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Abstract
Purpose There are not many studies comparing long-term oncological outcomes between video-assisted thoracoscopic surgery
(VATS) and open surgery for mediastinal malignancies. This study aimed to compare perioperative and long-term outcomes of
these two techniques in the treatment of mediastinal malignancies.
Methods This is a retrospective study: patients with mediastinal malignancies underwent VATS or open surgery from 2010 to
2013 and were followed until 2019. The primary endpoints were long-term oncological outcomes, including tumor recurrence
and mortality. Secondary endpoints were perioperative outcomes (operative duration, blood loss, pain, chest drainage duration,
hospital length of stay, and complications).
Results There were 36 patients in the VATS group and 49 patients in the open group. The median follow-up duration was
90 months. VATS significantly reduced operation time (84.6 versus 124.8 min), blood loss (59.8 versus 235.2 ml), postoperative
pain score (4.9 versus 6.7), the duration of chest tube drainage (2.1 versus 3.1 days), and postoperative hospital stay (5.2 versus
8.0 days). The two groups were comparable regarding the recurrence rate (2.4 versus 2.1/100 person-years) and mortality rate
(0.8 versus 0.9/100 person-years).
Conclusion Compared with open surgery, VATS is less traumatic, reduces postoperative chest drainage, and shortens hospital
stay with comparable long-term oncological outcomes. We advocate the VATS approach as a favored option for the resection of
mediastinal malignancies.
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Introduction

Mediastinal tumors include benign and malignant growths
that form in either anterior, middle, or posterior mediastinum.
Approximately one-third of all mediastinal tumors are malig-
nant [1]. They are quite rare, which consist less than 1% of all
types of cancer [2]. Mediastinal malignancies comprise a di-
verse group of tumors, including thymic cancers, lymphoma,

teratoma, and several uncommon types of tumor. These tu-
mors are usually diagnosed in patients aged 30 to 50 years and
the thymoma is the most common type of mediastinal tumors
reported in adults [1, 3, 4]. Surgery has been the primary
treatment modality for most of mediastinal tumors [2, 3, 5].
The surgical options are thoracotomy, median sternotomy,
and video-assisted thoracoscopic surgery (VATS). With the
progress in the development of minimally invasive surgery,
VATS has been widely used in the resection of mediastinal
tumors [5–8]. However, the comparison of VATS versus tra-
ditional open surgery in patients undergoing resection for me-
diastinal malignancies remains deficient regarding long-term
oncological outcome.

Aim of the study

This study was aimed to compare VATS with traditional open
surgery in the treatment of mediastinal malignancies, with
respect to perioperative and long-term oncological outcomes.

* Nguyen Lam Vuong
nguyenlamvuong@ump.edu.vn

1 Department of Thoracic Surgery, Cho Ray Hospital, Ho Chi Minh
City, Vietnam

2 Department of Thoracic and Cardiovascular Surgery, Faculty of
Medicine, University of Medicine and Pharmacy at Ho Chi Minh
City, Ho Chi Minh City, Vietnam

3 Department of Medical Statistics and Informatics, Faculty of Public
Health, University of Medicine and Pharmacy at Ho Chi Minh City,
217 Hong Bang, Ward 11, District 5, Ho Chi Minh City, Vietnam

https://doi.org/10.1007/s12055-020-01023-x
Indian Journal of Thoracic and Cardiovascular Surgery (January–February 2021) 37(1):44–52

/Published online: 2 September 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s12055-020-01023-x&domain=pdf
https://orcid.org/0000-0003-2684-3041
mailto:nguyenlamvuong@ump.edu.vn


Methods

Patients and study design

This is a retrospective study comparing outcomes in patients
with mediastinal malignancies undergoing VATS resection
versus open resection (through thoracotomy or median
sternotomy). The patients were identified from our institution-
al database between 2010 and 2013, which is a tertiary referral
center in Ho Chi Minh City, Vietnam. All patients received a
multi-disciplinary consultation before surgery.

Inclusion criteria were based on preoperative clinical fea-
tures and imaging findings, which include (1) radiological
evidence of mediastinal tumor on computed tomographic
(CT) imaging or magnetic resonance imaging (MRI), either
in the anterior, middle, or posterior mediastinum; (2) no evi-
dence of invasion to the heart, lungs, large blood vessels,
trachea, and esophagus on CT or MRI images; (3) no suspi-
cion of lymphoma; and (4) having no myasthenia gravis.
Exclusion criteria were (1) tumors of the esophagus or the
trachea; (2) metastasis of other cancers; and (3) pulmonary
tuberculosis. All exclusion criteria were evident in postopera-
tive pathological findings. Selection for eligible patients to
undergo VATS or open surgery was based on the discussion
between the surgical team and patients. All patients with post-
operative pathological finding of mediastinal malignancies
were followed up until December 2019 to investigate the
long-term oncological outcome.

Operative techniques

All the operations were performed by a single main surgeon
(HQK), who is a thoracic surgeon experienced in both VATS
and open surgery. Complete resection of mediastinal tumors
was performed in all cases. The VATS procedures were con-
ducted with patients in the lateral position, under general anes-
thesia. Single lung ventilation was established via double-
lumen endotracheal intubation. Three ports were used: one for
a 10-mm 30° thoracoscope which was usually located at the
midaxillary line in the fourth to eighth intercostal spaces; and
two 10-mm ports for instrument manipulation were inserted
using the triangle method. Care was taken to avoid injury to
the phrenic nerve and other major organs. The thymic vein and
other large vessels were sealed with ultrasonic scalpel or
clampedwith endoclippers. All resected specimens were placed
in an endobag before retrieval. In case of difficulty in the dis-
section or removal of the tumor, one of the three ports was
converted to a 4-cm transaxillary incision and the tumor was
cut into pieces inside the endobag to facilitate the procedure.
One 32F-sized chest tube was routinely retained after the oper-
ation. In the open resection group, mediastinal tumor was re-
moved through a conventional thoracotomy or median
sternotomy, depending on the location of the tumor. All patients

with postoperative pathologies of lymphoma, sarcoma, terato-
ma, thymic carcinoma, other types of carcinoma, or Masaoka-
Koga stage III–IV thymoma then received adjuvant chemother-
apy or radiotherapy based on medical oncology consultation.

Study endpoints

Patients were followed up after discharge at 1 week; 1, 3, 6,
12 months; and then at 1-year intervals by outpatient clinical
examination and chest X-ray. Unscheduled examination with
chest CT scan was performed in cases with signs or symptoms
suggestive of recurrence.

The primary endpoints were the long-term oncological out-
comes, which included the recurrence-free and overall surviv-
al times during the follow-up period. Recurrence-free survival
time was the length of time (in month) from surgery to either
the time when patient was diagnosed of recurrent mediastinal
tumor or the time of death from all cause (if no recurrence was
observed). Overall survival time was the length of time (in
month) from surgery to the time of death from all cause. If a
patient did not experience any event (recurrence or death),
these times were censored on the date of last follow-up.

Secondary endpoints were perioperative outcomes, which
included the duration of operation, the amount of intraoperative
blood loss, postoperative pain score, the duration of chest tube
drainage, the length of postoperative hospital stay, and compli-
cations. The pain score wasmeasured by the visual analog scale
(VAS), which was marked by patients on a 10-cm line repre-
sented a scale from “no pain” to “worst pain,” with a higher
score representing worse pain. There was only one single mea-
surement of pain score on the first postoperative day. The pro-
tocol for pain control was intravenous infusion of acetamino-
phen within the first 3 postoperative days, followed by oral
acetaminophen until 1 week after discharge. Intravenous acet-
aminophen was provided in case of severe pain. The criteria for
chest tube removal were (1) no blood or chylos fluid in the drain
and no air leakage; (2) less than 200 ml of output in 24 h; and
(3) fully expanded lung on chest X-ray examination. Patients
were discharged after removal of chest tube, initiation of oral
intake, and the absence of any other major complication.
Excessive bleeding was defined when chest drainage was more
than 200ml per hour in 3 h ormore than 1000ml per 24 h along
with decreased blood pressure and/or decreased hematocrit.
Postoperative complication was defined as any complication
occurred within 1 month after surgery.

Statistical analysis

All baseline characteristics and study outcomes were summa-
rized by the two surgical groups. Comparison of variables
between the two groups was performed using two-sided
Fisher’s exact test for categorical variables, two-sample t test
for numeric variables with normal distribution, and Mann-
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WhitneyU test for numeric variables without normal distribu-
tion. Long-term outcomes were summarized by Kaplan-Meier
estimates for the recurrence-free survival and overall survival
and shown by the Kaplan-Meier curves for each group. In
addition, we estimated the incidence rate of the long-term
outcomes (recurrence and mortality) in each subgroup of
age, gender, tumor size, tumor location, pathological finding,
and surgical technique, to find potential factors related to the
long-term outcomes. The differences in the incidence rate of
the outcomes between the subgroups were tested by two-sided
log-rank test. Statistical significance was determined when P
value was less than 0.05. We also calculated the power of the
results using the power calculation to test time-to-event out-
come for equivalence study based on the primary endpoint
(recurrence-free survival) [9]. All analyses were performed
with the statistical software R version 3.6.1 (Austria).

Results

There were 246 patients with mediastinal tumors who were
screened for eligibility at our institution from 2010 to 2013.

Among those, 124 cases with benign tumors and 85 cases with
malignant tumors underwent surgery. Themalignant cases (36
cases in the VATS group, and 49 cases in the open group)
were then followed up until December 2019 (Fig. 1). In the
open group, 42 cases had a thoracotomy and 7 cases received
a median sternotomy. Nine patients lost to follow-up (3 cases
in the VATS group and 6 cases in the open group).

Baseline characteristics

Age, gender, American Society of Anesthesia (ASA) phys-
ical status classification, and comorbidities were not signif-
icantly different between the two groups (Table 1). The
mean diameter of the tumors was lower in the VATS group
compared with that in the open group (7.5 ± 2.3 vs. 8.4 ±
3.0 cm). A majority of the tumors were located in the ante-
rior mediastinum (33 cases (91.7%) in the VATS group and
44 cases (89.8%) in the open group). More than half the
cases were thymomas (26 cases (72.2%) in the VATS group
and 27 cases (55.1%) in the open group). Thymic carcinoma
occurred in 11 cases (3 (8.3%) in the VATS group and 8
(16.3%) in the open group). There were 9 cases with other

Fig. 1 Study flowchart of
patients’ enrollment and follow-
up. VATS video-assisted
thoracoscopic surgery
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types of carcinoma, 9 cases with lymphoma, 2 cases with
sarcoma, and a case with teratoma. The lymphomas were
diagnosed on post-operative histology and there was no pre-
operative or intra-operative suspicion of lymphoma. The
open group had higher percentage of adjuvant therapy (24
cases (49.0%) vs. 10 cases (37.8%)). Themedian (interquar-
tile range) follow-up duration was 89.4 (80.8; 100.0)
months for the VATS group and 91.1 (77.4; 105.4) months
for the open group.

Perioperative outcomes

Five cases in the VATS group required a 4-cm transaxillary
incision to facilitate the procedure. VATS was significantly
better than the open surgery regarding the perioperative out-
comes (Table 2). Compared with the open group, the VATS
group required shorter operation time (84.6 ± 41.2 vs. 124.8 ±
50.8 min), had less intraoperative blood loss (59.8 ± 59.4 vs.
235.2 ± 307.7 ml), and reduced postoperative pain (pain score,

Table 1 Baseline characteristics of patients across treatment groups

Characteristics VATS (n = 36) Open (n = 49) P

Age (years) (mean ± sd) 48.8 ± 13.2 48.5 ± 14.2 0.918a

Male (n (%)) 15 (41.7) 23 (46.9) 0.664b

ASA physical status classification (n (%)) 0.188b

I 8 (22.2) 4 (8.2)

II 26 (72.2) 39 (79.6)

III 2 (5.6) 5 (10.2)

IV 0 (0.0) 1 (2.0)

Comorbidities (n (%))

Cardiovascular disease 4 (11.1) 2 (4.3) 0.396b

Respiratory disease 0 (0.0) 3 (6.1) 0.259b

Diabetes 2 (5.6) 0 (0.0) 0.163b

Tumor diameter (cm) (mean ± sd) 7.5 ± 2.3 8.4 ± 3.0 0.095a

Tumor location (n (%)) 1.000b

- Anterior mediastinum 33 (91.7) 44 (89.8)

- Middle mediastinum 2 (5.6) 3 (6.1)

- Posterior mediastinum 1 (2.8) 2 (4.1)

Pathological findings (n (%)) 0.118b

- Thymoma 26 (72.2) 27 (55.1)

- Thymic carcinoma 3 (8.3) 8 (16.3)

- Lymphoma 5 (13.9) 4 (8.2)

- Others 2 (5.6) 10 (20.4)

+ Neuroendocrine carcinoma 0 (0.0) 3 (6.1)

+ Adenocarcinoma 1 (2.8) 2 (4.1)

+ Sarcoma 1 (2.8) 1 (2.0)

+ Immature teratoma 0 (0.0) 1 (2.0)

+ Germ cell tumor 0 (0.0) 1 (2.0)

+ Large cell carcinoma 0 (0.0) 1 (2.0)

+ Squamous cell carcinoma 0 (0.0) 1 (2.0)

Adjuvant therapy (n (%)) 0.104b

- None 26 (72.2) 25 (51.0)

- Chemotherapy 7 (19.4) 13 (26.5)

- Radiotherapy 3 (8.3) 11 (22.4)

Follow-up duration (month) (median [IQR]) 89.4 [80.8; 100.0] 91.1 [77.4; 105.4] 0.919c

ASA American Society of Anesthesia, sd standard deviation, IQR interquartile range, VATS video-assisted thoracoscopic surgery
a Two sample t test
b Fisher’s exact test
cMann-Whitney U test
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4.9 ± 1.4 vs. 6.7 ± 1.5). The VATS group also decreased post-
operative chest tube drainage and hospitalization durations
(chest drainage duration, 2.1 ± 0.3 vs. 3.1 ± 0.9 days; and post-
operative hospital stay, 5.2 ± 1.4 vs. 8.0 ± 2.4 days). There
were 7 (14.3%) postoperative complications in the open
group: 5 patients had excessive bleeding (1 case required re-
operation to stop bleeding) and 2 patients had postoperative
atelectasis, while in the VATS group, no complication was
observed.

Long-term oncological outcomes

During the follow-up period, 13 patients (15.3%) had recur-
rence of mediastinal tumors, including 1 case with thymoma,
2 cases with thymic carcinoma, 3 cases with lymphoma, and 7
cases with other types of cancer (Table 3). The number of
recurrences was balanced (6 cases (16.7%) in the VATS group
and 7 cases (14.3%) in the open group). Therefore, the two
groups were not significantly different regarding the recur-
rence rate (2.4 vs. 2.1 per 100 person-years respectively, p =
0.814) (Table 3, Fig. 2). All the five deaths (5.9%) that oc-
curred (2 cases (5.6%) in the VATS group and 3 cases (6.1%)
in the open group) were related to recurrences. There was no
significant difference in the mortality rate between the two
groups (0.8 vs. 0.9 per 100 person-years, p = 0.850)
(Table 3, Fig. 3). The hazard ratio (95% confidence interval)
of the recurrence-free survival was 1.14 (0.38–3.39) when
comparing VATS with the open group.

Additionally, we found that pathological finding was sig-
nificantly related to the long-term outcomes (Table 3).
Thymoma had the lowest rate of recurrence, followed by thy-
mic carcinoma then lymphoma. Other types of cancer (e.g.,
sarcoma, teratoma, other carcinomas) had the worst prognosis
with regard to both recurrence and mortality. Other

characteristics (age, gender, tumor size, tumor location) had
no significant association with the long-term outcomes.

Discussion

This study aimed to compare the short-term and long-term
outcomes between VATS and traditional open surgery in pa-
tients with mediastinal malignancies. Our results suggest that
VATS is feasible and safe in the treatment of mediastinal
malignancies. Compared with traditional open surgery,
VATS required significantly shorter duration of operation,
postoperative chest tube drainage, and postoperative hospital
stay. VATS also reduced postoperative pain and complica-
tions. The two procedures were similar regarding long-term
outcomes (recurrence and mortality).

With the advantages of minimal invasiveness, VATS has
been gaining popularity in recent years in the surgery of most
of the thoracic disorders, including lobectomy for lung cancer,
decortication for empyema, resection for esophageal cancer,
thymectomy for thymoma andmyasthenia gravis, lymph node
dissection in several malignancies, and benign mediastinal
tumors or cysts as well [10–27]. By reducing tissue damage,
VATS also reduces postoperative complications, pain, and the
risk of infection, in comparison with conventional open sur-
gery [11, 12, 14–16, 19–21, 24, 28]. These advantages of
VATS were confirmed in our study, which included a number
of different types of mediastinal tumors. In addition, with
rapid recovery, VATS can allow for early administration of
adjuvant chemo-radiotherapy where required. There are other
studies reporting similar advantages in perioperative out-
comes with VATS for the resection of mediastinal tumors
[7, 8, 14, 16, 17, 22, 23]. A limitation of VATS compared
with open surgery is the limited vision and manipulation while

Table 2 Perioperative results across treatment groups

Characteristics VATS (n = 36) Open (n = 49) P

Operation duration (min) 84.6 ± 41.2 70 [25; 180] 124.8 ± 50.8 120 [40; 270] < 0.001a

Intraoperative blood loss (ml) 59.8 ± 59.4 50 [2; 200] 235.2 ± 307.7 150 [2; 1600] < 0.001a

Postoperative pain score 4.9 ± 1.4 5 [2; 7] 6.7 ± 1.5 7 [3; 9] < 0.001a

Chest tube drainage duration (day) 2.1 ± 0.3 2 [2; 3] 3.1 ± 0.9 3 [2; 7] < 0.001a

Postoperative hospitalization duration (day) 5.2 ± 1.4 5 [3; 8] 8.0 ± 2.4 7 [5; 18] < 0.001a

Complication (yes) (n (%)) 0 (0.0) 7 (14.3) 0.019b

- Excessive bleeding 0 5

- Postoperative atelectasis 0 2

Summary statistic is absolute count (%) for categorical variables and mean ± sd and median [range] for continuous data

sd standard deviation; VATS video-assisted thoracoscopic surgery
aMann-Whitney U test
b Fisher’s exact test
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dissecting mediastinal tumors, especially when the tumor is
adhered strongly to surrounding tissues, frequently seen in
teratomas. In this study, we experienced a case of immature
teratoma which was in the open surgery group. For benign
mediastinal teratoma, a recent paper by Tian et al. with 108
cases favored VATS over traditional open surgery [22].
However, there is still a need for careful dissection, aspiration
of the internal fluid, and at times conversion to mini-
thoracotomy may be required in cases of large tumors, intra-
operative excessive bleeding, or dense adhesions [23].
However, for mature cystic teratoma with malignant transfor-
mation, VATS should not be favored because of a high risk of
complications.

Currently, because of the lack of evidence with regard to
the long-term oncological efficacy, minimally invasive
techniques have not been routinely recommended by guide-
lines for the treatment of mediastinal malignancies. Several
studies reported similar overall survival, disease-free sur-
vival, and recurrence rates between VATS and open surgery
in the treatment of thymic malignancies and teratoma [10,
29]. Similarly, our results showed that VATS and open sur-
gery were comparable regarding the long-term oncological
outcomes. With a 9-year follow-up period, the recurrence
and mortality rates did not significantly differ between the
two techniques. This might be due to the complete resection
of all tumors in our study. Complete tumor resection is an

Table 3 Prognostic factors for long-term outcomes

Recurrence Mortality

Factor n Total time of follow-
up (years)

Number of
events

Incidence rate (per 100
person-years)

P Number of
events

Incidence rate (per 100
person-years)

P

Age group 0.243 0.500

- < 50 years 38 261.9 4 1.5 3 1.1

- ≥ 50 years 47 322.5 9 2.8 2 0.6

Gender 0.660 0.898

- Male 38 256.6 5 1.9 2 0.8

- Female 47 327.9 8 2.4 3 0.9

Tumor size 0.518 0.118

- < 9 cm 59 395.3 8 2.0 5 1.3

- ≥ 9 cm 26 189.2 5 2.6 0 0.0

Tumor location 0.555 0.442

- Anterior
mediastinum

77 526.1 11 2.1 4 0.8

- Middle/posterior
mediastinum

8 58.3 2 3.4 1 1.7

Pathological finding

- Thymoma 53 381.1 1 0.3 Ref 0 0.0 Ref

- Thymic carcinoma 11 86.6 2 2.3 0.036 0 0.0 –

- Lymphoma 9 62.8 3 4.8 <0.001 0 0.0 –

- Others 12 54.0 7 13.0 <0.001 5 9.3 <0.001

+ Neuroendocrine
carcinoma

3 19.9 1 5.0 0 0.0

+ Adenocarcinoma 3 9.1 1 11.0 1 11.0

+ Sarcoma 2 12.0 2 16.7 1 8.3

+ Immature teratoma 1 2.5 1 40.0 1 40.0

+ Germ cell tumor 1 2.1 1 48.0 1 48.0

+ Large cell
carcinoma

1 4.4 1 22.6 1 22.6

+ Squamous cell
carcinoma

1 4.0 0 0.0 0 0.0

Surgical treatment 0.814 0.850

- VATS 36 254.3 6 2.4 2 0.8

- Open 49 330.2 7 2.1 3 0.9

P value is based on log-rank test. Significance is in italics

Ref reference group, VATS video-assisted thoracoscopic surgery
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important indicator for long-term outcomes in the treatment
of mediastinal malignancies and this could be achieved by
either VATS or open technique. The power of the study for
the primary endpoint (recurrence-free survival) was 0.8. In
addition, we also found that the pathology of mediastinal
malignancies was an important prognostic factor for pa-
tients. While thymic malignancies had good prognosis,

other carcinomas, sarcoma, and teratoma were at a high-
risk of recurrence and had worse mortality. Many novel
techniques like single-port VATS and robotic surgery have
been used to treat mediastinal tumors especially thymomas
with good results [30, 31]. These techniques perhaps can
also be applied for other mediastinal malignancies in the
near future.

Fig. 2 Kaplan-Meier analysis of
recurrence-free survival across
treatment groups. VATS video-
assisted thoracoscopic surgery

Fig. 3 Kaplan-Meier analysis of
overall survival across treatment
groups. VATS video-assisted
thoracoscopic surgery
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Limitations of the study

Firstly, the study has a relatively small sample size. Secondly,
in the absence of randomization, selection bias cannot be ruled
out which may have resulted in the imbalance between the two
surgical groups with regard to the tumor size and pathological
findings. This may have impacted the comparisons of the study
endpoints. Also, the inclusion/exclusion criteria were limited to
mediastinal tumors which were suitable for both VATS and
open surgery; thus, our results could not be generalized to all
mediastinal tumors especially those invading the surrounding
tissues. Trucut biopsy was not available at our hospital when
this study was performed; therefore, there were 9 cases of lym-
phoma who should not have undergone surgical resection.

Conclusion

Video-assisted thoracoscopic surgery is safe, feasible, and ef-
fective for the resection of mediastinal malignancies. Compared
with traditional open approach, VATS is less traumatic with
shorter operative duration, lower intraoperative blood loss,
and lower postoperative pain and complication rate, and leads
to reducing the duration of postoperative chest drainage and
hospitalization. The two techniques are comparable regarding
the long-term oncological and survival outcomes. Therefore,
we advocate the VATS approach as a favored option for surgi-
cal resection of mediastinal malignancies.
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