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Abstract

Background Synchronous bilateral lung lesions are emerging as a common but tricky disease for surgical manage-
ment. Whether one or two-stage surgery should be taken remains in debate. We retrospectively analysed 151 patients
who underwent one and two-stage Video Assisted Thoracic Surgery (VATS) to investigate the safety and feasibility of
the two surgical approaches.

Methods A total of 151 patients were included in the study. Propensity score matching was performed to minimize
the baseline characteristics difference between one and two-stage groups. Clinical factors including in-hospital days
after surgery, chest tube drainage days, types and severity of post-operative complications were compared between
the two groups. Logistic univariate and multivariate analyses were used to find the risk factors for post-operative com-
plications. Nomogram was built to select the low risk candidates for the one-stage VATS.

Results After propensity score matching, 36 one-stage and 23 two-stage patients were enrolled. The age (p =0.669),
gender (p=0.3655), smoking status (p=0.5555), pre-operative comorbidity (p =0.8162), surgical resection (p =0.798)
and lymph node dissection (p =9036) were balanced between the two groups. There was no difference in post-
surgery hospital days (8.67 +2.68 versus 846+ 2.92, p=0.7711) and chest tube retaining days (5.47 & 2.20 versus
546+1.95, p=09772). Moreover, post-operative complications also showed no difference between one-stage and
two-stage groups (p=0.3627). Univariate and multivariate analysis revealed that advanced age (p=0.0495), pre-
surgical low haemoglobin (p =0.045) and blood loss (p =0.002) were risk factors for post-operative complications.
Nomogram built with the three risk factors showed reasonable predictive value.

Conclusions One-stage VATS for synchronous bilateral lung lesion patients was proved to be a safety procedure.
Advanced age, pre-surgical low haemoglobin and blood loss may predict complications after surgery.
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Background

Low dose computed tomography (LDCT) is widely
used in lung cancer screening. As a result, an increas-
ing number of small nodules that appear as ground-glass
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surgical treatment. As there is no consensus on the sur-
gical management of bilateral lung lesions, the treatment
often varies among surgeons.

In recent decades, video-assisted thoracic surgery
(VATS) has become the standard of care for patients
with pulmonary nodules. With the maturation of VATS
technique in solitary nodules surgery, some surgeons
are applying it in SBLL patients. However, considering
the risk of post-operative pulmonary dysfunction and
complications, one-stage bilateral VATS lung resection
is not used routinely [2]. Some surgeons made explora-
tory investigation on the one-stage VATS and achieved
inspiring results [3, 4]. In this study, we retrospectively
reviewed perioperative data of 151 patients who under-
went VATS for SBLL in our centre and compared the
outcomes after propensity score matching (PSM). Fur-
thermore, we also investigated the potential risk factors
for post-operative complications in one-stage surgery. To
our knowledge, this is the first study that demonstrate
the safety and feasibility of one-stage VATS for SBLL
treatment.

Methods

Medical records of lung surgeries performed at Hebei
Medical University Fourth Hospital between December
2014 and December 2020 were collected. To protect the
privacy of the patients, their names and IDs were desen-
sitized. During this period, a total of 10,711 patients
underwent lung resections, with 109 synchronous bilat-
eral lung lesions (SBLL) receiving one-stage bilateral
VATS lung resection. Meanwhile, two-stage VATS sur-
gery was performed on 42 SBLL patients. Medical data
including sex, age, pre-operation comorbidity, laboratory
test, pulmonary function test, surgery type, lymph node
dissection, chest tube duration, post-operative days and
complications were all collected. Complications after sur-
gery were defined according to the Clavien—Dindo clas-
sification [5].

Surgery procedures

General anaesthesia was implemented with intrave-
nous remifentanil and inhalational sevoflurane. Double-
lumen tracheal intubation or single-lumen intubation
with bronchus blocker was used to maintain the con-
tralateral ventilation to the surgery side. Surgeries were
performed by experienced surgeons who routinely per-
form VATS surgery for over 5 to 10 years. The one- or
two-stage VATS were at the choice of the surgeon,
according to the patient physical and psychological con-
dition, performance status, tumour size and planned
resection scope, etc. For younger, better performance
status patients, some surgeons tended to resect all the
lesions at one time. Whereas, for some older patients, if
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the lesions were small and located peripherally, wedge
resections were suitable, and one-stage bilateral VATS
could be chose by the surgeons. Some cases showed
typical invasive adenocarcinoma which requires lobec-
tomy at one side, and at the other side the lesion may
need complex segmentectomy. A two-stage VATS sur-
gery may be selected by most surgeons. Uni-portal, bi-
portal or tri-portal VATS approaches were decided by
the surgeon’s preference. Normally, in one-stage bilateral
surgery, wedge resection and frozen biopsy were per-
formed for the major lesion located at the peripheral of
the lung. Anatomical segmentectomy or wedge resection
was performed for small lesions less than 2 ¢m in diam-
eter, depending on their location: central or peripheral.
Lobectomy was performed for lesions larger than 2 cm in
diameter or pathologically reported as adenocarcinoma
in the frozen biopsy. Two-stage surgery was defined as
that a planned second resection was performed within
one year from the first surgery. In two-stage surgery, the
major lesion was resected in the first stage, which nor-
mally needed lobectomy. In the second stage, the resec-
tion plan was determined by the lesion characteristics
and pulmonary function. Chest tubes were routinely
placed on each surgical side. Among all the subjects, one
case was converted to thoracotomy intraoperatively due
to difficult lymph node dissection.

Postoperative management

Antibiotics and analgesics were prescribed routinely.
Chest radiography and laboratory test were issued within
2 days after surgery. Early ambulation and coughing were
encouraged. Enteral nutrition was conducted on the first
day after surgery. The chest tube was removed when
there was no sign of air leak in X-ray and drainage was
less than 200mL per day.

Statistical analysis

Continuous variables were presented as mean val-
ues £ standard deviation. Categorical variables were
presented as numbers. Continuous variables with nor-
mal distribution were compared using two sample t
test. Categorical variables were compared by chi-square
test. For the patients who were planned to have bilat-
eral lung surgery, surgeons tended to choose younger
ones for the one-stage surgery. To resolve this poten-
tial bias, propensity score matching was introduced to
balance the baseline characteristics between one- and
two-stage group. While the analysis for the one-stage
group complications was performed in the pre-matched
“whole” data, as there was no comparation between
one- and two-stage group. Logistic regression was per-
formed to identify the risk factors of post-operative
complications in one-stage surgery. Chi square test and
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Mann-Whitney-U test was performed to investigate the
difference in number and grade of the complications
between the two groups. The receiver operating charac-
teristics (ROC) curves were plotted for the risk factors
of one-stage VATS complications A nomogram was
established to predict the risk of complications of one-
stage VATS. Harrell Consistency Index (C-Index) and
area under ROC curve (AUC) were used to evaluate the
nomogram, and calibration curve were used to validate
the nomogram performance. Statistical analysis was
performed with R (version 4.2.0) in R Studio software
(Version 1.4.1717, Boston, MA). For propensity score
matching analysis, package “MatchlIt” was used. Signifi-
cance level was set at 5%.

Results

Patient characteristics

A total of 109 patients underwent one-stage bilateral
VATS lung resection, while 42 received two-stage treat-
ment during this time. For the two-stage patients, values
of “post-surgery days” and “chest tube days” were the
average of the two operations. Systematic lymph node
dissection was marked if it was performed on either side
of the mediastinal during the operations. Lymph node
sampling was recorded when it was performed on both
sides, or only one side but without systematic lymph
node dissection on the other side. The baseline of patient
characteristics was shown in Table 1.

Although the gender, age, and smoking status were
not statistically different before propensity matching
(PSM), the percentage of smokers in one-stage surgery
was higher than that in two-stage group. Moreover, there
were significantly more patients with comorbidities such
as hypertension, coronary artery disease, and diabetes in
two-stage group, which could possibly be the reason for
their two-stage operations. Some variables such as neu-
trophils/lymphocyte ratio (NLR), platelet (PLT), haemo-
globin (HB), surgery duration, and blood loss were not
included into the PSM, because the first operation had
a remarkable influence on these factors, making them
pointless to compare.

Overall surgery results

Most patients recovered quickly without any complica-
tions. Bedside chest x-ray was routinely taken on the first
or the second post-operative day and 86.1% of patients
showed well-inflated lungs with clear thoracic cavities
(94 in 109 one-stage and 36 in 42 two-stage). The aver-
age chest tube removal days were 5.64 in one-stage and
5.56 in two-stage. The average discharge days were 8.72
in one-stage and 8.4 in two-stage. (Table 1)
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Propensity score matching and outcomes

To minimize the difference of patients’ characteristics
between two groups, propensity score matching (PSM)
was adopted. The process was summarized in Fig. 1 as
mentioned above. PSM was conducted using “MatchlIt”
package with nearest-neighbour method and a caliper
of 0.03. Figure 2 showed the propensity score matching
of raw data and matched data. After matching, the con-
trol and treated groups achieved well-balanced results.
Finally, 36 one-stage patients and 23 two-stage patients
were included in the analysis set.

In the post-match set, there was no significant differ-
ence in post-operative hospital days (8.67 +2.68 ver-
sus 8.46+2.92, p=0.7711) and chest tube retaining
days (5.47£2.20 versus 5.46+1.95 p=0.9772). More
importantly, post-operative complications also showed
no difference in number of cases between one-stage
and two-stage groups, statistically (»p=0.3627). Further
analysis according to the Clavien—Dindo classification
was performed. The grade of the complications between
the two groups also showed no significant difference
(p=0.3961) (Table 2). No perioperative death occurred.

Risk factors of post-operative complications in one-stage
surgery

Results showed that the complications of one-stage sur-
gery were no more common and severe than that of two-
stage surgery. Hence, one-stage VATS may be an optimal
choice for SBLL patients. However, lung resection was
still a major procedure with potential complications,
and some may even lead to life threatening consequence.
Therefore, risk factor analysis was subsequently per-
formed on the all 151 one-stage patients to reveal those
which may possibly be correlated to adverse conditions.
As shown in Table 3, univariate analysis showed that
age, HB, surgery duration, and blood loss may be related
to post-operative complications in one-stage surgery
(p<0.05). Furthermore, in multivariate analysis, results
demonstrated that advanced age (p=0.04951, OR 1.07,
95% CI 1-1.15), pre-surgical low HB (p=0.045, OR 1.04,
95% CI 1-1.08) and increased blood loss (p=0.002, OR
1.02, 95% CI 1.01-1.04) were risk factors for complica-
tions in one-stage surgery. Receiver operating charac-
teristics curves were plotted for the risk factors. (Fig. 3).
Area under the ROC curve and its 95% CI were also
calculated.

Nomogram and its evaluation

We combined the risk factors from multivariate analy-
sis, age, HB and blood loss, into the building of the
nomogram for the prediction of one-stage surgery com-
plications (Fig. 4). The line on the bottom indicates the
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Table 1 Patient characteristics before and after propensity score matching
Characteristics Pre-match Post-match
One-stage Two-stage p value One-stage Two-stage p value
Gender 09118 0.3655
Female 56 22 16 13
Male 53 20 20 10
Age 57.85£8.21 5555+£14.25 0.2169 56424935 5478 £16.55 0.669
Smoke* 0.5568 0.5555
Yes 33 10 12 6
No 76 32 24 17
Pulmonary function***
FEVT (L) 264+0.57 254+0.58 0.3601
FEV1/FVC 76.96% + 4.87% 75.13% £ 5.37% 0.0849
Comorbidity 0.0257 0.8162
Yes 37 23 12 7
No 72 19 24 16
Post-surgery days 872+3.36 844264 0.5765 8.67+2.68 846+£292 0.7711
Chest tube days 564+242 556+2.05 0.8452 547+220 546+1.95 09772
Surgery 0.001106 0.798**
L+L 4 7 3 3
SL+L 43 23 1 9
SL+SL 62 12 1 M
Lymph node dissection 0.07427 0.9036*
Systematic 67 34 27 16
Sampling 11 2 3 2
None 31 6 6 25
Pathology of lesions 0.021
Pre-cancerous 7 8
Cancer 160 62
Benign 79 20
Post-operative complications 0.8669 0.3627
Yes 33 14 10 14
No 76 28 26 9
Complication type -
Hydrothorax (thoracentesis) 15 6 4 1 0.3635*
Bronchoscopic sputum suction 3 2 2
Other 14 6 3 6

Comorbidity: including diabetes, heart disease, hypertension and other diseases before surgery

L Lobectomy, SL Sub-lobectomy, FEV1 Forced expiratory volume for the first second, FVC Forced vital capacity

*Past smokers are categorized as ‘yes’in smoking status, as many patients claimed to be past smokers actually quit smoking on the day when diagnosed

**Fisher exact test

***|n two-stage surgery, pulmonary function data are results before the first surgery

probability that complications may occur after one-
stage surgery. Area under the ROC curve of the nomo-
gram was 0.705 (95% CI 0.600-0.811) in the model
from the one-stage surgery data, with a sensitivity of
83.8% and a specificity of 56.1% (Fig. 5). The calibration
curve for the nomogram demonstrated reasonable con-
sistency between actual and predicted results (Fig. 6).
These findings indicated that the nomogram could

provide suggestions for the risk of one-stage surgery
complications.

Discussion

Choosing a proper surgical plan for synchronized bilat-
eral lung lesion patients has been emerging as a critical
problem for thoracic surgeons. Moreover, there is still
no consensus on whether one-stage or two-stage surgery
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Patients underwent lung resection
during December 2014 and
December 2020. (n=10711)

10560 were excluded for not
bilateral lung resection.

151 were diagnosed with bilateral
lung lesions and received operations
on both side.

O

One-stage Two-stage
surgery (n=109) surgery (n=42)

l |

Propensity score matching. Ratio=2.
Caliper=0.03.

O

One-stage Two-stage
surgery (n=36) surgery (n=23)

Fig. 1 Flowchart of propensity score matching

should be adopted. Originally, bilateral pulmonary resec-
tion was performed mostly on a two-stage basis in our
centre. As the VATS technique developed, one-stage
surgery cases were also growing. In this study, we ret-
rospectively reviewed 151 cases of such patients who
underwent one-stage and two-stage bilateral VATS pul-
monary resections. To our knowledge, this is the largest
cohort of bilateral pulmonary resection research compar-
ing one- and two- stage surgery after bias balanced with
propensity score matching method. We found that most
patients in both one and two-stage group had an une-
ventful postoperative recovery. Among all the 151 VATS
cases, there was only one intraoperative thoracotomy
conversion due to lymph node adhesion. Post-operative
complications were observed in 33 out of 109 one-stage
surgery (30.28%) and 14 out of 42 two-stage surgery
(33.33%). Our results were similar to other researches,
which indicated that one-stage VATS surgery had com-
parable outcomes and relatively low morbidities for SBLL
patients with two-stage surgery [6]. In addition, we devel-
oped a nomogram with three risk factors that related to
the one-stage surgery complications. The nomogram had
reasonable prediction value and could be incorporated
into surgical decision making for SBLL patients.
Complications after surgery were often the major con-
cern for surgeons and patients. Our findings may reduce
the concern for these complications. Similarly, some
other study also reached the same conclusion. For exam-
ple, Fu reported one-stage VATS surgery for 18 bilat-
eral pulmonary nodules and all patients recovered well
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without major complications [7]. Tong and his colleagues
studied 16 cases of their centre who received one-stage
surgery in single-utility port VATS. Minor complications
including air leakage, atrial fibrillation and poor heal-
ing of the surgical site occurred [8]. Yao also reported
29 one-stage VATS included lobar-lobar resections,
lobar and sub-lobar resections, and sub-lobar-sub-lobar
resections. Most of the patients had uneventful post-
operative course except for one severe dyspnoea. There
was no significant difference in complications and chest
tube days between one-stage and two-stage patients at
the same time [9]. However, there were some slight dif-
ferences in the recommendations on the resection scope.
For example, Kohno recommended at least one side sub-
lobectomy for safe reasons after studying 19 one-stage
bilateral surgery patients [10], which is in accordance
with Yao’s paper. Another study directly compared one-
stage bilateral VATS and unilateral resection. One-stage
surgery showed similar post-operative complication inci-
dence and hospital stays and achieved a safe postopera-
tive recovery as long as wedge resection was performed
on one side [11]. Table 4 summarises the peri-operative
results of previous research [2, 4, 7, 12]. Overall, our
study and previous investigations all favoured one-stage
approach and suggested at least one sub-lobectomy in
one-stage bilateral resection.

One-stage VATS was proved to be an equally safe pro-
cedure with two-stage VATS, though, it was still a major
procedure with around 30% of post-operative complica-
tion rate. Although not life threatening in most cases,
some complications would nevertheless bring extra suf-
ferings for the patients. In order to select the best can-
didates for one-stage surgery, we developed a nomogram
based on the multivariate logistic regression for the risk
factors to predict those who may experience post-oper-
ative complications. Moreover, efforts must be made to
reduce the risk for patients even they are predicted to be
“low risk” candidates. Careful preoperative evaluation,
meticulous operation, and advanced post-operative man-
agement all contribute to good recovery. We noticed that
patients in one-stage group had significantly more hydro-
thorax (40%) than those in two-stage group (11.1%). The
reason might be that the coughing movement was weak-
ened as wound pain was sever in the one-stage bilateral
surgery group. Enough analgesic should be prescribed to
relief the postoperative pain.

In this study, both wedge resection (WR) and anatomi-
cal segmentectomy (AS) were categorized as sub-lobec-
tomy (SL), as they are similar in the surgical trauma. It
is generally recommended that lobectomy should be per-
formed for large, progressing, and invasive lesions, while
sub-lobectomy for the small, non-invasive ones. The
choice of sub-lobectomy (AS or WR) was determined
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Table 2 The Clavien-Dindo Classification for post-operative
complications

The Clavien-Dindo One-stage Two-stage p value*
classification

| 3 2 0.3961

I 7 2

A 6 4

1B 0 0

IVA 1 0

*Mann-Whitney U test

by the location, size, and consolidation/tumour ratio
(CTR) of the lesion. If two-stage resection is planned,
lobectomy is preferred in the first stage, and an interval
of 3—4 months before the next surgery is recommended.
Some researchers also claimed that in the one-stage sur-
gery, wedge resection should be performed on at least
one side to reduce the surgical trauma [11]. Meanwhile,
for malignant lesions diagnosed before operation, sys-
tematic lymph node dissection should be considered as
long as the patients could tolerate the surgery [13]. For
patients who could not tolerate or refuse surgery, and
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Table 3 Risk factors for post-operative complications of one-stage surgery

Characteristics One-stage p value*
With complications  Without Univariate Multivariate
complications
Gender 0.101617
Female 13 43
Male 20 33
Age (mean=£SD) 62+6.67 (46-70) 56.55+852 (36-72) 0.01427 0.04951 (OR 1.07 95% Cl
1-1.15)
Smoke 0.3682
Yes 8 25
No 25 51
Comorbidity 0429481
Yes 13 24
No 20 52
Surgery
L+L 2 2 1
SL+L 13 30 0427
SL+SL 18 44 0.389
Lymph node dissection
Systematic 20 47 1
Sampling 5 6 0.30982
None 8 23 0.68049
NLR 265941423 2.656+1.242 0.9904
PLT 233+£49.31 247 £64.85 0.255
HB 133.83+14.54 12726 £13.75 0.0295 0.045 (OR 1.04,95% Cl
1-1.08)
Surgery duration 22876 +£86.55 186.82+69.50 0.011287 0.629
Blood loss 101.82+46.26 61.78£33.96 <0.001 (3.53e—05) 0.002 (OR 1.02,95% Cl
1.01-1.04)

NLR Neutrophils/lymphocyte ratio, PLT Platelet, HB Haemoglobin

*Logistic regression was performed to calculate the univariate and multivariate p values. Potential risk factors with p values less or nearly 0.05 were included into

further multivariate analysis

those with multifocal malignant lesions which could not
be resected radically, some investigators proposed that
epidermal growth factor receptor tyrosine kinase inhibi-
tors (EGFR-TKI) treatment may be an alternative as long
as the biopsy reported positive EGFR mutation [14].
Overall, one-stage VATS surgical treatment achieved
favourable results for the SBLL patients, with accept-
able postoperative complications. The nomogram would
further help select patients with lower “risk”. However,
our study is not without limitations. First, this was a ret-
rospective study with inevitable selection bias. Future
investigation in a larger cohort multicentre prospective
study is required. Also, as an analysis focusing on the
safety and feasibility of one-stage surgery, both benign
and malignant lesion were included. As a consequence,
long-term survival analysis for cancer patients was
absent. In the cancer subset of the bilateral patients, it
would be more powerful if prognostic results of 5-year

overall survival and recurrence-free survival were pre-
sented to determine whether one- or two-stage bilat-
eral surgery is appropriate. Last, the nomogram for the
prediction of postoperative complications did not get a
perfect predictive value. Large sample size is required to
build a more powerful model.

Conclusion

One-stage VATS for synchronous bilateral lung lesion
patients was proved to be a safety procedure. The risk
and severity of postoperative complications in one-stage
VATS were comparable to the two-stage VATS, but less
surgical trauma and cost, thus one-stage VATS could be a
possible choice for the treatment of synchronous bilateral
lung lesion patients. Advanced age, pre-surgical low hae-
moglobin and blood loss may predict complications after
surgery. Patients with those risk factors should be paid
more attention postoperatively.
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Table 4 summary of previous one-stage surgery results

Page 10 of 10

Researchers Pulish date Cases Duration of Chest  Postoperative Complications Year
Tube Hospital Days

Zhang et al. 2018 Oct 56 n/a 5394267 8 2016-2018
Fourdrain et al. 2021 Jun 55 6.7£6.2 92+63 28 2011-2018
Quetal. 2020 Apr 34 28431 42+43 10 2016-2019
Xuand Fu 2019 Feb 18 528+267 12.58+£587 3 2016-2018
Matsubara et al. 2018 Mar 19 279403 87+09 0 2009-2016
Yao et al. 2016 Mar 29 40+12 73+£18 9 2009-2014

Abbreviations

VATS Video assisted thoracic surgery
SBLL Synchronous bilateral lung lesions
PSM Propensity score matching

LDCT Low dose computed tomography
AUC Area under ROC curve

ROC Receiver operating characteristics
C-index  Harrell Consistency Index

NLR Neutrophils/lymphocyte ratio

PLT Platelet

HB Haemoglobin

OR Odds ratio

cl Confidence interval

WR Wedge resection

AS Anatomical segmentectomy

SL Sub-lobectomy

CTR Consolidation/tumour ratio

EGFR Epidermal growth factor receptor
TKI Tyrosine kinase inhibitors
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