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Introduction

Thymectomy is the preferred standard treat-
ment in younger non-thymoma patients with my-
asthenia gravis as well as in patients with early 
stage thymoma [1]. Total thymectomy by median 
sternotomy has been the surgical approach since 

resection of the thymus with video-assisted tho-
racoscopic surgery (VATS) was first reported in the 
late 1990s [1–3].

The most important long-term prognostic factor 
in malignant thymic tumors is complete surgical re-
section [4–6]. According to a  recent meta-analysis, 
VATS thymectomy was found to be as safe and fea-
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A b s t r a c t

Introduction: Thymectomy is the preferred standard treatment in younger non-thymoma patients with myasthenia 
gravis as well as in patients with early stage thymoma. Total thymectomy by median sternotomy has been the sur-
gical approach since resection of the thymus with video-assisted thoracoscopic surgery (VATS).
Aim: To compare the clinical outcomes of VATS thymectomy with conventional open thymectomy for neoplastic and 
non-neoplastic thymic diseases.
Material and methods: Forty patients underwent thymectomy between October 2012 and January 2016. Fifteen 
patients were male and 25 patients were female. The mean age was 40.3 ±17.7 years. Seventeen (55%) patients 
underwent VATS thymectomy and 23 (45%) patients underwent an open procedure. We retrospectively reviewed the 
data of the patients and compared these two techniques.
Results: The mean tumor size was 5.17 ±3.2 cm in the thymoma group (VATS 2.5 ±2.4 cm vs. open access 4.7 ±3.7 cm). 
None of the patients experienced a myasthenic crisis. Conversion to thoracotomy was required in 1 patient in the VATS 
group due to bleeding from the right internal mammary artery; therefore, the conversion rate was 2.5% among all the 
patients. No mortality occurred in either group. No significant difference was found in the perioperative blood loss, oper-
ative time or pain visual analogue scale scores. On the other hand, regarding postoperative drainage, duration of chest 
tube drainage and length of hospital stay, VATS thymectomy yielded better results and the differences were significant.
Conclusions: Video-assisted thoracoscopic surgery thymectomy can be performed for both neoplastic and non-neo-
plastic thymic diseases with minimal morbidity and mortality.
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sible as open thymectomy regarding oncologic out-
comes and postoperative complication rates [7].

Myasthenia gravis (MG) is an auto-immune dis-
ease associated with abnormal antibodies binding 
to the acetylcholine receptors at the neuromuscular 
junction of the skeletal muscle, which causes de-
struction and modification of the neuromuscular 
junction. Patients usually present with weakness of 
the skeletal muscle, respiratory muscles, ocular mus-
cles and bulbar muscles [8–10].

The prognosis of MG patients largely depends 
on the complete removal of the thymus tissue, and 
incomplete resection may mean higher recurrence 
rates. Video-assisted thoracoscopic surgery thymec-
tomy in MG patients not only provides the chance to 
perform complete thymic resection, but also brings 
additional benefits such as less pain, smaller inci-
sions, shorter length of hospital stay, and lower inci-
dence of postoperative myasthenia crisis as well [11].

In our institute, thoracoscopic thymectomy has 
been performed since October 2012. In this study, we 
aimed to compare the clinical and surgical outcomes 
between VATS thymectomy and open thymectomy 
from October 2012 to January 2016 retrospectively. 
Our objective was to determine whether minimally 
invasive thymectomy was as safe and effective as 
open surgery. 

Aim

The aim of this study is to compare the clinical 
outcomes of video-assisted thoracoscopic thymec-
tomy with conventional open thymectomy for neo-
plastic and non-neoplastic thymic diseases.

Material and methods

In our institute, 40 patients underwent thoraco-
scopic and open thymectomy between October 2012 
and January 2016. Fifteen patients were male and  
25 patients were female aged between 9 and 75 
years with the mean age 40.3 ±17.7 years (34.7 ±15.1 
in male patients and 43.6 ±18.6 in female patients) 
(Table I). Seventeen (55%) patients underwent VATS 
thymectomy and 23 (45%) patients underwent an 
open procedure (partial sternotomy in 5 patients 
and sternotomy in 18 patients). Seventeen patients 
had comorbidities (42.5%). In all of the thoraco-
scopic cases, we preferred the right-sided approach. 
Video-assisted thoracoscopic surgery thymectomies 
were carried out using three thoracic ports. Open 

thymectomy (sternotomy, partial sternotomy) was 
used for cases of thymomas larger than > 6 cm. In 
one case, VATS was converted into a  thoracotomy. 
The reason for the conversion was bleeding from the 
right mammary artery. 

Thymic morphology revealed thymomas in 21 
(52.5%) patients and thymic hyperplasia in 8 (20%) 
patients. Thymolipoma was found in 2 (5%) patients, 
thymic cyst in 1 patient, thymus involution in 2 pa-
tients, thymic carcinoma in 3 patients, and neuro-
endocrine tumor in 1 patient. In 19 (47.5%) cases, 
thymic pathology was associated with MG. A com-
bination of MG and thymoma (thymoma-associated 
MG) was revealed in 7 patients (17.5% of all patients 

Table I. Demographics and clinical characteris-
tics

Variable Value

Age, median ± SD [years] 40.3 ±17.7 (range: 9–75)

Gender, n (%):

Male  15 (37.5)

Female 25 (62.5)

Type of surgery, n (%):

VATS 17 (55)

Open 23 (45)

Thymic pathology, n (%):

Thymoma 21 (52.5)

Hyperplasia 8 (20)

Thymolipoma 2 (5)

Thymic cyst 1 (2.5)

Thymus involution 2 (5)

Thymic carcinoma 3 (7.5)

Neuroendocrine tumor 1 (2.5)

Pre-op diagnosis of MG 19 (47.5) (7 patients (17.5%) 
MG + thymoma)

Comorbidity, n (%):

Diabetes mellitus 2 (15)

Hypertension 5 (32)

Coronary heart disease 3 (23)

COPD 1 (11)

Renal dysfunction 1 (8)

Arrhythmia 2 (6)

Asthma 2 (4)
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or 36.8% of all MG patients). The demographic data 
of the patients are presented in Table I. Histologic 
diagnoses were made according to the classification 
of thymomas by Masaoka et al. [5], Müller-Hermel-
ink [12] and the World Health Organization (WHO) 
classification [13]. 

In patients with MG, the preoperative severity of 
the disease was classified according to the Osser-
man and Jenkins classification [14]. 

We retrospectively reviewed the data of the pa-
tients and compared preoperative and perioperative 
parameters (e.g. comorbidities, intravenous immu-
noglobulin (IVIG) treatment, operative time, blood 
loss, pleural drainage duration) and postoperative 
parameters (e.g. complications, postoperative my-
asthenia crisis, length of hospital stay) during the 
follow-up period.

Surgical techniques

Video-assisted thoracoscopic surgery thymectomy

The procedure is performed under general an-
esthesia with double-lumen intubation. The patient 
is placed in the semi-supine position with a 30-de-
gree retroversion (Photo 1). The ipsilateral arm is 
placed over the head of the patient in a holder. In 
our series, a right-sided approach was performed in 
all patients. A camera port was placed at the eighth 
intercostal space midaxillary line, while two working 
ports were placed at the fourth intercostal space at 

the anterior axillary line and sixth intercostal space 
at the posterior axillary line. We started with dissec-
tion of the prepericardial fat above the right phrenic 
nerve. The whole thymic tissue and all of the anteri-
or mediastinal fat were also dissected away approx-
imately 1–1.5 cm anterior to the left phrenic nerve. 
Arterial supplies and venous drainage were ligated 
with hemoclips. Bilateral superior horns were dis-
sected with blunt dissection. Thymus tissue and the 
prepericardial fat pad on the left side were removed 
extensively up to the left pleural margin. A  right 
chest drain was placed in the right pleural space ex-
tending to the left pleura.

Open thymectomy

Under general anesthesia with single lumen intu-
bation, the patient was placed in a supine position. 
The sternum was incised with an electric motor saw. 
Bilateral pleural spaces were opened, while an en 
bloc resection of the anterior mediastinal fat tissue 
together with the thymus was performed (Photo 2). 

Photo 2. In open thymectomy, bilateral pleural 
spaces were opened and an en bloc resection of 
the anterior mediastinal fat tissue together with 
the thymus was performed

Photo 1. The patient is placed in the semi-supine 
position with 30-degree retroversion and  the ip-
silateral arm is placed over the head of the pa-
tient in a holder for thoracoscopic thymectomy
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The adipose tissues around the upper poles of the 
thymus, around both brachiocephalic veins, and on 
the pericardium were resected precisely. The extent 
of resection was up to the diaphragm caudally, the 
thyroid gland cranially, and the phrenic nerves later-
ally. One or two drainage tubes needed to be placed.

Statistical analysis

Statistical analysis was performed using Pear-
son’s χ2 test for bivariate analysis. All statistical 
analyses were performed using IBM SPSS Statistics, 
version 20.0 (IBM Corp., Armonk, N.Y.). Values of  
p < 0.05 were considered statistically significant.

Results

The mean age was 40.3 ±17.7 years (34.7 ±15.1 
in male patients and 43.6 ±18.6 in female patients). 
Electromyography was positive in 17 (42.5%) pa-
tients, and the acetylcholine receptor antibody test 
was positive in 13 (32.5%) patients. Out of all the 
patients, 7 (17.5%) were Osserman 1, 11 (27.5%) 
were Osserman 2B and 1 (2.5%) was Osserman 3. 
Seventeen patients were treated with pyridostig-
mine bromide with an average dosage of 250.58 
±116.6 mg/day. Twelve (30%) patients also received 
corticosteroid medication with an average dosage of 
11.7 ±20.7 mg/day, while 8 (20%) patients received 
intravenous immunoglobulin treatment prior to the 
surgery. The mean tumor size was 5.17 ±3.2 cm in 
the thymoma group (VATS 2.5 ±2.4 cm vs. open ac-
cess 4.7 ±3.7 cm).

All thymoma patients were classified according 
to the Masaoka, Müller-Hermelink and WHO classi-
fication systems (Table II). None of the patients ex-
perienced a myasthenic crisis. Conversion to thora-
cotomy was required in 1 patient in the VATS group 
due to bleeding from the right internal mammary ar-
tery; therefore, the conversion rate was 2.5% among 
all the patients, while the figure was 5.8% for VATS 
thymectomy. No mortality occurred in either group. 
The average duration of the operation was 130.65 
±24.6 min (range: 90–180 min) for open thymecto-
my and 135 ±43.3 min (range: 90–210 min) for VATS 
thymectomy (p = 0.344). Perioperative blood loss in 
VATS and open thymectomy were 117.6 ±233.3 ml 
and 117.39 ±109.34 ml respectively (p = 0.498). The 
difference in these two parameters was not statisti-
cally significant. On the other hand, regarding post-
operative drainage, duration of chest tube drainage 

and length of hospital stay, VATS thymectomy yield-
ed better results. Postoperative drainage was lower 
in the VATS group compared with the open access 
group (191.17 ±204 ml vs. 440.9 ±336.5 ml), and the 
difference was statistically significant (p = 0.005). 
Likewise, duration of chest tube drainage and length 
of hospital stay were shorter in the VATS group than 
the open thymectomy group, and the difference was 
statistically significant (p = 0.039 and p = 0.018). 
The average pain level using the visual analog pain 
score (VAS) was 4.3 for the VATS group and 3.5 for 
the open access group, and the difference was not 
significant (p = 0.118). The operative parameters are 
summarized in Table III.

Table II. Thymus pathology and classification

Characteristic N (%)

WHO histologic type thymoma:

A 3 (7.5)

AB 1 (2.5)

B1 5 (12.5)

B2 8 (20)

B3 1 (2.5)

C 3 (7.5)

Muller-Hermelink classification:

Medullary thymoma 3 (7.5)

Mixed thymoma 1 (2.5)

Cortical thymoma 11 (27.5)

Thymic carcinoma 3 (7.5)

Masaoka staging:

I 8 (20)

IIA 5 (12.5)

IIB 3 (7.5)

III 2 (5)

IVA 1 (2.5)

IVB 1 (2.5)

Osserman classification:

1 7 (17.5)

2B 11 (27.5)

3 1 (2.5)

WHO – World Health Organization, MG – myasthenia gravis.
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Fourteen patients required intensive care unit 
follow-up (range: 1–4 days) and only 1 (2.5%) pa-
tient required 12 h of mechanical ventilation post-
operatively. Three (7.5%) patients developed compli-
cations (1 minimal pneumothorax, 1 subcutaneous 
emphysema and 1 pneumonia). Adjuvant therapy 
was required in 8 (20%) patients. Length of follow-up 
was 33.3 ±26.3 months, while disease-free survival 
was 31.3 ±26.2 months in all patients. 

Discussion

With the advantages of minimal invasiveness and 
rapid recovery, VATS thymectomy has been gaining 
popularity in recent years in the treatment of thymic 
disorders and myasthenia gravis. It has been shown 
that VATS is typically associated with reduced blood 
loss, shorter operative time, less trauma to the chest 
wall, shorter hospital stay, faster healing, and earlier 
return to normal activities. Video-assisted thoraco-
scopic surgery may also reduce the rate of postop-
erative complications by reducing tissue damage, 
postoperative pain, and the risk of infection [15, 16]. 
Rapid healing time may also permit earlier admin-
istration of adjuvant chemo-radiation treatment in 
advanced cases [16–19].

There are some studies reporting the advantages 
in surgical outcomes of VATS for thymectomy. Ac-
cording to these reports, VATS thymectomy demon-
strated a superior outcome in terms of hospital stay, 
intraoperative blood loss, and cosmetic satisfaction 
when compared with open access surgery [16, 20]. 

Video-assisted thoracoscopic surgery has some 
technical difficulties, so an increased rate of compli-
cations has been a major concern for VATS thymec-
tomy. Despite this, recent reports on VATS thymecto-
my did not reveal any major complications [18, 21]. 
Similarly, in our series, the postoperative complica-

tion rate in the VATS group was not higher than that 
in the open surgery group (5.8% vs. 8.6%; p = 0.381). 
Compared with VATS, open access surgery has been 
associated with increased postoperative complica-
tions including more frequent pain and pulmonary 
damage. 

In our study, there was no difference in morbid-
ity between the two groups, and also there was no 
difference in the incidence of wound infection, ster-
nal infection, and respiratory complications. The av-
erage pain level using the visual analog pain score 
(VAS) was 4.3 for the VATS group and 3.5 for the 
open access group, and the difference was not sig-
nificant (p = 0.118).

A serious complication associated with thymecto-
my in patients with myasthenia gravis is the myas-
thenic crisis. Meyer et al. [18] reported that postop-
erative mechanical ventilation was required in 4.3% 
of patients with thymoma who underwent VATS 
thymectomy. In our series, none of the patients expe-
rienced a myasthenic crisis. Only 1 (2.5%) patient re-
quired 12 h of mechanical ventilation postoperatively.

There are some studies in the literature reporting 
serious complications including vascular injury, chy-
lothorax, phrenic nerve damage, long-term air leakage 
and diaphragm injury with VATS thymectomy process. 
The overall morbidity was about 5.1–10% [22–24].

In our study, conversion to thoracotomy was re-
quired in 1 patient in the VATS group due to bleeding 
from the right internal mammary artery; therefore, 
the conversion rate was 2.5% in all patients, while 
the figure was 5.8% for VATS thymectomy. Shorter 
postoperative length of hospital, less postoperative 
drainage and shorter duration of chest tube drain-
age have been reported with VATS thymectomy in 
the literature [23, 25, 26]. Our results were similar. 
Although longer operation times and more periop-

Table III. Intra- and post-operative parameters

Parameters VATS Open P-value

Operation time, mean ± SD [min] 135 ±43.3 130.65 ±24.6 0.344

Perioperative blood loss, mean ± SD [ml] 117.6 ±233.3 117.3 ±109.3 0.498

Chest tube duration, mean ± SD [days] 2.11 ±1.05 2.68 ±0.89 0.039

Postoperative drainage, mean ± SD [ml] 191.17 ±204 440.9 ±336.5 0.005

Hospital stay, mean ± SD [days] 3.2 ±1.2 4.6 ±2.4 0.018

Post-op VAS score 4.3 3.5 0.118

VATS – video-assisted thoracoscopic surgery, SD – standard deviation, VAS – visual analog pain score.
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erative blood loss were reported in the literature [8], 
our perioperative data showed that the difference 
between the two groups regarding operative time 
and perioperative blood loss was not statistically 
significant. One case, which was converted to tho-
racotomy due to bleeding from the right internal 
mammary artery, might be responsible for increased 
blood loss in the VATS group.

Tumor size is a  major concern before consider-
ing VATS thymectomy. Girard et al. [27] stated that 
VATS was contraindicated for large tumors, whereas 
Youssef et al. [28] suggested that VATS thymectomy 
was appropriate for tumors smaller than 3 cm in di-
ameter. In our study, tumor size was 5.17 ±3.2 cm 
in the thymoma group (VATS 2.5 ±2.4 cm vs. open 
access 4.7 ±3.7 cm).

There are numerous studies confirming that VATS 
thymectomy results in less post-operative pain com-
pared with open procedures [29, 30]. In contrast to 
these data, in our study the average pain level using 
the VAS was 4.3 for the VATS group and 3.5 for the 
open access group, and the difference was not sig-
nificant (p = 0.118).

There were some limitations to this study. First 
of all, this was a single-institution experience with 
a relatively small sample size. Another limitation was 
the length of the follow-up period. In fact, patients 
with thymoma tend to have longer survival peri-
ods. No patient died of thymoma during the course 
of this study, although the length of follow-up was  
33.3 ±26.3 months, which was quite short. An addi-
tional limitation was the retrospective nature of data 
collection. A larger randomized series with a longer 
follow-up period is necessary in order to evaluate 
the oncological results.

Conclusions

We believe that VATS thymectomy can be per-
formed for both neoplastic and non-neoplastic thy-
mic diseases with minimal morbidity and mortality. 
Our data suggest that VATS thymectomy has some 
advantages over open surgery, including shorter 
length of hospital stay, less postoperative drainage 
and shorter duration of chest tube drainage. How-
ever, prospective randomized controlled trials with 
a longer follow-up time are warranted. 
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