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Abstract

Background The aim of this study was to evaluate the

effect and cosmetic results of endoscopic thyroidectomy

(ETE) via the areola approach for patients with thyroid

diseases.

Methods A total of 1,250 patients with thyroid diseases

underwent ETE via the areola approach between April

2005 and January 2011. Of these, 898 were benign goiters,

260 were Graves’ disease, 28 were secondary hyperthy-

roidism, and 64 were papillary carcinomas.

Results The surgery was successfully completed in 1,249

cases, and 1 case was converted to open surgery. The mean

operation time, estimated blood loss, and hospital stay after

surgery for patients with a goiter, hyperthyroidism, and

papillary carcinoma were 94.4 min, 15.2 ml, 5.0 days,

97.9 min, 16.1 ml, 5.5 days, and 134.3 min, 18.6 ml,

6.4 days, respectively. Complications included 4 cases of

postoperative bleeding, 1 case of transection of the recur-

rent laryngeal nerve (RLN) on one side, 7 cases of tem-

porary RLN injury, 34 cases of transient hypocalcemia, 5

cases of skin bruising on the chest wall, and 1 case of

subcutaneous infection in the neck. At 4.6-year

(2.5–8 years) follow-up of 1,185 (94.8 %) patients, 3

patients with Graves’ disease had recurrence of hyperthy-

roidism, and 4 patients with nodular goiter had recurrence

of small nodules. Four patients had discomfort on swal-

lowing, 4 patients had an abnormal sensation of skin

traction on the neck and the chest, and 1 patient with scar

diathesis had mild scar hyperplasia. A total of 876 patients

were satisfied, 4 equivocal, and 0 unsatisfied with the

cosmetic results.

Conclusion ETE via the areola approach for patients with

benign goiters, Graves’ disease, secondary hyperthyroid-

ism, and papillary carcinomas without metastasis to lateral

cervical lymph nodes is an effective and safe procedure

with excellent cosmetic results.
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approach � Benign thyroid disease � Papillary carcinoma

In 1996, Gagner [1] performed and reported the first

endoscopic parathyroid surgery. Since then, several

approaches of endoscopic thyroidectomy (ETE) have been

introduced, including the cervical approach [2], the small

anterior cervical incisions approach [3], the subclavian

approach [4], the axillary approach [5], the areola and

cleavage approach [6], and so on. However, the small

surgical scar left on or near the neck is not acceptable for

patients with high expectation for cosmetic results, espe-

cially Asian patients with particularly pronounced scars.

With ETE through the axillary approach, resection of the

contralateral gland is difficult, which limits its application.

Our hospital has treated various benign and malignant

thyroid diseases with ETE via an areola and cleavage

approach since 2002 and achieved satisfactory cosmetic

result. Then, we moved the surgical incision of the obser-

vation port outward and applied ETE via an areola and
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chest wall approach to improve the cosmetic results.

However, after years of practice, we found that some of the

patients who received these two types of surgeries showed

scar hyperplasia due to significant skin tension in front of

or close to the sternum [7]. In addition, the subcutaneous

tissue in this place is tight, and the samples collected here

need to be fully broken up, which increases the difficulty of

the pathology examination. Therefore, we took advantage

of the fact that the position of the areola is concealed, that

female breasts have mobility that subcutaneous tissues in

the breast are relatively loose and established ETE via the

areola approach in April 2005.

We have performed 1,250 cases using this approach

between April 2005 and January 2011, and have summa-

rized them below.

Materials and methods

Patients

A total of 1,250 patients with thyroid diseases who had high

expectation of cosmetic results were included. The group of

patients consisted of including 256 males and 994 females.

The mean age of the patients was 31.6 (14–56 years). The

following inclusion criteria were used: thyroid solid or cystic

mass (maximum diameter not greater than 7 cm), secondary

hyperthyroidism, patients with Graves’ disease who were not

tolerant to long-term medication and did not want to receive
131I therapy, thyroid goiters that were suspected to be micro-

carcinoma, and lymphocytic thyroiditis that was suspected to

be malignant (no metastasis to lateral cervical lymph node or

distant metastasis, diameter less than 2 cm, age\45 years).

The exclusion criteria were as follows: poor general condi-

tion that could not tolerate general anesthesia, severe coag-

ulopathies, tumor diameter greater than 7 cm, tumors

extending beyond the sternum for more than 3 cm, thyroid

cancer with metastasis to lateral cervical lymph nodes or

distant metastasis, and postoperative recurrence with large

and fixed lumps. The included patients voluntarily chose

surgical treatment because of poor esthetic appearance, local

sensation of pressure, psychological fear of tumors, intoler-

ance to long-term medication for hyperthyroidism, sus-

pected cancer, and other reasons. The surgical options were

discussed with the patients before surgery, and the patients

chose ETE via the areola approach.

Preoperative management

B-ultrasound and CT scans of the neck were performed

before the surgery and fine needle aspiration (FNA) was

also performed in some cases. In addition, vocal cord

movement was examined with laryngoscopy before and

after the surgery. Patients also underwent blood tests for

thyroid function, IPTH level, serum Ca2? level, and

coagulation function. Patients with hyperthyroidism took

antithyroid drugs to control symptoms of hyperthyroidism

and then received an oral compound iodine solution for

3 weeks.

Surgical procedure

Working space

After endotracheal intubation under general anesthesia, the

patient was placed in a supine position with all limbs

spread outward. Cushions were used to lift the shoulders so

that the neck was slightly extended. The patient was

prepped and draped in the usual sterile fashion. The sur-

geon stood between the patient’s legs, and the assistants

stood on both sides of the patient’s neck. The ‘‘inflation

liquid’’ that consisted of 1 mg adrenaline mixed with

500 ml saline was injected subcutaneously into the medial

edge of the right areola. A 12-mm curved incision was

made based on 2–4 points along the edge of the areola, and

approximately 50–100 ml ‘‘inflation liquid’’ was injected

into the subcutaneous deep fascia below the suprasternal

notch with a water injector. A subcutaneous separation

stick was used to separate the skin through the incision

resulting in fanning out from the deep layer of the super-

ficial fascia toward the suprasternal fossa. After the sub-

cutaneous tunnel was formed, excess liquid was suctioned

out. A trocar with an inner diameter of 10 mm was placed

and a 10 mm, 30� laparoscope was used. CO2 was main-

tained at a constant pressure of 6 mmHg. At the 11 o’clock

positions on the left and right edges of the areola, a 5-mm

trocar was placed, which served as the main and auxiliary

operation ports (Fig. 1). An ultrasonic scalpel and a pair of

toothless graspers were placed in the main and auxiliary

operation ports, respectively. The ultrasonic scalpel was

Fig. 1 External view after positioning the trocars
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used to separate subcutaneous loose connective tissues

superiorly to the upper edge of the cricoid cartilage and

laterally to the midline of the sternocleidomastoid. The

separation was between the superficial layer of the stern-

ohyoid muscles and the deep layer of the platysma muscle.

Thyroidectomy

The ultrasonic scalpel was used to open the midline of the

infrahyoid muscles. After the infrahyoid muscles and the

thyroid capsule were separated, a suture was placed into the

working space, and the tail of the suture was left outside the

operation space. Then, we sutured the muscle layers

beneath the hyoid, and the head of the suture was kept

outside the working space. Thus, the muscles could be

suspended to help expose the thyroid gland by pulling the

sutures outside the working space. First, the isthmus was

separated from the trachea and cut off using the ultrasonic

scalpel. The lower pole of the thyroid structure was exposed

through blunt dissection with endoscopic forceps, and the

inferior thyroid arteries and veins were resected. The lobe

was then retracted superiorly and medially, and the middle

thyroid vein and Berry’s ligament were cut using the

ultrasonic scalpel. The recurrent laryngeal nerve (RLN) was

partially exposed to reveal its position and course by blunt

dissection. Subsequently, the lobe was retracted inferiorly

to expose the superior thyroid arteries, which were then

resected using the ultrasonic scalpel. Lastly, the lobe was

resected, and the contralateral lobe was resected in a similar

manner. All of the resected tissues were placed in a speci-

men bag, taken out through the observation port, and sent

for intraoperative frozen pathology.

Graves’ disease

Bilateral subtotal resections (4–6 g gland retained) or

Dunhill’s operation (lobectomy and contralateral subtotal

resection, 2–3 g gland retained) were performed for

patients with Graves’ disease. Total resection was per-

formed for the patients who were diagnosed with Graves’

disease combined with thyroid cancers by intraoperative

frozen pathology. Fractional resection was performed for

patients with a huge thyroid gland.

Benign goiter

Unilateral subtotal, near-total (less than 0.5 g gland

retained), or total resection was performed for patients with

a unilateral benign goiter. Bilateral subtotal, near-total, or

total resection was performed for patients with bilateral

benign goiters. The thyroid gland can be suspended by a

suture if en bloc resection is difficult to achieve during the

operation. The method was similar to that used to suspend

the muscle layers beneath the hyoid, the difference was that

we sutured the thyroid gland with an ‘‘8’’ shape knot. Thus,

the thyroid gland could be suspended by pulling the suture

outside of the working space to help expose it. The anterior

cervical muscles were severed when the lump was huge

(about 7 cm in diameter).

PTC (papillary thyroid carcinoma)

Total resection was performed for patients with a diagnosis

of PTC that was confirmed by intraoperative frozen sec-

tion. Then, the working space was expanded to the lateral

edge of the carotid sheath on the ipsilateral side and to the

level of the hyoid bone superiorly. The RLN was fully

exposed when lymph node clearance was carried out in the

central zone, including the prelaryngeal, pretracheal, and

paratracheal areas. The lymph nodes and fat tissues were

pulled upward to reach the thymus when lymph node

resection was carried out at the lower pole and pretracheal.

Parathyroid glands and their blood vessels were retained

in situ as much as possible during the surgery. When the

resected tissues were suspected to be parathyroid glands, a

small piece of the tissue was routinely collected and sent

for intraoperative frozen biopsy. The remaining tissues

were soaked in saline. The tissues were cut into small

pieces that were approximately 1–2 mm in size and then

endoscopically transplanted into the sternocleidomastoid in

once they were confirmed as parathyroid glands. The

resected lymph nodes in the central zone were sent for

intraoperative frozen pathology. The surgery was com-

pleted if there were no metastases of thyroid cancer in the

lymph nodes. Endoscopic lymphadenectomy on the ipsi-

lateral side in zones III and IV was performed if there were

metastases of thyroid cancer to multiple lymph nodes.

After careful examination for surgical bleeding, absorbable

sutures were used for interrupted closure of the linea alba

cervicalis. A silicone drainage tube was placed in the thyroid

fossa that exited through the incision at the edge of the areola

and was then connected to a negative pressure drainage bottle.

In some cases, the drainage tube was not placed.

Postoperative management

After the surgery, patients with hyperthyroidism were

given an oral iodine preparation to prevent thyroid storm.

Patients with hypocalcemia were given calcium supple-

ments. An inhaled expectorant was used to induce sputum

discharge with cough, and discutients were applied to

reduce swelling of the surgical site. The drainage tube was

removed when the drainage volume was less than 30 ml in

24 h. Patients with papillary carcinoma were treated post-

operatively according to the guideline of the American

Thyroid Association (ATA) [8–10]. A retrospective
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analysis on surgical time, blood loss, complications, length

of hospital stay, and thyroid function was performed.

A total of 1,185 (94.8 %) patients were followed up in

the outpatient clinic or by telephone for over 2 years. The

remaining patients were lost to follow-up due to relocation

or loss of contact. The mean duration of follow-up was

4.6 years (2.5–8 years). The physicians conducted a survey

in the outpatient clinic or by telephone on the patients over

a one-year period after surgery. This survey included

feelings in the neck and chest, whether there was scar

hyperplasia of the surgical incision, and satisfaction scores

regarding the cosmetic results (0–10 points, from very

dissatisfied to very satisfied).

Statistics

PASW Statistics 18 software (IBM Corp, U.S.) was used for

variable analysis. v2-test was performed for comparison of

categorical variables. The t-test was performed for compar-

ison of measurement data. The SNK test or Tamhane’s T2

test of one-way ANOVA was performed for pairwise com-

parisons. Data are expressed as mean ± standard deviation.

Results

Overall outcome

The surgery was successfully completed in 1,249 cases,

and 1 was converted to open surgery (due to bleeding that

could not be controlled). There were 810 cases of nodular

goiters, 67 cases of follicular adenoma, 30 cases of lym-

phocytic thyroiditis which were combined with thyroid

nodules (including 21 cases of benign nodules, 9 cases of

papillary carcinoma, diameters 0.3–2 cm), 260 cases of

Graves’ disease (2 cases combined with papillary micro-

carcinoma, diameters 0.3–0.5 cm), 28 cases of secondary

hyperthyroidism, and 55 cases of papillary carcinoma

(diameters 0.3–2 cm), which were confirmed by patho-

logical examination.

The surgical outcomes of goiters, hyperthyroidism, and

PTC are shown as Table 1. The mean surgical time of PTC

was higher than for thyroid goiters and hyperthyroidism by

SNK test (F = 65.249, P = 0.000), but there was no dif-

ference between thyroid goiters and hyperthyroidism, with

a mean operation time of 94.4, 97.9, and 134.3 min,

respectively. There was no difference in mean blood loss

between the different groups by Tamhane’s T2 test

(F = 0.746, P = 0.474), with mean blood losses of 15.2,

16.1, and 18.6 ml, respectively. There was a significant

difference in mean drainage time between the groups by

SNK test (F = 39.277, P = 0.000), with mean drainage

times of 2.5, 2.8, and 2.7 days, respectively. In addition,

there was a significant difference in mean hospital stay

after surgery between the groups by Tamhane’s T2 test

(F = 34.865, P = 0.000), with mean hospital stays after

surgery of 5.0, 5.5, and 6.4 days, respectively.

Postoperative bleeding occurred in 2 cases of bleeding

from the observation tunnel, 1 case of anterior jugular venous

bleeding, and 1 case of oozing from the glandular section,

Table 1 Surgical results of different thyroid diseases after ETE via areola approach

Thyroid goiter

n = 898

Hyperthyroidism

n = 288

PTC

n = 64

aOperation time (min) 94.4 ± 26.8 97.9 ± 26.6 134.3 ± 31.1
aBlood loss (ml) 15.2 ± 26.9 16.1 ± 9.2 18.6 ± 8.6
aHospital stay after surgery (days) 5.0 ± 1.4 5.5 ± 1.5 6.4 ± 1.2
aDrainage time (days) 2.5 ± 0.5 2.8 ± 0.6 2.7 ± 0.6

Complications (n)

Conversion to open surgery (n) 1 0 0

Postoperative bleeding (n) 4 0 0

Temporary RLN injury (n) 5 1 1

Permanent RLN injury (n) 0 0 1

Transient hypocalcemia (n) 15 11 8

Skin bruise on the chest wall (n) 4 1 0

Infection (n) 1 0 0

Postoperative recurrence (n) 4 3 0

Patient’s complaint (n)

Swallowing discomfort (n) 2 1 1

Sense of skin traction on the neck and the chest (n) 3 1 0

a Values are expressed as mean ± standard deviation
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which caused a hematocele in the working space within 2 h

after surgery. All patients were treated successfully with

endoscopic exploration. There were no cases with permanent

hypocalcemia. For the patients who had transient hypocal-

cemia after surgery, the serum calcium and the parathyroid

hormone were restored to normal levels within 3 months

with intravenous or oral calcium supplements. Vocal cord

paralysis was confirmed by laryngoscopy in 8 cases after

surgery. The voices recovered in 7 cases on day 2 to 62

postoperative, and normal vocal cord movement was con-

firmed by laryngoscopy, except for 1 case, in which the RLN

was transected on one side of a papillary carcinoma. There

was 1 case of subcutaneous infection in the neck, which was

cured successfully with drainage of the purulent material

through repeated puncture and anti-inflammatory therapy.

There were 4 cases of swallowing discomfort, and 4 cases of

abnormal sensation of skin traction on the neck and the chest

within 2 year postoperatively.

Graves’ disease

Bilateral subtotal resection (4–6 g gland retained), Dunhill’s

operation (2–3 g gland retained), or bilateral total resections

were performed in patients with Graves’ disease, and the

surgical outcomes are shown in Table 2. There were no

differences in surgical time, estimated blood loss, weight of

resected gland, and complications between them (P[0.05),

but number of hypothyroidism over 2 years after Dunhill’s

operation was higher than bilateral subtotal resection

(P = 0.000). There were 3 cases of recurrence of hyper-

thyroidism after bilateral subtotal resection, 2 were cured

with 131I therapy and 1 was cured with endoscopic surgery.

Benign goiters

Unilateral resection (163 cases), bilateral subtotal or near-

total resection (613 cases), or total resection (122 cases)

was performed in patients with benign goiters, and the

surgical outcomes are shown in Table 3. There was a sig-

nificant difference in mean surgical time between the

groups by Tamhane’s T2 test (F = 212.843, P = 0.000),

with mean operation times of 65.1, 97.7, and 116.8 min,

respectively. The mean blood loss of unilateral resections

was lower than that of bilateral subtotal or near-total

resections and total resections by Tamhane’s T2 test, but

there was no difference in between bilateral subtotal or

near-total resections and total resections (F = 7.918,

P = 0.000), with mean blood losses of 9.9, 15.1, and

22.6 ml, respectively. Recurrences of small nodules after

surgery were confirmed by B-ultrasound in 4 cases, which

are still being followed up.

PTC

Total resection plus ipsilateral central lymphadenectomy

was performed in patients with papillary carcinomas, and the

surgical outcomes are shown in Table 4. The surgical time

Table 2 Comparison of the results of Graves’ disease with different surgical procedures

Bilateral subtotal resection

(4–6 g gland retained)

n = 206

Dunhill’s operation

(2–3 g gland retained)

n = 52

P value (t/v2)
aTotal resection

n = 2

aOperation time (min) 100.9 ± 26.9 99.8 ± 25.1 0.783 110
aBlood loss (ml) 16.2 ± 9.1 17.6 ± 10.0 0.323 34
aWeight of resected gland (g) 62.1 ± 15.9 63.6 ± 16.9 0.545 62.2

Temporary RLN injury (n) 0 1 0.202 0

Transient hypocalcemia (n) 6 3 0.562 1

Recurrence of hyperthyroidism (n) 3 0 0.508 0

Hypothyroidism (n) 10 46 0.000 2

P value is comparison of the results of bilateral subtotal resection and Dunhill’s operation
a Values are expressed as mean ± standard deviation

Table 3 Comparison of the results of benign goiters (nodular goiters

and follicular adenomas) with different surgical procedures

Unilateral

resection

n = 163

Bilateral

subtotal or

near-total

resection

n = 613

Total

resection

n = 122

aOperation time (min) 65.1 ± 19.7 97.7 ± 23.0 116.8 ± 20.5
aBlood loss (ml) 9.9 ± 7.6 15.1 ± 26.0 22.6 ± 42

Temporary RLN

injury (n)

0 4 1

Transient

hypocalcemia (n)

0 11 4

Postoperative

recurrence (n)

3 1 0

a Values are expressed as mean ± standard deviation
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and estimated blood loss of total resection plus bilateral

central lymphadenectomy were higher than total resection

plus unilateral central lymphadenectomy (P \ 0.05). There

were no differences in RLN injury and transient hypocal-

cemia between them (P [ 0.05). There were 34 cases of

lymph node metastasis in the central zone, no lymph node

metastasis in zones III and IV, and 48 cases of them needed

postoperative 131I therapy according to the guideline of the

ATA. There was no recurrence of thyroid cancer in any of the

patients for over 2.5 years of follow-up.

Questionnaires

Questionnaires were distributed to 880 patients more than

2 years postoperatively. The content of the questionnaire

included feelings in the neck and chest, the presence of scar

hyperplasia of the surgical incision, and the satisfaction

scores regarding the cosmetic results. The results showed

that there were 4 patients with swallowing discomfort, 4

patients with abnormal sensation of skin traction on the

neck and the chest, and 1 case with scar diathesis and mild

scar hyperplasia of the surgical incision. The remaining

patients did not have any scar hyperplasia of the surgical

incision. Overall, 876 patients were satisfied with the

cosmetic results, 4 were equivocal, and none of the patients

were unsatisfied, and the mean scores of patients in their

10, 20, 30, 40, and 50 s were 9.8, 9.9, 9.6, 9.5, and 9.5,

respectively (Table 5).

Discussion

Patients for this surgery

ETE via various approaches has been applied to treat

various thyroid diseases in many countries. The incidence

of postoperative bleeding, RLN injury, parathyroid gland

injury, and other complications was low in these studies

[11–16]. We could prevent these complications in our

study in the case of the quantity of the case was large and

the types of disease were abundant, with postoperative

bleeding occurred in 0.3 %, transient hypocalcemia in

2.72 %, permanent RLN injury in 0.08 %, and temporary

RLN injury in 0.56 %. We reduced the risk of conversion

to open surgery by choosing appropriate patients at the

beginning of the study. The first 50 patients we chose were

all young women, and one of the following conditions had

to be met: benign tumor with maximum diameter of

B5 cm, primary or secondary hyperthyroidism with less

than 60 g of estimated gland weight, and differentiated

thyroid micro-carcinoma without metastasis to lateral cer-

vical lymph nodes.

We chose female patients at the beginning mainly

because theirs breasts have better mobility and the opera-

tion was relatively easy. Then, we were able to perform this

surgery on male patients, most of the benign goiter,

Table 4 Comparison of the results of thyroid cancer with different

surgical methods

A

n = 56

B

n = 8

P value

(t/v2)

aAge, years 31.1 ± 7.5 35.6 ± 8.7

Male/female (n) 5/51 1/7
aOperation time (min) 126.4 ± 23.7 188.8 ± 22.3 0.000
aBlood loss (ml) 17.6 ± 8.0 25.5 ± 9.7 0.014

RLN unilateral/bilateral

fully exposed (n)

47/9 0/8

Temporary RLN injury

(n)

1 0 0.875

Permanent RLN injury (n) 0 1 0.125

Transient hypocalcemia

(n)

6 2 0.260

Central lymph node

metastasis (n)

29 5 0.428

Lymphadenectomy in

zones III and IV/

metastasis (n)

5/0 2/0 0.209

131I therapy postoperative

(n)

41 7 0.351

A total resection plus unilateral central lymphadenectomy, B total

resection plus bilateral central lymphadenectomy
a Values are expressed as mean ± standard deviation

Table 5 Cosmetic results after

ETE via areola approach
Patients’ age

10s

(n = 33)

20s

(n = 438)

30s

(n = 324)

40s

(n = 62)

50s

(n = 23)

Total

(n = 880)

Cosmetic result

Satisfied 33 438 324 59 22 876

Unsatisfied 0 0 0 0 0 0

Equivocal 0 0 0 3 1 4

Mean satisfaction

score

9.8 9.9 9.6 9.5 9.5 9.7
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Graves’ disease with huge thyroid gland, and low-risk PTC

without metastasis to lateral cervical lymph nodes. The

maximum diameter of the resected benign tumors in this

study was 7 cm and the maximum weight of the resected

thyroid gland of Graves’ disease was over 150 g. However,

patients with metastasis of thyroid cancer to the lateral

cervical lymph nodes or to distant lymph nodes were

excluded. Patients with large thyroid goiters that may not

have had enough available space for the operation were

also excluded. There was a patient whose thyroid gland

was full of severe eggshell calcifications, which made it

difficult to loosen the gland and led to uncontrollable

bleeding in the lower pole, and the operation was converted

to open surgery. Hence, open surgery should be chosen for

cases in which preoperative assessment shows that the

thyroidectomy would be difficult to complete through this

surgery.

Surgical techniques and options for different thyroid

diseases

Prevention of bleeding is the most important part of

endoscopic surgery for Graves’ disease, because there is a

risk of converting to open surgery due to the high vascu-

larity of the thyroid gland [17]. Sasaki et al. [17] suggested

that it was relatively safe to perform endoscopic surgery

when the weight of thyroid glands was less than 60 g.

Yamamoto et al. [16] proposed that endoscopic surgery

was only suitable for treating Graves’ disease when the

gland weight was less than 100 g because small gland

volume can provide a better field of view during the sur-

gery. However, most of the patients with Graves’ disease

had huge thyroid gland when they accepted the surgery

because of years of medical treatment. And most of them

were young women with a high demand for cosmetic

results, converting to open surgery might be contrary to the

original intention of surgical treatment and the scar on neck

might change their lives. We also had the experience of

converting to open surgery due to the blood loss during

ETE through an areola and chest wall approach for Graves’

disease, with the time for iodine intake before the surgery

was about 2 weeks. After this, we extended the time for

iodine intake to 3 weeks before the surgery to reduce

bleeding during surgery and the difficulty of the operation

and have obtained satisfactory results. Although we have

performed fractional resections, there was almost no

bleeding in the glands when it was cut off with ultrasonic

scalpel. The mean blood loss in our study was approxi-

mately 25 ml, and the mean weight of the resected gland

was greater than 60 g. These were significantly lower than

the results in the previous literatures [17, 18]. None of the

cases had to be converted to open surgery due to intraop-

erative bleeding or insufficient surgical space.

The current leading trend in surgical treatment of

Graves’ disease is to perform total resection [19–21].

However, bilateral subtotal resection with 4–6 g of retained

gland is considered to be the standard surgical treatment for

Graves’ disease in Asian countries [16, 17, 22]. We

adopted this procedure in the early stage of the study.

However, there was still a risk of hyperthyroidism recur-

rence with that amount of gland retained [17, 18, 22].

Therefore, we performed Dunhill’s operation with

approximately 2–3 g of gland retained on the patients who

agreed to take long-term levothyroxine supplements after

surgery. The risk of complication for Dunhill’s operation

was not higher than that for bilateral subtotal resections

(Table 2). With Dunhill’s operation, the retained gland is

on one side, which can help to estimate the amount of

residual gland. The side with the complete resection will

not be involved once hyperthyroidism recurs. This can

maximally reduce the chance of hyperthyroidism recur-

rence while retaining a small amount of gland. In addition,

thyroid function can be maintained at the normal level in

the long term with postoperative levothyroxine supple-

mentation. So, it can be an important choice for carefully

selected patients with Graves’ disease. Near-total resection

(with a retained gland of less than 0.5 g) was performed

instead of total resection when a lobectomy was difficult to

complete. For patients who had hyperthyroidism combined

with thyroid cancer or secondary hyperthyroidism, total or

near-total resection was performed.

Unilateral subtotal or near-total lobectomy was per-

formed in most patients with unilateral benign nodules in

the early stage of this study. Bilateral subtotal resection

was performed on some patients with bilateral benign

nodules. As we know, the surgeon cannot touch the thyroid

tissue in ETE directly. Thus, small nodules may be left

behind when there is gland retained, and this may be the

main source of postoperative recurrence. Therefore, total

resection is reasonable [23–25]. However, total resection

may also increase the risk of complications during the

surgery, although it was safe in our study. Thus, bilateral

near-total resection may be the best choice for the cases, in

which it is difficult to achieve total resection, and it can

maximally reduce the chance of recurrence after surgery

without increasing the possibility of injuries of the RLN

and the parathyroid gland.

The technique of thyroid gland suspension is very

important in our study, especially for huge thyroid goiters

and thyroid glands, which are located behind the sternum.

We have benefited from when the surgery was preformed

in the patients who had a short neck and in the male

patients whose sternocleidomastoid was very strong, which

made the thyroid gland extend behind the neck and there-

fore hard to expose. Since the thyroid gland can be moved

into different directions to help expose it, the difficulty of
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the surgery and the risk of converting to open surgery can

be significantly reduced.

Whether to clear lateral cervical lymph nodes preven-

tatively in treating papillary carcinoma without clinical

evidence indicating metastasis is still controversial [26].

Therefore, total resection plus ipsilateral central lymphad-

enectomy was performed for patients without lateral cer-

vical lymph node enlargement in our study. Open

functional cervical lymphadenectomy was performed for

patients with PTC with lateral cervical lymph node

enlargement. The resection of lymph nodes behind the

sternum is the most difficult part of this surgery when

lymph node resection was carried out in the center zone.

Therefore, we pulled the lymph nodes and fat tissue

upward to reach the thymus gland when the lymph node

resection was carried out at the lower pole and pretracheal.

None of the patients had any residual lymph nodes indi-

cating metastasis of thyroid cancer on 131I scans. A

majority of the patients were treated with 131I therapy

postoperatively and levothyroxine replacement according

to the most updated ATA. None of the patients had thyroid

cancer recurrence in the follow-up period.

Prevention of complications

In our study, the RLN was partially exposed to reveal its

position and course during thyroidectomy, while it was

fully exposed when lymph node clearance was carried out

in the central zone. Intraoperative neuromonitoring sys-

tem(IONM) can be used to identify the RLN in lymph node

clearance; however, considering that this would signifi-

cantly increase the cost and we could protect the RLN very

well by carefully operation, it has not been routinely used.

For the patients who had temporary vocal cord paralysis,

the movement function of the vocal cords could be well

recovered by pronunciation training. We also pay attention

to protect superior laryngeal nerve in this surgery, we

pulled the thyroid gland outward to cut off the suspensory

ligaments, and cut off the superior artery close to the

thyroid gland to avoid superior laryngeal nerve.

The inferior parathyroid generally locates between the

two capsules of thyroid and beneath the inferior artery. The

superior parathyroid generally locates near the place where

the RLN goes into the throat, which can make it easily be

identified and reserved. During the thyroidectomy of

benign thyroid disease, we separated the tissues closely to

the thyroid gland, therefore, the parathyroid gland and its

vessels and fat tissues could be preserved. However, the

inferior parathyroid had a risk of being resected in the PTC

thyroidectomy due to the complete resection of central

lymph node, and the function of parathyroid might be

injured because of the injury of its blood supply, even

though it has not been resected. Therefore, re-implantation

of parathyroid was performed once it was confirmed. The

location of superior parathyroid is relatively fixed, and we

can preserve it very well. There was no permanent hypo-

parathyroidism in our series, which might have benefited a

lot from this strategy. Although nanocarbon can be used to

recognize the lymph nodes in PTC thyroidectomy, which

can recognize the parathyroid indirectly, it also has its

disadvantages, such as lymph nodes cannot be displayed

whose lymphatic vessels had been clogged, which may

lead to confuse with parathyroid. Considering that this

technique would significantly increase the cost, and we

could prevent permanent hypoparathyroidism through the

strategy mentioned above, we had not used nanocarbon

routinely.

This surgery involves the breast and the pectoralis major

muscle more than other approaches because the observa-

tion port is closer to the lateral side of the chest wall.

Therefore, accidental trocar insertion into the breast should

be avoided in women, and accidental insertion into the

pectoralis major muscle should be avoided in men. For

underweight patients whose subcutaneous fat layer is rel-

atively thin, more attention should be paid to prevent

damage to the skin during subcutaneous separation. To

ensure that the trocar is inserted into the subcutaneous layer

accurately, we injected inflation liquid along the path of the

trocar and the area in which tissue separation was needed.

This method can effectively help to find the right layer and

reduce the risk of bleeding and skin punctures by the

trocar.

Attentions should be paid to bleeding in the trocar

tunnel and subcutaneous tissue during this approach. We

routinely observed whether there was active bleeding in the

operation tunnel or subcutaneous tissue in the neck and

chest before withdrawing the endoscope. Bleeding in the

operation tunnel can be treated with a suture and pressure

to prevent blood accumulation in the subcutaneous space of

the neck, which may lead to serious consequences. How-

ever, there were three patients still needed for re-operation

to stop bleeding even with this strategy. We also checked

whether there was bleeding in the operation tunnel or

subcutaneous bleeding in the neck after carbon dioxide was

discharged. Our experience has shown that this strategy can

effectively rule out the possibility that the already injured

veins do not bleed under the air pressure, yet start bleeding

once the air pressure disappears.

Postoperative drainage and discomfort related

to the operation

The inflation liquid was used to help separate the subcu-

taneous tissues during the operation, and postoperative

drainage was applied to reduce the chance of subcutaneous

effusion and infection. The neck should be kept immobile
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and hot and solid food should be avoided after the surgery

to reduce the time needed for the drainage tube, and reduce

the length of hospital stay after surgery. There is no need to

use antibiotics prophylactically. Compared to ETE through

a cervical approach, this surgery operated over a longer

distance, and the range of subcutaneous separation is lar-

ger. Hence, postoperative swallowing discomfort and skin

traction in the neck and chest may occur in a small number

of patients, particularly in underweight patients. Therefore,

it is necessary to explain the postoperative discomfort

related to the operation to the patients before the surgery.

The advantages of ETE via areola approach

This approach has the advantages of handling bilateral

lesions simultaneously, performing lymph node dissection,

over a long distance between the surgical incision and the

neck, which is similar to ETE via the breast approach. The

surgical incision of this surgery is even more concealed

compared to ETE via the breast approach (Fig. 2). In

addition, scar hyperplasia due to skin tension does not

occur because the skin tension around the areola is rela-

tively small. Young women 10–30 years of age were more

satisfied with the cosmetic results of our operation than

older women (Table 5). The resected tissue samples were

taken out through the tunnel where the surrounding tissues

are relatively loose and easy to expand. The feedback from

pathologists showed that these samples were more com-

plete and it was easier to identify nodules compared to

samples from the ETE via the breast approach.

Although the surgical incision of robotic transaxillary

thyroidectomy is relatively concealed, the surgical incision

is relatively large due to the design of single hole. More-

over, this procedure requires a robotic surgical system,

which is very expensive and has a lengthy learning curve as

the author mentioned, and these may limit its widespread

application [27, 28]. Although ETE via areola approach

still leaves very small surgical scars at the edge of the

areolas, which makes its cosmetic results not as good as

ETE via the oral vestibular approach which we developed

[29], ETE via the oral approach is still in the exploratory

stage. Therefore, ETE via the areola approach is still the

choice of most patients with thyroid disease.

Conclusion

ETE via the areola approach for patients with benign goi-

ters, Graves’ disease, secondary hyperthyroidism, and

papillary carcinomas without metastasis to lateral cervical

lymph nodes is an effective and safe procedure with

excellent cosmetic results. Dunhill’s operation with

approximately 2–3 g of gland retained can be an important

choice for carefully selected patients with Graves’ disease.

Bilateral near-total resection may be the best choice for

benign nodules. Total resection plus ipsilateral central

lymphadenectomy plus postoperatively 131I and levothy-

roxine replacement therapy are an effective strategy for the

PTC patients without lateral cervical lymph node

enlargement.
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