These approaches are an alter-
native option with an excellent aesthetic result 
for the management of LNM in PTC patients. 
The long- term outcomes of RAND via TARA or 
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RA approach should be further assessed to deter-
mine its oncologic safety.     
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           Introduction 

    Preoperative parathyroid localization is the sine 
qua non of minimally invasive parathyroidec-
tomy. Fortunately, there are several effective 
imaging modalities available today for precise 
localization of parathyroid disease. While the 
normal parathyroid gland still eludes visualiza-
tion other than by open surgical identifi cation, 
the enlarged parathyroid gland can be identifi ed 
by noninvasive imaging techniques in the great 
majority of patients. Prior to the advent of these 
imaging modalities, bilateral cervical explora-
tion was considered the gold standard. Ironically, 
some of the most ardent former critics of localiz-
ing studies, who defended routine bilateral para-
thyroid exploration, are the very same surgeons 
who currently market and practice a focused 
approach to parathyroidectomy that is depen-
dent on accurate preoperative localization. Over 
the past several decades, with the use of imaging 
methods that enable mapping of disease, a mini-
mally invasive surgical approach to treating para-
thyroid disease has come to represent the most 
common practice. Limited exploration, with a 
focal (single gland) or unilateral (single side) 
approach, is now the most frequent approach. 

 Approximately 83 % of patients have four 
parathyroid glands: two inferior glands and two 
superior glands. Another 13 % have more than 
four glands (supernumerary parathyroids), and 
3 % of patients have fewer than four glands. The 
superior glands arise from the fourth brachial 
pouch, along with the thyroid gland. They 
descend during embryonic development into the 
neck alongside the thyroid gland and are rarely 
ectopic. They are typically located posterior to 
the upper-mid pole of the thyroid gland. They are 
more rarely located posterior to the esophagus or 
pharynx, in a deep, descended location. 

 The inferior glands arise from the third bra-
chial pouch, along with the thymus. These glands 
have a longer descent and are more variable in 
position, with 35 % present at ectopic locations 
along the thymopharyngeal duct course. They are 
found at the inferior pole of the thyroid gland 
about two-thirds of the time and are at an ectopic 
location, anywhere from the angle of the mandi-
ble to the lower mediastinum, in the remaining 
cases. Due to their close proximity to the thyroid 
gland, the parathyroid glands may be covered by 
or attached to the thyroid capsule, resulting in 
intracapsular or intrathyroid location. 

 Primary hyperparathyroidism is due to idio-
pathic enlargement and hypersecretion of one or 
more parathyroid glands. The majority (about 
85 %) of patients with primary hyperparathyroid-
ism have a single adenoma, namely, a benign 
neoplasm of any one of the parathyroid glands. A 
smaller subset (about 15 %) of patients has mul-
tigland disease, including hyperplasia of all of 
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their parathyroid glands or hyperfunction due to 
two or more simultaneous parathyroid adenomas. 
A typical parathyroid adenoma is about 
10–30 mm in length, while a normal gland usu-
ally measures about 5 × 3 × 1 mm. Hence, on 
imaging, a parathyroid adenoma is often identi-
fi ed as a round or oval mass that is well circum-
scribed, solid, and hypervascular. Likewise on 
imaging, lymph nodes, thyroid nodules, parathy-
roid cysts, the esophagus, and (rarely) parathy-
roid cancers may be mistaken for adenomas. 

 Preoperative localization of parathyroid dis-
ease is essential for a minimally invasive para-
thyroidectomy. It reduces operating room time 
and limits dissection while aiding in identifi ca-
tion of multigland or ectopic disease, particularly 
in the mediastinum, that may not be amenable to 
a minimally invasive approach. Although imag-
ing is very useful for identifying disease, it must 
be remembered that a positive fi nding on imag-
ing does not confi rm diagnosis, while a negative 
fi nding cannot rule out the existence of disease. 
In addition, the use of imaging modalities for 
parathyroid disease should be limited to patients 
who have a biochemical diagnosis of primary 
hyperparathyroidism. 

 There are a variety of noninvasive and inva-
sive imaging studies that are available both for 
initial evaluation of patients and for patients with 
persistent or recurrent disease. The most com-
mon noninvasive studies include ultrasonogra-
phy, nuclear scintigraphy scans that utilize 
sestamibi, computed tomography (CT), and mag-
netic resonance imaging (MRI), with variations 
of each type of study available. Invasive studies 
include fi ne-needle aspiration (which can be 
guided by ultrasound or CT), parathyroid angiog-
raphy, and selective venous sampling for parathy-
roid hormone gradient.  

    Ultrasound 

 Ultrasonography is a highly useful tool in the 
preoperative evaluation of patients with parathy-
roid disease. It is cost effective and noninvasive, 
performed effi ciently, does not require any prepa-
ration, and does not introduce the patient to any 
radiation exposure. High-frequency (7 MHz or 

greater), high-resolution ultrasonography pro-
vides detailed anatomic information on enlarged 
parathyroid glands as well as concomitant thy-
roid disease, if present. Ultrasonography also 
reveals dynamic as well as three-dimensional 
detail regarding parathyroid position. 
Ultrasonography has demonstrated sensitivities 
of 77–96 % and positive predictive values of 
74–98 % in identifying parathyroid adenomas. 
Ultrasonography has been shown to be more sen-
sitive than nuclear medicine imaging for multi-
gland parathyroid disease, and accuracy rates for 
surgeon-performed ultrasonography have been 
some of the highest cited (up to 91 %). 

 On ultrasound, as with other imaging modali-
ties, normal parathyroid glands are not visualized 
due to their small size and similarity to surround-
ing tissues. The sonographic appearance of a 
typical parathyroid adenoma is a solid, homoge-
nous, hypoechoic mass, which is in distinction to 
the more hyperechoic thyroid tissue (Fig.  14.1 ). 
The adenoma is typically adjacent to the thyroid 
gland and medial to the carotid artery. It is often 
bean or oval shaped but can also be multilobu-
lated, depending on its size. It is highly vascular, 
and if color Doppler is used, an extrathyroidal 
peripheral feeding vessel with a rim of vascular-
ity around the adenoma may be visualized 
(Fig.  14.2 ).

    Limitations of ultrasound include its area of 
coverage, as it is limited to the neck region, and 
the fact that it is highly operator dependent. 
Surgeon-performed ultrasound has been shown 
to be equal or superior to non-clinician- performed 
ultrasound for parathyroid localization, a fact that 
makes intuitive sense since the surgeon is ulti-
mately responsible for the success or failure of 
the operation and cure of the disease. In addition, 
ultrasound offers real-time imaging with greater 
anatomic detail, as compared to scintigraphy. 
However, there is limited identifi cation of 
retrosternal and retrotracheal disease. Another 
shortcoming is its use in obese patients and in 
patients with short necks or limited neck exten-
sion, as well as those with nodular thyroid dis-
ease, in whom it is much more diffi cult to obtain 
an adequate view to identify adenomas. 

 It can be diffi cult to distinguish small lymph 
nodes from diseased glands based solely on 
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ultrasound. The use of ultrasound in combina-
tion with other imaging modalities, especially 
the sestamibi scan, is common and in fact pre-
ferred by many surgeons. A parathyroid ade-
noma identifi ed both on sestamibi scan and on 
ultrasound imaging is highly specifi c. Combining 

the two modalities, a false-negative rate as low 
as 2 % has been found, as compared to 23 % 
with ultrasound alone and 12 % for sestamibi 
alone. Ultrasound is also useful for guiding fi ne-
needle aspiration (FNA) of a lesion, as described 
below.  

  Fig. 14.1    Gray-scale ultrasound ( left ) and color Doppler 
ultrasound ( right ), both showing transverse view of a left 
inferior parathyroid adenoma, situated between the tra-

chea and the carotid artery. A typical parathyroid adenoma 
is a solid, homogenous, hypoechoic mass       

  Fig. 14.2    On color Doppler ultrasound, an extrathyroidal peripheral feeding vessel and a rim of vascularity around the 
adenoma are typically seen (transverse and sagittal views)       
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    Sestamibi Scan 

 Developed in the early 1990s, sestamibi parathy-
roid scanning is now widely available. This imag-
ing modality, comprised of several different 
nuclear scintigraphic techniques, is the most 
popular procedure used for parathyroid localiza-
tion and is collectively the most accurate, with a 
sensitivity and specifi city of greater than 90 % 
for identifying parathyroid disease. Sestamibi 
scanning is particularly useful for identifying 
ectopic disease and has been shown to be more 
reliable for adenoma localization in patients with 
lower levels of vitamin D. 

 Often used in conjunction with ultrasound, 
this combination is highly reliable, as an ultra-
sound can anatomically identify a possible ade-
noma, while a nuclear medicine scan can 
differentiate it functionally from a lymph node or 
thyroid mass. 

 Tc-99m sestamibi is a lipid-soluble myocar-
dial perfusion tracer that accumulates in the 
mitochondria of cells. Parathyroid adenomas are 
very vascular and have a high concentration of 
oxyphilic cells, which have increased mitochon-
drial content, increasing their sestamibi uptake. 
The sestamibi isotope, which emits gamma rays, 
is retained longer in the parathyroid adenoma 
cells than the adjacent thyroid due to this 
increased mitochondrial content. Thus, there is 

focal increased uptake on early and delayed 
images taken with a gamma camera in an ade-
noma, as compared to other surrounding tissue. 
The two most common techniques used are sub-
traction imaging and dual-phase imaging. 
Subtraction imaging can be especially helpful if a 
thyroid mass is present. Dual-phase imaging is 
less affected by motion artifact, making it a better 
option for SPECT imaging. 

 In subtraction imaging, both a thyroid-specifi c 
radionuclide and a thyroid- and parathyroid- 
specifi c radionuclide are administered. The most 
commonly used thyroid-specifi c radionuclides 
are either iodine-123 ( 123 I) or Tc-99 m sodium 
pertechnetate. The image from the uptake of the 
thyroid-specifi c radionuclide is subtracted from 
the parathyroid/thyroid radionuclide (Tc-99m 
sestamibi) image, resulting in an estimation of 
parathyroid tissue uptake (Fig.  14.3 ).

   In the dual-phase technique, visualization of 
parathyroid adenomas is based on differential 
washout. In this process, initial images are taken 
10 min after intravenous infusion, and subse-
quent images are taken at 2–3 h after sestamibi 
administration, based on the kinetics of the com-
pound. Due to retention and delayed sestamibi 
washout, there should be persistent sestamibi 
visualization in the parathyroid adenomas in the 
delayed images, as compared to the initial set 
(Fig.  14.4 ). Hyperparathyroid patients with dou-
ble adenomas and parathyroid hyperplasia have 

TCO4 Subtract

  Fig. 14.3    In subtraction imaging, the image from the 
uptake of the thyroid-specifi c radionuclide (in this case, 
Tc-99m pertechnetate,  left ) is subtracted from the para-

thyroid/thyroid radionuclide (Tc-99m MIBI) image, 
resulting in an estimation of parathyroid tissue uptake 
( right )       
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progressively less distinct or successful localiza-
tion than those with single adenomas.

   Sestamibi imaging was originally performed 
as two-dimensional (2D) planar scanning 
(Fig.  14.5 ). Such 2D scans have in some centers 
been replaced by SPECT (single proton emis-
sion computed tomography) scans, which pro-
vide three-dimensional (3D) reconstruction and 

greater localizing information (Fig.  14.6 ). 
Furthermore, SPECT sestamibi scans have 
recently been fused with high-resolution, thin 
slice CT to localize disease even more precisely 
(Fig.  14.7 ). Several studies have found dual- 
phase SPECT/CT sestamibi imaging to be sig-
nifi cantly superior to planar imaging in the 
detection of parathyroid lesions, especially when 
there is concomitant thyroid nodularity. 
However, other studies have found that SPECT/
CT has no signifi cant clinical value additional to 
that of conventional SPECT for parathyroid 
imaging except in locating ectopic parathyroid 
glands and that the additional time, radiation 
exposure, and expense do not justify the CT 
acquisition.

     One of the main limitations of all variations of 
sestamibi scanning is the fact that, like ultra-
sound, it is highly operator dependent. It is most 
reliable for identifying large, solitary adenomas. 
False positives occur when there are other cell 
types that also have high mitochondrial content, 
such as Hurthle cell nodules in thyroid tissue. 

  Fig. 14.4    Dual-phase technique. Early (10 min after 
intravenous infusion) and late (2–3 h after sestamibi infu-
sion) show differential washout. There is typically persis-
tent sestamibi visualization in parathyroid adenomas in 
the delayed images, although some adenomas, such as the 
one in this fi gure, show initial uptake and early washout       

ANT MAG 15 MIN

  Fig. 14.5    Two-dimensional planar sestamibi scan, show-
ing parathyroid uptake in a right inferior mediastinal 
adenoma       
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Also, brown fat, brown tumors, lymphoma, breast 
cancer, and thyroid carcinoma all have a propen-
sity for increased uptake. False negatives often 
occur with adenomas with low oxyphilic count, 
which is seen in smaller adenomas and in multi-
glandular disease. False-negative sestamibi scan-
ning has also been linked to patients with higher 
levels of vitamin D and lower levels of serum 
calcium, as well as patients with multigland 

 disease (multiple adenomas or parathyroid hyper-
plasia.). Reviewing early, late, and subtraction 
pinhole images together with SPECT images 
maximizes parathyroid lesion detection accuracy. 
Also, the operating surgeon should review all 
sestamibi scans irrespective of what is reported, 
because there are often subtle fi ndings that are 
pertinent but not reported on the formal 
interpretation.  

  Fig. 14.6    SPECT sestamibi scan, showing axial, sagittal, and coronal 3D reconstructions and localization of a parathy-
roid adenoma to the right retrothyroid region       
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    Computed Tomography 

 Computed tomography (CT) is a second-line 
noninvasive imaging modality that is typically 
used to localize elusive parathyroid disease. 
Although not as sensitive as ultrasound or sesta-
mibi scans, this imaging modality is useful for 
identifying ectopic disease (Fig.  14.8 ). It is avail-
able for use in most medical centers and can be 
used for guiding FNA biopsy of a lesion. In addi-
tion, it is less operator dependent than ultrasound 
or sestamibi imaging, and the images are easily 
stored in most databases.

   The disadvantages of CT include its cost, expo-
sure of the patient to radiation, and necessity for 
intravenous contrast. In addition, false positives 

  Fig. 14.7    SPECT/CT sestamibi fusion scans combine the 
advantages of cross-sectional imaging by CT with the 
functional imaging of sestamibi scintigraphy to yield a 

precise anatomic map such as seen for this right inferior 
parathyroid adenoma       

  Fig. 14.8    CT can be useful for identifying ectopic dis-
ease, such as the mediastinal parathyroid adenoma located 
anterior to the ascending aorta in this patient ( line )       
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are not uncommon, with lymph nodes most com-
monly mistaken for parathyroid adenomas. False 
negatives also result from parathyroid lesions 
being mistaken for lymph nodes. 

 The four-dimensional CT (4D-CT) imaging of 
the neck and upper mediastinum takes advantage 
of precise timing of contrast perfusion coordinated 
with acquisition of computed tomography data to 
identify the adenoma. It yields 3D multiphasic 
images, combined with the fourth or time dimen-
sion, to result in images at specifi ed moments pre-
contrast, during infusion, and 30 s after infusion. 
This imaging modality reveals both the anatomic 
location and the physiology of the lesion, by eval-
uating the perfusion characteristics. Parathyroid 
adenomas are characterized by rapid uptake of 
contrast with early washout of contrast. Lymph 
nodes are characterized by slow uptake of contrast 
with slow release. Thus, on the contrast-enhanced 
CT, a parathyroid adenoma will typically enhance 
earlier and more briefl y than lymph nodes. 

 The 4D-CT has been shown in some centers to 
be more sensitive than ultrasound or sestamibi scan 
alone for precise localization of hyperfunctioning 
parathyroid glands, with a lateralization accuracy 
of 93 % and localization accuracy of 86 %. It has 
also been shown to be useful in localizing adeno-
mas in the reoperative setting. The disadvantages 
of using this imaging modality are its cost, expo-
sure of the patient to radiation, the necessity for 
contrast, and limited availability of this type of 
study, as compared to other imaging modalities.  

    MRI 

 The use of MRI for identifi cation of parathyroid 
adenomas is mainly reserved for patients with 
nonlocalizing sestamibi and ultrasound studies 
and for previously operated patients with persis-
tent hyperparathyroidism. MRI is also very use-
ful for identifying ectopic disease, especially in 
the mediastinum (Fig.  14.9 ), and in cases when 
fi ndings on nuclear medicine imaging and on 
ultrasound are discordant. Its use is limited due to 
its increased cost and need for expertise in inter-
preting the images.

   On MRI, normal parathyroid glands are not 
seen. Adenomas are identifi ed as soft tissue masses 
and are isointense to hyperintense as compared to 

thyroid tissue on T2-weighted images. They are 
isointense to hypointense on T1-weighted images 
as compared to thyroid tissue (Fig.  14.10 ). 
Parathyroid adenomas often enhance avidly with 
gadolinium on T1-weighted images. Dynamic or 
4D-MRI can be performed in a manner similar to 
4D-CT described above, where early uptake and 
subsequent washout of gadolinium from parathy-
roid adenomas can be detected if the scanning is 
timed carefully with the infusion of the contrast 
agent. Lymph nodes, which have similar signal 
intensities, can be mistaken for parathyroid adeno-
mas on standard (nondynamic) MRI.

       PET/CT Scan 

 Like sestamibi scanning, PET/CT scanning is a 
functional imaging study that takes advantage of 
the hypermetabolic behavior of lesions, including 
parathyroid glands, and displays differential 
tracer retention and positron emission pictorially. 
Whereas there are case reports of the more com-
monly used fl uorodeoxyglucose (FDG) revealing 
parathyroid lesions on PET scanning, more recent 
and larger series have described C-11 methionine 
(MET-PET) as highly accurate at localizing para-
thyroid lesions. There is limited experience to 
date with this type of scan, and it is signifi cantly 
more costly than the alternative imaging studies.  

  Fig. 14.9    MRI in a previously operated patient with per-
sistent hyperparathyroidism, demonstrating ectopic dis-
ease in the retrosternal superior mediastinum ( line )       
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    Fine-Needle Aspiration 

 Fine-needle aspiration (FNA) can be guided by 
either ultrasound or CT (Fig.  14.11 ). It is very 
specifi c in distinguishing parathyroid tissue from 
nonparathyroid tissue, although distinction of 
parathyroid versus thyroid cytology can be chal-
lenging. When combined with testing for intact 
parathyroid hormone (PTH), FNA achieves a 
specifi city of 95–100 %. The needle used for 
FNA is rinsed with saline and tested for intact 
PTH by the same chemical assay that is used for 
serum PTH. However, FNA is invasive and can 
lead to an infl ammatory response at the biopsy 
site, which can have consequences for the surgi-
cal resection. There has been report of implanta-
tion of parathyroid tumor cells along the needle 
track, although separate literature attests to the 
safety of parathyroid FNA. Overall, FNA should 
only be considered in challenging cases.

       Selective Venous Sampling 

 Venous sampling for parathyroid hormone can 
also be used to determine the general location of a 
parathyroid adenoma. It is technically very chal-
lenging and success of the study is operator depen-
dent. Blood samples are obtained from multiple 

bilateral sites within the venous circulation supe-
rior and inferior to the potential sites of a parathy-
roid tumor, and gradients in PTH are measured. It 
is mainly useful in complex revision operations 
when two or more preoperative imaging modali-
ties have been inconclusive or unhelpful. Selective 
venous sampling has been shown to have a success 
rate of 86 % in identifying the location of a para-
thyroid adenoma in such patients. The use of the 
study is limited by its invasive nature, increased 
cost, need for interventional radiologist expertise, 

a b

  Fig. 14.10    On MRI, adenomas can be hypointense on T1-weighted images ( a ) and hyperintense on T2-weighted 
images ( b ), as seen in this example of a mediastinal parathyroid adenoma ( lines )       

  Fig. 14.11    Ultrasound-guided FNA of a deep parathy-
roid candidate lesion in a patient with prior unsuccessful 
exploration. The needle is rinsed with saline and analyzed 
for PTH (lines = needle tip and needle)       
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and exposure of the patient to radiation. However, 
recent reports of ultrasound-guided internal jugu-
lar vein sampling, even in the offi ce setting, have 
renewed interest in the concept and use of PTH 
gradient testing for diffi cult cases, without the pre-
viously associated risks.  

    Parathyroid Arteriography 

 Although rarely used today due to its increased 
risks, this test is both specifi c and sensitive. 
Parathyroid adenomas are highly vascular, and 
thus angiographic imaging modalities may be 
utilized. Adenomas are identifi ed as round- or 
oval-shaped lesions that display a vascular blush 
with angiographic injection. Success of the pro-
cedure is based on skill of the performing inter-
ventional radiologist. It is often utilized when 
other noninvasive imaging studies are equivocal. 
The risks of this procedure are devastating and 
include spinal cord injury and embolic infarction. 
More recently, noninvasive magnetic resonance 
angiography has been successfully used in the 
reoperative neck.  

    Conclusion 

 Accurate preoperative imaging methods have 
revolutionized the surgical approach to hyper-
parathyroidism and led to a trend toward mini-
mally invasive, targeted procedures. While 
regional as well as individual surgeon prefer-
ences differ, the spectrum of choices available 
means that most parathyroid lesions can be 
localized prior to surgery. The nuclear medi-
cine sestamibi scan, with or without SPECT/
CT, is considered by most to be the optimal 
initial exam for localization of parathyroid 
adenomas. It is useful to compare this func-
tional type of study to an anatomic study, such 
as an ultrasound, CT, or MRI, for precise 
three-dimensional targeting. Ultrasound, and 
increasingly surgeon-performed ultrasound, is 
cost effective, convenient, and highly reliable 
for localizing perithyroidal adenomas but has 
a limited role for adenomas in the mediasti-
num. The more expensive noninvasive imag-
ing modalities, CT and MRI, are usually 

reserved for cases where nuclear medicine 
imaging and ultrasound are discordant or 
unrevealing or for revision cases. The use of 
invasive imaging modalities, namely, FNA, 
angiography, and venous sampling, is limited 
to cases where the noninvasive imaging 
modalities are nonlocalizing.     
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           Introduction 

 The availability of the rapid, intraoperative mea-
surement of PTH (IOPTH) has changed the sur-
gical approach to primary hyperparathyroidism 
(PHPT). Although bilateral cervical exploration 
with identifi cation of all four parathyroid glands 
remains the standard to which all other surgical 
approaches are compared, the majority of patients 
undergoing surgery for PHPT in the United States 
undergo a less extensive exploration, limited to 
the removal of the single adenoma identifi ed on 
preoperative imaging. This approach, frequently 
referred to as “minimally invasive parathyroidec-
tomy” (MIP), is more accurately described as 
focused or single-gland exploration. MIP is not a 
surgical technique defi ned by the size of the inci-
sion or whether the procedure is performed endo-
scopically, robotically, or with video assistance. 
Rather it is a concept based on the fact that 
80–85 % of patients with PHPT have a single 
adenoma and that while the location of this ade-
noma can be identifi ed by preoperative imaging 
in most patients, preoperative imaging can only 
predict the presence of multiple hyperfunctioning 
parathyroid glands in 50 % of those patients in 
whom they occur. Based on these tenets, MIP is 

performed by removing the hyperfunctioning 
parathyroid gland identifi ed on preoperative 
imaging and then measuring IOPTH. If IOPTH 
falls adequately, the procedure is terminated 
without identifying the remaining parathyroid 
glands. If all patients with PHPT had single ade-
nomas or if preoperative imaging had a high sen-
sitivity for the identifi cation of those patients 
with multiple hyperfunctioning parathyroid 
glands, IOPTH would not be necessary. The cru-
cial role of IOPTH is to predict the presence of 
additional hyperfunctioning parathyroid glands 
in those few patients, about 7 %, in whom imag-
ing identifi es one abnormal gland but who in fact 
have multiglandular disease   . IOPTH does not 
necessarily confi rm that parathyroid tissue that is 
removed is normal or abnormal. Rather it con-
fi rms that no residual hyperfunctioning parathy-
roid tissue remains in the neck.  

    History 

 The radioimmunoassay of PTH was fi rst 
described by Berson, Yalow, and their associates 
in 1963. In 1988, Nussbaum et al. demonstrated 
that IOPTH fell to 40 % of baseline values within 
15 min of the removal of a parathyroid adenoma 
and suggested that the “Intraoperative measure-
ment of PTH by modifi cation of this IRMA may 
complement surgical skill and histopathologic 
information and has the potential for providing 
guidance regarding the extent of neck explora-
tion necessary for determining surgical care of 
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hyperparathyroidism.” Technical advances 
through the years have made the rapid intraoper-
ative measurement of PTH by automated equip-
ment either in the operating suite or in the central 
chemistry laboratory feasible. Dr. George Irvin, 
at the University of Miami, deserves recognition 
as the surgeon who was most responsible for 
demonstrating the clinical usefulness of IOPTH. 
Interestingly, in his initial report, IOPTH was 
used to decrease the failure rate in patients under-
going bilateral exploration, not to permit limited 
exploration. In multiple publications over the 
next two decades, his group has demonstrated 
that IOPTH could be used successfully to per-
form MIP with excellent immediate and long- 
term cure rates. Many other authors have 
confi rmed his fi ndings.  

    Technical Aspects 

 While it is convenient and expeditious to mea-
sure IOPTH in the OR suite, successful programs 
can function measuring IOPTH in the central 
chemistry lab if systems are developed to assure 
the rapid delivery of samples to the lab and the 
direct reporting of results to the OR. IOPTH val-
ues should be available within 30 min of being 
drawn and many systems can generate results in 
less than 20 min. Blood samples for IOPTH can 
be drawn from either an indwelling peripheral 
venous or intra-arterial cannula. We fi nd the use 
of the jugular vein for routine sampling to be 
cumbersome, particularly through a small inci-
sion. In addition, the incision cannot be closed 
until the fi nal sample is drawn. A baseline sample 
should be drawn as soon as the patient enters the 
operating room. In many patients, this intraoper-
ative baseline is quite different from the most 
recent preoperative PTH. This sample should be 
obtained before the incision is made or the neck 
is palpated. Palpation of parathyroid adenomas 
can result in a sudden increase (spike) in IOPTH 
that can confound the interpretation of subse-
quent IOPTH values. Induction of general anes-
thesia may do this as well. The timing of 
subsequent IOPTH samples varies among institu-
tions. Because the half-life of the intact PTH 

molecule is less than 2 min in most patients and 
almost never longer than 4 min, samples drawn 
10 min after the hyperfunctioning gland is 
removed will usually demonstrate successful 
resolution of hyperparathyroidism. The decay 
curve is not simple fi rst- or second-order kinetics, 
however, and IOPTH may take substantially lon-
ger to fall into the normal range when the base-
line value is unusually high. It is important, and 
our practice, to obtain a sample at the time of 
excision of the enlarged parathyroid. 
Intraoperative manipulation of a hyperfunction-
ing parathyroid can result in a dramatic spike in 
IOPTH. Failure to recognize this may mislead 
the surgeon into thinking that IOPTH has not 
fallen adequately if samples are obtained only at 
5 or 10 min after excision. In Fig.  15.1  it is dem-
onstrated that if the “at excision” sample is not 
obtained, IOPTH levels at 5 and 10 min can sug-
gest that additional hyperfunctioning parathyroid 
tissue is present and leads to unnecessary addi-
tional exploration. Another potential benefi t of 
the “at excision” sample is that in some patients 
IOPTH has already decreased to an acceptable 
level, probably due to devascularization of the 
parathyroid, before it is actually removed, per-
mitting early termination of the procedure. We 
usually draw samples at 15 and 20 min as well. 
While in many patients these prove unnecessary, 
in those patients in whom IOPTH decreases more 
slowly than normal or in whom there is an IOPTH 
spike at excision, substantial delay can result if 
additional samples are not drawn until the results 
of earlier samples are obtained.

   There is no universal agreement on what con-
stitutes an adequate decrease in IOPTH to assure 
cure. George Irvin and his associates rely on a 
50 % decrease at 10 min from either the base-
line or “at excision” IOPTH. Many surgeons feel 
uncomfortable terminating the procedure before 
the IOPTH has decreased more than 50 % from the 
baseline and into the normal range. Other permu-
tations of this, all based on a percentage decrease 
at a set time interval, have been proposed. In most 
patients, IOPTH either falls dramatically after 
removal of the hyperfunctioning gland or falls 
hardly at all, making the decision to proceed with 
further exploration relatively  simple. It should 
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also be noted that in some patients the baseline 
IOPTH is actually in the normal range. Even in 
these patients substantial decreases in IOPTH are 
usually observed following removal of the hyper-
functioning parathyroid(s). 

 Early in my experience, it became apparent 
that patients whose decrease in IOPTH level 
barely met the standard criteria had a higher 
incidence of persistent hyperparathyroidism 
postoperatively compared with those in whom 
the IOPTH decrease was dramatic. Requiring a 
greater decrease in IOPTH may result in fewer 
cases of persistent hyperparathyroidism after 
surgery but results in an increase in the number 
of unnecessary bilateral explorations. In a retro-
spective analysis of 194 patients, we found that 
persistent hyperparathyroidism after surgery 
almost always occurred in those patients whose 
fi nal IOPTH was >40 pg/ml (although in all 
patients IOPTH decreased by at least 50 % and 
into the normal range) regardless of the percent-
age decrease from baseline. It would appear that 
the absolute fi nal value of IOPTH is more predic-
tive of success than the percentage decrease. 

 Some authors have suggested that MIP can be 
performed with a high success rate in many 
patients without the time and expense of IOPTH 
measurement. They argue that in a patient who 

only has a solitary adenoma that is localized by 
appropriate imaging, measurement of IOPTH is 
unnecessary. Kebebew et al. proposed a simple 
scoring system based on the results of preopera-
tive sestamibi scans, ultrasonography, serum cal-
cium level, and PTH that was 99 % accurate in 
predicting the presence of a single hyperfunc-
tioning parathyroid. Others have suggested that 
the presence of concordant sestamibi and ultraso-
nography studies reliably predicts single-gland 
hyperparathyroidism and that measurement of 
IOPTH is not necessary in these patients. Our 
own experience differs from this. In patients with 
concordant sestamibi and ultrasonographic 
images demonstrating a solitary adenoma, 8 % of 
patients had additional enlarged hypercellular 
parathyroid glands found during further explora-
tion performed because the decrease in IOPTH 
did not meet our criteria for successful surgery. 

 Other authors have criticized the entire con-
cept of MIP based on IOPTH or radio guidance 
(see Chap.   5    ). Siperstein and his colleagues at the 
Cleveland Clinic have reported the results of their 
practice of measuring IOPTH while performing 
bilateral parathyroid exploration on all patients. 
In patients with preoperative imaging identifying 
a single adenoma and in whom IOPTH met the 
usual criteria for successful surgery following 
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removal of the imaged parathyroid, 16 % were 
found to have additional enlarged hyperfunction-
ing parathyroid glands on bilateral exploration. 
This observation is diffi cult to reconcile with the 
results of many large series of focused, single-
gland explorations in which the failure rate is 
only about 2 %. It would appear that either many 
patients will recur over time or that the enlarged, 
hypercellular parathyroid glands identifi ed by 
Siperstein and his colleagues are of no clinical 
(and functional) signifi cance. 

 There is another possible explanation for this 
observation. It has been well established that at 
least 15 % of patients whose calcium returns to 
normal after apparently successful parathyroid-
ectomy have persistently elevated PTH postop-
eratively. In many patients, this is due to vitamin 
D defi ciency or mild secondary hyperparathy-
roidism due to hypocalcemia. In some, however, 
the persistently elevated PTH is associated with 
normal vitamin D levels and calcium in the high 
normal range. These patients may indeed have 
mild persistent primary HPT and have been dem-
onstrated to have a relatively high incidence of 
recurrent HPT with hypercalcemia. It is possible 
that those patients with additional enlarged, 
hypercellular parathyroid glands identifi ed by 
Siperstein (which would not have been removed 
if exploration was terminated after an adequate 
decrease in IOPTH) may be responsible for this 
phenomenon. 

 Norman, in Tampa, was an early and enthusi-
astic advocate of MIP. Rather than assess the 
adequacy of parathyroidectomy by IOPTH, he 
used radio guidance to demonstrate that all 
hyperfunctioning parathyroid tissue had been 
removed. In a recent publication, he reported that 
long-term follow-up of his patients who had 
undergone limited exploration revealed a 6 % 
failure rate compared to a 99.4 % cure rate in 
those who had bilateral exploration. He con-
cludes from this observation that limited explora-
tion has an unacceptable high failure rate and 
should be abandoned. An alternative interpreta-
tion of his data, however, is that radio guidance is 
not an adequate substitute for IOPTH and that the 
difference in long-term outcome observed com-
paring limited with bilateral exploration would 

not have occurred had he determined the ade-
quacy of surgery by IOPTH. 

 It will require many years of careful follow-
up to confi rm that MIP results in long-term cure 
rates of hyperparathyroidism comparable to bilat-
eral exploration. Most studies published to date 
certainly support this. It is not adequate to follow 
serum calcium alone. At least 13 % of patients 
undergoing surgery for HPT are normocalce-
mic. In recent years in our practice, that fi gure 
has reached 19 %. These patients have signifi cant 
clinical disease. Return of postoperative calcium 
levels to the normal range without knowledge 
of PTH levels is not a guarantee that the patient 
does not have mild persistent hyperparathyroid-
ism. Serum calcium and PTH should be followed 
postoperatively, and in those patients with persis-
tently elevated PTH, bone densitometry should 
be performed periodically. Lack of improvement 
or increase of bone loss would suggest that per-
sistently elevated PTH, even in the presence of 
normocalcemia, is clinically signifi cant. At the 
present time, there is insuffi cient data to suggest 
that MIP should be abandoned.  

    Other Uses of IOPTH 

 The measurement of IOPTH can help the surgeon 
in clinical situations other than MIP. There are 
many patients in whom bilateral exploration is 
necessary. Patients with inconclusive preoperative 
imaging or patients in whom imaging suggests 
multiple hyperfunctioning parathyroid glands are 
not candidates for MIP. Even the most experi-
enced parathyroid surgeons can have diffi culty 
differentiating normal from minimally enlarged, 
hyperfunctioning parathyroid glands, and persis-
tent hyperparathyroidism can occur after bilateral 
exploration. Multiglandular parathyroid hyper-
plasia is not necessarily symmetrical. The pres-
ence of one obviously enlarged parathyroid does 
not mean that some of the smaller, relatively nor-
mal appearing glands are not hyperfunctioning. 
Frozen section biopsy of minimally enlarged 
parathyroid glands jeopardizes their viability. In 
addition, pathologists may not be able to differen-
tiate normal from hypercellular parathyroid 
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glands on frozen section when given a very small 
biopsy sample. When performing a bilateral 
exploration, persistence of IOPTH elevation fol-
lowing removal of an obviously enlarged parathy-
roid should prompt the removal or biopsy of 
additional parathyroid glands that appear rela-
tively normal. 

 Conversely, while the goal in bilateral para-
thyroid exploration is to identify all four parathy-
roids, this is not always possible. If during the 
exploration an enlarged gland(s) is identifi ed and 
one or more of the remaining glands cannot be 
identifi ed, a decrease of IOPTH predictive of 
cure permits the surgeon to terminate the proce-
dure rather than perform a diffi cult, time- 
consuming search for what is almost certainly a 
normal parathyroid. Before terminating an explo-
ration of a patient suspected of having multiple 
hyperfunctioning parathyroid glands, the 
decrease of IOPTH should be well into the nor-
mal range, usually to less than 20 pg/ml, not sim-
ply more than 50 % of the baseline value. 

 This is especially true in reoperations on 
patients with recurrent or persistent hyperpara-
thyroidism or in patients undergoing parathyroid 
exploration after previous thyroidectomy. Even 
when one has access to the previous operative 
and pathology reports, it is frequently diffi cult to 
be certain how many parathyroids were removed 
or damaged and how many remain in the neck. If 
during such a re-exploration an enlarged parathy-
roid is removed and IOPTH drops appropriately, 
further exploration to identify the remaining 
parathyroids, which may not even be present, can 
be avoided. 

 Carneiro-Pla has suggested the use of offi ce- 
based ultrasound-guided bilateral jugular venous 
sampling to help localize parathyroid adenomas. 
This technique can also be used intraoperatively 
when a parathyroid adenoma cannot be found 
after thorough exploration. Blood samples are 
drawn directly from each jugular vein and IOPTH 
measured on each sample. A marked differential 
between the IOPTH in the two veins would 
prompt further exploration on the side with the 
higher value. This technique has proven useful in 
fi nding parathyroid adenomas cephalad to their 
usual locations. 

 IOPTH can also be used in conjunction with 
intraoperative FNA of thyroid nodules or other 
neck masses. If an intrathyroidal parathyroid is 
suspected during exploration, rather than per-
form a thyroid lobectomy, an intraoperative FNA 
can be performed and the needle rinsed with a 
small volume of saline which is sent for IOPTH. 
High PTH levels confi rm the suspicion of a para-
thyroid gland. The same technique can be used to 
assess other neck masses rather than waiting for 
frozen section pathology.  

    Conclusion 

 IOPTH is an invaluable aid to the parathyroid 
surgeon. Access to this test permits the perfor-
mance of MIP with a high likelihood of cure. 
Performance of MIP without IOPTH may 
result in a higher failure rate and should be 
discouraged. IOPTH is also valuable in diffi -
cult bilateral explorations and in reoperative 
surgery.     
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           Introduction 

 Parathyroid surgery has changed signifi cantly in 
the last 20 years, due largely to signifi cant 
advances in early disease detection, improved 
preoperative localization modalities, and intraop-
erative adjuncts such as rapid parathyroid hor-
mone (PTH) assays and handheld gamma probes. 
Prior to these advances, the surgical management 
of primary hyperparathyroidism (PHPT) man-
dated a large transverse cervical incision, bilateral 
neck exploration, identifi cation of all four glands, 
and removal of any visibly abnormal glands. 
Though there are still clear indications for bilat-
eral exploration, approximately 85 % of patients 
with PHPT have a single parathyroid adenoma. 
Given the largely focal nature of this disease pro-
cess, as well as a global trend across surgical dis-
ciplines toward fewer open procedures, the 
development of minimally invasive surgery was a 
natural step in the treatment evolution of PHPT. 

 Minimally invasive surgery is in a broad sense 
a way of minimizing the tissue trauma required in 
traditional surgical exposures. However, there is 
currently no consensus as to what defi nes mini-
mally invasive parathyroid surgery. This is due to 
the signifi cant variations in surgical access 
options as well as differences in the potential 
extent of exploration performed in these proce-
dures. Minimally invasive parathyroid surgery 
may refer to a bilateral exploration through an 
opening smaller than the Kocher incision used 
for the traditional procedure, a unilateral explora-
tion only where two glands on the same side are 
identifi ed, or focal surgery directed at only one 
gland. Though no strict defi nition exists, mini-
mally invasive parathyroid surgery seeks to limit 
the length of the skin incision and minimize the 
extent of dissection to only that which is abso-
lutely necessary to identify and remove the 
pathologic gland(s). This chapter primarily 
addresses the focused treatment of a single ade-
nomatous gland through a minimally invasive 
open (non-endoscopic) approach. However, the 
concepts and techniques described are applicable 
to more extensive unilateral or bilateral, but still 
“minimally invasive,” procedures.  

    Hyperparathyroidism Diagnosis 

 PHPT is characterized by hypercalcemia result-
ing from elevated PTH levels. PHPT is due to a 
single adenoma in 80–90 % of patients; multi-
gland disease, such as double adenoma or diffuse 
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hyperplasia, in 9–14 % of patients; and parathy-
roid carcinoma in fewer than 1 % of patients. 
Since demographic variations and assay differ-
ences preclude unifi ed laboratory values to strictly 
defi ne hyperparathyroidism, local reference 
ranges are adequate to establish the diagnosis. 

 Prior to calcium screening with routine blood 
chemistry tests, many patients with PHPT pre-
sented with a heterogeneous yet well- 
characterized spectrum of fi ndings. The so-called 
traditional or symptomatic patients were fre-
quently found to have renal disease such as neph-
rolithiasis, bone changes including osteopenia 
and pathologic fractures, gastrointestinal distur-
bances and gastric ulcers, fatigue, weakness, and 
mental status changes. Routine testing of blood 
calcium over the last fi ve decades has led to a 
marked increase in the diagnosis of “asymptom-
atic” PHPT, which likely represents early detec-
tion in more than 80 % of patients with the 
disease. Though these patients lack the overt 
symptoms classically seen in advanced hyper-
parathyroidism, they may have subtle symptoms 
of malaise, fatigue, and neurocognitive defi cits. 
These patients may undergo symptomatic disease 
progression if left untreated. 

 Calcium values are usually elevated or in the 
high normal range in patients with PHPT, though 
the levels may not be persistently elevated in those 

with mild or early disease. Patients with elevated 
calcium levels are further evaluated with PTH 
testing. The combination of hypercalcemia in the 
setting of an elevated or inadequately suppressed 
PTH level is strongly suggestive of PHPT. Other 
causes of hypercalcemia, particularly lithium use, 
should be evaluated as indicated and vitamin D 
levels should be obtained (Table  16.1 ). Patients 
should also be screened for conditions associated 
with multigland hyperplasia, including multiple 
endocrine neoplasia types 1 and 2A (MEN-1, 
MEN-2A), renal hyperparathyroidism, familial 
isolated hyperparathyroidism, and hyperparathy-
roidism-jaw tumor syndrome.

   Familial hypocalciuric hypercalcemia (FHH), 
which is due to abnormalities in the calcium- 
sensing receptor (CaSR) in the parathyroid glands 
and kidneys, may cause both elevated calcium and 
PTH levels. This rare benign disorder does not 
require treatment and should be excluded prior to 
any surgical intervention. Patients may be screened 
with a calcium/creatinine clearance ratio (CCCR). 
Patients with FHH typically have a CCCR of less 
than 0.01, while those with PHPT have a ratio 
greater than 0.02. However, there is a great degree 
of overlap of these two diseases in patients with 
CCCRs between 0.01 and 0.02. Thus, those with a 
CCCR in this range may benefi t from CaSR muta-
tional analysis to clearly establish the diagnosis.  

   Table 16.1    Causes of 
hypercalcemia   

 Causes of hypercalcemia 

  Parathyroid disease    Drugs  
 Adenoma  Lithium 
 Hyperplasia  Thiazide diuretics 
 MEN 1, MEN 2A  Vitamin D toxicity 
 Secondary hyperparathyroidism  Vitamin A toxicity 
 Tertiary hyperparathyroidism  Aminophylline 
 Carcinoma   Miscellaneous  
 Hyperparathyroidism-jaw tumor syndrome  Familial hypocalciuric hypercalcemia 
 Familial isolated hyperparathyroidism  Milk alkali syndrome 
  Malignancy   Granulomatous diseases 
 Ectopic PTH secretion  Immobilization 
 Parathyroid hormone-related protein 
 Lytic bone lesions 
 Ectopic vitamin D 
  Endocrine  
 Hyperthyroidism 
 Adrenal insuffi ciency 
 Pheochromocytoma 

W.S. Duke and D.J. Terris



133

    Preoperative Imaging 

 Minimally invasive parathyroid surgery, in which 
fewer than four glands are sought, relies on iden-
tifi cation of the likely abnormal gland location 
with preoperative imaging. This helps direct the 
surgeon to the side most likely to contain the 
abnormal gland and can offer information as to 
whether a superior or inferior gland is involved or 
if an ectopic adenoma is present. Studies suggest 
that performing at least two different imaging 
modalities can improve tumor localization and, 
when concordant, may result in successful sur-
gery in 97 % of patients undergoing minimally 
invasive parathyroidectomy. It is important to 
recognize that these imaging modalities are not 
used to diagnose parathyroid disease but rather to 
help guide the surgeon in selecting the most 
appropriate procedure once the diagnosis is con-
fi rmed biochemically. 

 Technetium-99m sestamibi (sestamibi) is the 
most common imaging modality currently used 
(Fig.  16.1 ). The agent is concentrated in both the 
thyroid and parathyroid glands but takes longer 
to wash out of the parathyroid glands due to the 
relatively high mitochondrial content within 
parathyroid cells. The sensitivity of sestamibi 
varies between 50 and 90 % depending on the 

institution. The sensitivity may drop in the pres-
ence of thyroid nodules, which are found in more 
than a third of all patients that are imaged. A 
negative sestamibi does not necessarily preclude 
treatment with a minimally invasive procedure. 
This modality may be of limited use in detecting 
small adenomas, and the accuracy may vary 
based on calcium and PTH levels, patient body 
mass index, or in patients taking calcium channel 
blockers. Ultrasound or another imaging modal-
ity may identify the single adenoma and there-
fore render the patient a candidate for a minimally 
invasive procedure. However, a negative sesta-
mibi may impart a higher risk of multigland dis-
ease, up to 47 % in some series, so the surgeon 
should be prepared to perform a bilateral explora-
tion in these patients if necessary.

   Sestamibi is useful in detecting ectopic para-
thyroid glands, identifying up to 75 % of cases in 
one series. The test is often combined with single 
photon emission computed tomography (SPECT) 
to improve anatomic localization of a sestamibi- 
positive lesion. Sestamibi-SPECT has also been 
shown to improve single adenoma detection 
compared with standard planar sestamibi tech-
niques and has an overall sensitivity of 78.9 %. 
Sestamibi-SPECT is now routinely performed as 
the initial imaging modality in many institutions 
and is recommended in all cases of previously 
failed surgery. 

 Ultrasound using a high-frequency linear 
array transducer is also frequently used to evalu-
ate the parathyroid glands preoperatively and has 
an overall sensitivity of 76 % for single-gland 
disease. It is often combined with a sestamibi 
scan, which increases detection sensitivity to 
89–98 %. There are many advantages of ultra-
sound, including the speed and accessibility of 
the procedure, a relatively low cost, and the lack 
of radiation exposure. Perhaps the most impor-
tant advantages are the ability of the surgeon to 
personally perform the study and visualize the 
anatomic location of the adenoma and the oppor-
tunity to evaluate for the presence of any concur-
rent thyroid disease, such as nodules or thyroiditis, 
which may signifi cantly affect surgical planning. 

 Normal parathyroid glands are typically not 
appreciated on cervical ultrasound. Parathyroid 
adenomas usually present as round or ovoid solid 

  Fig. 16.1    Second phase of technetium-99m sestamibi 
scan obtained at 2 h showing uptake consistent with a left 
inferior parathyroid adenoma       
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hypoechoic masses. They are generally separated 
from the thyroid gland by an echogenic band. 
The presence of a polar vascular pedicle on 
Doppler mode rather than a central hilar vascular 
pattern can help distinguish adenomas from 
lymph nodes. Ultrasound will typically detect 
eutopic glands larger than 1 cm, but its sensitivity 
decreases in the presence of multigland disease, 
when the glands are usually not as large as in the 
case of single-gland adenomas. Ultrasound may 
visualize the location of some ectopic gland loca-
tions in the neck, such as an intrathyroidal ade-
noma, but its utility is limited in cases of 
mediastinal or retropharyngeal lesions. 

 Computed tomography (CT) and magnetic 
resonance imaging (MRI) have been used to pro-
vide cross-sectional anatomic imaging of abnor-
mal parathyroid glands. The utilization of these 
modalities has traditionally been limited because 
of their use of contrast, decreased sensitivity, and 
signifi cant radiation exposure (with CT). 
Therefore, these studies have primarily been 
reserved for cases with unsuccessful localization 
with ultrasound and sestamibi, ectopic glands, 
and reoperative procedures. The development of 
advanced imaging techniques such as 4D-CT, in 
which contrast uptake and washout are combined 
with CT imaging to identify parathyroid lesions, 
may contribute to improved imaging accuracy 
and help identify cases of multigland disease.  

    Medical Treatment 

 Though surgery is the only cure for PHPT, there 
are patients who may not be candidates for the 
procedure. These may be asymptomatic individ-
uals who do not yet meet the established guide-
lines for surgical intervention or who may have 
other medical comorbidities that place them at 
high risk of a perioperative adverse event. 
Nonsurgical options include surveillance with 
regular evaluation by a primary care physician or 
endocrinologist, correction of any underlying 
vitamin D defi ciency, a    normocalcemic diet, and 
medical intervention. Agents potentially useful in 
the treatment of PHPT include bisphosphonates, 
hormone replacement therapy in postmenopausal 

women, or the use of calcimimetics. 
Bisphosphonates and hormone replacement ther-
apy may help decrease bone turnover and 
improve bone mineral density, but have not been 
shown to durably reduce PTH or calcium levels. 
Calcimimetics, such as cinacalcet, modulate the 
CaSR, increasing the receptor’s sensitivity to cir-
culating calcium and thereby decreasing PTH 
release. Cinacalcet may decrease calcium and 
PTH levels, but does not signifi cantly improve 
bone density. It is important that patients be 
counselled that medical treatment may help 
mediate some of the metabolic effects of their 
condition, but does not cure them of their 
disease.  

    Surgical Intervention 

    Indications 

 Surgery is the only curative treatment for PHPT 
and is more cost effective than prolonged medi-
cal therapy. Parathyroid surgery is indicated in 
patients with symptomatic hyperparathyroidism 
or in asymptomatic patients who meet the guide-
lines established by the 2002 and 2009 NIH con-
sensus panels (Table  16.2 ). Patients with 
non-localizing imaging studies or those with dis-
orders known to involve multiple glands gener-
ally undergo a bilateral neck exploration.

   Candidates for successful minimally invasive 
non-endoscopic parathyroid surgery are patients 
with presumed single-gland disease, who have 
localizing preoperative imaging studies. 
However, it is critical for surgeons to be aware 
that even in cases with concordant preoperative 
imaging studies, multiglandular disease can be 
present. The surgeon should therefore always be 
prepared to convert to a bilateral exploration if 
indicated.  

    Surgery 

 Traditional parathyroid surgery requires a long 
transverse neck incision (typically 7–10 cm), 
elevation of subplatysmal fl aps, and bilateral 
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neck exploration to expose all four parathyroid 
glands. Glands that appear abnormal are removed. 
Some surgeons confi rm the presence of hypercel-
lular tissue in the suspicious gland by comparing 
it to frozen section biopsy specimens from the 
normal-appearing glands. Drains are often placed 
and patients are typically admitted to the hospital 
for postoperative monitoring. This approach, 
with a success rate of 95 %, was considered the 
standard of care prior to widespread use of preop-
erative localization studies. It remains the stan-
dard by which the effectiveness of all minimally 
invasive approaches is judged. Bilateral explora-
tion is still indicated in patients with disease 
 entities associated with diffuse hyperplasia, such 
as renal hyperparathyroidism, MEN-1, and 
MEN-2A. 

 Though diverse in execution and the use of 
ancillary aids, minimally invasive parathyroid 
surgery is defi ned by a reduction either in the size 
of the incision or in the overall extent of dissec-
tion and resultant tissue trauma. Minimally inva-
sive non-endoscopic parathyroidectomy utilizes 
a small incision, with initial dissection focused 
solely in the quadrant of the presumed abnormal 
gland (as seen on preoperative imaging). The 
procedure is subsequently directed by intraopera-
tive fi ndings and the results of the rapid intraop-
erative PTH (IOPTH) assay. 

 The planned cervical incision is marked while 
the patient is awake and upright in the holding 
area. This helps ensure the incision will be con-
cealed within a naturally occurring skin crease 
(Fig.  16.2 ). The patient is placed supine on the 
operating table and general anesthesia is induced. 
Intubation is generally performed with a standard 
endotracheal tube, though in selected or revision 

cases a laryngeal EMG endotracheal tube 
(Medtronic ENT, Jacksonville, FL) may be used. 
Generally no shoulder roll is required, but the 
headrest of the bed is lowered slightly to provide 
gentle neck extension. The operating table is then 
rotated 180° so the patient’s lower extremities are 
facing the anesthesia team. This allows place-
ment of an intravenous line in one of the patient’s 
feet for IOPTH assessment and obviates the need 
for an arterial line. An ultrasound repeated at this 
time by the surgeon can confi rm the fi ndings of 
the preoperative studies and provide precise 

   Table 16.2    Indications for 
parathyroidectomy   

 Indications for parathyroidectomy in asymptomatic patients 

 1.  Serum calcium elevated more than 
1 mg/dL above upper limits of normal 

 4. Age <50 years old 

 2.  Glomerular fi ltration rate <60 mL/min  5.  Patient requests surgery or is poor 
candidate for long-term observation  3.  Bone mineral density T-score <−2.5 at 

any site or prior fragility fracture 

  Adapted from Bilezikian J, Potts J, Fuleihan G, et al. Summary statement from a work-
shop on asymptomatic primary hyperparathyroidism: a perspective for the 21st century. 
J Endocrinol Metab. 2002;87(12):5353–61 and Bilezikian J, Khan A, Potts J. Guidelines 
for the management of asymptomatic primary hyperparathyroidism: summary statement 
from the third international workshop. J Clin Endocrinol Metab. 2009;94(2):335–9  

  Fig. 16.2    Planned 1.5-cm midline incision in a naturally 
occurring skin crease       
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guidance for the upcoming dissection. The 
planned incision site is infi ltrated with 0.25 % 
bupivacaine with 1:200,000 epinephrine 
(Hospira, Lake Forest, IL), and a sterile prep is 
applied to the neck. A baseline IOPTH level is 
drawn prior to incision. The IOPTH assay is pref-
erably performed by a technician with mobile 
equipment in the operating room, eliminating the 
transport time required to send the sample to the 
main laboratory (Fig.  16.3 ).

    A knife is used to make a 2- to 2.5-cm skin 
incision, and the dissection is carried through the 
subcutaneous tissue. Careful attention is given to 
absolute hemostasis, as any bleeding from super-
fi cial tissue layers can obscure critical visualiza-
tion of deeper structural details. The medial 
aspects of the platysma, if encountered, are 
divided to the lateral extent of the incision. No 
subplatysmal fl aps are elevated. The strap mus-
cles are separated vertically in the midline and 
the thyroid isthmus is identifi ed. The strap mus-
cles on the side of the suspected adenoma are 
bluntly elevated off the anterior and lateral aspect 
of the thyroid lobe and secured under Terris thy-
roid retractors (Medtronic ENT, Jacksonville, FL). 

 Attention is then directed toward the most 
likely location of the pathologic gland, as pre-
dicted by localization studies. The majority of 

parathyroid adenomas lie in predictable locations 
within the central neck compartment, but up to 
13 % of patients have supernumerary glands, 
which may be pathologic, and as many as 11 % of 
patients have more than 1 adenoma. The superior 
glands are usually located within a 2-cm area 
whose center is 1 cm cranial to the intersection of 
the recurrent laryngeal nerve and the inferior thy-
roid artery. The location of the inferior parathy-
roid glands is more variable. They are typically 
located within 1 cm of the inferior aspect of the 
thyroid gland, anterior to a coronal plane drawn 
through the recurrent laryngeal nerve, but may be 
intimately associated with the thymus or thyro-
thymic tract in up to 26 % of patients. 

 To explore the superior gland, the thyroid lobe 
is retracted ventrally and medially with the Terris 
retractors, exposing the posterior aspect of the 
thyroid lobe and the paratracheal region. This 
exposure can usually be accomplished without 
division of the middle thyroid vein. The inferior 
parathyroid gland may be found by gently dis-
secting the soft tissue ventral to inferior pole of 
the thyroid gland or may be identifi ed dorsal to 
the gland by gentle retraction of the thyroid lobe. 

 The ability to visually distinguish a normal 
from abnormal gland is crucial to minimally 
invasive parathyroid surgery, as there are often no 

  Fig. 16.3    Mobile intraopera-
tive PTH assay equipment in 
operating room       
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normal glands exposed for reference. Normal 
parathyroid glands are typically fl at, are light 
brown to tobacco in color, and are 3–8 mm long 
with an average weight of 40 mg. They are usu-
ally surrounded by or capped with fat (Fig.  16.4 ). 
Parathyroid adenomas are typically larger, more 
rounded, rubbery, and a darker red brown in color 
(Fig.  16.5 ). Gentle spreading of overlying fat 
may help reveal the enlarged glands. Once identi-
fi ed, blunt dissection with spatulas is used to gen-
tly liberate the gland from the surrounding soft 
tissue, until only the vascular pedicle remains 
attached to the gland. Soft tissue adherent to the 
capsule of the gland may be gently grasped to 
facilitate retraction and dissection, but care 
should be taken to avoid grabbing or excessive 
manipulation of the gland itself, as this may stim-
ulate release of stored parathyroid hormone and 
alter subsequent IOPTH levels.

    The recurrent laryngeal nerve may be iden-
tifi ed and is preserved during this dissection. 
Once free from the surrounding tissue, the vas-
cular pedicle of the adenoma may be transected 
with electrocautery or ligated with vessel clips 
and sharply divided if it is near the recurrent 

 laryngeal nerve. Frozen sections are not gener-
ally used. Once the suspicious gland has been 
removed, the surgical fi eld is irrigated, hemo-
stasis is assured, and half a sheet of Surgicel 
(Ethicon, Inc., Somerville, NJ) is placed into the 
wound bed. The strap muscles are reapproxi-
mated in the midline with a single 3–0 Vicryl 
(Ethicon, Inc., Somerville, NJ) fi gure-of-eight 
suture. The subcutaneous tissue is closed with 
buried interrupted 4–0 Vicryl (Ethicon, Inc., 
Somerville, NJ) sutures, and the skin edges are 
closed with DermaFlex adhesive (Chemence 
Medical Products, Inc., Alpharetta, GA) and a 
single transverse Steri-Strip (3M Corporation, 
St. Paul, MN). No drains or external sutures are 
used (Fig.  16.6 ).

   Post-excisional IOPTH levels are drawn 5 and 
10 min after removal of the abnormal gland. This 
may be extended to a 15-min interval if neces-
sary. Obtaining levels at these time points allows 
the surgeon to assess the PTH decline and make a 
decision about the likelihood of a successful 
operation. The 5-min level is particularly useful 
because the operation can often be terminated 
after this value is ascertained. The procedure is 
considered successful and terminated if the post- 
extirpation IOPTH level has fallen at least 50 % 
below the baseline value and is within the normal 

  Fig. 16.4    Normal parathyroid gland ( arrow ) demonstrat-
ing the caramel color and surrounding fat       

  Fig. 16.5    Parathyroid adenoma ( white arrow ) and recur-
rent laryngeal nerve ( black arrow )       
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range. Patients are discharged home on the day of 
surgery with a short-term prescription for an oral 
calcium supplement. 

 When the IOPTH fails to decrease as antici-
pated, the surgeon should be suspicious of the 
presence of multigland disease. If there is any 
doubt about the ability to adequately identify the 
glands or if an ectopic gland is suspected, the 
procedure should be converted to a standard 
bilateral exploration and all potential gland loca-
tions explored as indicated.  

    Modifi cations 

 There are numerous modifi cations of the previ-
ously described minimally invasive non- 
endoscopic parathyroidectomy technique, which 
may be tailored to the individual preferences of 
the surgeon and needs of the patient. While these 
modifi cations are reviewed in detail in other 
chapters of this text, they are briefl y introduced 
here to demonstrate the versatility of the mini-
mally invasive approach. 

 The procedure can be performed under local 
anesthesia using a cervical block and monitored 
anesthesia care. This may allow patients with 
medical comorbidities that preclude the safe use 
of general anesthesia to undergo the procedure. 

 As mentioned earlier, the focused approach 
can be expanded to either a unilateral or bilateral 
exploration if necessary, often through the same 

small incision. This may be useful for identifying 
and obtaining a biopsy of a second, normal- 
appearing gland in institutions that rely on frozen 
section analysis rather than IOPTH assays or in 
cases where the previously suspected abnormal 
gland on preoperative imaging appears to be nor-
mal on intraoperative inspection. Proceeding 
with a bilateral exploration through the same 
minimally invasive incision is generally easier in 
patients without large thyroid nodules or a his-
tory of thyroiditis, though these conditions are 
not necessarily contraindications to a minimally 
invasive procedure. 

 Though typically described with a midline 
incision, the minimally invasive procedure may 
be performed through a lateral approach in care-
fully selected patients with posteriorly located 
adenomas. Rather than dividing the strap muscles 
in the midline, dissection is directed between the 
lateral aspect of the strap muscles and the sterno-
cleidomastoid muscle to access the region poste-
rior to the thyroid gland. This approach may offer 
fast, more direct access to deep adenomas and 
may be more comfortable for patients undergo-
ing local anesthesia for their procedure. 

 Endoscopic modifi cations of minimally inva-
sive parathyroid surgery are also possible, though 
more stringent patient selection criteria apply 
than for other procedures. Patients generally 
should have well-localized adenomas in the 
absence of a large goiter, diffuse hyperplasia, or a 
history of previous neck surgery. The operation 

  Fig. 16.6    Final appearance 
of the closed incision with 
¼-in. Steri-Strip embedded in 
skin glue to facilitate removal 
of the adhesive at 3 weeks 
postoperatively       
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may be performed through a midline or lateral 
approach with the assistance of a 30° endoscope, 
and bilateral exploration is possible if a midline 
incision is used. 

 The minimally invasive radioguided modifi ca-
tion takes advantage of the preferential retention 
of technetium-99m sestamibi by the parathyroid 
glands compared to the thyroid gland and sur-
rounding soft tissue. After injection of sestamibi 
on the day of surgery, a standard minimally inva-
sive non-endoscopic parathyroidectomy is per-
formed. Once the suspicious gland has been 
removed, a handheld gamma probe is used to 
measure the radioactivity in both the excised 
gland and over the patient’s right shoulder. A 
radioactivity reading in the excised gland that 
exceeds 20 % of the background level suggests 
successful removal of the pathologic gland.  

    Success Rates 

 To become a reasonable alternative, any new 
surgical technique must yield outcomes that are 
at least equivalent to the conventional approach. 
Multiple studies have now confi rmed that mini-
mally invasive parathyroidectomy procedures 
performed by experienced providers in properly 
selected patients produce results that are compa-
rable to traditional open four-gland exploration. 
Durable biochemical cures are reliably obtained in 
95–99 % of patients undergoing a minimally inva-
sive parathyroid procedure, identical to the 97 % 
success rate reported for the classic approach. 
Overall complication rates of 1–3 % in minimally 
invasive procedures also compare favorably to a 
3.1 % complication rate in conventional explora-
tions   . Operating times are signifi cantly reduced 
with the minimally invasive approach, although 
the IOPTH assay adds to the overall procedure 
time. The ability to perform the PTH assay in the 
OR decreases specimen transport time, and the 
incision may be closed while the assay is being 
performed. The hospital length of stay is reduced 
in patients undergoing minimally invasive para-
thyroidectomy, with most patients discharged 
on the day of surgery. Minimally invasive para-
thyroidectomy has been shown to be more cost 

 effective than long-term medical therapy or tra-
ditional parathyroidectomy, but the actual cost 
differences will vary by choices in preoperative 
imaging, the use of intraoperative adjuncts, and 
the type of anesthesia administered.  

    Complications 

 There are no specifi c complications unique to a 
minimally invasive non-endoscopic parathyroid-
ectomy. In addition to the standard risks inherent 
in any surgical procedure, patients undergoing 
any parathyroid surgery are at risk for hypocalce-
mia, recurrent laryngeal nerve (RLN) injury, and 
persistence or recurrence of their disease. The 
risk of permanent RLN injury is less than 1 % 
when the procedure is performed by experienced 
surgeons. Transient hypocalcemia may occur in 
up to 35 % of patients undergoing parathyroid 
surgery and may be persistent in up to 4 % of 
cases. The effects of any transient hypocalcemia 
in the immediate postoperative period may be 
mitigated by the use of prophylactic calcium and 
vitamin D supplementation. 

 Persistence and recurrence rates are both low, 
as evidenced by the high success rates in mini-
mally invasive procedures. Persistent disease, 
defi ned as hypercalcemia and elevated PTH lev-
els within 6 months of the initial procedure, typi-
cally occurs when residual hyperfunctioning 
parathyroid tissue remains after the initial opera-
tion. Recurrence refers to biochemical evidence 
of PHPT that occurs after at least 6 months of 
normal postoperative laboratory results. The 
most common cause for persistence or recurrence 
is a single eutopic adenoma that was not located 
on the initial exploration. Other causes include a 
missed double adenoma, inadequate treatment of 
multigland hyperplasia, an ectopic adenoma, 
conversion of normal glands to hyperfunctional 
glands in patients with familial syndromes, and 
parathyromatosis or residual parathyroid carci-
noma. Re-exploration via a non-endoscopic min-
imally invasive approach may still be feasible in 
appropriately selected patients. 

 There are instances when conversion from a 
minimally invasive approach to a conventional, 
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open bilateral neck exploration may be war-
ranted. Common causes for conversion include 
failed localization of the pathologic gland, con-
cern for an ectopic gland, failure of the IOPTH 
levels to decline after adenoma removal, multi-
gland disease, concern for parathyroid carci-
noma, concomitant thyroid disease, and suspicion 
of failed localization. Published rates of conver-
sion vary from 3 to 17 %.   

    Conclusion 

 The last several decades have resulted in a sig-
nifi cant change in the dogma of parathyroid 
surgery. Though there are still clear indica-
tions for bilateral open exploration, the major-
ity of patients that now present with PHPT are 
candidates for a minimally invasive non-endo-
scopic approach to cure their disease. This 
transformation has been driven by improved 
preoperative localization strategies and inno-
vative intraoperative adjuncts, which, along 
with increased  surgeon experience, has made 
the minimally invasive parathyroidectomy a 
well-established, safe, and effi cacious treat-
ment of PHPT.     
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           Introduction 

    Bilateral neck exploration (BNE) with identifi ca-
tion of four parathyroid glands and the removal 
of macroscopically pathologic parathyroid tissue 
has long been the standard surgical procedure for 
patients with primary hyperparathyroidism 
(pHPT). This approach can achieve a cure rate of 
more than 95 % in experienced hands. However, 
most patients (>85 %) with pHPT have a single 
parathyroid adenoma. Given this, less invasive 
parathyroidectomy procedures (i.e., unilateral 
neck exploration) have been developed with the 
goal of reducing surgical trauma and postopera-
tive pain, shortening recovery times, and limiting 
complications. Since the early 1980s, these tech-
niques have become widely adopted. Studies 
have demonstrated that these focused techniques 
are safe and at least as effective as standard BNE 
while providing numerous advantages, including 
decreased incidence of postoperative hypocalce-
mia, shorter operative times, reduced postopera-
tive pain, faster recovery periods, and improved 
cosmetic results. In an effort to further reduce the 
invasiveness of these procedures, surgeons incor-
porated the use of endoscopes.  

    Background 

 The fi rst endoscopic parathyroidectomy was per-
formed by Gagner in 1996. This technique 
employed ports and gas insuffl ation to maintain 
the operative space. Purely endoscopic proce-
dures were met with only limited enthusiasm 
because they were technically demanding and 
often required long operative times with extended 
periods of CO 2  insuffl ation. The introduction of 
video-assisted procedures obviated the need for 
gas insuffl ation. Several video-assisted tech-
niques have been described, including the lateral 
approach reported by Henry. The lateral approach 
appears to be effective and safe but is signifi -
cantly limited by the inability to perform a bilat-
eral exploration if necessary. 

 Minimally invasive video-assisted parathy-
roidectomy (MIVAP), fi rst described by Miccoli, 
is the most widely adopted of the video-assisted 
parathyroidectomy techniques. This technique is 
relatively easy to learn and implement, as it 
reproduces the steps of conventional parathyroid-
ectomy. The endoscope is used only as a tool to 
allow the same operation to be performed but 
through a smaller skin incision. The endoscope in 
these cases provides tremendous magnifi cation 
and resolution of the operative bed. 

 The limited dissection, small incision, and 
midline approach characteristic of MIVAP result 
in numerous benefi ts for patients. Avoiding neck 
hyperextension and extensive dissection results 
in less postoperative pain. The minimal incision, 
as small as 1.5 cm, guarantees a better cosmetic 
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result. Several comparative studies have indeed 
demonstrated the advantages of MIVAP in terms 
of reduced postoperative pain, improved cos-
metic outcomes, and higher patient satisfaction 
over both conventional and open, non- endoscopic 
minimally invasive parathyroidectomies. Another 
merit of this technique, in contrast to any of the 
procedures utilizing a lateral approach, is the 
possibility of performing a bilateral neck explo-
ration when necessary through the same central 
incision. In line with national standards, our 
department does not perform parathyroid surgery 
on an outpatient basis. However, in settings 
where ambulatory surgery is practiced, MIVAP, 
which can be completed under locoregional anes-
thesia, is an ideal technique. Importantly, several 
studies have shown that these benefi ts of MIVAP 
can be realized without longer operative times 
compared to other minimally invasive 
approaches.  

    Selection Criteria 

    Indications for MIVAP 

 With increasing experience, the indications for 
MIVAP have signifi cantly widened. All patients 
with pHPT are now potential candidates for 
MIVAP. However, patients with sporadic pHPT, 
in whom a single adenoma is suspected based on 
preoperative localizing studies, are ideal candi-
dates for MIVAP. These focused procedures 
result in the most benefi t for patients. 

 As the endoscope can be rotated and placed 
in every direction, all levels of the neck and 
the upper mediastinum can be visualized. 
Consequently, patients with caudally located 
pathologic glands (i.e., retrosternal, intrathy-
mic) can undergo MIVAP. In cases of suspected 
multiglandular disease (including patients with 
multiple endocrine neoplasia), a video-assisted 
bilateral exploration can be planned. This same 
bilateral approach can be used in patients with 
limited or uncertain preoperative localization 
information. 

 In terms of contraindications, greater comfort 
with MIVAP has allowed an increasing number 

of patients to benefi t from this approach. Early in 
the experience, a history of neck surgery, persis-
tent or recurrent hyperparathyroidism, the pres-
ence of a substernal adenoma, or a concurrent 
goiter all were considered contraindications for 
MIVAP. However, based on the experience of the 
surgeon and the particular details of a case, 
MIVAP can sometimes be utilized in these set-
tings. Another technical limitation concerns 
large parathyroid adenomas (>30 mm). Indeed, 
dissection and extraction of large adenomas 
through a small incision can result in capsule 
rupture with the theoretical risk of parathyroma-
tosis. No case of this complication has been 
reported to date. 

 In order to achieve the best results, surgeons 
should be well trained in both endocrine and 
endoscopic surgeries. Moreover, as with all new 
surgical procedures, a learning curve exists with 
MIVAP and should be taken into account. Finally, 
to optimize the results, effi ciency, and safety of 
MIVAP, a dedicated team of surgeons, assistants, 
and nurses should be assembled to perform these 
procedures.   

    Procedural Details 

    Anesthesia 

 When this procedure was fi rst implemented, it 
was performed under general anesthesia with 
orotracheal intubation. With increasing experi-
ence, MIVAP can be routinely performed under 
locoregional anesthesia, with superfi cial modi-
fi ed or deep cervical block. 

    Patients and Surgical Team Position 
 The patient is placed in the supine position with 
the neck slightly extended. The surgical team 
consists of a primary surgeon and two assistants, 
one to handle the endoscope and the second to 
hold the retractors (Fig.  17.1 ). Efforts have been 
made to eliminate the need for a second assistant, 
with the use of a scope holder, for example. 
However, at this time, MIVAP remains a proce-
dure requiring two assistants. This represents one 
of the main limitations of MIVAP.
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   The monitor is placed at the head of the 
patient, across from the surgeon, who is posi-
tioned on the right side of the patient. A second 
monitor is usually positioned across from the 
scope-holding assistant, who stands on the left 
side of the patient (Fig.  17.1 ). This setup allows 
for easy viewing of the monitors, eliminating the 
need for any awkward positioning. The second 
assistant stands at the head of the bed, between 
the two monitors.   

    Surgical Technique 

 A small (1.5–2 cm), midline skin incision is 
made between the cricoid cartilage and the ster-
nal notch (Fig.  17.2 ). The skin incision in 
MIVAP is often placed higher than in conven-
tional parathyroidectomy. Precise placement of 
the incision may also be impacted by the loca-
tion of the apparent adenoma on preoperative 
imaging.

   After the skin incision is carried through the 
subcutaneous tissues and platysma muscle, the 
 linea alba , between the strap muscles, is opened 
as widely as possible. When initially devel-
oped, MIVAP utilized a short period of CO 2  
insuffl ation to facilitate dissection of the thy-
roid lobe from the strap muscles. The use of gas 

insuffl ation has now been completely aban-
doned. The thyroid lobe is separated from the 
overlying strap muscles by means of small con-
ventional retractors (Farabeuf retractors), which 
are also used to maintain the operative space. 
Following this, the thyroid lobe is medially 
retracted, while the strap muscles are retracted 
laterally. At this point, the endoscope (5 mm – 
30°) and the dedicated small surgical instru-
ments (2 mm in diameter) are introduced through 
the incision (Fig.  17.3 ). The endoscope is main-
tained in position with two hands by the assis-
tant. The absence of a trocar allows the position 
of the endoscope to be precisely changed, thus 
constantly providing optimal visualization of the 
operative site. This represents an important 
advantage of the video- assisted procedure over 
purely endoscopic techniques. In MIVAP, the 
endoscope is usually angled upwards, oriented 
toward the head of the patient. The angle of the 
endoscope can be changed to expose and explore 
the upper mediastinum when required.

   Critical to obtaining exposure is the complete 
release of the thyroid gland from the strap mus-
cles. This allows the view necessary to fully 
explore the likely sites of the parathyroid glands. 
Inadequate dissection and rotation of the thyroid 
gland medially can lead to diffi culty identifying 
an adenoma. 

 After unfurling the thyroid gland from the tra-
cheoesophageal groove, the recurrent laryngeal 
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  Fig. 17.1    Minimally invasive video-assisted parathy-
roidectomy (MIVAP): setup of the operative room and 
surgical team       

  Fig. 17.2    In MIVAP, a 1.5–2-cm incision is routinely 
used       
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nerve can be identifi ed, usually in close proxim-
ity to the inferior thyroid artery. Following this, a 
targeted exploration is carried out, almost exclu-
sively with blunt dissection, to identify the abnor-
mal gland. The magnifi cation of the endoscope 
permits, in most cases, the nerve and the parathy-
roid glands to be easily recognized. This is par-
ticularly true if the principles of blunt and 
bloodless dissection are respected. 

 After being identifi ed (Fig.  17.4a ), the patho-
logic parathyroid gland is bluntly dissected under 
endoscopic vision, using dedicated spatulas and 
spatula-shaped aspirator (Karl STORZ, Tuttlingen, 
Germany) (Fig.  17.4b ). The pedicle of the ade-
noma is usually clipped with titanium clips or 
ligated with conventional ligature. After dividing 
the pedicle, the adenoma is extracted through the 
skin incision (Figs.  17.5  and  17.6 ). IO-PTH assay 

  Fig. 17.3    After creating the 
operative space, the 
endoscope and surgical 
instruments are introduced 
through the skin incision 
without any trocar utilization       

a b

  Fig. 17.4    ( a ), A large left superior parathyroid adenoma 
identifi ed with the aid of the endoscope. The left thyroid 
lobe is retracted medially to the left of the image. ( b ), The 

left superior adenoma has been progressively dissected 
and its pedicle prepared. The recurrent laryngeal nerve is 
indicated by the  arrow        
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should confi rm the removal of all pathologic tis-
sue. After assuring adequate hemostasis, the strap 
muscles are sutured along the midline. The skin is 
closed by means of a subcuticular running suture 
or with a skin sealant. No drain is placed.

     In case of suspicion of multiglandular disease 
(whether because of inadequate IO-PTH 
decrease, 2-gland enlargement recognized during 
unilateral exploration, or if no localization is pro-
vided by preoperative imaging studies), bilateral 
parathyroid exploration can be accomplished 
using the same video-assisted technique through 
the single, central skin incision.   

    Outcomes 

 A number of retrospective series have reported 
on the outcome and the medium-term results of 
MIVAP. The largest of these series, from the 
Miccoli group, assessed 350 cases of MIVAP 
after a 6-year experience. They reported a cure 
rate of 98.3 %. After an average follow-up of 
35.1 months, persistent disease was evident in 
four cases. In regard to complications, the authors 
reported a 2.7 % rate of transient hypocalcemia, 
0.8 % rate of defi nitive nerve palsy, and a 0.3 % 
rate of postoperative bleeding. Other studies have 
uniformly shown similar excellent cure and 
 complication rates. 

 With appropriate patient selection and ade-
quate surgeon experience, the need to convert to 
conventional BNE is usually infrequent, even in 
an endemic goiter region. The need to convert to 
an open approach or BNE is usually related to 
diffi culty identifying the diseased gland(s), chal-
lenging dissection because of a large goiter or 
adenoma, thyroiditis or previous surgery, suspi-
cion of thyroid malignancy, suspicion of multi-
glandular disease, or an ectopically located 
adenoma. 

 Studies have shown favorable benefi ts of 
MIVAP compared to BNE and open minimally 
invasive parathyroidectomy. One prospective, 
randomized trial compared MIVAP with BNE, in 
terms of operative time, postoperative pain, com-
plications, cosmetic result, and costs. The results 
showed a signifi cant decrease in operative time, 
postoperative pain, and postoperative inactivity 
period with MIVAP. Patient satisfaction with the 
cosmetic outcome was signifi cantly superior in 
the group of patients who underwent MIVAP. 
Despite the need for two assistants (a frequently 
cited concern with MIVAP), no signifi cant differ-
ences in terms of overall costs were found between 
the two procedures. Several studies comparing 
open minimal invasive parathyroidectomy with 
MIVAP have shown that the two approaches have 
similar results with regard to cure and morbidity 
rates and operative time. MIVAP appears to offer 
improved cosmesis, signifi cantly better postoper-
ative physical functioning, and perhaps shorter 
postoperative hospital stays.  

  Fig. 17.5    After clipping and cutting the vascular pedicle, 
the adenoma is extracted through the skin incision       

  Fig. 17.6    Final check of the recurrent nerve ( arrow ) 
and the clipped pedicle after completing the 
parathyroidectomy       

 

 

17 Minimally Invasive Video-Assisted Parathyroidectomy



148

    Conclusions 

 MIVAP represents the apex of minimally 
invasive parathyroidectomy techniques. While 
requiring two assistants and limited special-
ized equipment, it is a relatively easy-to-learn 
procedure, which can be performed in most 
surgical centers. The widespread adoption of 
MIVAP attests to the multiple benefi ts it pro-
vides to patients.     
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           Introduction 

 Radioguidance has broad applications in para-
thyroid surgery and should be considered a 
crucial tool in parathyroid surgeons’ armamen-
tariums. Technetium 99m sestamibi, injected 
the day of surgery, is preferentially retained by 
parathyroid tissue. This characteristic of para-
thyroid tissue can be harnessed to facilitate mul-
tiple facets of these surgeries, including gland 
localization, tissue identifi cation, and meta-
bolic assessment. We fi nd that radioguidance 
is helpful in all parathyroid cases, from mini-
mally invasive to reoperations to bilateral neck 
explorations.  

    Selection Criteria and Preoperative 
Planning 

 Once the clinical diagnosis of hyperparathyroid-
ism has been made, and the patient is felt to be a 
surgical candidate, operative planning can 
commence. 

 Those patients with a diagnosis of primary 
hyperparathyroidism should undergo  preoperative 
imaging in efforts to identify or localize the 
abnormal gland and allow for a more directed 
surgical approach when possible. This can be 
done via ultrasound, technetium 99m sestamibi 
scanning, or CT, based on institutional resources 
and imaging quality. It is important to stress that 
the diagnosis of hyperparathyroidism is a clinical 
one, and imaging only serves to assist in opera-
tive planning. Negative imaging studies do not 
refute the clinical diagnosis, and surgical inter-
vention should not be delayed. Negative imaging 
does not prohibit the patient from being a candi-
date from a radioguided approach. 

 For those patients with secondary or tertiary 
hyperparathyroidism, or hyperparathyroidism 
secondary to MEN, preoperative localization 
studies are not needed as these generally repre-
sent multi-gland disease and hyperplasia. 

 In patients with persistent or recurrent disease, 
attempts at re-localization with imaging should 
be made. This ideally would include cross- 
sectional imaging (MIBI with SPECT, or CT) to 
further delineate the area of radioactivity in a 
three-dimensional setting, especially if initial 
images were two-dimensional only. 

 In summary, all patients can potentially bene-
fi t from the use of radioguidance during parathy-
roidectomy, and the only exclusion criteria 
should be pregnancy and radiation-dose limita-
tions. The use of the low-dose (10 mCi) techne-
tium 99m sestamibi has been shown to be safe for 
both patients and the operative team.  
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    Procedural Details 

 Patients undergo an intravenous injection of 
10 mCi technetium 99m sestamibi 30 min to 3 h 
prior to surgery. We generally do not obtain any 
images on the day of surgery. The day of surgery 
injection serves to provide signal for intraopera-
tive gamma detection. For those patients who are 
traveling a great distance to have surgery per-
formed, or who present emergently in hypercal-
cemic crisis and need intervention done during 
that admission, a higher dose of 20 mCi techne-
tium 99m sestamibi can be given, with images 
obtained at 15 and 90 min, and surgery planned 
within 2–2.5 h of the injection. 

 Once in the operating room, the patient is 
positioned. At our institution, we routinely use 
general anesthesia with either an endotracheal 
tube or a laryngeal mask. However, the mini-
mally invasive approach can easily be performed 
under local anesthesia with monitored anesthesia 
care as well. 

 After induction of anesthesia, a baseline para-
thyroid hormone level is drawn from a peripheral 
vein, generally from the foot. Internal jugular 
draws are reserved only for those patients with 
signifi cant peripheral vascular disease and limited 

access points. They can also be used to help with 
localization by obtaining samples from the bilat-
eral internal jugular veins. 

 Surgeon-performed ultrasound can be con-
ducted at this time to verify gland localization 
and further assist with incision placement. 

 The patient is then prepped and draped in 
usual sterile fashion. 

 We mark out our 2-cm incision mid neck, in a 
preexisting skin crease (Fig.  18.1 ). Alternatively, 
it can be placed directly over the diseased para-
thyroid if a lateral approach is planned.

   Prior to making the incision, a baseline assess-
ment of background radioactivity is measured by 
placing the gamma probe over the thyroid isthmus 
(Fig.  18.2 ). For this procedure, we use an 11-mm 
collimated gamma probe (Neoprobe 2000, Ethicon 
Endo-Surgery Breast Care, Cincinnati, OH). A 
second background count can be obtained by plac-
ing the probe over the left shoulder, if preferred.

   Once the background number has been 
obtained, the incision is made. Dissection is car-
ried down through the platysma, and the straps 
are divided in the midline if using an anterior 
approach. For the lateral approach the sternoclei-
domastoid muscle is separated from the strap and 
omohyoid muscles. 

  Fig. 18.1    The incision is 
marked and measured       
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 For those patients who do not have any local-
ization on preoperative imaging, radioactivity 
counts can be taken on both sides of the neck, or 
more specifi cally, the four quadrants of the neck. 
The area of highest activity gives the surgeon an 
idea as to where to start dissection. 

 If the gland is not quickly identifi ed during 
dissection, the gamma probe can be inserted into 
the wound to provide the surgeon with a trajec-
tory and area of highest activity to further local-
ize ectopic glands. 

 Glands identifi ed by the surgeon can then be 
assessed in vivo for radioactivity over that of 
baseline (Fig.  18.3 ). If appearing to be consis-
tent with a diseased gland, the vascular pedicle 

is isolated and controlled (Fig.  18.4 ). The speci-
men is then excised, with the timer starting for 
intraoperative parathyroid hormone monitoring. 
Ex vivo counts of the excised gland are taken 
with the tissue balanced on the tip of the probe 
to ensure no background is picked up from the 
patient (Fig.  18.5 ). Counts greater than 20 % of 
background are thought to represent pathologic 
parathyroid tissue and confi rm the presence of 
parathyroid tissue within the specimen. Lymph 
nodes, fat, and normal parathyroid tissue will 
not have counts this high.

     As the gamma probe only helps localize and 
then confi rm the excision of pathologic tissue, we 

  Fig. 18.2    Prior to the 
incision, the background 
radioaction count is 
established with the gamma 
probe       

  Fig. 18.3    The pathologic gland is identifi ed         Fig. 18.4    The vascular pedicle of the pathologic gland is 
isolated and divided       
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recommend the concomitant use of intraopera-
tive parathyroid hormone monitoring to confi rm 
that all hyperfunctioning parathyroid tissue has 
been removed. 

 Once satisfi ed that all hyperfunctioning tissue 
has been excised, hemostasis is meticulously 
obtained. The wound is then injected with local 
anesthetic (Fig.  18.6 ). The strap muscles are then 
reapproximated, as is the platysma. We use a run-
ning, knotless subcuticular closure for the skin 
(Fig.  18.7a, b ). Steri-Strips are then applied.

    The majority of patients are able to go home 
the same day as surgery. Ice packs are routinely 
used at our institution to minimize tissue swell-
ing and aid in pain control. Oral analgesics are 
generally all that is needed to achieve adequate 
pain control. We routinely discharge our patients 
with oral calcium supplementation. Patients are 
instructed to take additional doses for any symp-
toms of hypocalcemia (numbness, tingling, 
cramping). 

 Serum calcium and parathyroid hormone lev-
els are checked at the time of the postoperative 
follow-up visit, occurring 1 week after surgery.  

    Pearls and Pitfalls 

 Consistent use of the radioguided technique 
allows the surgeon to become facile with inter-
preting the count data. For this reason, we rou-
tinely use this approach for all our parathyroid 
surgeries, and not just the cases with the potential 
to be more complex. 

  Fig. 18.5    After the gland is excised, ex vivo radiation 
counts are taken. This is done with the gland balanced on 
the tip of the probe to ensure no background activity is 
picked up from the patient       

  Fig. 18.6    To minimize 
postoperative pain the wound 
is injected with a local 
anesthetic at the end of the 
case       
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 Improper angling of the probe can pick up 
increased background levels from the heart, 
carotid arteries, or salivary glands. Thyroid 
uptake is not always uniform, and can be particu-
larly confounding in patients with nodular thy-
roid disease. To ensure that the area of increased 
counts truly represents pathologic parathyroid 
tissue, the count elevation should exist when 
holding the probe at multiple angles to the tissue 
in question. 

 Glands located in the mediastinum can also be 
identifi ed with the use of radioguidance and pro-
vide the means for a less invasive resection. 
Those glands localized in the mediastinum on 
preoperative sestamibi scan can still be accessed 

via a left video-assessed thoracoscopic approach 
with the laparoscopic gamma probe assisting 
with localization. For these patients, this approach 
offers a less morbid option compared with the 
traditional median sternotomy. 

 To ensure best uptake of the tissues, surgery 
should ideally occur roughly 1 h after injection. 
The longer after injection, the less sensitive the 
gamma probe becomes. After 6 h, the gamma 
probe is less useful. For these reasons, coordina-
tion within your medical system is crucial to 
ensure the patients receive their injections on 
time and are able to return to the preoperative 
area without delay. As the gamma probe used for 
parathyroid surgery is the same machine and 

a

b

  Fig. 18.7    ( a ) The wound is 
closed with a subcuticular 
closure. ( b ) Completed 
wound closure       
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setup used for sentinel lymph node procedures in 
breast and melanoma surgery, most institutions 
already have the needed equipment.     
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 Prediction is very diffi cult, especially about the future. 
 Niels Bohr, Winner of Nobel Prize in Physics, 1922 

          Introduction 

 An invitation to write a chapter predicting future 
developments in any fi eld is a double-edged 
sword. At the time that the predictions are made, 
they can never be wrong since the future is 
unknown. At the point that they can be proven 
wrong, they are rarely reviewed since few in the 
future care what was predicted in the past. 
Writing a chapter about the future also has the 
benefi t of being inherently subjective since, by 
defi nition, predictions can never be evidence 
based. Given the restrictions noted above, we 
will, in the upcoming paragraphs, consider some 
of the innovations that have characterized thyroid 
surgery in the last few decades and suggest pos-
sible directions for future development. 

 Innovation in surgery has largely been charac-
terized by surgeons creatively attempting to solve 
intraoperative problems for their patients. As 
such, the drive to innovate (i.e., to make changes 
for the good) is grounded in the belief that some-
thing should be able to be done better. Although 
determining whether a new approach is actually 
benefi cial for patients requires a scientifi c 

approach and the accumulation of data, the actual 
drive to try a new approach, is often based on the 
serendipity of adapting a technique or technology 
to solve a specifi c clinical problem. For this rea-
son, innovation generally requires the belief that 
a problem exists.  

    A Look Back 

 In order to thoughtfully consider the potential 
changes in thyroidectomy in the future, it is help-
ful to look at the recent past. In the last few 
decades, thyroid surgery has become increas-
ingly common as rates of papillary thyroid can-
cer have risen worldwide. A number of changes 
have occurred with the operation over that time: 
(1) performing thyroid surgery as an outpatient 
procedure; (2) neuromonitoring of the recurrent 
laryngeal nerve during thyroid surgery; and (3) 
making the scar smaller or moving it to a location 
away from the neck. We will consider these 
changes and what has driven their development 
as a tool to help predict future changes. 

 Although a small number of surgeons have 
performed outpatient thyroidectomies for many 
years, in the last decade, the numbers of patients 
treated this way have signifi cantly increased. The 
move to outpatient surgery has been an innova-
tion that is primarily driven by surgeons rather 
than by patients. Although many patients are 
happy not to spend a night in the hospital, the 
economic incentives for discharge are primarily 
for the insurance company or the hospital. Thus, 
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the push for outpatient surgery has largely been 
refl ective of the more general shift to outpatient 
surgery in order to save money. 

 In recent years, neuromonitoring technologies 
have been increasingly used as a way to try to 
reduce the risks of recurrent laryngeal nerve 
(RLN) injury during thyroidectomy. Many stud-
ies have looked at how neuromonitoring affects 
the actual risks of nerve injury, yet only one has 
shown a statistically signifi cant improvement in 
RLN injury rates with use of neuromonitoring. 
Barczynski and colleagues showed a statistically 
signifi cant reduction in rates of transient RLN 
injury (but not in permanent RLN injury) with 
use of neuromonitoring. When looking to deter-
mine what has driven the move toward increas-
ing use of neuromonitoring technology in recent 
years, a number of important factors can be iden-
tifi ed. RLN injuries, although not common after 
thyroidectomy, remain a problem in a small num-
ber of patients and an ongoing source of worry 
for patients and surgeons. The morbidity of a 
RLN injury can be signifi cant and a complication 
that all surgeons try to avoid for their patients’ 
benefi t. In addition, RLN injuries are a common 
cause of malpractice claims against surgeons 
and, as such, a clear source of added concern to 
thyroid surgeons. 

 A third major change in thyroid surgery in the 
last 10–15 years has been the push to make the 
incisions smaller and/or move them to a less 
noticeable location than the anterior base of the 
neck. Numerous chapters in the present volume 
have addressed various approaches to minimally 
invasive or remote access thyroid surgery. To 
some extent, the widespread interest in these 
approaches can be traced to the public’s fascina-
tion with almost anything that is described as 
“minimally invasive.” In addition, the technol-
ogy that has allowed these approaches to be suc-
cessful is appealing to surgeons who have widely 
accepted that surgery that can be performed in a 
minimally invasive manner is desirable. 

 These many different approaches to remove a 
thyroid gland without a large incision in the front 
of the neck can be seen as a response to “the 
problem of the scar on the neck.” How much of a 
problem this really is for patients is certainly 
quite variable and something that does not lend 

itself to objective measurement. However, as is 
commonly the case, innovation in surgery occurs 
when there is some dissatisfaction with the status 
quo. When the issue is a visible scar on the neck, 
even if it is not particularly bothersome for many 
patients, the fact that some patients see it as a 
clear problem has driven much of the creative 
attempts to shorten or hide the scars.  

    Possible Future Directions 

 In the upcoming years, we anticipate that thyroid 
surgery will continue to change in response to the 
desires of surgeons and their patients. As the eco-
nomic pressures on all surgical care increase, 
there will likely be a continued movement to 
reducing costs for thyroid surgery and as a result, 
many more patients will likely be treated as out-
patients. Whether one considers this an advance 
or not depends on one’s perspective, but if outpa-
tient thyroid surgery can be safely performed for 
increasing numbers of patients, it will certainly 
save money for any healthcare system. 

 The future likely also holds signifi cant prom-
ise for increasing use of new technology to make 
thyroid surgery, even via remote incisions, less 
invasive. If, for example, robotic technology 
were to allow for smaller devices, then the poten-
tial to signifi cantly shrink the incisions used 
would be quite high. We anticipate that in the 
years to come, the various remote access and 
small incision approaches to thyroidectomy will 
become faster and more closely approximate the 
operative times for conventional open opera-
tions. This will do much to reduce the economic 
disincentives to some of the newest techniques. 
However, because of the diffi culty of showing 
changes in the risks of thyroid surgery since they 
occur at such a low rate, we anticipate that there 
will always be a large number of thyroidectomies 
performed through low transverse collar 
incisions. 

 What additional changes in thyroid surgery 
are less likely, but would be wonderful if they 
occurred? We are hopeful that future approaches 
will help to reduce the rates of morbidity associ-
ated with thyroid surgery. Any techniques or 
technologies that would allow for lower rates of 
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RLN injury and hypoparathyroidism would be 
welcome additions to the arsenal of options for 
thyroid surgeons. Although as noted above, cur-
rent RLN monitors do not reduce the risk of per-
manent RLN injuries, perhaps such future 
neuromonitoring devices would successfully 
reduce the rates of this complication. The options 
for continuous vagal stimulation during thyroid-
ectomy may prove the basis for the next genera-
tion of neuromonitoring devices or some 
innovative approach, not currently described, 
may be effective. We do not anticipate that any 
technology will ever replace the necessity for 
meticulous technique on the part of the surgeon, 
but we are hopeful that the future will see options 
that will make the likelihood of injuring the RLN 
or superior laryngeal nerve increasingly rare. 

 With respect to preserving parathyroid glands 
during thyroidectomy, little in the way of new 
approaches has been offered in decades. Without 
doubt, increasing visualization with magnifi ca-
tion has the potential to improve parathyroid 
preservation, but other approaches may also be 
more helpful in the future. If it were possible to 
more accurately identify the parathyroid glands 
intraoperatively, surgeons would be better able to 
preserve them. This could be accomplished by 
administering an agent to the patient so that the 
parathyroid glands become more appreciably dif-
ferent from the adjacent thyroid and other soft 
tissue. Alternatively, if parathyroid hormone lev-
els could be followed in real time throughout a 
thyroidectomy, it would be possible to look for 
parathyroid glands for autotransplantation per-
haps before it was too late. 

 Another avenue for future progress in thyroid 
surgery could potentially surround the diagnosis 
of thyroid cancer in thyroid nodules. If fewer 
patients needed surgery for indeterminate nod-
ules, healthcare costs could be reduced. In addi-
tion, if it were possible to reliably identify thyroid 
cancer in indeterminate thyroid nodules intraop-
eratively, fewer patients would face a second 
operation to treat thyroid cancer. 

 Among those patients with known thyroid can-
cer, any technique that would allow the surgeon to 
more readily assess the adequacy of the total/near-
total thyroidectomy intraoperatively would be 
benefi cial to patients. If it were possible to assess 

the residual thyroid tissue either  hormonally or 
via some specifi c altering of thyroid tissue so that 
it is more distinctly different from the surround-
ing tissue, then some patients would be saved 
from the increased morbidity associated with the 
need to perform completion thyroidectomies. 

 In a similar manner, patients with known 
thyroid cancer would benefi t from techniques 
or technologies that would allow a surgeon to 
better assess lymph nodes intraoperatively. If 
surgeons could determine which patients had 
positive lymph nodes more accurately, then only 
those patients who have positive nodes would 
get node dissections. In this fashion, the risks 
to those patients who would not benefi t from 
node dissection would be reduced. Among those 
patients with positive nodes from thyroid cancer, 
any technique that could allow for the intraop-
erative assessment of the adequacy of lymph 
node clearance would be a signifi cant benefi t for 
patients. Such information would allow surgeons 
to more closely tailor the patient’s operation to 
the patient’s specifi c condition.  

    Conclusions 

 Thyroid surgery has dramatically changed 
over the last century and a half. In 1866, Dr. 
Samuel Gross wrote:

  But no sensible man will, on slight considerations, 
attempt to extirpate a goitrous thyroid gland. If a 
surgeon should be so adventurous, or fool-hardy, 
as to undertake the enterprise, I shall not envy him 
his feelings, while engaged in the performance of 
it, or after he has completed it, should he be so for-
tunate as to do this. Every step he takes will be 
environed by with diffi culty, every stroke of his 
knife will be followed by a torrent of blood, and 
lucky will it be for him if his victim live long 
enough to enable him to fi nish his horrid butchery. 

   Certainly, things have changed since Dr. 
Gross’ time. Thyroid surgery has become a 
very safe procedure from which the vast 
majority of patients rapidly recover. However, 
if we remain sensitive to the complications 
that continue to occur in our patients, we will 
continue to strive in the future to improve the 
operation. Although none of the items sug-
gested above may occur in the next 10 years, it 
remains valuable to contemplate what could 
make thyroid surgery a better operation for 
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our patients. Although not all new ideas are 
good ideas, unless we remain dissatisfi ed with 
the current state of affairs, we will not seek 
new options for how to make operations bet-
ter. In future years, we hope that surgeons will 
continue to strive to improve surgery for our 
patients while maintaining a level of skepti-
cism of new techniques and technologies that 
will allow us to seek the data to ensure that 
what we may believe is better for patients 
actually results in improved outcomes.     
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        Confucius said  study the past if you would defi ne 
the future . To envision what parathyroid surgery 
will look like in 2020, one needs to understand 
just how far we have evolved since the parathy-
roid gland was fi rst identifi ed in an Indian 
Rhinoceros by Richard Owen in 1850. Ivor 
Sandstrom, a Swedish medical student, went on 
to describe the  glandulae parathyroideae  in 
humans in 1880. A decade later Eugene Gley 
began to elucidate the importance of the parathy-
roid glands in calcium homeostasis when he rec-
ognized the loss of parathyroid gland caused 
tetany in dogs. In 1903, Max Askanazy noted the 
association of enlarged parathyroid glands with 
von Recklinghausen bone disease (osteitis fi brosa 
cystica). Many thought the parathyroid enlarge-
ment was compensatory, and initially, patients 
with osteitis fi brosa cystica were treated with 
parathyroid extract and/or grafts. In 1915, 
Friedrich Schlagenhaufer suggested that the 
enlarged parathyroid tumors were the primary 
cause of the bone disease and recommended sur-
gical excision. It was 10 years later, in 1925, that 
Felix Mandl performed the fi rst parathyroidec-
tomy in Vienna, excising an enlarged parathyroid 
gland in a patient suffering from bone disease. 

The patient’s calcium dropped signifi cantly 
 postoperatively and the bone disease, overtime, 
improved. Unfortunately the disease reoccurred 
6 years later. Around the same time in North 
America, surgeons also embarked on neck explo-
rations for what was later termed “hyperparathy-
roidism” (HPT). In their 1929 article Barr et al 
described the condition of osteitis fi brosa cystica 
associated with muscle weakness, renal stones, 
high serum calcium, and elevated urinary cal-
cium caused by a solitary parathyroid adenoma. 
As experience mounted, surgeons soon learned 
that not all patients had solitary adenomas and 
recognized the need to explore all four parathy-
roid glands to rule out the 19 % of patients with 
multi-gland disease. A bilateral neck exploration 
(BNE) became the standard surgical approach for 
this disease. The strategy of a unilateral explora-
tion (ULE) was fi rst suggested by Roth et al. in 
1975 and subsequently championed by Tibblin 
et al. in the early 1980s. The principle of a ULE 
was the removal of one abnormal gland and iden-
tifi cation of a normal gland on the ipsilateral side. 
Developed long before accurate preoperative 
imaging, the choice of which side to start the 
operation was arbitrary. It was not until the devel-
opment of preoperative imaging did this more 
limited approach gain acceptance. Minimally 
invasive surgical techniques in general surgery 
lead many surgical pioneers to experiment within 
the realm of endocrine surgery. More directed 
approaches for parathyroid pathology were 
explored with the development of various surgi-
cal adjuncts. 
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 This chapter describes the evolution of the 
diagnosis of HPT and the developments in preop-
erative imaging and surgical adjuncts that have 
expanded the surgical armamentarium that sur-
geons utilize today. By refl ecting on the past, I 
hope to be able to speculate on what surgery for 
HPT will look like in 2020. 

    Diagnosis 

 Historically, patients presented with the clinical 
manifestations of long-standing HPT and end- 
organ damage such as osteitis fi brosa cystica, 
nephrolithiasis, and muscle atrophy. Other symp-
toms such as pancreatitis, peptic ulcer disease, 
and metal disturbances were added to the grow-
ing list of symptoms associated with HPT. Fuller 
Albright can be credited for studying and docu-
menting the clinical manifestation of HPT in the 
initial decades of this disease. The ability to mea-
sure PTH was not developed until the late 1960s. 
Widespread use of serum channel autoanalyzers 
in the 1970s allowed for earlier detection of this 
disease. Approximately 70–80 % of patients 
diagnosed with HPT today have none of the clas-
sical manifestations of the disease. Compared to 
the initial presentation of this disease, only 
20–30 % of patients today have nephrolithiasis, 
overt skeletal disease is rare, but osteoporosis is 
increasing and acute pancreatitis and hypercalce-
mic crisis are uncommon. However, many stud-
ies have demonstrated that HPT patients suffer 
from vague nonspecifi c symptoms that are diffi -
cult to quantify yet appear to improve following 
parathyroidectomy. Thus over time, HPT has 
evolved from a clinical diagnosis with end-organ 
damage to a biochemical one with vague symp-
tomatology. So much so that HPT can be detected 
before calcium levels are elevated, so call normo-
calcemic HPT. With earlier detection, it has been 
demonstrated the patients operated on between 
after 1995 had a smaller gland weights and lower 
preoperative serum calcium levels compared to 
those operated on between before 1995. This 
trend of earlier detection could potentially lead to 
a decreased sensitivity in preoperative imaging 
and increased rate of failed explorations.  

    Imaging 

 In 1983, Ferlin et al. described for the fi rst time a 
novel method of localizing parathyroid adeno-
mas utilizing two different radioisotopes, techne-
tium- 99 and thalium-201. This was based on the 
concept that technetium was taken up by the thy-
roid alone, and thallium by both thyroid and 
parathyroid glands. Double-isotope subtraction 
scans were labor intense and had a much lower 
sensitivity of localizing the diseased parathyroid 
gland compared to an experienced endocrine sur-
geon. The development of technetium-99m ses-
tamibi (Tc-99m MIBI) in 1989 increased both the 
use and the sensitivity of nuclear imaging. 
Tc-99m MIBI is taken up by both thyroid and 
parathyroid tissue but washes out faster from the 
thyroid gland. Anatomical detail is enhanced 
with the addition of single-photon emission 
 computed tomography/computed tomography 
(SPECT/CT). Although this technique can local-
ize single-gland disease 80 % of the time, unfor-
tunately the sensitivity of Tc-99m MIBI remains 
poor in multi-gland disease with a sensitivity of 
only 63 %. 

 High-resolution ultrasound (US) has become 
more commonly utilized for preoperative imag-
ing. It provides excellent anatomical detail, is 
noninvasive, and is inexpensive. It also has the 
ability to detect concomitant thyroid nodules that 
must be addressed prior to surgical exploration. 
Although operative dependent, US has been 
shown to have an accuracy of 70–80 % for soli-
tary disease, much less for multi-gland disease 
(35 %). As a result many centers use the combi-
nation of US and Tc-99m MIBI, increasing the 
accuracy in solitary disease to >94 %. 

 Other techniques such as axial imaging with 
CT and MRI have been shown to be useful in the 
re-operative setting. Four-dimensional CT imag-
ing (4DCT), with the additional dimension being 
time, has improved on the other imaging modali-
ties. In a study of 75 patients, 4DCT had a greater 
sensitivity for localization of the parathyroid 
adenoma (88 %) compared to MIBI (65 %) and 
US (57 %). However, the same group has recently 
analyzed this technique and found it did not 
appear to shorten operative time or failure rates. 
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As such the clinical benefi t of 4DCT in fi rst-time 
HPT patients must be weighed against the 
increased cost and increased radiation exposure 
to the patient. 

 Despite the increased technological advances 
in preoperative imaging, multi-gland disease 
remains a challenge. Surgical exploration still is 
the best localizing modality when done by an 
experienced endocrine surgeon. What is impor-
tant to remember is that none of the imaging 
modalities are diagnostic. The indication for any 
preoperative imaging modality is for surgical 
planning only. Patients in whom imaging failed 
to localize disease are still surgical candidates 
and the majority will be cure with a BNE.  

    Surgical Technique 

 Given that the defi nition of minimally invasive 
parathyroidectomy (MIP) is “any surgical access 
to a selected single gland,” it can be said that the 
fi rst parathyroidectomy was a focused, “MIP” 
operation. When it became apparent early in the 
surgical experience that up to 20 % of patients 
had multi-gland disease, BNE became the stan-
dard operation for HPT. With the majority of 
patients having solitary adenomas, in 1975, Roth 
et al. fi rst proposed that a unilateral approach 
would be adequate for the majority of patients as 
long as the surgeon recognized one abnormal and 
one normal parathyroid gland on the same side. 
Unilateral exploration met with early resistance 
given that 50 % of the time, the surgeon had to 
convert to a BNE because selection of the opera-
tive side was arbitrary. Once preoperative imag-
ing became more reliable, surgeons started to see 
the benefi t of a more focused approach to this 
disease. In a randomized control trial, Bergenfelz 
et al. demonstrated that ULE patients had lower 
incidence of postoperative hypocalcemia and 
shorter operative time with the same cure rate 
(97 %) compared to a BNE. 

 With the development of intraoperative PTH 
(iPTH) came the move from purely morphologi-
cally based operations (BNE, ULE) to utilizing 
this adjunct to indicate when all abnormally 
functioning parathyroid tissue was removed. 

Others experimented with another adjunct 
 borrowed from the sentinel node experience in 
breast and melanoma. Utilizing a gamma probe 
to fi nd and measure the radioactivity of excised 
tissue, several surgeons found that this technique 
allowed for a focused approach without the need 
for iPTH or frozen section to confi rm parathyroid 
tissue. 

 With the development of better preopera-
tive imaging and surgical adjuncts that dem-
onstrated when all autonomously functioning 
parathyroid tissue was removed, the era of MIP 
was born. The focused open approach to a sin-
gle gland demonstrated several advantages over 
a BNE. An anterior cervical approach allowed 
for regional anesthesia in selected patients, 
shorter incisions, and decreased morbidity while 
maintaining an excellent cure rate of 95–97 %. 
Advances in surgical endoscopic techniques 
allowed for the development of a variety of 
MIP surgical approaches.    Miccoli introduced 
the video- assisted technique, Henry introduced 
the endoscopic approach, and various “scarless” 
approaches from the axilla or anterior chest with 
the use of gasless techniques or robotic surgery 
have been described. In a review of the litera-
ture, currently robotic techniques for parathyroid 
surgery appear to be reasonable for mediastinal 
tumors, but there is lack of data to support an 
advantage over an open cervical approach for the 
majority of patients. Natural orifi ce surgery has 
been applied to thyroid surgery, so it is conceiv-
able that parathyroidectomy maybe be next. The 
wisdom of development of such a procedure has 
been questioned.  

    What Will Parathyroid Surgery 
Look Like in 2020? 

 Parathyroid surgery in 2020 will likely have geo-
graphic diversity. Not all health-care systems will 
be able to afford the emerging technology pres-
ently driving the changes in the surgical approach 
to HPT. The utilization of preoperative imaging 
must remain cost-effective, safe for the patient, 
and easily accessible. Ultrasound and/or Tc-99m 
MIBI scan will likely continue to play a key role 
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in the preoperative planning of patients that are 
suitable for MIP. Three-dimensional virtual 
imaging will likely become more mainstream in 
the surgical world in developed nations by 2020. 
It is only a matter of time before Tc-99m MIBI 
scans can be superimposed on a 3D virtual model. 
This will allow the surgeon to plan the ideal oper-
ative approach and conceivably allow for simula-
tor training preoperatively. 

 With the growing number of patients undergo-
ing MIP, utilization of iPTH has increased. 
Recent advances in the development of a fast 
iPTH point-of-care assay will allow for faster 
and simpler means of measuring PTH in the 
operating room. However, the cost-effectiveness 
of iPTH has been questioned by some. 
Intraoperative PTH was found to be advanta-
geous in only 3 % of patients, making BNE, or 
one could argue a traditional ULE, still the most 
cost-effective surgical strategy for centers unable 
to afford this adjunct. 

 The open focused MIP techniques are more 
cost-effective than any of the endoscopic or 
robotic techniques, especially when performed 
under regional block   . Expertise in these more 
costly endoscopic techniques will likely remain 
focused in a few centers throughout the world, 
yet for most, a cervical approach will remain the 
most commonly performed operation. It is said 
however, that  history has way of repeating itself . 
If true, does that mean we are moving from the 
era of MIP back to a BNE? Although several 
authors have reported excellent results with MIP, 
recently some surgeons have started question 
whether this technology-driven phenomenon has 
gone too far. The Achilles’ heel for the parathy-
roid surgeon will always be multi-gland disease. 
Both iPTH and concordant preoperative imaging 
have been shown to be inaccurate in multi-gland 
disease. Siperstein et al in their large prospective 
study of over 900 patients undergoing BNE 
found that the combination of localizing studies 
and iPTH failed to identify multi-gland disease in 
16 % of patients. They questioned whether long- 
term follow-up of these patients will demonstrate 
a greater recurrence than reported to date. Large 
prospective databases, with long-term follow-up, 
are starting to notice a greater recurrence rate in 
patients undergoing MIP versus a BNE. Schneider 

et al. analyzed more than 1,000 cases and found 
overall that there was no difference in the recur-
rence rate between MIP and BNE (2.5 vs. 1.9 %). 
Yet when considering the period beyond 8 years 
alone, there was an 8 % recurrence rate in MIP- 
treated patients compared to zero in the BNE. 
This has led one of the MIP staunchest advocate 
to abandon MIP and return to BNE. Furthermore, 
there is an ongoing body of literature reporting an 
increased rate of elevated PTH levels postopera-
tively in patients considered cured. Elevated PTH 
with concomitant normal serum calcium has 
been found to occur between 11 and 44 % of 
postoperative patients. Although this can occur 
following a bilateral exploration (36 %), focused 
approaches have demonstrated a higher inci-
dence of this phenomenon (64 %). A recent 
10-year follow-up of MIP patients with persis-
tently elevated PTH demonstrated a 5 % recur-
rence rate. It is therefore conceivable that many 
of the 16 % of patients that Siperstein et al. found 
with multi-gland disease on further exploration 
will ultimately recur if followed long enough. 
The clinical relevance of this anomaly is unclear. 
Let us not forget, however, that the fi rst parathy-
roidectomy patient recurred 6 years later. 
Hopefully by 2020 we will have elucidated the 
clinical signifi cance of this fi nding with more 
long-term prospective follow-up studies. 

 Finally, nonsurgical techniques for HPT are 
under investigation. Surgery for other slow- 
growing tumors such as hepatocelluar carcinoma 
and neuroendocrine tumors has changed over the 
past decade with the development of ablative 
techniques such as radiofrequency ablation 
(RFA) and ethanol injections. Although most of 
these techniques have been for unresectable dis-
ease, the technology does exist and can be 
adapted to the neck region. Both ethanol and RFA 
have been utilized for locoregional control in 
thyroid cancer patients. Injury to the RLN was 
seen in those treated with RFA in the central com-
partment, yet it is likely just a matter of time 
before smaller probes are developed allowing for 
more precise application. Ethanol injection for 
HPT was initially reported by the Mayo Clinic 
group in 1998. In this study, 12/36 patient treated 
were eucalcemic on follow-up, demonstrating 
the feasibility of this technique. Little has been 
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written since that report until recently. In 2011 
Chen et al. reported their results of percutaneous 
ethanol injection in persistent or recurrent sec-
ondary HPT. Forty-fi ve of the 49 patients have a 
clinically signifi cant decrease in their PTH. 
Kovatcheva et al. reported a pilot study utilizing 
high-intensity focused ultrasound on four patients 
with HPT. Three patients normalized their cal-
cium and two had normalization of their PTH at 
follow-up. It is therefore conceivable that nonop-
erative, percutaneous techniques for ablation of 
parathyroid adenoma will be part of the surgical 
strategies offered to patients in the future. It is 
therefore important that endocrine surgeons be 
part of this developing technology. 

 The history of parathyroid surgery illustrates 
how surgical pioneers, along with technical 
advances, have changed the surgical paradigm 
for this disease. We started with removal on one 
gland, only to fi nd a BNE was needed to ensure 
long-term cure. More recently, with the develop-
ment of better imaging and iPTH, we have moved 
towards a more focused approach to this disease. 
George Santayana said,  those who do not learn 
from history are doomed to repeat it.  I would 
therefore like to dedicate this chapter to my sur-
gical mentors, Norman W Thompson and Bertil 
Hamberger, two endocrine surgical leaders who 
taught me the sound principles of parathyroid 
surgery in the era of BNE. It is those principles 
that have allowed me to recognize that these 
technological advances and adjuncts are only 
tools, and not substitutes, for diligent surgical 
exploration. Surgery for parathyroid disease will 
continue to evolve well beyond 2020. However, 
it is paramount that the next generation of endo-
crine surgeons has within their armamentarium 
an ability to safely and effectively perform a 
BNE and to properly select patients for a less 
invasive approach.     
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        As the preceding chapters attest, surgical robotics 
has moved from the realm of fantasy and science 
fi ction to routine clinical practice. At present, the 
da Vinci Surgical System (Intuitive Surgical Inc., 
Sunnyvale, CA) is the only commercially avail-
able surgical robot. While this system is used 
extensively to facilitate laparoscopic minimally 
invasive surgery in the chest, abdomen, and pel-
vis, its use for surgery of the thyroid, parathyroid, 
and neck remains investigational. While the cur-
rently available 5- and 8-mm instruments have 
been appropriate for the fi rst generation of robotic 
neck procedures, as technology improves, robotic 
systems and instruments will likely be developed 
whose scale and capabilities are better suited to 
the delicate, complex anatomy of the thyroid bed 
and neck. 

    New Robotic Systems 

 With robotic surgery, the surgeon and his hands 
are physically separate from the patient. Real sur-
gery is performed in a virtual environment, 
allowing the surgeon to interact with surgical 
anatomy from a novel perspective, in otherwise 
inaccessible places and in ways that otherwise 
would not be possible. 

 With da Vinci, a three-part robotic surgical 
architecture is utilized. Surgical instruments are 
located within a  “patient-side” cart  and are 
safely placed by the surgeon within the patient’s 
body under direct and/or endoscopic guidance. A 
binocular 8.5- or 12-mm endoscope with dual 0° 
or 30° optics is used to visualize target anatomy. 
The three-dimensional (3-D) surgical anatomy is 
then recreated using the  “vision” cart,  where 
computer processing links the camera’s image 
and the real-world spatial relationships of the 
instruments in a virtual environment. The sur-
geon, sitting at a  remote console cart , can then 
operate within this virtual 3-D environment using 
“master controllers” which control and direct 
movements of the robotic instruments. These 
master controllers bear a remarkable similarity to 
joysticks and other handheld devices employed 
in video games and other virtual reality simula-
tors. For hemostasis and energy, monopolar elec-
trocautery and the Harmonic Scalpel® (Ethicon 
Endo-Surgery, Johnson & Johnson, Cincinnati, 
OH) are used. 

 Limitations of the current system include the 
scale of instrumentation, absence of an optimal 
energy source, absence of haptic feedback, and 
fi xed angulation stereo-endoscopes. Throughout 
the chapters in this text, 5-mm instruments are 
the currently most-widely utilized for robotic 
neck surgery. While an improvement over 8-mm 
instruments, the current 5-mm instruments 
may  still be too large for several crucial tasks, 
including precise and trauma-free dissection 
along the recurrent laryngeal nerve. The Maryland 
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Dissecting Forceps have a scale resembling 
 standard micro-Halsted dissecting forceps, 
though a smaller caliber, closer to the Jacobsen 
delicate forceps, would be preferred. Furthermore, 
an ideal instrument for dissection along the nerve 
would be fashioned with a gentle curvature that 
provides optimal tissue handling and traction/
countertraction close to neurovascular structures. 
New instrumentation will likely incorporate both 
a smaller scale and more optimal curvature of the 
tip of the forceps. Although fl exible at the distal 
end of the 5-mm instrument, the sheathed and 
rigid robotic arm does still limit the angle of 
approach to surgical anatomy. A fully fl exible 
robotic arm throughout most of its length would 
allow the robotic neck surgeon to more intui-
tively use instruments in the thyroid bed and 
neck. For hemostasis, using current Intuitive 
Surgical instrumentation, the surgeon must 
choose between an 8-mm bipolar cautery 
Maryland Forceps and the Harmonic Scalpel (5 
or 8 mm). Furthermore, in the future, a 5-mm 
bipolar dissecting forceps will likely be available, 
allowing the surgeon to manage small sites of 
bleeding with minimal thermal spread. 

 The use of the Harmonic Scalpel has been 
shown to be an effective surgical tool for hemo-
stasis for thyroid and parathyroid surgery. 
However, ultrasonic technology requires that the 
surgical arm be fi xed without any fl exibility in 
the robotic arm’s distal tip. This architecture may 
often limit the surgeon’s ability to align the 
Harmonic Scalpel with the angle of the blood 
vessel or soft tissue which is being divided. 
Refi nements in ultrasonic technology, perhaps 
incorporating bipolar electrocautery, may one 
day allow the robotic thyroid surgeon to provide 
better hemostasis especially along Berry’s pos-
terolateral ligament near the recurrent laryngeal 
nerve, without undue risk of thermal injury and 
the potential for either temporary or permanent 
neuropraxia. 

 Whether using remote access through either 
retroauricular or axillary incision, angled binocu-
lar stereo-endoscopes are a critical aspect of per-
forming a safe robotic procedure in the neck and 
thyroid bed. The da Vinci provides rigid endo-
scopes with either 0° or 30° angulation, with an 
8.5- or 12-mm diameter. The current platform 
offers the surgeon an unparalleled view of thy-
roid and neck surgical anatomy, yet in several 
instances, greater angulation, especially with a 
fl exible binocular stereo-endoscope, would offer 
a signifi cant clinical advantage. For instance, the 
use of a single ipsilateral incision to expose the 
anatomy of the contralateral recurrent laryngeal 
nerve tests the limits of the surgeon and endo-
scope. A variety of maneuvers described in the 
text provides the surgeon with a good estimation 
of this anatomy using the camera in the 30° down 
position. However, a fl exible camera that would 
allow for 45–60° visualization would likely per-
mit the surgeon to have better assessment of 
small blood vessels in the vicinity of the recur-
rent laryngeal nerve or alert the surgeon to unex-
pected patterns of branching or the presence of 
Zuckerkandl’s tubercle. 

 A variety of new platforms may be coming to 
market in the coming years, with different con-
fi gurations. These new systems will likely lead to 
greater integration of robotics into thyroid and 
parathyroid surgery.     
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