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Background: Transareolar uniportal thoracoscopic extended thymectomy
(TUTET) has not been previously reported. We attempted to assess the
feasibility and safety of TUTET for male myasthenia gravis (MG) patients.
Patients and methods: From February 2013 to February 2020, 46 men with MG
underwent TUTET. All patients were followed up for 12-84 months
postoperatively by clinic visits or telephone/e-mail interviews.

Results: All surgeries were completed successfully, with an average operation
time of 72.6 min. The mean length of transareolar uniportal incision was
3.0+ 0.4cm, and the mean postoperative cosmetic score was 3.1+ 0.5 at
discharge. Three months postoperatively, no patients had an apparent
surgical scar on the chest wall or complained of postoperative pain.
Substantial amelioration of the disease was achieved in a short period, and
several benefits were clear. At the l-year follow-up, all patients showed a
good cosmetic effect and high satisfaction.

Conclusions: TUTET is an effective and safe way for men with MG. The
uniportal incision is hidden in the areola with sound cosmetic effects. We
believe that TUTET is an acceptable procedure for extended thymectomy.

KEYWORDS

transareolar uniportal thoracoscopic extended thymectomy, myasthenia gravis, areola,
feasibility, safety

Introduction

Extended thymectomy is a therapeutic avenue for myasthenia gravis (MG) with
thymic hyperplasia or thymoma, yielding favorable outcomes (1-5). Trans-sternal
extended thymectomy, categorized as T3b by the Myasthenia Gravis Foundation of
America, was considered the gold standard approach for several decades (6).
However, video-assisted thoracic surgery (VATS) has since been prevalent (7).
Bilateral video-assisted thoracoscopic extended thymectomy (VATET) has been
performed in many institutions with assorted superiorities over trans-sternal
thymectomy, such as less tissue injury, a shorter length of hospital stay, and better
cosmetic results (8). Unilateral VATET has long-term outcomes comparable with
those of bilateral VATET, but it reduces the number of incisions and operating time (6).

Unilateral VATET is often performed by conventional three-port VATS (cVATS).
However, 3 visible scars left on the chest wall by cVATS cause a permanent cosmetic
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incisions

defect. through different
intercostal spaces occasionally stimulates intercostal nerve

Performing multiple

injury, which leads to paresthesia or numbness and is
accompanied by wound-related pain postoperatively (9).
Single-port VATS as an approach with minimum invasiveness
the length of
hospitalization and residual paresthesia in comparison with
multiport VATET (10), but the thoracic incision is still
evident and may last a lifetime.

is used to reduce postoperative pain,

In February 2013, we developed transareolar uniportal
thoracoscopic extended thymectomy (TUTET) for patients
with MG at our hospital. We herein reported our initial
experience with TUTET for MG.

Patients and methods
Patient selection

From February 2013 to February 2020, 46 men with MG
underwent TUTET at our institution. MG was diagnosed
upon a history of fatigable weakness, a positive response to
the anticholinesterase test, and aberrant test outcomes of
repetitive nerve stimulation or single-fiber electromyography.
The Myasthenia Gravis Foundation of America clinical
classification was used for assessment of disease severity (11).

Patient characteristics are listed in Table 1. This work
received approval from the Institutional Review Board and
Ethics Committee of the First Affiliated Hospital of Fujian
Medical University. All patients underwent a preoperative
routine blood examination, acetylcholine receptor antibody
assay, electrocardiography, echocardiography, pulmonary
function measurement, and chest computed tomography (CT)
scan. The quantitative MG score (QMG score) (11) was
calculated for objective evaluation of MG. All patients provided
written informed consent before surgery after receiving a
detailed explanation of procedure and aims of the study.

Inclusion criteria were an age of >18 to <60 years; male sex;
MG with thymic hyperplasia or thymoma (tumor diameter of
<2 cm, without invasion of the mediastinum or metastasis); and,
for smokers, no smoking for >2 weeks before operation. The
exclusion criteria were an age of <18 or >60 years; female sex;
obesity (body mass index >30 kg/m>); history of thoracic surgery
or severe chest wall deformity; upper airway and maxillofacial

injury or deformity; and lung, heart, or pleural disease.

Surgical procedure

All patients underwent surgery in the left lateral decubitus
position at 45° the operating table, with the right arm
abducted the 1A).
Transareolar uniportal incision was marked before the

in a holder above head (Figure
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TABLE 1 Patient characteristics.

Characteristics Value
No. of patients 46
Mean age/range (years) 38.6 (19-60)
Positive family history (yes/no) 1/46
Preoperative dosage of bromopirix, n (%)

60 mg q8h 37/80.4

60 mg q6h 8/17.4

90 mg q8h 1/2.17
Preoperative dosage of prednisone, n (%)

>30 mg qd 2/4.35

<30 mg qd 44/95.7
MGFA clinical classification, n (%)

I 14/30.4

IIa 18/39.1

IIb 7/15.2

1ITa 5/10.9

1IIb 1/2.17

Iva 1/2.17
Pathologic characteristics

thymic hyperplasia 18/39.1

thymic cyst 9/19.6

thymoma

type A 15/32.6
type AB 3/6.52

type Bl 1/2.17

operation, and then the pocedure of transareolar uniportal
thoracoscopic extended thymectomy was performed (Figures
1B-D). Following general anesthesia, the patient was ventilated
through a single-lumen endotracheal tube. A 30-mm single
port was made through the fourth intercostal space at the
lower edge of the areola (Figure 2). A 10-mm 30°
thoracoscope (Karl Storz GmbH & Co. KG, Tuttlingen,
Germany) was introduced for observation of thoracic cavity. A
wound protector (Endo Keeper; Hangzhou Kangji Medical
Instrument Co., Ltd., Hangzhou, China) was fixed on the
incision window. After the areola was covered with a
multichannel thin-film puncture kit, 8 cm H,O of positive-
pressure carbon dioxide was insufflated to create artificial
pneumothorax, so as to expose the phrenic nerve. To avoid
phrenic nerve injury, the thymus and prepericardial adipose
tissue were generally removed at a distance of 0.5-1.0 cm from
the phrenic nerve, and energy instruments such as ultrasonic
knife rather than electrocoagulation hook were used as far as
possible. The whole thymus with or without the thymoma, the
bilateral mediastinal pleura, and all associated fat tissue
between the two phrenic nerves were excised en bloc. Grasping
forceps was used to lift the lower poles of the thymus
(Figure 3A), exposing the superior vena cava, ascending aorta,
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FIGURE 1

(A) the patient was placed in the left lateral decubitus position at 45° during surgery. (B) Transareolar uniportal incision was marked before the
operation. The purple arrow indicates the lower edge of the areola. (C) Procedure of transareolar uniportal thoracoscopic extended thymectomy
for patients with myasthenia gravis. (D) Transareolar uniportal endoscopic view of the right thoracic cavity.

and innominate veins. Second, thymus was pulled down and the

two upper thymic lobes were dissected meticulously
(Figures 3B,C). Third, by tracing the superior vena cava and
the innominate veins, all of the thymic veins were easily
identified and resected (Figure 3D). Harmonic scalpel was
utilized to simultaneously dissect all of the fat pads near the
phrenic nerves. The prepericardial fat and the fat pads near
the cardiophrenic angle, aortopulmonary window, and lower
poles of the thyroid gland were dissected and removed
carefully. Both innominate veins, the superior vena cava, and
the aorta were skeletonized, and then the left lung and left
phrenic nerve were exposed (Figures 3E, F). All specimens
were placed in a plastic bag and removed via the single port
(Videol, Figure 4A). A 2-mm subclavian vein tube was placed
through the sixth intercostal space at the midaxillary line
(Figure 4B). Before the end of the operation, we would
completely stop bleeding on the surgical wound. If there was
no special risk of bleeding, we usually only drained one side
of the chest. All procedures were completed successfully, and
the lung was re-inflated under visual control. The incision was
closed while the anesthesiologist manually ventilated the
patient, exerting continuous positive pressure for a second
4C,D).
subcutaneous

(Figures Following the suture of muscle and

tissue, the wound was dressed with a
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skin adhesive (Dermabond; Ethicon, Inc., Cincinnati, OH,
USA) (Figures 4EJF). Postoperative chest radiography was
generally taken to see whether there is abnormal elevation of
diaphragm muscle to determine whether there is phrenic
nerve injury.

The patient had always taken pyridostigmine bromide
before surgery (60 mg), 3-4 times/day with the maximum
dose in the whole day no more than 480 mg. For
glucocorticoids such as prednisone, it is best to adjust
glucocorticoids to the lowest effective dose (daily dosage
<30 mg) or stop taking them completely before operation.
Adjust the dosage according to the improvement of symptoms
after operation (It is generally recommended to use drugs for
follow-up in neurology outpatient department).

Data collection and follow-up

We recorded operation time, incision length, intraoperative
bleeding, complications, pain score and hospital stay. All
patients were followed up by hospital visits for 12 to 84
months with the mean follow-up duration of 26.8+6.2
months. All out of them completed a detailed questionnaire
(Table 2). Postoperative dyspnea, satisfaction scores, QMG
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FIGURE 2
Procedure of TUTET for patients with MG.

score, cosmetic scores, residual pain, and incidence of tumor
recurrence or metastasis were collected. Tumor recurrence was
assessed by chest CT. Patients were asked to routinely
undergo a chest CT scan every 3 months and a systematic
general inspection every 6 months during follow-up. Surgical
outcomes were graded in line with the criteria used by MGFA
Postintervention Status (11): 1, Complete Stable Remission
(CSR); 2, Pharmacologic Remission (PR); 3, Minimal
Manifestations (MM); 4, Improved (I); 5, Unchanged (U); 6,
Worse (W); 7, Exacerbation (E); and 8, Died of MG (D of MG).

Results

All procedures were completed successfully with an average
operation time of 72.6 min (Table 3). No surgical mortality or
intraoperative conversion to an open procedure occurred. The
mean drainage time was 1.6 days, with a mean drainage
amount of 63.4 +28.2 ml/day. The mean hospitalization time
was 3.6+ 1.6 days. The mean transareolar uniportal incision
length was 3.0 £ 0.4 cm, and the mean postoperative cosmetic
score was 3.2+0.7 at discharge. Postoperative pathologic
diagnoses were thymic hyperplasia (n =18), thymic cyst (n=
9), type A thymoma (n=15), type AB thymoma (n =3), and
type Bl thymoma (n=1). One patient developed myasthenic
crisis on postoperative day 3. After tracheal intubation with
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ventilator-assisted breathing and drying therapy, he recovered
quickly and was discharged 2 weeks later. One patient
(2.17%) developed postoperative pneumonia (Table 4). This
patient a long-term heavy smoker, had stopped smoking just
2 weeks before surgery. He was treated with intravenous
antibiotics and no intervention was required subsequently.
None of the patients had wound infection. Postoperative
clinical improvement was evaluated using the QMG score in
all patients who were followed up for >12 months.

100%.
postoperative follow-up are shown in Table 5. In patients

Follow-up completion rate was Outcomes of
who underwent TUTET, the mean aggregate QMG score
decreased remarkably from 5.6 + 3.8 preoperatively to 1.6 + 1.2
at 6 months postoperatively. Complete remission (score of 1)
was observed in 2.17% (1 of 46) of patients and clinical
improvement (scores of 2 and 3) in 8.70% (4 of 46). No
tumor recurrence or metastasis was observed. Five patients
(10.9%) reported postoperative pain at discharge. Based on
visual analog scale (VAS) pain score, mildly painful (mean
VAS score of 2.09+0.42) was considered in four patients
(80%) and moderately painful (VAS score of 4) in one patient
(20%). None of the patients required analgesia or complained
of postoperative pain 3 months postoperatively. During
TUTET produced good
excellent cosmetic results (Table 5 and Figures 5A-D), and a
high degree of satisfaction (Table 5).

follow-up, surgical outcomes,
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FIGURE 3

(A) lifting of the lower pole of the thymus with the grasping forceps. (B) Dissection of the right upper thymic lobe. (C) Dissection of the left upper
thymic lobe. (D) Resection of the thymic vein. (E) Skeletonization of both innominate veins, the superior vena cava, and the aorta. (F) Left lung and left
phrenic nerve. @ sternum; @ right brachiocephalic vein; ® left brachiocephalic vein; @ internal thoracic artery and vein;® thymic vein; @ aorta
ascendens; @ superior vena cava; @ right phrenic nerve;® left phrenic nerve; ® left lung.

Discussion

MG is featured by production of antibodies to acetylcholine
receptors at the neuromuscular junction (12), being responsible
for most acquired neuromuscular junction disorders (13).
Patients with MG experience debilitating fluctuating weakness
of ocular, limb, swallowing, or respiratory muscles, and
symptoms are exacerbated by overwork or stress. Research has
displayed that the thymus plays a key role in the MG
autoimmune pathogenesis, and thymectomy can improve
symptoms and achieve complete remission of MG (14, 15).
After the first report of thymectomy in 1941 (16), alternative
avenues such as full median sternotomy, transcervical or partial
sternotomy, VATET (17-20), infrasternal mediastinoscopic
thymectomy (21), trans-subxiphoid VATS (22, 23), and robotic
thymectomy (24) have been developed. VATET has become
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immensely popular on account of better cosmetic results, less
tissue damage, shorter hospital stay, and lower incidence of
myasthenic crisis versus traditional extended thymectomy
(25-27). Unilateral VATET is the most frequently performed
procedure and is recognized as the surgery of choice for
thymectomy (28-31).

Although traditional VATET is effective for MG patients,
this technique has some shortcomings. First, this procedure
must be performed via three incisions. Making multiple
incisions through different intercostal spaces induces more
chest wall muscle damage and increases the chance of
intercostal nerve injury, leading to postoperative wound-
related pain, paresthesia or numbness (9). Second, cVATS
inevitably leave multiple apparent scars on the chest wall,
which is a permanent cosmetic defect. As MG is popular in
young and middle-aged people, the cosmetic outcome is vital
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FIGURE 4

uniportal incision.

(A) placement of specimens in a plastic bag. (B) Placement of a 2-mm subclavian vein tube through the sixth intercostal space at the midaxillary line.
(C) Uniportal wound protector. (D) Ventilation and exertion of continuous positive pressure for a few seconds. (E,F) Postoperative view of transareolar

mediastinoscopic
trans-sternal

Infrasternal
the
transcervical approaches in the context of cosmetic benefits,

after  thoracic

thymectomy is

surgery.
favorable over and
but it has disadvantages such as a longer operation time and
a requirement for special equipment to lift the sternum (21).
Trans-subxiphoid VATET has the advantages of avoidance of
intercostal nerve compression or injury and good exposure of
the anterior mediastinum. However, because of the narrow
space behind the sternum, this approach has disadvantages of
operational difficulties and the requirement for a certain
learning curve to achieve a stable operation platform (23).
Moreover, if intraoperative hemorrhage occurs and emergency
conversion to thoracotomy is needed, median sternotomy is
more traumatic than the lateral thoracic approach through the
ribs. Robotic thymectomy is not widely used because of the
need for expensive machines and consumables. Additionally,
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the system takes a long time to assemble, lacks tactile
feedback, and requires multiple incisions (32).

To achieve superior cosmetic outcomes of VATET, we
developed TUTET for MG in which incision scar is hidden in
the areola. If MG is complicated with thymoma and the main
body of tumor is inclined to the right, the right thoracic
approach is preferred. If the main body of tumor is inclined
to the left, the left thoracic approach is preferred. We were
motivated by a previously reported success of transareolar
VATS sympathectomy for palmar hyperhidrosis using a single
incision in 2011, which achieved both satisfying efficacy and
perfect cosmetic outcomes (33).

We successfully performed TUTET for all 46 men with MG
in the present study. This procedure is not recommended for
women or obese men due to their progressed mammary
glands or fatty chest wall (9). The procedure led to a high
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TABLE 2 Follow-up questionnaire.
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TABLE 4 Postoperative complications.

Nature of question Characteristics n (%)
Response Myasthenic crisis 1(2.17)
1. Cosmetic results Wound infection 0

Verbal response scale (VRS): 1 dissatisfied/2 accepted/3 satisfied/4 perfect Arrhythmia 1(2.17)
2. Postoperative pain Pleural effusion 2 (4.35)
Visual analog scale (VAS) pain score: from 0 “no pain” to 10 “worst pain Permanent phrenic nerve injury 0
imaginable Hypoxia 0
3. Postoperative QMG score Pneumonia 1217)
Scored items:ptosis, diplopia, facial weakness, dysphagia, dysarthria, neck Atelectasis 0
muscle strength, bilateral arm muscle strength, bilateral hand grips, bilateral leg
muscle strength, vital capacity. Each item was graded on a scale of 0-3 (0 normal, Cerebrovascular accident 0
1 mild, 2 moderate, and 3 severe)
4. Tumor recurrence or metastasis
No/Yes TABLE 5 Outcomes of postoperative follow-up.
Location: left lung/right lung/liver/epinephros/brain/bone/other Demographics Discharge 6 12
5. Surgical outcomes months months
Criteria used by MGFA Postintervention Status and associates: 1, Complete
Stable Remission (CSR); 2, Pharmacologic Remission (PR); 3, Minimal Mean cosmetic score, VRS 3.1+0.5 3.7+04 3.8+0.2
Manifestations (MM); 4, Improved (I); 5, Unchanged (U); 6, Worse (W); 7, Degree of postoperative pain, 1 (%)
Exacerbation (E); and 8, Died of MG (D of MG).
Mild 4 (8.70) 0 0
6. Satisfaction
Moderate 1(2.17) 0 0
VAS: very satisfied (9-10)/satisfied (6-8)/dissatisfied (3-5)/very dissatisfied
Severe 0 0 0
(0-2)
Mean postoperative QMG score 54%36 1.6+1.2 1.2+0.6
Tumor recurrence or metastasis 0 0 0
TABLE 3 Perioperative outcomes. Surgical outcomes, 7 (%)
Characteristics 1 Complete Stable Remission 0 1(2.17) 2 (4.35)
(CSR)
Mean total operative time (min) 72.6+17.2 2 Pharmacologic Remission 0 2 (4.35) 5 (10.9)
Mean intraoperative bleeding (ml) 63.4+28.2 (PR)
Mean length of transareolar uniportal incision 3.0+04 (I\A_’,MI\)/hmmal Manifestations 0 4 (870) 9 (196)
Mean drainage (ml/da 63.4+28.2
ge (ml/day) 4 Improved () 0 39 (84.8) 30 (65.2)
M drai ti d 16+12
ean drainage time (days) 5 Unchanged (U) 0 0 0
M t tive hospital stay (d 36x1.6
ean postoperative hospital stay (days) 6 Worse (W) 0 0 0
7 Exacerbation (E) 0 0 0
satisfaction rate with minimal postoperative pain, a short § Died of MG (D of MG) 0 0 0
hospital stay, good surgical and cosmetic outcomes, no major Degree of satisfaction, n (%)
complications, and no recurrence/metastasis within a minimal Very satisfied 40 (87.0) 45 (97.8) 46 (100)
follow-up of 1 year. TUTET seems to have several potential Satisfied 6 (13.0) 1(2.17) 0
advantages over traditional MG treatment techniques. Dissatisfied 0 0 0
First, incision is hidden in areola, with inapparent scar on Very dissatisfied 0 0 0

the chest wall after operation; thus, it is especially suitable for
patients with darkly pigmented areolas (Figures 5A,B) (9).
Second, the incision is in the fourth intercostal space at the
front of the chest, where the muscle layer is thinner and
intercostal space is broader than in the lateral chest; this
facilitates operating flexibility (34). Third, one study showed
that >50% of patients who underwent cVATS experienced
postoperative paresthesia related to the incision (35). The
transareolar approach has an enlarged operating space, which
injury
postoperative paresthesia. Moreover, it reduces the number of

minimizes intercostal nerve risk and reduces
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incisions, which avoids damaging the thick back chest wall
muscles and thus reduces surgical trauma and related
postoperative  pain. Fourth, double-lumen endotracheal
intubation is essential in traditional VATET. However, this
intubation technique has drawbacks like prolonged intubation
time, the need for anesthesia expertise, airway trauma risk,
and costs exceeding those of single-lumen tube intubation
(36). The use of artificial pneumothorax with positive-pressure
carbon dioxide not enables  retrosternal

only space
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FIGURE 5
(A,B) the surgical scar was concealed in the areola 6 months after surgery. (C,D) Photograph of the same patient 8 months after surgery showing the
absence of any obvious surgical scar on the chest wall.

enlargement and facilitates thymus dissection, but it also allows
operation under single-lumen endotracheal intubation. Fifth,
carbon dioxide enters the thoracic cavity under artificial
pneumothorax, which can promote inflation in mediastinum
and avail the exposure of the operation field. Carbon dioxide
insufflation can also remove air, improve the safety of electric
burning and reduce the risk of air embolism. Simple
the has
limitations for it is difficult to remove lateral mediastinal fat,

thoracoscopic  extended thymectomy in past
and it is more difficult to operate for large and obese patients.
Artificial pneumothorax makes the lungs collapse sufficiently,
which provides more favorable conditions for surgical
operation and improves the safety of operation. Although its
application may cause some complications, such as affecting
the patient’s circulation and lung ventilation function during
operation. Rapid insufflation may induce an increase in the
concentration of carbonic acid in the blood, resulting in
hypercapnia and subcutaneous emphysema after operation.
However, at present, most surgeons agree that carbon dioxide
artificial pneumothorax will bring more benefits. Sixth,

uniportal VATS decreases the severe postoperative pain;
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hence, the pain caused by chest drainage is more prominent
(37). Managing pain in patients with MG can be challenging
because of the complexity of the disease and its particular
susceptibility to adverse effects of drugs (38). The traditional
large chest tube not only induces chest pain, obstructs
breathing, and hinders early out-of-bed activities after the
operation but also affects wound healing and aesthetics, which
is becoming patients’ main complaint after thoracic surgery.
Herein, we utilized a 2-mm subclavian vein tube instead of
the traditional large chest tube; this minimized invasiveness
and pain, could be easily removed with a good cosmetic
outcome. Finally, we believe that the use of a single 3-cm
transareolar port avoids enlarging the incision during the
process of specimen extraction in most cases (which is
especially convenient for patients with thymic tumors) and
shortens the operation time.

This study has two main deficiencies. First, it was completed
in a single institution with small proportion of patients and was
retrospective. Second, all patients were relatively young men
with no cardiopulmonary comorbidities, which may have

contributed to the good results of this study. Thus,
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prospective multicenter randomized controlled trials are
warranted to confirm the benefits of TUTET for men with MG.

Conclusion

This study revealed that TUTET is an effective and safe
way for men with MG as driven by its sound cosmetic and
clinical outcomes. TUTET may be a promising therapeutic
approach for MG.
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