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Background: Different video-assisted thoracoscopic surgery (VATS) approaches may related to
heterogeneous clinical outcomes in anterior mediastinal tumor surgery. Herein, we assessed the comparison
between the subxiphoid and intercostal approach, and also compare the left versus the right incision in the
intercostal approach for anterior mediastinal tumor patients.
Methods: Clinical data of patients receiving thoracoscopic anterior mediastinal tumor resection were
retrospectively collected. Patients were divided into two groups according to the approaches: subxiphoid and
the intercostal group. The intercostal group was further subdivided into two groups according to different
sides: left and right incision group. Intraoperative and postoperative variables were compared between
subgroups.
Results: A total of 238 patients were consecutively included in this analysis; 198 (83.2%) patients received
intercostal procedure and 40 (16.8%) patients received subxiphoid approach. After 1:1 propensity score
matching, all baseline characters were well balanced between intercostal and subxiphoid approach, left and
right intercostal approach. The visual analogue scale (VAS) pain score was lower in patients underwent
subxiphoid approach than intercostal group at first post-operative evaluation in 12–24 h (4.36 vs. 2.23;
P=0.03). According to left and right approach, postoperative drainage time (1.9 vs. 1.2 days, P=0.016),
postoperative drainage volume (312.1 vs. 193.9 mL, P=0.041) and hospitalization time (5.3 vs. 4.1 days,
P=0.043) were significantly increased in the left thoracic approach group compared with the right thoracic
approach.
Conclusions: Subxiphoid approach is associated with less pain compared with intercostal approach. The
right intercostal thoracic approach may offer better clinical effect of short-term postoperative recovery.
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Introduction
Complete resection is essential for mediastinal tumor
to achieve satisfactory short and long-term survival (1).
Currently, standard surgical methods include sternotomy
and video-assisted thoracoscopic surgery (VATS) (2).
Median sternotomy has been recognized a more invasive
operation, with increased surgical trauma and postoperative
complications, affecting postoperative recovery (3). VATS
is less invasive and has been shown to be a safe way to treat
mediastinal tumors (4).
Subxiphoid and intercostal approaches are the main
approaches for anterior mediastinal tumor resection
under thoracoscopic in clinical practice, which can reduce
postoperative pain and achieve a good therapeutic effect
with high safety (5-7). The subxiphoid approach avoids
chronic postoperative incisional pain and chest cavities.
No requirement for changes in the body position, good
cosmetic appearance also make it as an ideal approach
for thymectomy. However, limitations of the subxiphoid
approach like increasing surgery difficulty also make it as
not a good candidate.
In the intercostal approach setting, the right thoracic
approach is commonly used because of its high level of
safety, but a number of literatures have proved that it is
feasible and safe to remove the left and middle mediastinal
tumor through left lateral intercostal approach (8-11). This
study compared the short-term outcomes of the subxiphoid
approach and the intercostal approach. The left intercostal
approach and the right intercostal approach was also
compared, as to explore the feasibility and safety of different
approaches for the anterior mediastinal tumor resection.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-266).
Methods
Study design and patient inclusion
The study was written according to The Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) Statement (12). Perioperative data of all
patients with mediastinal tumor admitted to the first
affiliated hospital of Guangzhou Medical University
from December 2015 to October 2019 were identified
and collected through electronic medical records. This
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and the Harmonized

© Journal of Thoracic Disease. All rights reserved.

5431

Tripartite Guideline for Good Clinical Practice from
the International Conference on Harmonization. The
study protocol and methods were reviewed by the
institutional ethics committee of hospital (ID Number:
2019-SVA). Computed tomography (CT) scans of all
patients were performed to confirm the size and position
of lesions by two independent radiologists before any
procedure. Exclusive criteria: cases that underwent
median sternotomy, cases that received bilateral surgery
to both sides, malignant cases with obvious invasion
to the surrounding organs. Only anterior mediastinal
abnormalities were included in the subxiphoid approach
surgery. Prior to the surgery, anesthetists visited each
patient and discussed with surgeons to judge who could be
potentially received subxiphoid surgery. The we explain
the features of each technique to patients and the patients
would make the decision. Informed and written consents
for each patient were obtained. The study design flow
chart was summarized in Figure 1.
Surgical approaches
Intercostal approach
Patients are placed in left or right lateral positions
depending on the incision approach. A 2–3 cm incision
was created initially in the fourth or fifth intercostal space
at the anterior axillary line. If the target lesion was located
above the confluence of brachiocephalic vein and superior
vena cava, or extended thymectomy was needed, an
incision on the fourth intercostal space was preferred over
the fifth. Two ports were created, one 30-mm port is for
surgical approach and a 30 angled camera was placed in the
lower lateral 15-mm port (13). All specimens were safely
removed via a specimen bag by enlarging the upper port.
Any bleeding or air leak was managed by reinforcement
sutures using 4/0 PROLENE (Ethicon, Somerville, NJ)
or application of sealants such as Biopaper (Datsing BioTech Co. Ltd., Beijing, China). After the surgery, the closed
thoracic drainage tube was placed through the observation
hole, and the chest-X-ray examination showed no obvious
pleural effusion or pneumatosis. Chest drain was removed
when the drainage was less than 200 mL/day. The bedside
chest-X-ray could be performed at the same time after
the chest tube was removed, and food was resumed after
the bowel sound returned to 5 times per minute without
nausea or vomiting (14). Patients who were able to mobilize
independently and appeared normal on chest radiography
were discharged after chest tube removal.
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Figure 1 Schema of patient grouping and matching.

Subxiphoid approach
The surgical process via mediastinal approach have been
already reported elsewhere (8). A 3-cm incision was made
2 cm below the lower edge of the xiphoid for setting the
thoracoscope. Two 5 mm extra pleural thoracic ports were
created at the midclavicular line intersecting with the
bilateral costal arch to introduce a thoracoscopic grasping
forceps and a harmonic scalpel. A pneumomediastinum was
created by an 8 cmH2O positive pressure carbon dioxide
(CO2) insufflation to enlarge the retrosternal space and
facilitate dissection of the tumor. Both the right-sided and
left-sided mediastinal pleura were opened. The incision in
the chest wall could cause collapse of the lungs. The tumor
and surrounding tissue were resected and removed through
the subxiphoid port. Finally, the air in the chest cavities
was evacuated by inflating the lungs. A drainage tube was
inserted into the mediastinum through the subxiphoid
incision. If necessary, the process was changed from the
subxiphoid approach to the transthoracic approach or open
thoracotomy.
Data collection and statistical analysis
Baseline characteristics were extracted to observe age,
gender, body mass index (BMI), forced vital capacity
(FVC), forced expiratory volume in one second (FEV1),
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comorbidity, ASA status, tumor location, tumor size,
incision side and other indicators of the experimental group
and control group.
The propensity-score matching (PSM) generated from
the logistic regression were performed to minimize the
differences in confounding variables and facilitate matching
patients in the two treatment groups (R software version
2.15.1, https://cran.r-project.org/). Variables that could
influence the outcomes of treatment were used to generate a
propensity score, including age, BMI, tumor length, gender,
tumor position, ASA status and number of comorbidities.
Patients were 1:1 matched on the basis of PSM using the
nearest-neighbor method on the logit scale. The caliper
was set at 0.01. After PSM, standardized mean differences
(SMD) before and after PSM were calculated. Confounding
variables was considered comparable when SMD below 0.10.
Collecting perioperative indicators, compare groups of
patients with operation time, bleeding, conversion to open
rate, the morbidity and mortality of 30 days, chest tube
duration and volume, length of hospital stay, postoperative
blood coagulation function and arterial blood gas index, the
safety and recovery, etc.
Continuous data are presented as mean and standard
deviation and were analyzed with 2-sample Student t-tests
for independent data. Categorical variables were used
for patient counts and percentages, comparing using the
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Table 1 Demographic characters of patients with subxiphoid approach and intercostal approach before and after 1:1 propensity score matching
All patients
Variables

Age (year, x±s)
Gender (male/female)
BMI (kg/m2, x±s)

Matched patients

Subxiphoid approach Intercostal approach
(n=40)
(n=198)

SMD

Subxiphoid approach Intercostal approach
(n=39)
(n=39)

SMD

48.8±14.4

47.4±14.5

<0.001

48.3±14.3

42.9±16.7

<0.001

21/19

99/99

<0.001

21/18

20/19

<0.001

23.24±3.13

23.10±3.26

<0.001

23.23±3.17

23.35±3.37

<0.001

Pulmonary function test

<0.001

<0.001

FVC (L)

3.36±0.88

3.31±0.85

<0.001

3.36±0.88

3.07±0.94

<0.001

FEV1 (L)

2.66±0.80

2.63±0.77

<0.001

2.66±0.80

2.51±0.82

<0.001

Tumor position (%)
Upper mediastinum

0.576

<0.001

2 (5.0)

19 (9.6)

2 (5.1)

2 (5.1)

Anterior mediastinum

38 (95.0)

126 (63.6)

37 (94.9)

37 (94.9)

Middle mediastinum

0

51 (25.8)

0

0

Posterior mediastinum

0

2 (1.0)

0

0

7.1±3.0

6.0±3.2

7.1±3.0

5.9±2.4

Lesion diameter (cm)
ASA status class (%)

0.016
0.023

<0.001

I

0

15 (7.6)

0

0

II

40 (100.0)

178 (89.9)

39 (100.0)

38 (97.4)

III

0

5 (2.5)

0

1 (2.6)

Comorbidity (%)
Hypertension

0.057

<0.001

2 (5.0)

15 (7.6)

2(5.1)

6 (15.4)

0

1 (0.5)

0

1 (2.6)

Diabetes

1 (2.5)

2 (1.0)

1 (2.6)

0

Other

7 (17.5)

20 (10.1)

6 (15.4)

4 (10.3)

Coronary heart disease

0.027

BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; ASA, American Society of Anesthesiologists;
SD, standard deviation.

χ2 or Fisher exact test. All statistical tests were 2-sided,
and P<0.05 was considered statistically significant. SPSS
software (SPSS version 25.0; IBM Corp, Armonk, NY) was
used for all statistical evaluations.
Results
Baseline data
A total of 238 patients between December 2015 and
October 2019 were consecutively included in this analysis,
of which 198 (83.2%) patients received intercostal
procedure and 40 (16.8%) patients received subxiphoid
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approach anterior mediastinal tumor resection (Figure 1).
After 1:1 PSM, 19 pairs of patients were collected to
evaluate between intercostal and subxiphoid approach, and
81 pairs of patients were collected to compared left and
right approach. The baseline characters were well balanced
in two groups (Table 1).
Intercostal approaches were divided into the left (87
patients) and the right (111 patients) thoracic approach
groups. After 1:1 PSM, 162 cases included in the further
analysis, tumor location (anterior), age, gender, BMI, tumor
length, diameter and location, preoperative detection of
lung function, etc., between the two groups showed no
statistical difference (P>0.05) (Table 2).
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Table 2 Demographic characters of patients with left thoracic approach and right thoracic approach after 1:1 propensity score matching
All patients
Variables

Matched patients

Left-side group
(n=87)

Right-side group
(n=111)

SMD

Left-side group
(n=81)

Right-side group
(n=81)

SMD

47.2±14.6

47.5±17.4

<0.001

47.0±14.7

45.8±14.6

<0.001

Gender (male/female)

44/43

55/56

<0.001

41/40

35/46

<0.001

BMI (kg/m², x±s)

23.28

22.73

<0.001

23.3±3.3

22.7±3.4

<0.001

FVC (L)

3.24±0.85

3.37±0.85

<0.001

3.24±0.85

3.35±0.92

<0.001

FEV1 (L)

2.57±0.77

2.68±0.77

<0.001

2.57±0.75

2.69±0.82

<0.001

Age (year, x±s)

Pulmonary function test

Tumor position (%)
Upper mediastinum

0.113

<0.001

7 (8.0)

12 (10.8)

6 (7.4)

10 (12.3)

Anterior mediastinum

57 (65.5)

69 (62.2)

53 (65.4)

45 (55.6)

Middle mediastinum

22 (25.3)

29 (26.1)

22 (27.2)

25 (30.9)

1 (1.1)

1 (0.9)

0

1 (1.2)

6.2±2.9

5.9±3.4

6.3±2.9

5.8±3.6

Posterior mediastinum
Lesion diameter (cm)
ASA status class (%)

0.594
0.148

<0.001

I

6 (6.9)

9 (8.1)

6 (7.4)

8 (9.9)

II

78 (89.7)

100 (90.1)

73 (90.1)

71 (87.7)

III

3 (3.4)

2 (1.8)

2 (2.5)

2 (2.5)

Comorbidity (%)

0.041

0.119

<0.001

Hypertension

4 (4.6)

11 (9.9)

4 (4.9)

11 (13.6)

Coronary heart disease

1 (1.1)

0

0

0

Diabetes

1 (1.1)

1 (0.9)

0

1 (1.2)

Other

8 (9.2)

12 (10.8)

4 (4.9)

8 (9.9)

BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; ASA, American Society of Anesthesiologists;
SD, standard deviation.

Intra-operative outcomes
Intercostal vs. subxiphoid approach
No surgery related death or conversion to open in both
groups. The operation time of the intercostal group showed
not significantly different (128 vs. 148 min, P=0.173),
comparing with the subxiphoid group. The blood loss
between two groups also had no significant difference (36
vs. 77 mL; P=0.246).
Left vs. right side
No damage of main vessels or arteries in two groups.
Operation time (108 vs. 102 min; P=0.530) was comparable
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in left and right side. Though bleeding amount is more
in left side (73 vs. 38 mL; P=0.236), it was no statistical
significance.
Post-operative outcomes
Intercostal vs. subxiphoid approach
There were no statistically significant differences
in drainage time, the total amount of drainage and
hospitalization time between the two groups (Table 3). The
visual analogue scale (VAS) pain score was lower in patients
underwent subxiphoid approach than intercostal group at
first post-operative evaluation in 12–24 h (4.36 vs. 2.23;
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Table 3 Postoperative recovery of patients with subxiphoid approach and intercostal approach
Variables

Subxiphoid approach (n=19)

Intercostal approach (n=19)

P value

Chest tube duration (day)

1.9±1.4

1.7±2.5

0.738

Drainage of the total (mL)

360.3±410.3

255.6±295.4

0.209

Total length of stay (day)

3.3±2.6

5.4±3.2

0.077

Table 4 Postoperative recovery of patients with left thoracic approach and right thoracic approach
Variables

Left-side group (n=81)

Right-side group (n=81)

P value

Chest tube duration (day)

1.9±2.3

1.2±1.2

0.016

Drainage of the total (mL)

312.1±462.4

193.9±231.3

0.041

Total length of stay (day)

5.3±3.4

4.1±3.6

0.043

P=0.03).
Left vs. right side
In comparing the intercostal left to the right thoracic
approach, postoperative drainage time (1.9 vs. 1.2 days,
P=0.016), postoperative drainage volume (312.1 vs. 193.9 mL,
P=0.041) and hospitalization time (5.3 vs. 4.1 days, P=0.043)
were significantly increased in the left thoracic approach group
compared with the left thoracic approach group (Table 4). The
VAS pain score was similar in patients underwent right and
left approach at first post-operative evaluation in 12–24 h
(4.38 vs. 4.33; P=0.63).
Post-operative coagulation function and arterial blood gas
As for the coagulation function (Table 5), post-operative
D-dimer was significant higher in subxiphoid than that was
in intercostal approach (1,383.8 vs. 480.0 μg/L; P=0.001).
There was no difference between left and right thoracic
approach.
As for the arterial blood gas function (Tables 5,6), there
was no difference between intercostal and subxiphoid
approach. Post-operative PaO 2 was significant higher
in right side thoracic approach than that was in left side
(99.8 vs. 130.7 mmHg; P=0.001).
Discussion
Median sternotomy is still the accepted gold standard for
mediastinal tumors (9). However, with the development of
thoracoscopic assisted minimally invasive surgery, traditional
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sternal surgery has been characterized by large wounds,
large intraoperative blood loss, increased postoperative
pain and infection, thus affecting postoperative recovery
quality and long-term quality of life (10,11,15). VATS as
a minimally invasive technique for mediastinal disease has
been widely accepted (16,17).
The subxiphoid procedure has been introduced over
40 years in anterior mediastinal tumors resection (18).
Because of less intercostal nerve located, the introduction
of the subxiphoid pathway to the field of VATS was
aimed at reducing postoperative pain. On the one hand,
subxiphoid approach as an ideal approach for thymectomy
has radical procedure, cost saving, approach both chest
cavities and avoid chronic postoperative incisional pain.
A recent investigation also have shown that pain score
on the first day after surgery and before discharge in the
subxiphoid uniportal VATS group was better than that in
the intercostal uniportal VATS group (19). On the other
hand, compared with intercostal approach, subxiphoid
approach have overt benefits for better cosmetic appearance
with less visible chest scars. A published results also
indicated that: the subxiphoid approach patients reported
higher cosmetic scores than the lateral approach group in
terms of cosmetic satisfaction (20). However, subxiphoid
approach also has limitations, the intraoperative bleeding is
an intractable problem because haemostasis, clamping and
suturing is difficult to perform in the deep area when using
subxiphoid approach (19). Also, it is not a good candidate
when the patients’ BMI >30 or patients with cardiac
disease. Nevertheless, intercostal thoracoscopic surgery has
distinct disadvantages including difficulty in identifying the
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Table 5 Post-operative index comparison between subxiphoid approach and intercostal approach
Variables

Subxiphoid approach (n=19)

Intercostal approach (n=19)

P value

PLT (n/L)

192.6±42.6

234.7±69.2

0.002

PT (s)

14.2±0.81

13.3±0.76

0.000

APTT (s)

37.2±2.84

38.6±3.63

0.111

TT (s)

15.9±1.53

16.9±1.17

0.004

FIB (g/L)

2.9±0.80

3.7±1.1

0.004

D-dimer (μg/L)

1,383.8

480.0

0.001

7.31

7.34

0.112

PaCO2 (mmHg)

50.0±8.7

43.7±4.5

0.026

PaO2 (mmHg)

90.7±31.0

105.6±37.0

0.283

HCO3- (mmol/L)

24.0±3.1

23.0±2.2

0.348

−2.18±2.8

1.70±14.8

0.381

1.65±0.7

1.93±1.4

0.387

Coagulation function

Arterial blood gas
PH

Be (mmol/L)
Lactic acid (mmol/L)

Table 6 Post-operative index comparison between left thoracic approach and right thoracic approach
Variables

Left-side group (n=81)

Right-side group (n=81)

P value

PLT (n/L)

245.8±66.4

226.2±52.3

0.039

PT (s)

13.3±0.67

13.3±0.68

0.972

APTT (s)

38.4±3.5

38.2±4.3

0.744

TT (s)

17.0±1.0

16.8±1.0

0.104

FIB (g/L)

3.4±1.0

3.7±4.1

0.469

391.6

344.3

0.498

7.35

7.35

0.847

42.7±5.5

43.3±5.9

0.709

PaO2 (mmHg)

99.8

130.7

0.001

HCO3− (mmol/L)

22.9

23.0

0.804

Be (mmol/L)

−2.2

0.15

0.283

1.83±1.0

1.43±0.72

0.160

Coagulation function

D-dimer (μg/L)
Arterial blood gas
PH
PaCO2 (mmHg)

Lactic acid (mmol/L)

PLT, platelets; PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; FIB, fibrinogen.
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contralateral phrenic nerve and postoperative pain due to
intercostal nerve injury (20). Intercostal nerves is nerves that
supply the muscles between the ribs. Due to the proximity
of anatomical location, intercostal approach can easily
damage the intercostal nerves, leading to the development
of intercostal neuralgia, which can manifest as numbness,
itchiness, or intermittent and spasmodic pain. However,
Intercostal approach surely has advantages of smaller
wound surface, easier preoperative preparation and shorter
operation time, enabling patients to get better oxygenation
during the operation and more advantageous in the quality
of postoperative recovery (21,22).
Under the thoracoscopic surgery for mediastinal lesions,
the right thoracic approach is away from heart, with high
safety, making it widely used for surgery. But for the slant
on the left side of the lesion, the right thoracic approach
increased the difficulty of mediastinal operation, so under
this situation left chest approach was a choice. The specific
clinical efficacy of two paths remains controversial within
scholars (23). Comparative analysis in our study of the
clinical results indicated the postoperative drainage time,
drainage volume and hospital stay were benefited in the
right thoracic approach group. The less drainage time
and hospital stay, the less chance to have postoperative
infection, which is conducive to patients’ rehabilitation
and benefit to their lung function. Perioperative blood
coagulation function and other indexes of arterial blood
gas showed no significant difference. Thoracoscopic
mediastinal tumor resection through the right chest
approach is more beneficial to the postoperative recovery
of patients.
Compared with the left thoracic approach, the right
thoracic space is relatively larger, which also avoids blocking
of the pericardium as well as the occlusion of the aortic
arch and left ventricle on the surgical field of vision. In
particular, it can better avoid the damage of blood vessels
and nerves when dealing with the dorsal lesions (11). In this
study, there was no significant difference between the left
thoracic group and the right thoracic group in the amount
of intraoperative blood loss. However, due to the location
of human anatomy, the difficulty of the left chest approach
operation was relatively greater than that of the right chest
approach. The left thoracic approach needs to avoids the
anatomic structures such as the aortic arch and its branches.
In addition, according to a retrospective study, dissection
rates of upper mediastinal lymph node and subcarinal lymph
node are lower than that in the right thoracic approach (24),
thus the operation time is longer in left approach group.
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The postoperative drainage time, total amount and
postoperative hospitalization time of patients with left
thoracic approach were significantly higher than those with
right thoracic approach, which was not conducive to the
postoperative recovery of patients (25-27).
The study also has its limitations. Firstly, the study
compared approaches of subxiphoid and intercostal
approaches, left thoracic approach and right thoracic
approach on the indicators during the operation process of
thoracoscopic mediastinal tumor resection, as well as the
short-term drainage volume and length of hospitalization.
However, no follow-up was conducted, so it was not clear
whether these thoracoscopic approaches had any effect on
the long-term quality of life. Further, we did not answer the
question whether different approaches would affect relapse
time and long-term survival outcomes. Secondly, studies
have shown that the right thoracic approach is beneficial
for short-term postoperative recovery (drainage time and
total amount, and hospitalization time is less), but the
specific mechanism is not clear, the analysis results cannot
be clearly explained, and the evidence is insufficient. Third,
this study lies in that the retrospective nature introduced
biases including surgeons’ preference and learning curve for
VATS, within which only the measured part was addressed
by propensity score matching. Fourth, bilateral intercostal
approach is needed for patient having myasthenia gravis
regardless of with or without the mediastinal tumors,
however, in order to keep the homogeneity of the study, we
excluded these cases. Last, retrospective dataset might be
related to recalling bias, which may affect the accuracy of
this analysis.
Conclusions
Subxiphoid approach is associated with less pain compared
with intercostal approach. The right intercostal thoracic
approach may offer better clinical effect of short-term
postoperative recovery.
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