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Uniportal video-assisted thoracoscopic surgery for lung cancer—
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Background and Objective: Compared with open surgery, video-assisted thoracic surgery (VATYS) is
a superior approach to perform lobectomy in early-stage lung cancer patients. Originally described and
adopted using 3 ports, VAT has evolved such that a single-port approach can be used, though this approach
has only been popular in Europe and Asia. While long-term oncologic data on uniportal-VATS (U-VATS)
is still scarce, data on surgical outcomes, pain management, and short-term postoperative outcomes
demonstrate that U-VATS is not inferior to multiportal VATS. Our objective was to review the outcomes
of lobectomy performed using U-VATS and describe our institutional experience, highlighting current
practices that may facilitate adoption of U-VATS.

Methods: We conducted PubMed and Google Scholar searches for articles published from 2000-2021
using specific keywords (lung cancer, VATS, U-VATS, uniportal thoracic surgery). All articles in English
were reviewed to elaborate this manuscript; randomized clinical trials, meta-analyses, and multicenter studies
were prioritized and read in full. Also, we described our institutional practices for performing U-VATS with
an Enhanced Recovery Protocol.

Key Content and Findings: Our literature review examines the different clinical outcomes of U-VATS
before, during, and after surgery. This was done comparing literature findings to our own published and
personal experiences. Also, limitations as to why this surgical approach is not widely used in North America
is briefly discussed.

Conclusions: According to this non-systematic review of the literature, U-VAT'S offers less invasiveness,
reduced production of immunomodulatory chemokines, and fewer early postoperative complications while
delivering the same oncological outcomes as multiportal VATS. As the adoption of the U-VATS grows

globally, a higher level of evidence is awaited to support widespread adoption of this technique.
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Introduction performed with therapeutic intent. In fact, even prior to the

Over the last two decades, video-assisted thoracoscopic acquisition of high-level scientific evidence supporting its

surgery (VATS) has evolved from a procedure primarily use, minimally invasive surgery became the recommended

carried out for diagnostic purposes to one most often approach for the treatment of early-stage lung cancer (1).
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A recent randomized trial was initiated to verify that VATS
offers superior postoperative clinical outcomes and similar
early oncologic outcomes when compared with lobectomy
via thoracotomy (2). The 1-year results from this trial
confirmed the superiority of VATS lobectomy over open
thoracotomy lobectomy for better clinical outcomes, both
early postoperatively and 1 year after lobectomy, with no
differences in disease-free and overall survival between the
2 approaches (3).

Despite slow adoption initially (4), VATS lobectomy is
now regarded as a universal, feasible, and safe procedure
that is associated with decreased postoperative pain and
morbidity and faster recovery (2,5-7). The advent of
sophisticated dissection tools and high-resolution camera
technology, along with the natural surgeon’s instinct to push
boundaries, has resulted not only in implementation of
minimally invasive surgery but also adoption of innovations
as to decrease the number of incisions even when
performing complex VATS anatomic lung resections (8,9).

VATS lobectomy has been most often performed via
2 to 4 incisions (10,11). However, in 2004, Rocco and
colleagues (12) introduced the concept of the uniportal
approach (one incision in one intercostal space), and in
2011, Gonzalez—Rivas and colleagues published the first
case report of uniportal VAT'S (U-VATYS) lobectomy for an
early-stage lung cancer (13). Over the last decade, several
European and Asian thoracic surgeons have published
details and outcomes of complex resections via this uniportal
approach including segmentectomy, pneumonectomy, and
sleeve and double-sleeve lung resections (14-17). Yet, despite
multiple series showing that uniportal VATS lobectomy is
at least equivalent to multiport VAT'S (M-VATYS) lobectomy
when considering perioperative outcomes and possibly
has advantages of better pain control and shorter hospital
stay (18), thoracic surgeons in North America are still
reluctant to adopt the U-VAT'S approach (19). Interestingly,
Yu and colleagues recently published their results of a
prospective trial comparing M-VATS and U-VATS and
showed less immunomodulatory chemokine production,
namely less tissue inhibitor of matrix metalloproteinase
(TIMP)-1 and matrix metalloproteinase (MMP)-9
production, in the U-VATS group (20). These findings
raise the question of whether U-VAT'S may, in fact, be a less
aggressive approach. Although U-VATS is a promising and
innovative approach, data on long-term oncologic outcomes
after U-VAT'S resection are still scarce. Nonetheless, the
lessons learned from experience with M-VATS lobectomy
can be applied to further improve clinical and oncological
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outcomes of the uniportal VATS approach.

From this perspective, we aim to review the surgical
outcomes of uniportal VATS lobectomy and describe our
institutional experience, highlighting current practices that
may facilitate the adoption of U-VATS. We present this
article in accordance with the Narrative Review reporting
checklist (available at https://ccts.amegroups.com/article/
view/10.21037/ccts-21-38/rc).

Methods

We performed PubMed and Google Scholar searches using
the following keywords: lung cancer, video-assisted surgery,
single-port surgery, VAT'S, U-VAT', and uniportal thoracic
surgery. All articles in English published from 2000 to 2021
were reviewed to elaborate this manuscript. Randomized
clinical trials, meta-analysis and multicenter studies were
prioritized and read in full. 7able I details the search strategy
summary in full. Also, we detailed our institutional practices
for performing U-VAT'S and caring for patients undergoing
U-VATS lobectomy with an Enhanced Recovery Protocol.

Discussion
Institutional protocols

Preoperative care

In 2008, our institution adopted a Rapid Diagnostic
Assessment Program (DAP) to promote a homogenous
pattern of patient care from diagnosis to treatment. Cancer
staging tests and preoperative evaluation include pulmonary
function tests, cardiac evaluation, bronchoscopy, chest
computed tomography (CT) scan, positron emission
tomography (PET) scan, brain imaging and lung or lymph
node biopsy for diagnosis (21). Endobronchial ultrasound
(EBUS) is ordered according to the European Society of
Thoracic Surgery (ESTS) criteria for invasive mediastinal
staging (22). All patients receive education on lung cancer
and smoking cessation counseling. 7zble 2 summarizes the
different steps of the patient’s clinical care trajectory.

In conjunction with the DAP, an institutional enhanced
recovery protocol (ERP) that consists of a well-structured
plan to educate patients and caregivers preoperatively and
postoperatively was implemented (21). The European
Society of Thoracic Surgeons (ESTS) has published
guidelines for fast-track postoperative care of lung cancer
patients treated surgically (23), and we follow their
recommendations for enhanced recovery. According
to their guidelines, prior to surgery, patients receive
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Table 1 The search strategy summary
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ltems

Specification

Date of search
Databases and other sources searched

Search terms used

Timeframe

Inclusion and exclusion criteria

Selection process (who conducted the selection, whether
it was conducted independently, how consensus was
obtained, etc.)

Example of the search strategies used in PubMed

January 1%, 2021
PubMed, Google Scholar

Search terms: lung cancer, video-assisted surgery, single-port surgery, VATS,
U-VATS, and uniportal thoracic surgery

From January 151, 2000 to January 15', 2021

Inclusion criteria: (I) U-VATS surgery (segmentectomy, lobectomy,
pneumonectomy); (1l) article languages: English; (lll) article types: randomized
clinical trials, meta-analysis, and multicenter studies. Exclusion criteria: None

All abstracts were read in full by FSW and CAM,; relevant studies were read in
full by FSW; all major studied were brought to the attention of all co-authors
to be hand-picked by consensus

(Single port or uniport®) AND lung surgery; U-VATS; single port VATS;
video-assisted thoracoscopy

VATS, video-assisted thoracoscopic surgery; U-VATS, uniportal VATS.

Table 2 Institutional enhanced recovery protocol strategies

dedicated counseling and are screened for nutritional

Preoperative strategies

Preoperative visit, evaluation, and investigations with
accelerated DAP

Patient education, smoking cessation, preoperative workout

plan, and explanation of the ERP
Same-day admission
Perioperative strategies
Antibiotic and venous thromboembolism prophylaxis
Regional anesthesia as needed
Goal-directed fluid therapy
Minimally invasive surgery (VATS)
Single chest drainage
Postoperative strategies
Avoidance of opiates
Avoidance of intravenous fluid overloading
Early ambulation, feeding and physiotherapy
Rapid-recovery-directed nursing
Early removal of chest tubes
Postoperative education
Booklet about postoperative care

Rapid, elective, clinical reassessment

status. Malnourished patients can benefit from nutritional
counseling and supplements. Smoking and alcohol
cessation is strongly advised to start at least 4 weeks prior
to intervention. Lastly, in patients with borderline lung
function, pulmonary rehabilitation is encouraged despite
low-level evidence supporting this recommendation. Routine
administration of sedatives preoperatively is discouraged
(Table 2). These enhanced recovery protocols and guidelines
have a positive influence on patient outcomes (24).

Intraoperative—uniportal VATS lobectomy
institutional approach

Our adoption of the U-VATS approach in 2014 was
carefully planned (Figure S1). We developed a prospective
database and a strategy to record and review our surgeries
so constant adjustments to the technique could be
implemented. Naturally, at the beginning, surgeries were
longer, and we incurred in higher rate of vascular accidents
and conversions to M-VATS or thoracotomy (25). We
recently published our U-VATS learning curve, in which
we identified 3 different phases according to number of
procedures performed within each timeframe. The initial
phase consisted of 60 lobectomies, followed by a transition
phase of up to 140 lobectomies before the proficient phase
was reached. Within each phase, we analyzed surgical time,
blood loss, conversion rate to thoracotomy and the need for

DAP, diagnostic assessment program; ERP, enhanced recovery

protocol; VATS, video-assisted thoracoscopic surgery.
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a second incision as well as other variables (26) (Figure I).
Others have also published on the learning curve of U-VATS
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Figure 1 A summary of our learning curve results for U-VATS (26). (A) U-VAT'S learning curve results for operation time; (B) U-VATS

learning curve results for bleeding; (C) U-VATS learning curve results for conversion rates and second incision rates; (D) U-VATS learning

curve results for postoperative length of stay. U-VAT'S, uniportal video-assisted surgery.

lobectomy, and most agree that this approach involves a
steep learning curve (27-31).

At our center U-VATS lobectomy is performed with
the patient under general anesthesia and with single-
lung ventilation. The patient is positioned in full lateral
decubitus with flexion of the table at the level of the mid-
chest, allowing slight widening of the intercostal space that
will improve exposure and facilitate access to the pleural
cavity. In 2019, the ESTS Uniportal VATS Interest Group,
published a consensus report on standardization of the
uniportal technique for lobectomy describing precisely
how experts perform the procedure. It was agreed that the
maximum incision size should be 4 cm, that the incision
should be made between the middle and anterior axillary
lines, and that a wound retractor could be employed but

© Current Challenges in Thoracic Surgery. All rights reserved.

rib spreading must not be used. Either a 10-mm camera
or a 5-mm camera is acceptable, though the procedure is
probably easier with the smaller camera. Additionally, only
1 chest tube, 28 French or smaller and placed through the
same skin incision, should be used, and either intercostal or
paravertebral nerve blocks are the preferred analgesia (32).
Once the pleural space is entered, a thorough exploration
is performed to confirm resectability. The sequence of
dissection for most lobectomies is as follows: (I) for right
upper lobectomy—arteries, bronchus, then vein; (II)
left upper lobe and right and left lower lobes—arteries,
vein, then bronchus, and (III) for the right middle lobe—
vein, bronchus, then arteries. We perform hilar and lobe-
guided mediastinal lymphadenectomy in all patients.
We spend time to thoroughly expose all elements of the
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Figure 2 Postoperative view of U-VATS incision with chest tube
for drainage. U-VATS, uniportal video-assisted surgery.

hilum, because we believe this is crucial to perform a safe
operation. After complete removal of the hilar and lobar
lymph nodes, the lobar vessels are well exposed. Each
vessel is then dissected at its base, in the periadventitial
plane and with no tension. We prefer to use an endostapler
with curved-tip cartridges to transect all vascular branches.
Once all peribronchial lymphatic tissue is swiped towards
the specimen, we transect the bronchus with a thick stapler
load. For the dissection of the parenchyma, we generally
will use a medium-thick load; however, for emphysematous
patients, we favor the reinforced reload.

Only patients with impaired pulmonary lung function
will require an epidural catheter. Otherwise, we perform
preemptive analgesia through intercostal nerve block with
bupivacaine prior to incision. We perform a second round of
intercostal nerve block from the intrapleural space prior to
removal of the specimen. We insert a 24-French chest tube
through the single surgical incision at closure (Figure 2).

Postoperative care

Most patients will recover for the first 24 h after surgery
in a step-down unit. Only high-risk patients or patients
undergoing major lung resections, such as pneumonectomy,
will recover in the intensive care unit. According to
our institutional postoperative care enhanced recovery
protocol, patients are mobilized 4 h after surgery to a chair,
and walking is encouraged under supervision soon after.
Respiratory physiotherapy exercises are taught as soon as
the patient is well awake and are practiced regularly with
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the help of the nursing staff, physiotherapists, and family
members. We strongly support the participation of family in
our patients’ care as they will be the primary caregivers after
discharge (Tible 2). For pain control, we use a combination
of oral acetaminophen and a patient-controlled analgesia
(PCA) pump that contains hydromorphone. A single chest
tube under a water seal is generally used for drainage. Chest
tubes are removed as soon as possible as long as there is
no air leak and drainage is <300 mL in 24 h. Discharge
is usually prior to postoperative day 3, but as a referral
center for the province, patients from distant sites may be
dependent on transfers and require a longer stay. Follow-
ups at an outpatient clinic are scheduled 2 weeks following
discharge. At this follow-up appointment, the pathology
report will be reviewed with the patient and family to
determine the next steps in treatment.

Surgical outcomes of U-VATS vs. M-VATS

Postoperative pain
Two systematic reviews with meta-analysis have been
published comparing postoperative pain after U-VATS and
M-VATS. The first, in 2018 by Yang and colleagues (33),
pooled the results reported in 3 articles (34-36) and found
significantly lower pain, assessed using a visual analog scale,
on postoperative day 1 after U-VATS as compared with
M-VATS, while reporting no difference 72 h after surgery
in 2 of the 3 studies (34,35). The second meta-analysis,
published by Ng and colleagues in 2019 (37), was a pooled
analysis of 2 articles (34,38) and again revealed that patients
who underwent U-VAT'S had significantly lower visual pain
scores on postoperative day 1, as well as on postoperative
days 3, 7 and 30, than patients who underwent M-VATS.
Several retrospective and single-institution series have
also examined pain after U-VATS as compared with
M-VATS. Wang and colleagues (39) compared U-VATS
with M-VAT'S and with open thoracotomy. The patients
who underwent U-VAT'S had significantly lower visual pain
scores as compared with the other two groups 1, 2, and
3 days postoperatively and pain scores were still significantly
lower 1 week and 1 month postoperatively. Zhao and
colleagues (40) also compared the three techniques, but
focused on elderly patients, and again found that the
U-VATS group had significant lower pain scores on
postoperative days 1 and 3 and on the last day of hospital
stay, when pain was evaluated as part of a patient global
assessment. Furthermore, Abouarab, Yan, and Louis
with their colleagues have all shown that patients who
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undergo U-VATS for lobectomy and sublobar resection
take significantly less pain medication, including narcotics,
when compared with patients who undergo M-VATS
resections (41-43). Conversely however, in 2019, Tosi and
colleagues (44), using the Italian VATS Group database,
reported that U-VAT'S patients had a significantly higher
level of pain on postoperative days 2 and 3 than M-VATS
patients. In our opinion after using U-VATS for several
years, uniportal VAT'S generally results in less postoperative
pain, because only one incision is used instead of the 2—4
incisions typical for M-VATS. With fewer incisions, we
believe there is less chance of damaging multiple intercostal
nerves and less chance of acute and chronic postoperative
pain.

Length of stay (LOS) and duration of chest tube
drainage

Three meta-analyses of LOS and duration of chest tube
placement after U-VATS with conflicting results have been
published. In 2020, Yan and colleagues included 20 papers
for a total of 4,142 patients in their meta-analysis and
examined perioperative and early postoperative outcomes of
U-VATS versus M-VAT'S. Length of stay was reported in 12
studies for a total of 2,490 patients, and duration of drainage
was reported in 18 studies for a total of 2,743 patients. Yan
observed statistically similar LOS between groups (5.7+4.0
U-VATS and 7.2+5.1 M-VATS) and similar chest tube
duration between groups (3.9+2.9 days U-VATS and 4.4+3.1
days M-VATS) (42). Two earlier meta-analyses also showed
significantly shorter LOS and chest tube duration in the
U-VATS group as compared to with M-VAT'S group (41,45).

Other complications

Other factors, such as blood loss, complication rate,
and number of resected lymph nodes have also been
evaluated when comparing U-VATS and M-VATS. The
number of resected lymph nodes did not vary between
the 2 approaches in any of the meta-analyses detailed
above. Blood loss and complication rate after U-VATS
were similar to or better than after M-VATS depending
on the meta-analysis, indicating favorable outcomes after
U-VATS in both the treatment of minor and major lung
disorders (41,42,45). Our group recently compared the
early postoperative outcomes after U-VATS lobectomy as
compared with M-VATS lobectomy for non-small cell lung
cancer. Although patients who underwent U-VATS had a
lower rate of postoperative pneumonia and air leakage in
a multivariable analysis, no significant differences in the
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complication rate were observed in a propensity-matched
analysis. Furthermore, the conversion-to-thoracotomy
rate, the need for a transfusion, and the harvesting of
lymph nodes were all similar between the 2 approaches.
The U-VAT'S approach showed a shorter surgical time and
less intraoperative bleeding. This study revealed that, in
hands of experts, U-VAT'S has similar surgical outcomes
as M-VATS (46). Abouarab and colleagues (41) also
reported that U-VATS and M-VATS have similar rates
of postoperative complications. A systematic review with
meta-analysis (37) found a significant lower rate of overall
postoperative complications, such as prolonged air leak and
pneumonia in patients undergoing U-VATS as compared
with M-VATS when assessing 6 studies for a total of 1,010
patients. Finally, a randomized trial comparing U-VAT'S and
M-VATS for lobectomy showed no statistically significant
differences in perioperative and early postoperative
outcomes including postoperative pain, LOS, chest tube
duration and 30-day mortality (47).

U-VATS limitations

There are some limitations to U-VATS currently. U-VATS
is one of the most recently developed VATS techniques
and may have a steeper learning curve than M-VATS.
Unfortunately, high-quality data on oncological outcomes is
scarce, and several surgeons do not believe that decreasing
the number of incisions will translate into a clinical
advantage for patients (26). A key question is, how much
energy should we devote to changing our approach in the
absence of scientific proof of superiority? Some believe this
is a futile matter.

To our knowledge, no prospective or randomized trial
has demonstrated superiority of U-VATS over M-VATS, in
the meantime, VATS approaches with 2 to 4 incisions are
well-accepted approaches to VATS lobectomy, which has
been proven superior to thoracotomy for early-stage lung
cancer.

Conclusions

The use of enhanced recovery protocols and guidelines for
lung cancer management is key to provide the best care
for patients and allow them a faster return to their normal
life (24). Recent studies suggest that U-VATS is less invasive
and is associated with less production of immunomodulatory
chemokines and fewer postoperative complications while
delivering comparable oncological results as M-VATS. As
the adoption of U-VATS approaches increases worldwide,
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we believe it is only a matter of time until stronger
oncological data is published to further support the use of
U-VATS. Additionally, we will only be able to properly
teach U-VATS to junior surgeons after senior surgeons
embrace the technique.
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Figure S1 Flow Sheet—uniportal VATS adoption. VAT, video-assisted thoracic surgery; NSCLC, non-small cell lung cancer; RUL, right
upper lobe.
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