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Abstract: Thyroid nodules are a common clinical problem for surgeons. The clinical importance 

of nodules is the need to exclude thyroid cancer, which occurs in 5%–15% of patients. If fine 

needle aspiration cytology is positive, or suspicious for malignancy, surgery is recommended. 

During the past decade, with the tendency to develop smaller incisions, an endoscopic approach 

has been applied to thyroid surgery, called minimally invasive video-assisted thyroidectomy. This 

approach was immediately followed by other minimally invasive or scarless neck techniques, 

such as the breast approach, axillary-breast approach, and robot-assisted method. All these 

techniques follow the same principles of surgery and oncology. This review presents the current 

surgical management of the thyroid gland, including the surgical techniques and compares them 

by describing benefits and drawbacks of each one.
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Introduction
The thyroid gland, or simply, the thyroid, is one of the largest endocrine glands, 

which is found in the neck, inferior to the thyroid cartilage. The thyroid produces 

the hormones triiodothyronine (T3) and thyroxine (T4). These hormones regulate 

the body’s metabolism and affect the growth and many other functions of various 

systems of the human body. The thyroid also produces calcitonin, which plays a role 

in calcium metabolism. Thyroid disorders include hyperthyroidism, hypothyroidism, 

and thyroid nodules. Nodules are commonly benign neoplasms, but may be cancerous. 

All these disorders can lead to goiter, a swelling of the thyroid gland that can lead to a 

swelling of the neck. Some thyroid disorders need surgical treatment. These disorders 

are thyroid nodule with diameter more than 1 cm and fine needle aspiration (FNA) 

biopsy for suspected neoplasm (Grade A),1,2 thyroid nodule with diameter less than 

1 cm and FNA indeterminate more than once (Grade A),1,2 thyroid nodule and FNA 

positive for malignancy (Grade A),2–4 multiple thyroid nodules because of the same 

malignant possibility as one positive nodule,5,6 differentiated thyroid cancer (Grade A),7 

medullary thyroid cancer (Grade A),8,9 prophylactic in cases with multiple endocrine 

neoplasia (MEN) 2A syndrome,10 anaplastic carcinoma,11 and thyrotoxic diseases.12,13 

We review the current surgical management of those thyroid disorders, including 

surgical techniques, and compare them by describing their benefits and drawbacks.

Thyroid surgical history
Between 1873 and 1893, Billroth and Kocher standardized the dissection and excision 

of the thyroid gland during surgery.14 With the tendency to develop smaller incisions 
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during the past decade, an endoscopic approach has been 

applied to surgery of both thyroid and parathyroid glands. 

Other minimally invasive techniques were also developed 

by other surgeons.15 Until 2000, those techniques have 

been either abandoned or further developed. The most 

common minimally invasive technique is minimally inva-

sive video-assisted thyroidectomy (MIVAT), which has 

been set up and described for the first time by Miccoli and 

colleagues in Pisa.16 Other minimally invasive approaches 

for the thyroid gland are the cervical, the axillary, and the 

breast approaches, all of them famous in Asian countries, 

with endoscopic thyroidectomy via the breast approach 

(BAET) the most popular procedure in China.17 Robotic 

thyroidectomy is a new approach that offers many benefits, 

mostly the elimination of the incision in the neck, but no 

Level I evidence exists to support the surgeon’s preference 

for this technique.18

Surgical techniques
Traditional thyroidectomy
Most departments of surgery follow the standard tech-

nique.19,20 With the neck extended, the skin is marked, a 

5–6 cm Kocher incision is made (about 1 cm above the 

sternal notch), flaps are raised, and the strap muscles are 

divided transversely (Figure 1). Attention is first turned 

to one lobe where the upper pole is mobilized through the 

avascular space with individual ligation of the vessels to 

protect the external laryngeal nerve. The lower pole is then 

mobilized by ligating vessels on the thyroid capsule, while 

carefully protecting the blood supply of the parathyroid 

glands. Parathyroid glands that cannot be preserved because 

of their anatomic location are resected and transplanted in 

the array surface of the sternomastoid muscle. In the past, 

recurrent laryngeal nerve was routinely identified during 

dissection,19,20 but since then, the nerve has been protected 

by the development of surgical techniques over recent years, 

which led to capsular dissection and ligation near the thyroid 

gland. The remaining lobe is removed by the same technique. 

Hemostasis was secured, the strap muscles approximated, 

the platysma layer sutured, and the skin was closed with 

subcuticular sutures.

Minimally invasive video-assisted  
thyroidectomy
The MIVAT technique was described for the first time by 

Miccoli and colleagues.16 MIVAT is now considered as a safe 

procedure for thyroidectomy. Miccoli and colleagues16 charac-

terized MIVAT by a single access of 1.5 cm in the middle 

area of the neck, approximately 2 cm above the sternal notch 

(Figure 1). The midline is incised, and a blunt dissection is 

carried out with tiny spatulas to separate the strap muscles 

from the underlying thyroid lobe. From this point on, the 

procedure is performed endoscopically on a gasless basis 

with an external retraction. An endoscope of 5 mm, 30° is 

used. The optical magnification allows an excellent vision 

of both the external branch of the superior laryngeal nerve 

and the recurrent nerve, which are prepared together with 

the upper parathyroid gland. The vessels are ligated between 

clips or with the UltraCision® harmonic scalpel (Ethicon 

Endo-Surgery Inc, Cincinnati, OH) until the completely freed 

lobe can be extracted by gently pulling it out through the 

skin incision. After checking the recurrent laryngeal nerve 

once again, the lobe is finally removed completely. The other 

lobe is removed by the same method. The incision is closed 

by means of two subcuticular stitches and a skin sealant. No 

drainage is necessary.

Figure 1 Different incision margins based on the technique used.
Abbreviation: MIVAT, minimally invasive video-assisted thyroidectomy.
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Endoscopic thyroidectomy  
by the breast approach
The first cases of this procedure, which is famous in China,21 

were reported in 1998 by Ishii and colleagues.22 The aim 

of this technique was to avoid the presence of any scars 

in the neck. The two working ports were inserted through 

circumareolar incisions on both breasts. The camera port 

(1.5–2.0 cm) was placed over the right parasternal region 

(Figure 1), which is the longest incision. A subcutaneous 

tunnel is created using blunt dissection and a subplatysmal 

space is created. Insufflation with CO
2
 is started to ready the 

subplatysmal working space. Once the operative camera is 

ready, working instruments are introduced until the thyroid 

bed is reached. From that point, the steps of the procedure 

are the same as the standard classical technique, but all are 

performed endoscopically by first working in one pole and 

then the other.

Robotic thyroidectomy
The introduction of robot technology has revolution-

ized the surgical management of prostate cancer. The da 

Vinci robotic surgical system uses magnified stereoscopic 

visualization and flexible instrumentation that provide a 

freedom of movement similar to that of the human wrist. 

These features suggest it may be well suited for head 

and neck surgery, including selective neck dissection 

(Figure 1).23–26 Using this method, the patient is positioned 

in a supine position on a small shoulder roll. The ipsilat-

eral arm is placed on an arm board and extended cephalad 

to expose the axilla. A 5- to 6-cm skin incision is made 

along the line marked in the axilla at the posterior aspect 

of the pectoralis. The arm is placed in its natural position 

to confirm that the marked incision will be hidden in the 

axilla postoperatively. A small incision (0.8 cm in length) is 

made on the medial side of the anterior chest wall to insert 

the fourth robot arm, 2 cm superiorly, and 6–8 cm medi-

ally from the nipple (Figure 1). Dissection is performed 

using electrocautery above the pectoralis major muscle to 

create a space using serially longer retractors to elevate 

the skin, subcutaneous tissue, and platysma. The space is 

opened superiorly, the omohyoid is retracted superficially 

and posterolaterally or divided, and the sternohyoid and 

sternothyroid muscles are elevated from the thyroid gland. 

To maintain a working space, a spatula-shaped external 

retractor (Chung’s thyroid retractor) with table mount lift 

is placed under the strap muscles and secured to the table 

mount lift. The operation proceeded in the same manner 

as open thyroidectomy.

Discussion
Thyroid nodules are a common clinical problem and differen-

tiated thyroid cancer is becoming increasingly prevalent. The 

clinical importance of thyroid nodules rests with the need to 

exclude thyroid cancer which occurs in 5%–15% of patients 

depending on age, sex, radiation exposure history, family 

history, and other factors.27 Differentiated thyroid cancer, 

which includes papillary and follicular cancer, comprises 

the vast majority (90%) of all thyroid cancers.28 If the FNA 

cytology is positive, or suspicious for malignancy, surgery is 

recommended. Thyroid surgery has undergone vast changes 

in the last 120 years. The principles of safe and efficient 

thyroid surgery have been established since the early 19th 

century and the “10 commandments” of thyroid surgery29 

are universally accepted as the standard for traditional open 

thyroidectomy.

The goals of initial therapy of thyroid cancer, with thyroi-

dectomy are as follows: to remove the primary tumor that has 

extended beyond the thyroid capsule and involved cervical 

lymph nodes;30–32 to minimize treatment-related morbidity; 

to permit accurate staging of thyroid diseases;33,34 to facilitate 

postoperative multidisciplinary treatment; to permit accurate 

long-term surveillance and follow-up; and to minimize the 

risk of recurrence or metastatic spread of the cancer. Surgery 

is the most important treatment to influence the prognosis, 

while radioactive iodine treatment, thyroid-stimulating hor-

mone suppression, and external beam irradiation each play 

adjunctive roles in many patients.34–36

Regional lymph node metastases are present at the 

time of diagnosis in 20%–90% of patients with papillary 

carcinoma (PTC) and a lesser proportion of patients with 

other histotypes.31,32 Although PTC lymph node metastases 

are reported by some to have no clinically important 

effect on outcome in low-risk patients, a study of the 

Surveillance, Epidemiology and End Results (SEER) 

database found, among 9904 patients with PTC, that 

lymph node metastases, age greater than 45 years, distant 

metastasis, and large tumor size significantly predicted poor 

outcome on multivariate analysis.37 All-cause survival at 

14 years was 82% for PTC without lymph node and 79% 

with lymph node metastases (P , 0.05). In many patients, 

lymph node metastases in the central compartment (Level 

VI: contains the adjacent nodes bordered superiorly by 

the hyoid bone, inferiorly by the innominate artery, and 

laterally on each side by the carotid sheaths) do not appear 

abnormal preoperatively with imaging or by inspection 

at the time of surgery.38 Central compartment dissection 

(therapeutic or prophylactic) can be achieved with low 
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morbidity in experienced hands.39–42 Therapeutic lateral 

neck compartmental lymph node dissection should be 

performed in patients with biopsy-proven metastatic 

 lateral cervical lymphadenopathy (with a recommendation 

rating B).7

There is a constant drive to produce better cosmesis, 

shorten hospital stay, and reduce postoperative discomfort 

and complications. Numerous other techniques have been 

described that are classified as minimally invasive, and have 

been developed in the late 1990s to address these issues. 

These techniques concentrate on how the thyroid gland is 

approached. They are categorized in cervical approaches, 

where the incision is in the neck, and extracervical, where 

the incisions are not in the neck. Only the operations that 

have a cervical incision , 3 cm, that permit direct access 

to the thyroid gland and all adjacent structures resulting in 

a safe dissection, should be classed as minimally invasive.43 

Endoscopic procedures are those that are carried out entirely 

via the endoscopic ports,44 and those video-assisted procedures 

where some steps are performed via a small incision without 

the endoscope. The MIVAT technique seems to be the most 

widely adopted minimally invasive technique.

Total open thyroidectomy is such a procedure, where 

considerable controversy still exists with respect to its use 

for all surgical conditions of the thyroid gland, which was 

reported in the first part of this article (Table 2). The inci-

dence of permanent complications after total thyroidectomy 

varies considerably from center to center. In experienced 

hands, however, the incidence is acceptably low with 1% 

nerve injury and 3% hypoparathyroidism when total thyroi-

dectomy8,12,13,45,46 was performed for thyroid cancer. These 

latter complications were attributable to the more extensive 

surgery performed because of the degree of spread of the 

malignancy rather than to operative techniques. The incidence 

of complications increases as the complexity of the procedure 

increases.8,10–13,19,20 Reoperation for recurrent disease carries a 

very significant risk of damage to both the recurrent laryngeal 

nerve and the parathyroid glands.

The video-assisted technique follows the same principles 

as standard thyroidectomy,47 and the main difference is that 

the incision is much smaller (1.5–2 cm) while the view 

of the operating field is maintained by two assistants: one at 

the head end of the patient holding retractors, and another 

manipulating a 5 mm, 30° endoscope from the left of the 

patient. Extension of the neck is not required. Drains are 

not routinely placed when the skin is closed. The operating 

time is longer than traditional techniques, but decreases with 

surgeon experience.48,49

Careful patient selection for minimally invasive thyroi-

dectomy influences the outcome whether treating benign 

or malignant thyroid conditions. When contemplating a 

minimally invasive approach, indications are based on over-

all thyroid size, size and histology of thyroid nodules, and 

thyroid volume. Most authors consider size limits of 30 mL 

in volume, thyroid nodule size of ,30 mm in diameter, and 

actual cancer size of ,20 mm to be considered eligible for 

minimally invasive surgical techniques (Table 2).50 If patients 

have large goiters, the goiter size can definitely dictate the 

extent of the incision and also contribute to technical limita-

tions when operating in the tight confines of the central neck 

compartment. When discussing the indications of MIVAT 

for differentiated thyroid cancer – papillary, follicular, and 

Hurthle cell cancers – it is important to keep in mind the 

biology of disease as well as the oncologic principles of 

surgery. MIVAT for thyroid cancers warrants a more strict 

set of indications. For large or aggressive thyroid cancers, a 

standard Kocher incision is indicated, especially if there is a 

high index of suspicion of local–regional invasion. Standard 

thyroidectomy techniques should also be considered in 

patients with a history of thyroiditis where dissection may 

be compromised by tissue adherence and bleeding that 

precludes adequate visualization of the recurrent laryngeal 

nerve and parathyroid glands. Other contraindications to 

minimally invasive techniques include a history of previous 

neck surgery, head/neck irradiation, and the presence of pal-

pable lymphadenopathy. Medullary thyroid cancer patients 

should undergo traditional thyroidectomy with appropriate 

ipsilateral or bilateral functional neck dissection as these 

tumors are not radioiodine sensitive and complete surgical 

resection is the centerpiece of management.7 In poorly dif-

ferentiated papillary thyroid cancer or anaplastic thyroid 

cancer, patients typically present with a rapidly enlarging, 

large neck mass with evidence of locoregional invasion. This 

type of cancer is a contraindication to employing minimally 

invasive or endoscopic techniques. All these techniques have 

been thoroughly researched since the first description of the 

technique by Ganger and colleagues,51 and later by Miccoli 

and colleagues.15,16,47–56

The efficacy and safety of video-assisted thyroidectomy 

(VAT) have been verified in quite large multi-institutional 

series.57 Moreover, it has been demonstrated that VAT has 

some advantages over traditional thyroidectomy in terms of 

cosmetic results and postoperative pain (Table 2).58,59 Lom-

bardi and colleagues55 proved the safety of VAT versus the 

traditional procedure (Table 1). This study strongly confirmed 

the safety of VAT because it demonstrated that thyroid gland 
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manipulation is not substantially different between VAT and 

traditional thyroidectomy and that there is no additional risk 

of thyroid capsule rupture and thyroid cells seeding in patients 

who undergo VAT, if the procedure is correctly conducted 

by an expert endocrine surgeon. Significant advantages of 

VAT over open thyroidectomy in terms of less painful post-

operative course and better cosmetic result have been also 

confirmed.16,43,44,47–50,52–59

The need for an esthetically pleasing scar after thyroid 

surgery has led surgeons to develop endoscopic surgery 

in the neck. Endoscopic surgery by the cervical approach 

seems to be mostly used in China.60 BAET has the following 

advantages: concealing scars easily by wearing undergar-

ments; providing a view of the surgical field equivalent to 

that obtained during open surgery; and enabling manipula-

tion of bilateral lesions without the necessity of adding extra 

incisions (Table 2).61 Therefore, BAET became the most 

popular procedure in Asian countries (more than 95% of all 

endoscopic thyroidectomies in China).21,61

The indication for endoscopic thyroidectomy is 

commonly the management of benign thyroid nodules. 

The accepted indications for BAET21,62–64 are unilateral or 

bilateral benign lesions, including follicular adenoma, cystic 

lesions, multinodular goiter, with a diameter of ,6 cm and 

thyrotoxicosis with less than second-degree enlargement of 

the thyroid gland. For experienced surgeons, the inclusion 

criteria for thyroid carcinoma should be papillary micro-

carcinoma (,1 cm) without signs of capsule invasion and 

involvement of central or lateral compartment lymph nodes 

(Table 2).62–64

A randomized, controlled trial (RCT) was conducted by 

Jiang and colleagues65 to evaluate the technical feasibility 

of BAET. Jiang and colleagues found BAET was as safe as 

open surgery with the same levels of complication rate. The 

advantage of BAET was the satisfaction of the patient for the 

cosmetic results. Disadvantages included longer operation 

time and higher cost. Although the cosmetic result is much 

better in BAET, there are widespread concerns about greater 

postoperative pain (probably due to larger plane of tissue 

dissection). Although the RCT indicated that the operation 

time was longer in the endoscopic group, the same research 

team showed that it could be reduced with the accumulation 

of surgical experience.66

Endoscopic thyroidectomy is a very difficult technique 

because different visualization and precise manipulation 

of the surgical field by a specialist is necessary. Therefore, 

the endoscopic approach of the thyroid remains limited 

in application in a small number of specialist centers 

worldwide.

Robotic assistance during thyroid surgery has been used 

in Korea since late 2007.23–25 Compared with endoscopic 

thyroidectomy, the use of a robot in an endoscopic approach 

via the axilla provides a better view of the thyroid bed. The 

wrist action of the robot also provides a greater degree of 

movement than afforded by the use of simple endoscopic 

instruments. Tremor is also eliminated (Table 2).23–25 

The indications of this procedure are minimally invasive 

follicular thyroid carcinoma 4 cm or less in diameter or a 

papillary thyroid carcinoma 2 cm or less in diameter,23–25  

but in future, the application of robotic technology in 

Table 2 Indications, advantages, and disadvantages of surgical techniques for thyroid surgery

Surgical techniques Indications Advantages Disadvantages

Open thyroidectomy Any indication for thyroidectomy,  
 lymph node dissection 
Extrathyroid invasion
History of thyroiditis

Standardized method
Easy learning curve
Reduced operating time

Poor cosmetic result
Hyper- or paresthesia  
in the neck

Minimally invasive methods #30 mL of thyroid volume
,30 mm diameter of nodule
,20 mm diameter of cancer
Level IV node dissection

Better cosmetic result
Less postoperative pain

Difficult learning curve
Limits in nodules size

Breast and axillary-breast  
approaches

,6 cm diameter of thyroid
,1 cm diameter of cancer
No central or lateral lymph nodes

Scarless technique Greater postoperative pain
Difficult learning curve
Longer operating time
Complications from  
CO2 insufflation
Higher cost

Robot-assisted  
thyroidectomy

,6 cm diameter of thyroid
,2 cm diameter of cancer
No central or lateral lymph nodes
No previous neck operations

Better cosmetic result
Three-dimensional working field
Magnified view
Eliminate tremor

Highest cost
Greater postoperative pain
Longer operating time
Very difficult learning curve
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endoscopic thyroid surgeries could overcome the limitations  

of conventional endoscopic surgeries in the surgical 

management of selected patients with thyroid cancer (Table 2). 

Strict criteria exclude patients from robotic thyroidectomy: 

previous neck operations; prior vocal fold paralysis or a history 

of voice or laryngeal disease requiring therapy; malignancy 

with extrathyroid invasion; multiple neck node metastases; 

perinodal infiltration at a metastatic lymph node; distant 

metastasis; and a lesion located in the thyroid dorsal area 

that can lead to a possible injury of the trachea, esophagus, 

or recurrent laryngeal nerve during the procedure. Previous 

studies complied the indications and limitations of the 

technique and show that robot-assisted thyroidectomy is as 

effective and safe as traditional thyroidectomy (Table 1).23,24 

They also show several advantages over conventional 

endoscopic thyroid surgery such as a three-dimensional 

working field, a magnified view, and a tremor-filtering system, 

all of which enable a surgeon to preserve the parathyroid 

gland and recurrent laryngeal nerve more easily and safely 

(Table 2). As with any new procedure, it requires a special 

set of skills, the operative time presented is increased, and the 

operating theater costs are higher. Robotic thyroidectomy using 

a transaxillary approach leaves the patient with an incision 

scar in the axilla that is completely covered by the patient’s 

arm when in a natural position, which makes the small central 

incision almost invisible. Previous studies have reported that 

patients who underwent thyroidectomy by the transaxillary 

approach reported mild pain or discomfort in the neck and the 

anterior chest wall.67–70 This may be caused by the extended 

dissection from the axilla to the neck required to achieve an 

adequate surgical field.

The thyroidectomy technique demands careful  surgical 

dissection, absolute hemostasis, en bloc tumor resection, 

and adequate visualization of the operative field. All of the 

above can be accomplished with many surgical techniques 

that follow the same principles. Factors such as tumor size, 

histology, the presence or absence of enlarged lymph nodes, 

evidence of locoregional invasion, the learning curve of 

each procedure, and total cost increase demand for surgical 

procedures that avoid visible scars while maintaining 

optimal functional and ideal cosmetic results. These 

factors play a role in selecting an operative approach when 

treating thyroid malignancy. Although several reports on 

operative outcomes of the robotic technique have appeared, 

no prospective trials comparing the clinical results of 

robotic and conventional open thyroidectomy have been 

described. If further prospective randomized trials confirm 

the advantages of robotic thyroidectomy compared with 

conventional open surgery, this technique may become 

the preferred option for most patients undergoing surgery 

for thyroid cancer.
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