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Background and Objective: The integral role of pulmonary metastasectomy as one of the multimodal
treatment options for oligometastatic cancer is widely recognized. Traditionally, thoracotomy with bimanual
palpation was considered the standard surgical approach for pulmonary metastasectomy. However, many
studies have demonstrated the intraoperative and postoperative benefits of the minimally invasive approach
in thoracoscopic pulmonary metastasectomy without compromising oncologic outcomes. These studies
concluded that the minimally invasive approach could be an alternative to conventional metastasectomy
through thoracotomy. Before the advent of thoracoscopic surgery, there was a trend to avoid one-stage
surgery via bilateral thoracotomy, sternotomy, or bilateral anterior sternothoracotomy (clamshell incision) for
simultaneous bilateral pulmonary metastases due to its intolerable invasiveness. For the last decades, thoracic
surgeons have been trying to overcome this limitation by utilizing simultaneous thoracoscopic bilateral
pulmonary metastasectomy, taking advantage of its minimal invasiveness. Simultaneous thoracoscopic
bilateral pulmonary metastasectomy has various advantages for both patients and hospitals. However, there
are currently few summaries or reviews of the safety and feasibility of simultaneous thoracoscopic bilateral
pulmonary metastasectomy. In this review, we discuss the state of the art of simultaneous thoracoscopic
bilateral pulmonary metastasectomy.

Methods: We conducted a literature search on PubMed using the terms “bilateral pulmonary metastases”,
“bilateral lung metastases”, “bilateral pulmonary nodules”, “bilateral lung nodules”, “bilateral pulmonary
resections”, and “bilateral lung resections”, including case series, research articles, and reviews.

Key Content and Findings: We cover the following topics and discuss our experiences: the advantages
and disadvantages of simultaneous minimally invasive thoracoscopic bilateral pulmonary metastasectomy
compared to staged surgeries and thoracotomy; surgical approaches, including intraoperative management.
Conclusions: Simultaneous minimally invasive bilateral pulmonary metastasectomy appears promising
but lacks a comprehensive discussion of surgical criteria, metastasis count, primary lesion histology, and
long-term results. Further research is needed to assess indications, compare outcomes, and establish efficacy

against staged procedures.
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Introduction

The integral role of pulmonary metastasectomy as one of
the multimodal treatment options for oligometastatic cancer
is widely recognized. Traditionally, thoracotomy with
bimanual palpation was considered the standard surgical
approach for pulmonary metastasectomy (1,2). However,
since 2000s, more and more cases of thoracoscopic
pulmonary metastasectomy has been reported (1-7).
Most of the literature demonstrated the intraoperative
and postoperative benefits of the minimally invasive
approach in thoracoscopic pulmonary metastasectomy
without compromising oncologic outcomes. These studies
concluded that the minimally invasive approach could be
an alternative to conventional metastasectomy through
thoracotomy (1-3,6,8). In 2008, a survey conducted by the
European Society of Thoracic Surgeons (ESTS) revealed
that only 28% of ESTS members performed thoracoscopic
surgery for unilateral pulmonary metastases. Among
the respondents, 65% considered bimanual palpation
essential for pulmonary metastasectomy, 40% performed
thoracoscopic surgery with therapeutic intent, and 7.6%
opted for simultaneous thoracoscopic bilateral surgeries for
bilateral pulmonary metastases (9). However, according to
an overview of surgical practices for pulmonary metastases
among ESTS members in 2019, the proportion of
thoracoscopic surgery in pulmonary metastasectomy had
increased to over 50% in 2019 from 15% in 2007. This
rapid adoption of thoracoscopic surgery for pulmonary
metastases may be resulted from improvements in
preoperative imaging accuracy, broad acceptance of
thoracoscopic surgery for primary lung cancer, and the
lack of significant differences in local control, long-term
survival, and recurrent rates between thoracoscopic surgery
and thoracotomy (10).

Before the advent of thoracoscopic surgery, there
has been a trend to avoid one-stage surgery via bilateral
thoracotomy, sternotomy, or clamshell incision for
simultaneous bilateral pulmonary metastases due to its
intolerable invasiveness (1). For the last decades, thoracic
surgeons have been trying to overcome this limitation by
utilizing simultaneous thoracoscopic bilateral pulmonary
metastasectomy, taking advantage of its minimal invasiveness
(5-7,11-13). However, there are currently few summaries
or reviews of the safety and feasibility of simultaneous
thoracoscopic bilateral pulmonary metastasectomy.

In our department, simultaneous thoracoscopic bilateral
pulmonary metastasectomy has been the standard approach
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for the treatment of bilateral pulmonary metastases. In
this review, we discuss the state of the art of simultaneous
thoracoscopic bilateral pulmonary metastasectomy. We
cover the following topics and discuss our experiences: the
advantages and disadvantages of simultaneous minimally
invasive thoracoscopic bilateral pulmonary metastasectomy
compared to staged surgeries and thoracotomy, as well as
the surgical approaches and intraoperative management. We
present this article in accordance with the Narrative Review
reporting checklist (available at https://vats.amegroups.
com/article/view/10.21037/vats-23-40/rc).

Methods

We conducted a literature search on PubMed using the
terms “bilateral pulmonary metastases”, “bilateral lung
metastases”, “bilateral pulmonary nodules”, “bilateral
lung nodules”, “bilateral pulmonary resections”, and
“bilateral lung resections”, including case series, research
articles, and reviews. The search strategy is outlined in
Table 1. We identified 629 manuscripts and selected 40 for
inclusion. Some of these literature sources included cases
of simultaneous bilateral pulmonary resections for primary
lung cancer. Due to the limited availability of the literature
focusing solely on simultaneous thoracoscopic bilateral
pulmonary metastasectomy, we included literature on
primary lung cancer only when discussing intraoperative or
immediate perioperative outcomes, as the targeted disease
may not have a significant impact. We excluded articles
that did not mention the laterality or surgical approach
(thoracotomy or thoracoscopic surgery).

The advantages of simultaneous bilateral
pulmonary resections

Simultaneous bilateral pulmonary resections can provide
significant benefits compared to staged surgeries
(4,11,14-26). Patients undergoing the second surgery in
staged surgeries tend to experience more physical and
psychological stress than when they were undergoing the
first surgery. They may physically and psychologically
still be in the process of recovering from the first surgery.
With combining the two separate hospital stays and two
separate operations into one admission and one surgery,
we may be able to reduce the patients’ physical and
psychological burden. Moreover, patients may also benefit
financially due to the reduction of total length of hospital
stay (3,11,15,18,27). Some studies also have shown no
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Iltems Specification

Date of search
Database searched PubMed

Search terms used

2022/9/16-2023/7/8

“bilateral pulmonary metastases”

“bilateral lung metastases”

“bilateral pulmonary nodules”

“bilateral lung nodules”

“bilateral pulmonary resections”

“bilateral lung resections”

Timeframe

Inclusion and exclusion criteria

1996-2023

We conducted a selection of case series, research articles, and reviews in English

focusing on bilateral pulmonary resections; excluded from consideration were
articles lacking information regarding laterality and surgical approach (thoracotomy
or thoracoscopic surgery)

Selection process

S.Y. conducted the initial selection; subsequently, both authors discussed the

literature selection, leading to a consensus

Additional considerations

We incorporated literature concerning primary lung cancer only when addressing

intraoperative or immediate perioperative outcomes

significant difference in postoperative pain between bilateral
simultaneous pulmonary resections and unilateral surgery
(11,20). Avoiding staged surgeries can lead to more efficient
utilization of medical resources for hospitals as well as
patients (18,20).

From a surgical perspective, there is a risk that an
unexpectedly prolonged recovery after the first surgery
may delay the timing of the second surgery and lead to the
progression of the contralateral disease. This risk can be
avoided with simultaneous bilateral pulmonary resections
(16,18,19). Additionally, simultaneous bilateral pulmonary
resections may shorten the time lag between the first
surgery and the initiation of postoperative adjuvant therapy.

Numerous articles have suggested that the thoracoscopic
surgery is superior to thoracotomy in terms of postoperative
pain, recovery, and preservation of respiratory function
due to its minimal invasiveness (1-3,6,8). However, the
standard surgical approach for pulmonary metastases was
thoracotomy for a long time, which allowed surgeons to
explore all portions of the lung through bimanual palpation
and remove all nodules, including those too small to be
detected by preoperative imaging. In the past, bilateral
posterolateral thoracotomy, median sternotomy, and
clamshell incision were attempted for bilateral pulmonary
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metastasectomy. Bilateral posterolateral thoracotomy and
sternotomy require large incisions in the chest, which can
result in significant postoperative pain and a high risk of
postoperative respiratory complications. Clamshell incisions
are also known to increase postoperative complications
and mortality (1). Even though the sternotomy can reduce
the chest wall damage, it only allows limited access to the
posterior lungs, especially the posterior lower lobes (1,2).
While thoracoscopic surgery allows for easy access
to all parts of the lung and decreases postoperative pain,
complications, and mortality compared to thoracotomy,
there has been a long-standing debate about the risk
of missing small-sized pulmonary metastases during
thoracoscopic surgery which required bimanual palpation
for localization. A study of confirmatory thoracotomy after
thoracoscopic exploration reported a 56% occurrence of
missed pulmonary metastases (28). However, in recent
years, novel techniques such as computed tomography
(CT)-guided localization have emerged (29), and many
studies suggest no significant difference in prognosis
between thoracoscopic surgery and thoracotomy (1,3,8).
Also, it is considered that even if pulmonary metastases
which is too small to be detected by preoperative imaging
are missed during thoracoscopic surgery, there may
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be no significant prognostic impact (1). Furthermore,
thoracoscopic surgery may lead to reduced postoperative
pleural adhesions compared to thoracotomy, which could
be advantageous when performing repeated metastasectomy
on the ipsilateral side (1,2).

The disadvantages of simultaneous bilateral
pulmonary resections

Although there are disadvantages associated with bilateral
simultaneous pulmonary resections, these can be mitigated
through minimally invasive surgery and appropriate
preoperative cardiopulmonary evaluation, making
simultaneous bilateral surgeries more feasible.

Bilateral surgeries generally require longer operative
durations than unilateral surgery (14,15,17). However,
the operative time for bilateral simultaneous pulmonary
resections has been reported to be significantly shorter than
the sum of the staged surgeries (14,20,24), and the amount
of blood loss is comparable to twice that of unilateral
surgery (15). Intraoperatively, simultaneous bilateral
surgeries require meticulous anesthesia management
(6,14,29). Repositioning a patient can cause hemodynamic
instability, and one-lung ventilation with the resected
lung on the contralateral side can elevate intra-airway
pressure. Preceding lung resection can cause air leaks, and
the lateral position can compromise the drainage of air
leaks, potentially affecting oxygenation and causing tension
pneumothorax. To prevent these complications, we start
with the side that requires a smaller (less complicated) lung
resection (4,17,22-25,27).

Simultaneous bilateral surgeries also have a significant
impact on postoperative recovery. There are conflicting
reports regarding the duration of chest tube placement
and hospitalization periods for simultaneous bilateral
pulmonary resections compared to unilateral surgery. Some
reports suggest no significant difference (15), while others
indicate that simultaneous bilateral pulmonary resections
have prolonged air leaks and hospitalization periods (14).
However, simultaneous bilateral pulmonary resections result
in significantly shorter hospitalization periods compared
to the sum of staged bilateral pulmonary resections
(6,14,20,24,30). The postoperative pain management is
more crucial in bilateral surgeries than in unilateral surgery
to prevent respiratory complications (19,20,23-26,31).
Feldman et a/. (20) emphasized the importance of pain
control under the enhanced recovery after surgery (ERAS)
protocol after simultaneous bilateral pulmonary resections.
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There was no significant difference in the average
postoperative pain in the recovery room, on postoperative
day (POD) 1, POD2, and POD3 between patients who
underwent simultaneous bilateral pulmonary resections and
those who underwent staged surgeries. Regarding morphine
equivalents per hospitalization, there was no significant
difference between the two groups. However, the total
morphine equivalents administered to patients undergoing
simultaneous surgeries were significantly lower compared
to the sum administered to patients undergoing staged
surgeries. The use of minimally invasive thoracoscopic
surgery may reduce postoperative pain, and especially, the
subxiphoid approach may have significant benefits due to
the bypass of intercostal spaces (5,7,30,32-35).

Surgical approaches

Traditionally, multiportal thoracoscopic surgery in the
lateral position with changing sides to access the bilateral
pleural spaces has been the standard approach for
simultaneous bilateral thoracoscopic pulmonary resections.
Over the last decade, there has been a growing number of
reports of simultaneous thoracoscopic bilateral pulmonary
resections, and new innovative surgical approaches have
been also adopted recently. The clinical features of each
surgical approaches were summarized in Table 2.

An increasing number of intercostal uniportal
thoracoscopic bilateral pulmonary resections have been
reported (4,22,24-26,31). In most of the literature, the
patient is placed in the lateral decubitus position, and a
change of position is required for contralateral surgery. A
3 to 4 cm incision is made on the anterior to midaxillary
line between the fourth or fifth intercostal space. After
completing the surgery on one side, some surgeons insert
a cushion under the patient’s body to avoid kinking of
the drainage tube and ensure proper drainage during the
contralateral surgery (22,27). In cases where postoperative
air leaks are less of a concern, it is recommended to use a
thinner drainage tube to reduce postoperative pain (24).

Liang et al. reported a case series of simultaneous bilateral
pulmonary resections for unpalpable nodules using image-
guided uniportal surgery in a hybrid operating room (29). All
procedures, including intraoperative CT-guided localization,
can be completed in the same hybrid operating room.
Surgery can be safely performed for bilateral unpalpable
nodules even when the localization is complicated by
bilateral pneumothorax or hemothorax, as there is no need
to transfer patients to an operating room after localization,
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Table 2 Clinical features of surgical approaches for bilateral pulmonary nodules

) Patient’s Changing Number of Maximal size Approach to the Compression Connection of bilateral
Surgical approaches e L " o L . . .
position patient’s position incisions  of incisions posterior lung  of the heart thoracic cavities
Conventional Lateral Yes Four or N/A Easy No No
multiportal decubitus more
Intercostal uniportal Lateral Yes Two 3todcm Easy No No
decubitus
Subxiphoid uniportal Supine No Twoormore 3to4cm Less difficult Yes Yes
with intercostal ports
Subxiphoid uniportal Supine No One 3todcm Difficult Yes Yes

N/A, not applicable.

such as percutaneous image-guided injection of a dye and
image-guided placement of hook wires or micro coils. As
another approach for unpalpable nodules, Kawada et 4l
reported the intrathoracic stamping method, which avoids
puncturing the lung (36). In Japan, virtual-assisted lung
mapping (VAL-MAP) using three-dimensional images and
bronchoscopic dye injection has been widely accepted as a
safe and reproducible procedure (37).

Recently, there have been more and more reports of using
the subxiphoid approach, either alone or with an intercostal
approach, for resecting bilateral pulmonary nodules
in a supine position (5,7,30-33). In 1999, Mineo et al.
reported intercostal thoracoscopic surgery for bilateral
pulmonary metastases with a hand-assisted subxiphoid
approach (12), while Taniguchi ez /. reported intercostal
thoracoscopic bilateral pulmonary metastasectomy with a
subxiphoid access port and sternal suspension in 2005 (13).
The subxiphoid approach eliminates the need to change the
patient’s position, potentially reducing operative time and
the risk of compromising intraoperative hemodynamics.
Additionally, the subxiphoid approach may reduce
postoperative pain by avoiding intercostal space injuries
and have aesthetic benefits due to the reduced incisions.
Compared with intercostal uniportal bilateral pulmonary
resections, the subxiphoid approach resulted in less
postoperative pain. However, operative time and blood loss
were significantly increased in the subxiphoid group (31).

There are several caveats to subxiphoid uniportal
bilateral pulmonary metastasectomy (7,35). Firstly, patients
undergoing subxiphoid uniportal bilateral pulmonary
resections should be selected carefully due to the difficulty
of accessing the posterior lung (5,7). Sometimes an
additional port in the intercostal space may be necessary
for assistance. Mohammed ez 4/. reported that an additional
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port for the scope in the intercostal space, separately from
the subxiphoid incision, reduces the size of the subxiphoid
incision, facilitates insertion of instruments, and is useful
for manipulation near the posterior mediastinum and for
dissection of adhesions (32). Secondly, there is a concern
that the subxiphoid approach may induce arrhythmia
and hypotension during left-sided surgery, particularly
in patients with cardiac hypertrophy, due to compression
of the heart by the surgical instruments (7,31,33,35).
Extending the skin incision by 1 to 2 cm along the left-
sided rib arch may improve the operative field (31). Lastly,
it should be noted that in subxiphoid bilateral pulmonary
resections, the left and right thoracic cavities are connected,
so postoperative air leaks or malignant pleural effusions on
one side may affect the contralateral side (35).

There have been a few reports of thoracoscopic
contralateral pulmonary resections performed in the
lateral decubitus position by approaching the contralateral
side through the anterior mediastinum (38,39). However,
this surgical approach is only applicable to the selected
cases, as it requires the absence of pleural adhesion on the
contralateral side and the location of nodules in the anterior
and mediastinal regions of the lung (8).

Extent of lung resection

The indication of simultaneous bilateral pulmonary
metastasectomy should be judged on a case-by-case basis,
considering the location of the metastasis, the extent of lung
resection, and the patient’s respiratory function. Generally,
the number of pulmonary metastases and the histology
of the primary lesion are considered to have a significant
impact on the prognosis of patients with pulmonary
metastases. However, many studies have suggested that
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the number and histology themselves may not be the sole
independent factors limiting pulmonary metastasectomy
(2,9,11,15).

While surgeons often select wedge resections for
pulmonary metastasectomy, anatomical resections such as
segmentectomy and lobectomy may be necessary for large
and/or centrally-located tumors (8,40). Some studies have
suggested that patients who need only wedge resections on
at least one side may be suitable for simultaneous bilateral
pulmonary resections (17). However, other reports suggest
that the maximum resection range could be extended to
lobectomy and contralateral segmentectomy (19,21,31).
The occurrence of postoperative pneumonia was reported
to be significantly higher in patients who underwent
uniportal thoracoscopic simultaneous lobectomy and
contralateral sublobar resections compared to those who
underwent uniportal simultaneous bilateral sublobar
resections (4). In this study, despite the high incidence
of postoperative pneumonia, there was no significant
difference in postoperative length of stay between the
two groups, and the authors recommended considering
simultaneous bilateral pulmonary resections for patients
with a performance status of 0 or 1 and percent predicted
forced expiratory volume in one second (FEV1%) greater
than 75%.

It is widely accepted that the simultaneous bilateral
lobectomy is extremely high risk and should be avoided
due to its high mortality, even when patients are carefully
selected (21). Yao et al. reported that a patient who
underwent simultaneous multiportal thoracoscopic
bilateral lobectomy required four days of postoperative
ventilator management (27). Xu et al. reviewed 40 cases of
simultaneous intercostal uniportal thoracoscopic bilateral
pulmonary metastasectomy. They recommended that the
criteria for the indication of simultaneous bilateral surgeries
should exclude bilateral lobectomy, except for the right
middle lobe, and the extent of resection should be limited
to a total of 10 segments or less (24). However, in recent
years, there have been increasing reports of simultaneous
bilateral lobectomy due to the minimally invasive nature of
thoracoscopic surgery (34).

Minimally invasive thoracoscopic surgery may increase
the acceptable extent of lung resection with minimizing
the chest wall disruption. However, the existing
literature regarding the feasibility of simultaneous
bilateral metastasectomy includes cases of thoracotomy.
Therefore, further research is needed to clarify the
acceptable extent of lung resection specifically with
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regard to thoracoscopic surgery.

Our experience

In our institution, we prefer to perform simultaneous
thoracoscopic bilateral pulmonary metastasectomy for
patients who have adequately maintained cardiopulmonary
functions without significant comorbidities. Our selection
criteria allow for a maximum lung resection volume of a
lobectomy and a contralateral segmentectomy, with or
without wedge resections. We typically perform three-
port thoracoscopic surgery with a 12 mm incision for the
surgeon’s right hand, 5-10 mm for the scope, and 3-7 mm
for the surgeon’s left hand. The surgeon stands on the
patient’s right side, regardless of the operating side of the
patients, and the scope assistant stands on the patient’s left
side. The incision for the surgeon’s right hand is placed
on the midaxillary line of the 5th or 6th intercostal space.
For right-sided surgery, the incision for the surgeon’s left
hand is placed on the posterior axillary line of the 4th
or 5th intercostal space, and the incision for the scope
is placed on the anterior axillary line of the 3rd or 4th
intercostal space. For left-sided surgery, the two incisions
are reversed. Patients are placed in a lateral decubitus
position. After successful lung resection, we usually place a
20-French chest tube from the anterior edge of the incision
of surgeon’s right hand, which is usually located on the
mid axillary line. When performing simultaneous bilateral
surgeries, a drainage tube is inserted through the incision
on the anterior axillary line to avoid the patient lying on the
chest tube, which can compromise the drainage of air leaks
during contralateral surgery (Figure 14). After changing the
patient’s position, we examine the tidaling of water seal in
the chest tube drainage system before starting the surgery
on the contralateral side. For the second surgery, a drainage
tube is inserted through the incision on the mid axillary line
as usual (Figure 1B).

Between 2019 and 2022, we performed eight cases
of simultaneous thoracoscopic bilateral pulmonary
metastasectomy. Among the patients, six patients underwent
bilateral wedge resections, one underwent lingulectomy
and contralateral wedge resection, and the other underwent
right superior segmentectomy and contralateral wedge
resections. During this period, no patient underwent
bilateral metastasectomy via thoracotomy. The median
operative duration was 176 min (range, 119 to 317 min).
The median length of postoperative stay was 5 days (range,
3 to 6 days), and the median postoperative drainage period
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Figure 1 The incisions of three-port thoracoscopic surgery for bilateral pulmonary metastases. (A) For the first surgery on the right side,

a drainage tube is inserted through the incision for the scope on the anterior axillary line. (B) For the second surgery on the left side, a

drainage tube is inserted through the incision of the surgeon’s right hand on the mid axillary line.

was 1 day (range, 1 to 3 days). There were no significant
postoperative morbidities or mortalities. Our perioperative
outcomes were comparable to those reported in the
literature.

Conclusions

Simultaneous minimally invasive thoracoscopic bilateral
pulmonary metastasectomy may be safe and feasible and
may gain wider acceptance soon. However, the surgical
indications, including the number of pulmonary metastases
and the histology of the primary lesion, as well as long-term
outcomes, were not extensively discussed in the reviewed
articles. Further studies are necessary to evaluate the
surgical indications and assess the long-term oncological
outcomes, including a comparison of simultaneous and
staged thoracoscopic bilateral pulmonary metastasectomy.
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