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Abstract
Background  The treatment for bilateral synchronous multiple primary lung cancers (MPLC) remains challenging. 
Simultaneous bilateral video-assisted thoracic surgery (VATS) may be an optimal treatment with curative intent, but its 
safety and feasibility are controversial.

Methods  One hundred and fifty-eight patients who underwent simultaneous bilateral VATS (simultaneous group) 
and 79 who underwent two-staged bilateral VATS (two-staged group) were included in this study. Their medical 
records were retrospectively reviewed and analyzed.

Results  The majority of patients were female and non-smokers. The most common surgical plan was lobectomy and 
contralateral wedge resection in both groups. There was no significant difference in the postoperative complication 
rate between the simultaneous groups and two-staged group (13.3% vs. 11.4%, p = 0.73). Patients who underwent 
simultaneous bilateral resection had shorter hospital stays, shorter anesthesia time and less chest drainage compared 
with those who underwent two-staged resection. Advanced TNM stage, complicated surgical plan and aggressive 
lymph node resection were risk factors for postoperative complications in simultaneous bilateral VATS. Patients in two 
groups had similar overall survival and disease free survival (p = 0.2).

Conclusions  Simultaneous bilateral VATS for bilateral lung nodule resection is as safe and feasible as two-staged 
bilateral VATS. Patients who underwent simultaneous bilateral resection had similar or even better outcomes 
compared to that of the two-staged group. Simultaneous bilateral VATS is potentially an optimal treatment option for 
patients with erarly cTNM stage and good physical condition.
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Introduction
Lung cancer is the leading cause of morbidity and mor-
tality worldwide [1, 2], and the incidence rate of syn-
chronous bilateral lung nodules has increased steadily in 
recent years with improvements in diagnostic methods 
and surveillance mechanisms. A significant proportion 
of these cases progress to synchronous multiple primary 
lung cancers (MPLC) [3]. The mechanisms underlying 
MPLC pathogenesis are poorly understood, although 
aging population, environmental and lifestyle changes, 
and gene mutations have been implicated [3, 4].

Early diagnosis is crucial but it is challenging to distin-
guish benign and malignant nodules, as well as MPLC 
from intrapulmonary metastasis, based on radiologi-
cal features and serum biomarkers [5]. Early surgical 
resection can be beneficial for patients with suspected 
MPLC compared to chemotherapy or radiotherapy [6–9]. 
However, the choice of surgical strategy and procedure 
remains controversial. Two-staged bilateral surgery was 
preferred in most medical centers on account of its safety 
and stability. In the last decades, continuous improve-
ments in thoracic minimally invasive surgery have 
increased the frequency of simultaneous bilateral video-
assisted thoracic surgery (VATS). Although simultane-
ous bilateral VATS is highly effective [10], it is considered 
invasive and riskier by many surgeons.

In this retrospective study, we evaluated the safety and 
feasibility of simultaneous bilateral VATS for the treat-
ment of synchronous bilateral lung nodules.

Methods
Patients
Data of a consecutive series of patients who underwent 
bilateral lung resection for multiple lung nodules at the 
Department of Thoracic Surgery, Peking Union Medi-
cal College Hospital (PUMCH) from January 2017 to 
January 2023 was retrospectively reviewed. The study 
was approved by the Institutional Review Board of 
PUMCH. One hundred and fifty-eight patients under-
went simultaneous bilateral VATS (simultaneous group) 
and 79 underwent planned two-staged VATS (two-
staged group). The exclusion criteria were as follows: (1) 
younger than 18 years of age, (2) metastatic carcinoma, 
(3) mediastinal mass resection, esophageal repair and 
other thoracic operations conducted simultaneously, and 
(4) unplanned two-stage surgery.

All patients were evaluated preoperatively by systemic 
radiography, pulmonary function test, echocardiogra-
phy, etc. PET-CT was performed on most patients before 
surgery – 121 patients from simultaneous group and 57 
patients from two-staged group to assist clinical stag-
ing. 6 patients from simultaneous group and 2 patients 
from two-staged group received bronchoscopy and EBUS 
before surgery. Demographic and clinical variables were 

collected from the electronic medical records which was 
connected to our lung cancer database. The tumors were 
staged as per the revised TNM system (eighth edition) 
and the most advanced tumor was used for final cancer 
staging [11, 12]. The activity of daily living (ADL) scores 
were calculated for each patient by nurses at admission 
and discharge.

Surgery
The selection of the surgical approach was made by a 
panel of principal surgeons who were not involved in 
this study. The choice of surgical procedure for each case 
was guided by a comprehensive assessment of tumor fea-
tures, such as size, location, the proportion of ground-
glass opacity, and the likelihood of malignancy, as well as 
patient factors including age, general health status, and 
pulmonary function. Patient preferences were also con-
sidered in the decision-making process. Lesions deemed 
not to be malignant were excluded from the surgical 
resection plan.

All patients received general anesthesia with double-
lumen endotracheal tube intubation. Various mini-
mally invasive surgical approaches were used, including 
uni-portal, bi-portal, and three-portal, mainly depend-
ing on the complexity of the surgery. VATS lobectomy, 
segmentectomy resection, wedge resection and lymph 
node dissection were conducted according to the NCCN 
guidelines. Sublobar resection, which included both 
wedge resection and segmentectomy, was chosen for 
nodules that were 2 cm or smaller and met at least one 
of the following conditions: adenocarcinoma in situ, 
ground-glass opacity (GGO) exceeding 50%, or a nodule 
doubling time of 400 days or more. In the case of sub-
lobar resections, a stapling device was utilized to separate 
the intersegmental plane. Lobectomy generally involved 
systematic lymph node dissection, whereas sublobar 
resection often involved systematic lymph node sam-
pling. For simultaneous bilateral surgery, the patients 
were turned to their opposite side and re-sterilized after 
the first-side operation was finished.

Perioperative management
Prior to surgery, the patients were instructed to cease 
smoking and alcohol consumption, and given pulmo-
nary function training. The patients could resume oral 
fluid intake six hours after surgery, followed by a nor-
mal diet. Early mobilization was encouraged. For post-
operative pain management, we routinely prescribe 
nonsteroidal anti-inflammatory drugs (NSAIDs) as the 
first line of analgesia. We adopted a stepwise escalation 
as needed based on the patient’s reported pain levels. 
In cases where patients had special pain management 
requirements, the anesthesiologist would initiate patient-
controlled analgesia (PCA) immediately postoperatively. 
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The anesthesiologist would then make daily visits to the 
patient’s bedside to assess the patient’s condition and 
determine the optimal time to discontinue the PCA.

A bedside chest radiograph was performed on day 
1 post-operation to evaluate lung retention and chest 
drainage status. The chest tube was removed when chest 
drainage was less than 200 ml/d and no obvious air leak 
or chylothorax was detected. Patients without obvious 
pneumothorax and pleural effusion were considered for 
discharge [13].

Statistical analysis
The demographic and clinical variables of both groups 
were compared by Wilcoxon test, chi-square test or 
Fisher exact test as appropriate using R (Version 1.1.453). 
The choice of statistical tests was guided by the nature 
of the data and the hypotheses being tested. Continuous 
variables were compared using the Wilcoxon test due to 
their non-normal distribution, while categorical variables 
were analyzed using the Chi-square test or Fisher exact 
test, as appropriate.

Odds ratios were calculated using the epitools package 
in R to quantify the association between binary outcomes 
and exposures. To visually depict these odds ratios along-
side their confidence intervals, we generated forest plots 
with Prism Version 9.2.0, offering a clear and transpar-
ent summary of our study’s results. The survival analysis 
was performed with R survival package. The proportional 
hazards assumption was verified using Schoenfeld Resid-
uals method.

Result
Patients characteristics
A total of 237 patients were included: 158 underwent 
simultaneous bilateral VATS, while 79 underwent 
planned two-staged bilateral resection. The demographic 
and clinical characteristics of the two groups are sum-
marized in Table 1. The median age of both groups was 
58-years and most patients were female. Less than 20% of 
them were current smokers or had a history of cigarette 
smoking. There was no significant difference in the his-
tory of cardiovascular diseases or left ventricular ejection 
fraction (LVEF) between the two groups. The most com-
mon cardiovascular comorbidities were hypertension, 
coronary heart disease and atrial fibrillation. Ten patients 
(6.3%) in the simultaneous group had a history of respi-
ratory diseases including chronic obstructive pulmonary 
disease (COPD), pulmonary tuberculosis and asthma, 
bronchiectasis. And 5 patients in the two-staged group 
had respiratory diseases. There was no significant differ-
ence of FEV1/FVC or FEV1 between two groups.

Surgery
The choice of surgery was made at the discretion of an 
experienced surgical team. In both groups, the major-
ity of patients underwent lobectomy and contralateral 
wedge resection (L-W). The second most common sur-
gery type was segmentectomy resection and contralat-
eral wedged resection (S-W) in the simultaneous group, 
and bilateral wedged resection in the two-staged group. 
The most common minimally invasive surgical approach 
was uni-portal on one side and three-portal on the 
other, which corresponded to the most common surgical 
method of lobectomy or segmentectomy on one side and 
wedge resection on the other. There was no significant 
statistical difference in the minimally invasive surgical 
approach between the two groups. Among patients who 
underwent two-staged bilateral resection, the median 
interval between the first and the second surgery was 
89 days. Patients in the simultaneous group experienced 
less anesthesia time compared to the two-staged group. 
The overall operative time, total blood loss, and the 
total number of lymph nodes resected were comparable 
between the two groups (Table 2).

Pathological characteristics
Among patients who underwent simultaneous resection, 
77.8% had bilateral adenocarcinoma (Table 3). Other less 
common pathological type included squamous-cell car-
cinoma, adenosquamous carcinoma and carcinoid. The 
was no significant difference in the TNM staging of both 
groups. The majority of patients were classified as IA 
stage in both groups (84.1% vs. 92.4%). Eight patients in 
the simultaneous group were classified as stage III, while 
only 1 patient in the two-staged group was at this TNM 

Table 1  Characteristics of patients
Simultaneous 
group

Two-staged 
group

p-
value

n 158 79
Age, median [IQR], yr 58.0 [50.0, 64.0] 58.0 [50.5, 63.0] 0.50
Male, n (%) 39 (24.7) 21 (26.6) 0.874
Smoking history, n (%) 0.318
  Current smoker 8 ( 5.1) 2 ( 2.5)
  Former smoker 12 ( 7.6) 10 (12.7)
  Nonsmoker 138 (87.3) 67 (84.8)
Comorbidities, n (%)
  Cardiovascular 55 (34.8) 19 (24.1) 0.124
  Respiratory 10 ( 6.3) 5 ( 6.3) 1.000
  Other tumor 27 (17.1) 7 ( 8.9) 0.132
FEV1, median [IQR], L 2.6 [2.2, 3.8] 2.6 [2.2, 3.7] 0.95
Predicted FEV1/FVC, 
median [IQR]

77.9 [73.2, 81.3] 78.0 [73.6, 82.7] 0.78

LVEF, median [IQR], % 69.0 [66.2, 73.0] 68.0 [66.0, 71.0] 0.13
Data are presented as median (with interquartile ranges) for continuous 
variables and n (%) for categorical variables. p values were obtained from 
Wilcoxon test for continuous variables and Fisher test for categorical variables
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stage. 32.3% of the patients in the simultaneous group 
and 58.2% of patients in the two-staged group had more 
than two lesions (Table 3).

Short-term outcomes
The rate of postoperative complications did not differ sig-
nificantly between the two groups (p = 0.73). Twenty-one 
(13.3%) who underwent simultaneous bilateral resection 
had postoperative complications including air leak (11 
cases), infection (3 cases), pneumothorax, atelectasis, 
pulmonary embolism, deep vein thrombosis of the lower 
extremity, cerebral infarction, acute gastric retention, re-
operation because of massive bleeding. Eighteen patients 
(11.4%) in the staged group had postoperative complica-
tions which all happened after the first surgery. Compli-
cations included air leak (10 cases), atrial fibrillation (2 
cases), chylothorax, localized subcutaneous hematoma, 
acute urinary retention, acute coronary syndrome, and 
infection. The simultaneous group had shorter hospi-
tal stays and less chest drainage than the two-staged 
group (Table 4). We also compared short-term outcomes 
between the simultaneous group and the two-staged 
group in patients who underwent anatomic lung resec-
tions (i.e. segmentectomy or lobectomy). Similar results 
were observed (Table S1).

Long-term outcomes
We used Cox-proportional hazards model to evaluate the 
association of two surgery strategies and survival rate. 
We did not observe significant difference between two 
groups (p = 0.2), but the simultaneous group appeared to 

Table 2  Comparisons of surgery procedure between the 
simultaneous group and the two-staged group

Simultaneous 
group

Two-staged 
group

p-
value

Surgery type, n (%) 0.013
  L-L 7 ( 4.4) 8 (10.1)
  L-S 14 ( 8.9) 14 (17.7)
  L-W 65 (41.1) 33 (41.8)
  S-S 7 ( 4.4) 1 (1.3)
  S-W 35 (22.2) 6 (7.6)
  W-W 30 (19.0) 17 (21.5)
VATS approach, n(%) 0.12
  Bilateral uni-portal 25 (15.8) 15 (19.0)
  Bilateral bi-portal 7 (4.5) 3 (3.8)
  Bilateral three-portal 24 (15.2) 23 (29.1)
  Uni-portal + three-portal 95 (60.1) 34 (43.0)
  Uniportal + bi-portal 3 (1.9) 1 (1.3)
  Bi-portal + three-portal 4 (2.5) 3 (3.8)
Total operative time, median 
[IQR], min

174.5 [144.0, 
203.2]

181.5 [155.8, 
203.5]

0.45

Total anesthesia time, median 
[IQR], min

235.0 [200.0, 
273.0]

305.0 [252.0, 
349.0]

< 0.01

Total blood loss, median [IQR], 
ml

100[50, 200] 110 [100, 
150]

0.16

Total number of lymph node 
resected, median [IQR]

21.0 [11.0, 31.5] 22.0 [15.0, 
28.2]

0.84

L-L: bilateral lobectomy; L-S: lobectomy and contralateral segmentectomy 
resection; L-W: lobectomy and contralateral wedge resection; S-S: bilateral 
segmentectomy resection; S-W: segmentectomy resection and contralateral 
wedge resection; W-W: bilateral wedge resection

Data are presented as median (with interquartile ranges) for continuous 
variables and n (%) for categorical variables. p values were obtained from 
Wilcoxon test for continuous variables and Fisher test for categorical variables

Table 3  Comparisons of postoperative pathologic characteristics between the simultaneous group and the two-staged group
Simultaneous group Two-staged group p-value

Pathology, n (%) 0.078
  Bilateral adenocarcinoma / in situ 123 (77.8) 58 (73.4)
  adenocarcinoma / in situ + AAH 22 (13.9) 18 (22.8)
  adenocarcinoma carcinoma + squamous carcinoma 1 (0.6) 1 (1.3)
  carcinoid + AAH 2 (1.3) 0
  adenosquamous + AAH 3 (1.9) 0
  squamous carcinoma + AAH 2 (1.3) 0
  Bilateral AAH 5 (3.2) 2 (2.5)
TNM stage, n (%) 0.611
  Tis 8 (5.1) 2 (2.5) 0.572
  IA 132 (84.1) 73 (92.4)
  IB 5 (3.2) 1 ( 1.3)
  IIA 2 (1.3) 1 ( 1.3)
  IIB 3 (1.9) 1 ( 1.3)
  IIIA 8 (5.1) 1 ( 1.3)
Number of lesions, n (%) < 0.001
  2 107 (67.7) 33 (41.8)
  >2 51(32.3) 46 (58.2)
Data are presented as n (%) for categorical variables. p values were obtained from Fisher test for categorical variables. AAH: Atypical adenomatous hyperplasia.
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have higher disease-free probability in the first 40 months 
(Fig. 1).

Risk factors for postoperative complications
TNM stage II and III, surgery type (L-S) and the number 
of resected lymph nodes (> 30) were significantly associ-
ated with postoperative complications following simul-
taneous bilateral VATS in all patients (Fig. 2A). We also 
focused on patients who underwent bilateral anatomic 
resections (i.e. segmentectomy or lobectomy), and found 
that male and advanced TMN stage would increase the 
risk of postoperative complications (Fig. 2B). Other fac-
tors such as age, co-morbidities, and pulmonary func-
tion did not significantly affect the risk of postoperative 
complications.

Discussion
The landscape of lung cancer has evolved significantly 
over the past few decades. A particularly noteworthy 
trend is the increasing incidence of synchronous multiple 
primary lung cancers (MPLC), notably among women 
and individuals who have never smoked. The initial diag-
nostic criteria for MPLC were established by Martini 
and Melamed in 1975 [14]. These criteria were subse-
quently expanded upon by Antakli et al. [15] and Colice 
et al. in 1997 and 2003, respectively [16]. Subsequently, 
the American College of Chest Physicians (ACCP) issued 
guidelines in 2007 advocating for curative surgical resec-
tion in patients diagnosed with MPLC [17]. Since that 
time, no further guidelines or extensive studies concen-
trating on surgical strategies for MPLC have been pub-
lished, only a few small-scale studies have focused on the 
treatment of MPLC [18].

Bilateral MPLC presents a more complex clinical chal-
lenge, requiring a comprehensive therapeutic strategy 
that delicately balances the extent of surgical resection 
to remove tumors while preserving lung function [19]. 
Additionally, physicians need to determine the optimal 
timing for surgery, taking into account the severity of the 
disease and the patient’s overall physical health, to ensure 

the best possible outcomes. Theoretically, simultaneous 
bilateral VATS is beneficial because it reduces the risk 
of cancer progression by reducing the duration of treat-
ment. The second surgery of two-staged bilateral resec-
tion is usually performed several months after the first 
one (median 89 days in our study) to allow patients to 
recover. In the case of more invasive tumors, this interim 
period may lead to disease progression and even distant 
metastasis. Recent developments in minimally invasive 
surgery and enhanced recovery after surgery (ERAS) 
have made simultaneous bilateral VATS more feasible.

Thus, we aimed to explore the best surgical strategy 
for patients with bilateral MPLC. In this study, we ret-
rospective compared the safety and feasibility of simul-
taneous bilateral VATS with that of planned two-staged 
bilateral VATS. As a real-world study, the surgical plans 
were made by a clinical team completely independent 
of this research. In theory, the lead surgeon took into 
account not only the patient’s tumor characteristics, but 
also other factors such as patients’ age, comorbidities, 
and lung function to minimize surgical risks. Fortunately, 
in our cohort, statistical analyses revealed that patients’ 
baseline characteristics including age, gender, cardiovas-
cular comorbidities, respiratory system comorbidities, 
lung function, and heart function were well-matched 
across groups, with no significant differences. This largely 
eliminated the influence of selection bias on the study’s 
outcomes.

According to the randomized controlled study by the 
American Lung Cancer Research Group in 1995 [20], 
lobectomy is considered the standard surgical approach 
for the treatment of lung cancer. With the progression of 
minimally invasive surgical techniques and an increased 
understanding of early lung cancer, anatomic segmentec-
tomy for the treatment of certain early-stage lung cancers 
has increasingly gained clinical acceptance. Researchers 
found that for patients with non-small cell lung cancer 
of less than 2  cm, the long-term survival with segmen-
tectomy is not inferior to lobectomy, and compared to 
lobectomy, segmentectomy can better preserve lung 

Table 4  Comparisons of short-term outcomes between the simultaneous group and the two-staged group
Simultaneous group Two-staged group p-value

Postoperative complication, n (%) 21 (13.3) 18 (11.4) 0.73
Total Hospital stays, median [IQR], d 6.0 [5.0, 8.0] 13.0 [11.0, 15.0] < 0.01
Average postoperative hospital stays, median [IQR], d 4.0 [3.0, 5.0] 3.5 [3.0, 4.5] < 0.01
Chest drainage left, median [IQR], ml 450.0 [202.0, 695.0] 450.0 [250.0, 762.5] 0.51
Chest drainage right, median [IQR], ml 350.0 [150.0, 700.0] 550.0 [365.0, 821.0] < 0.01
Total chest drainage, median [IQR], ml 850.0 [565.0, 1305.0] 1020.0 [700.0, 1600.0] 0.03
Chest drainage duration left, median [IQR], d 3.0 [2.0, 3.0] 3.0 [2.0, 3.0] 0.42
Chest drainage duration right, median [IQR], d 2.0 [1.0, 3.0] 3.0 [2.0, 3.0] 0.22
ADL score at discharge, mean (SD) 75.8 (14.7) 77.5 (13.6) 0.53
Data are presented as median (with interquartile ranges) for continuous variables and n (%) for categorical variables. p values were obtained from Wilcoxon test for 
continuous variables, Fisher test for categorical variables, chi-square test for postoperative complications. Statistically significant p values (p < 0.05) are highlighted 
in bold



Page 6 of 9Yang et al. Journal of Cardiothoracic Surgery          (2024) 19:436 

function. Consequently, segmentectomy is gradually 
becoming the recommended approach for treating stage 
IA lung cancer [13, 21, 22]. In our cohort study, one-side 
lobectomy and contralateral wedge resection were the 
predominant surgical procedures in both the simultane-
ous and two-staged groups. For those undergoing simul-
taneous resection, segmentectomy on one side combined 
with contralateral wedge resection was the second most 
frequent approach. Additionally, in each group, there 
were over 20 patients undergone bilateral anatomical 
lung surgeries. Collectively, these findings indicate that 
the proportion of patients receiving at least one-side ana-
tomical lung resection during simultaneous surgery is 
similar to that of the two-staged approach. We can con-
clude that the extent and complexity of surgical resection 
were not diminished by the simultaneous surgical plan. 
More importanly, the number of lymph nodes removed 
during simultaneous surgery was similar compared to 
that in two-staged surgery, indicating that the thorough-
ness of lymph node dissection was not influenced.

We also observed that patients could benefit from 
simultaneous surgical plan. Patients in the simultaneous 
group had shorter anesthesia time, potentially reducing 
the perioperative and anesthesia risks. Additionally, the 
simultaneous procedure helped to prevent readmission 
and shortened the overall hospital stay duration. These 
results consistent with the conclusions from previous 
researches [8, 10, 23–26].

Nevertheless, the safety and stability of simultaneous 
bilateral resection are still debated since it may cause 
greater surgical trauma and increase lung function loss. 
In our study, the rate of postoperative complications in 
the simultaneous group was 10.2% (6/59), which was 
similar to that observed in the two-staged group (8.5%, 
5/58). There was one death in the simultaneous group 
due to massive blood loss during right segmentectomy 
resection after left lobectomy, and subsequent multiple 
organ failure in ICU. Postoperative pathological exami-
nation showed bilateral adenocarcinoma and the patient 
was staged as IIA. The postoperative complication rate 

Fig. 1  Kaplan-meier curve for survial. There was no significant difference of survial between patients (p = 0.2)
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Fig. 2  A) Risk factors for postoperative complications in the simultaneous group. TNM stage, surgery type and the number of lymph nodes removed are 
associated with postoperative complications. B) Risk factors for postoperative complications of simultaneous anatomic lung resections. Gender and TNM 
stage are associated with postoperative complications in patients who underwent simultaneous anatomic lung resections. *p < 0.05
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in our study was lower compared to that found in other 
teams’ studies (14% ∼ 29%) [8, 10, 23–26]. In Dr. Yao’s 
research which included 29 patients who underwent 
simultaneous surgeries, the rate of postoperative compli-
cation was 21%, primarily air leaks and severe pneumonia 
[23]. In another study from Dr. Zhang’s team, postop-
erative complications was observed in 8 of 56 patients 
(14.2%) [24]. We also found that there was no significant 
difference in the average blood loss, chest drainage dura-
tion and ADL scale at discharge between the two groups. 
Interestingly, the volume of right-side chest drainage in 
the simultaneous group was significantly lower than that 
of the two-staged group. These results showed that the 
simultaneous bilateral VATS was as safe as two-staged 
bilateral VATS during in the perioperative period. Due 
to the significance of anatomical lung resection, we con-
ducted a separate analysis of these patients and found 
that postoperative complications and short-term prog-
nostic indicators were the same between the two groups. 
This confirms the safety of simultaneous surgery, even for 
complex bilateral procedures.

In order to select the optimal surgical procedure for 
each patient, it is essential to identify the risk factors 
for postoperative complications. A previous study on 
41 patients reported that preoperative comorbidities, 
impaired pulmonary function and removal of more than 
9 lung segments may lead to complications after simul-
taneous bilateral surgery [8]. A study from Dr. Liu’s team 
reported that bilateral lobectomy has higher postopera-
tive complications compared to patients who underwent 
bilateral wedged resections [27]. Our study identified that 
TNM stage II and III, lobectomy and contralateral seg-
mentectomy resection, and removal of > 30 lymph nodes 
were associated with a higher risk of postoperative com-
plications in the simultaneous group. We did not observe 
similar associations in the two-staged group. In our study 
and others, more invasive and complicated surgery types 
were related to an increased risk of complications. And 
we further recommend that surgeons should be cautious 
in selecting simultaneous bilateral VATS for patients with 
larger lung nodules or possible lymph node metastasis 
detected during preoperative CT or PET/CT.

Our study also reported the results of long-term follow-
up, a lightspot that many other studies did not include. 
We found that staged surgery or simultaneous surgery 
did not affect the long-term prognosis of patients, and 
even the survival rate of simultaneous patients showed a 
higher trend in the early period.

Our study has several limitations that ought to be con-
sidered. First, as a single center study, the findings can-
not be extrapolated to the general population. Second, 
the retrospective design of our study may have led to 
selection bias. Third, although our cohort is representa-
tive of the largest data of simultaneous bilateral VATS 

nationwide, the sample size was still small. Fourth, 
although we have made efforts to follow up with patients 
for as long as possible, some patients still have a relatively 
short follow-up period. Further perspective studies with 
larger cohorts are needed to validate our findings. In 
addition to the classic bilateral intercostal approach, the 
subxiphoid single-port approach for simultaneous bilat-
eral surgery is gradually being applied. Studies by Negi 
et al. [28]. and Wang et al. [29]. have respectively dem-
onstrated the feasibility and advantages of subxiphoid 
single-port thoracoscopic simultaneous bilateral surgery, 
including the protection of intercostal nerves, reduction 
of postoperative pain, and acceleration of recovery. The 
subxiphoid single-port simultaneous bilateral surgery 
may represent a new direction for the future treatment 
of synchronous bilateral lung cancer and worth further 
research,

In conclusion, simultaneous bilateral VATS is as safe 
and feasible as two-staged bilateral VATS for bilateral 
lung nodules. Patients in the simultaneous group had 
similar or even better short-term outcomes compared to 
the two-staged group. Simultaneous bilateral VATS holds 
the potential as the optimal treatment for bilateral MPLC 
in patients with early TNM stage and better physical 
condition.
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