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Simple Summary

Multiportal video-assisted thoracoscopic surgery (M-VATS) was introduced in Japan in the
1990s, followed by uniportal VATS (U-VATS) and robot-assisted thoracic surgery (RATS) in
the 2010s. U-VATS gained significant traction after the 1st Fellowship of the Japanese Asso-
ciation for Chest Surgery (JACS; currently the Japanese Society for Thoracic Surgery, JSTS),
leading to the establishment of the Japanese Uniportal VATS Interest Group (JUVIG). JUVIG
has since driven wider adoption through extensive educational programs and collaborative
studies, enabling experts to utilize U-VATS for complex resections such as bronchoplasty
and complex segmentectomy. Concurrently, RATS obtained insurance coverage in 2018 and
has grown more prevalent than U-VATS, influenced by institutional branding, recruitment
incentives, and evolving healthcare reimbursement structures. Although newly emerg-
ing robotic platforms continue to accelerate RATS adoption, maintaining proficiency in
VATS and open thoracotomy remains indispensable for comprehensive surgical education,
economic sustainability, and intraoperative crisis management.

Abstract

Multiportal video-assisted thoracoscopic surgery (VATS) was introduced in Japan in the
1990s, with uniportal VATS (U-VATS) and robot-assisted thoracic surgery (RATS) following
in the 2010s. U-VATS gained significant traction after the 1st Fellowship of the Japanese
Association for Chest Surgery (JACS; currently the Japanese Society for Thoracic Surgery,
JSTS) in 2018, leading to the establishment of the Japanese Uniportal VATS Interest Group
(JUVIG) in April 2018. JUVIG has since driven wider adoption through extensive activities,
including educational programs, publications, and collaborative multicenter studies. As a
result, expert surgeons now utilize U-VATS for complex procedures such as bronchoplasty,
completion lobectomy, complex segmentectomy, and pediatric surgery. Concurrently, RATS
gained insurance coverage in Japan in 2018 and has become more prevalent than U-VATS.
Despite the significant costs associated with RATS, its adoption rate surpasses that of U-
VATS due to institutional policies, perceived ease of implementation, branding, recruitment
incentives, and recent national healthcare insurance reimbursement revisions (add-ons)
introduced in 2026, which may create administrative pressure to prioritize robotic cases.
Although reduced-port RATS is gaining popularity—blurring the lines with U-VATS—
and newly emerging indigenous robotic platforms are expected to further accelerate RATS
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adoption, multiportal VATS (M-VATS) remains the dominant approach in many institutions.
Furthermore, maintaining proficiency in VATS, U-VATS, and open thoracotomy remains
indispensable for surgical education, economic viability, and acute intraoperative crisis
management. Ultimately, while U-VATS represents a promising minimally invasive option,
its widespread adoption for major and complex resections in Japan continues to be restricted
by both educational and societal barriers.

Keywords: uniportal; video-assisted thoracoscopic surgery; robot-assisted thoracic surgery;
minimally invasive surgery

1. Introduction

The development of thoracoscopy marked a definitive shift toward minimally invasive
surgery (MIS), moving the field from open thoracotomy to video-assisted thoracic surgery
(VATS). Initially, VATS was performed via mini-thoracotomy; it subsequently evolved
to complete multiportal VATS (M-VATS), the then-dominant approach. Following this,
uniportal VATS (U-VATS) was pioneered by Dr. Diego Gonzélez-Rivas [1] and introduced
in Japan in the 2010s [2,3]. Its adoption accelerated following U-VATS international train-
ing courses and the 1st Fellowship of the Japanese Association for Chest Surgery (JACS;
currently the Japanese Society for Thoracic Surgery, JSTS) in 2018, serving as a key turning
point for domestic academic recognition [4]. Despite the COVID-19 pandemic, the Japanese
Uniportal VATS Interest Group (JUVIG) sustained U-VATS promotion through educational
materials, seminars, publications, and device development [2,5].

Initial skepticism from M-VATS proponents gradually diminished as comparative stud-
ies demonstrated that U-VATS offers perioperative outcomes and safety profiles comparable
to M-VATS, with potential benefits in reducing postoperative pain, while early Japanese
clinical series confirmed its technical feasibility across various anatomical resections [5-11].

Accordingly, this narrative review aims to synthesize current evidence comparing
U-VATS and RATS in Japan, evaluating both clinical outcomes—including perioperative
metrics, postoperative pain, oncological radicality, learning curves, and cost-effectiveness—
and the socioeconomic, educational, and reimbursement factors that shape their real-world
institutional adoption.

2. Methods

To synthesize the current evidence and identify key differences between surgical ap-
proaches, a comprehensive literature search was conducted using the PubMed database in
September 2026. Search terms included combinations of the following keywords: ‘thoracic
surgery’, ‘video-assisted thoracoscopic surgery’, ‘thoracotomy’, ‘multiport’, ‘multiportal’,
“uniport’, ‘uniportal’, ‘single incision’, ‘single port’, ‘robot’, ‘robot-assisted’, ‘learning curve’,
‘morbidity’, ‘mortality’, ‘complication’, ‘pain’, ‘lymph node dissection’, ‘lymphadenec-
tomy’, ‘conversion’, ‘training’, ‘surgical education’, ‘cost’, and ‘surgical technique’. Original
articles, proceedings papers, and review articles published up to the search date containing
these terms in their titles or abstracts were screened. Additionally, reference lists of the iden-
tified publications were manually reviewed to capture further relevant studies, resulting
in a total of 75 papers included in this review. The retrieved information was synthesized
using a narrative approach and categorized into five main domains corresponding to the
core sections of this manuscript: (1) RATS Dominance and Discrepancy; (2) Socioeconomic
Drivers and Healthcare Insurance System; (3) Educational Ecosystem, Systemic Constraints,
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and Safety Considerations; (4) Evaluation Systems and Institutional Barriers; and (5) Global
Perspectives and Future Outlook.

3. Bibliometric Analysis and Author Identification

A bibliometric analysis was conducted using the Dimensions database (Digital Science;
https:/ /www.dimensions.ai (accessed on 1 October 2026)) on 15 August 2026 to identify
active research hubs across the four surgical approaches (RATS, open thoracotomy, U-VATS,
and M-VATS). Standardized search strategies were applied for each surgical approach
using specific keyword combinations [e.g., (“uniportal” OR “single-port”) AND (“VATS”
OR “video-assisted”) AND “lung”].

For each approach, the top 50 authors were ranked based strictly on publication
volume. Author disambiguation was performed utilizing unique Dimensions Researcher
IDs, cross-referenced with institutional affiliations, ORCID identifiers, and publication
histories to minimize misclassification from identical names or split profiles. Authors who
met the top 50 threshold in more than one surgical category were included independently
in each respective category’s author pool to reflect approach-specific productivity.

4. RATS Dominance and Discrepancy

Robot-assisted thoracic surgery (RATS), also introduced in the 2010s, is currently more
prevalent in Japan, with an institutional adoption rate of 57.5% vs. 42.5% for U-VATS [12].
RATS faces persistent challenges, including high capital costs, a multiportal configuration,
and ongoing limitations in insurance coverage and system availability [13,14]. While U-
VATS is arguably less invasive based on wound size and pain, RATS has achieved broader
institutional adoption [12].

This observed discrepancy is suggested to be influenced by a complex interplay of
several factors: (1) institutional economic motivations to optimize the operational utiliza-
tion of capital-intensive robotic platforms, (2) the perceived technological advancement
and competitive institutional positioning—which may facilitate patient engagement and
support the recruitment of young surgical trainees amidst Japan’s severe shortage in the
surgical workforce [15,16]—and (3) the technical complexity of U-VATS combined with
a relative scarcity of qualified instructors and mentorship programs. Consequently, the
clinical adoption of these surgical modalities is shaped not only by technical feasibility
but also by institutional healthcare economics, organizational strategies, and educational
resources. Meanwhile, RATS itself is evolving from traditional multiportal approaches
toward reduced-port and uniportal platforms [17-19] (Figure 1).

To provide a balanced synthesis of both modalities, a comprehensive comparison
between U-VATS and RATS across clinical, technical, educational, and economic domains
is summarized in Table 1.

Table 1. Comprehensive comparison between uniportal VATS (U-VATS) and robot-assisted thoracic
surgery (RATS).

Domain/Item

U-VATS RATS

Surgical approach &
port configuration

Multiportal (typically 3-5 ports) or

Single small incision (typically 3—4 cm). emerging single-port systems.

Surgical vision &
visualization

2D or 3D thoracoscope, distal /angled High-definition 3D binocular vision with
visualization. motion scaling and tremor filtering.

Instrument dexterity &

ergonomics

Rigid instruments, fulcrum effect; surgeon
stands at bedside with potential
physical fatigue.

Multi-articulated wristed instruments;
seated ergonomic console.
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Table 1. Cont.

Domain/Item

U-VATS

RATS

Learning curve

Comparable overall learning curve; requires
overcoming instrument interference and
single-incision optical angles.

Comparable overall learning curve; allows
intuitive console control due to wristed
dexterity, though requiring bedside team
coordination and docking proficiency.

Perioperative outcomes
(morbidity & mortality)

Comparable to M-VATS and RATS in major
pulmonary resections.

Comparable perioperative complication and
mortality rates to M-VATS/U-VATS.

Postoperative pain &
neuralgia

Potentially lower early pain and reduced
intercostal nerve damage due to
single incision.

Comparable or slightly higher intercostal
nerve irritation due to multiple ports.

Lymph node dissection

Feasible; requires skilled
non-grasping/exposure techniques in
complex zones.

Excellent dexterity for deep mediastinal
lymph node dissection without significant
difference in long-term survival.

Conversion rate &
emergency
management

Low overall conversion rate; immediate
bedside access allowing rapid extension of
incision or conversion.

Low overall conversion rate; emergency
conversion requires rapid undocking and
clear bedside team readiness.

Oncological outcomes

Broadly comparable oncological adequacy
and survival to M-VATS, with
emerging/limited direct comparative data
against RATS.

Broadly comparable oncological adequacy
and survival to M-VATS, though direct
comparative evidence with U-VATS
remains limited.

Simulation & training
infrastructure

Dependent on video-based learning,
dry/wet labs, and direct operating
room mentorship.

Comprehensive ecosystem with integrated
virtual reality simulators and
standardized curricula.

Capital &
maintenance costs

Low initial capital investment; uses
standard endoscopic instrumentation and
lower consumables.

High initial capital cost and ongoing
maintenance/disposable costs.

Q

& ; & Multiportal RATS Uniportal RATS
VATS )
Thoracotomy with mini-thoracotomy Multiportal VATS
Uniportal VATS
1990s 2000s 2010s 2020s Time

Figure 1. The evolution of minimally invasive thoracic surgery: parallel trends toward uniportal
convergence. The evolution of minimally invasive thoracic surgery has proceeded along two distinct
tracks: port reduction via video-assisted thoracoscopic surgery (VATS) and enhanced maneuverability
via robot-assisted thoracic surgery (RATS). Both streams are currently converging toward the ultimate
uniport approach.

5. Perioperative Outcomes

(1) U-VATS vs. M-VATS
Compared to M-VATS, U-VATS significantly reduces intraoperative blood loss (1 mL
vs. 30 mL) and shortens hospital length of stay (5 days vs. 8 days). Shorter incision and
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closure times contributed to reduced overall operative durations (141 min vs. 183 min),
alongside lower overall complication rates (23.9% vs. 40.9%). Because U-VATS utilizes
a single incision site, it lowers the incidence and shortens the duration of postoperative
neuropathic pain (30 days vs. 60 days), making epidural-free pain management safe and
feasible [5].

Comprehensive meta-analyses comparing U-VATS and M-VATS demonstrated that
U-VATS achieves equivalent intraoperative safety and procedural efficacy while offering
significant recovery advantages [20-25]. Regarding intraoperative metrics, pooled quantita-
tive analyses reveal no statistically significant differences between U-VATS and M-VATS in
operative duration, intraoperative blood loss, conversion rates to open thoracotomy or addi-
tional ports, or the total number of resected lymph nodes and stations. Conversely, U-VATS
delivers clear advantages in postoperative recovery, including a significantly lower overall
complication rate, shortened chest tube drainage duration, reduced postoperative hospital
length of stay, and lower visual analog scale (VAS) pain scores in the early recovery phase.
Overall, these systematic reviews confirm that U-VATS provides comparable operative
safety and oncological radicality to M-VATS without compromising procedural feasibility,
while enhancing minimally invasive patient recovery through reduced surgical trauma.

Furthermore, recent nationwide real-world registry data from Japan (N = 3546) con-
firm the safety and feasibility of U-VATS in routine practice, demonstrating an exceptionally
low 30-day mortality rate of 0.3% and low conversion rates to multiport VATS (1.8-2.6%)
or open thoracotomy (2.4-3.6%) for both lobectomy and segmentectomy. In a propensity-
score-weighted comparison (IPTW, N = 2530), U-VATS segmentectomy achieved surgical
procedure-related complication rates comparable to lobectomy (OR: 0.89), while offer-
ing significantly shorter chest drain duration, shorter hospital stay, lower Clavien-Dindo
grade > III morbidity (7.1% vs. 10.0%; OR: 0.69), and fewer 30-day readmissions (0.5% vs.
2.4%; OR: 0.19). Additionally, institutional surgical volume significantly impacts technical
safety: high-volume centers (>128 cases) exhibit a 46% reduction in intraoperative signifi-
cant vessel injuries compared with low-volume centers (OR: 0.54, p = 0.011) and a 37% reduc-
tion in postoperative prolonged air leaks compared with middle-volume centers (OR: 0.63,
p = 0.006), underscoring the importance of accumulated team expertise in optimizing
U-VATS outcomes [9-11].

(2) RATS vs. M-VATS/U-VATS

No clinically significant differences were observed between RATS and VATS (includ-
ing U-VATS) regarding overall complication rates (RATS 13.7% vs. VATS 15.1%), major
complication rates, 30-day mortality, or hospital stay, demonstrating comparable safety
and efficacy in routine lung resections [26]. However, RATS achieved significantly superior
results in lymph node yield (17.6 for RATS vs. 13.7 for U-VATS) [27,28] and demonstrates
clear technical advantages in highly complex procedures—such as bronchoplasty and
sleeve resections—owing to its multi-articulated instrumentation and high-definition 3D
visualization. Due to the required system setup and robotic arm docking, operative times
tend to be longer for RATS than for VATS [29,30].

Regarding conversion dynamics, large-scale STS database analysis (N = 27,695) indi-
cates that while overall conversion to open thoracotomy is lower in RATS than in VATS
(6.0% vs. 11.0%, p < 0.001), open conversions during RATS occur emergently (17.9% vs.
9.6%, p < 0.001) and due to vascular injury (26.8% vs. 14.3%, p < 0.001) significantly more
frequently than in VATS [31]. Consequently, RATS conversions carry higher odds of requir-
ing intraoperative blood transfusions (OR: 1.68, p = 0.024) and a higher median volume of
transfused units (3.0 vs. 2.0 units, p = 0.0096). Nevertheless, overall mortality after open
conversion remains comparable between approaches (3.1% for RATS vs. 2.2% for VATS,
p = 0.24). Conversely, nationwide U-VATS data showed that even when intraoperative
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significant vascular injury occurs (3.4-3.5%), approximately 60% to 70% of these events
can be successfully managed thoracoscopically without open conversion, highlighting the
advantage of immediate bedside intervention in uniportal surgery.

6. Postoperative Pain

(1) U-VATS vs. M-VATS

Compared to M-VATS, U-VATS demonstrated distinct pain-reducing benefits. Al-
though no significant difference is observed in acute pain during the early postoperative pe-
riod (up to POD 5), U-VATS significantly lowers the incidence of postoperative neuropathic
pain (32.4% vs. 52.1%) and substantially shortens its duration (30 days vs. 60 days). This is
attributed to having a single incision site affecting only one intercostal space and utilizing
a soft wound retractor rather than rigid trocar ports, thereby minimizing direct physical
compression on the intercostal nerve. Owing to the minimal incision trauma and reduced
operative duration of U-VATS, effective pain control equivalent to regimens incorporating
epidural anesthesia can be achieved without epidural catheter placement. Consequently,
this allows patients to avoid epidural-related adverse events—such as nausea, vomiting,
lower-limb motor paralysis, and urinary retention—which occur in approximately 42% of
cases managed with epidural anesthesia [5].

Systematic reviews and meta-analyses evaluating postoperative pain between U-
VATS and M-VATS consistently demonstrate that U-VATS provides clinically meaningful
reductions in acute postoperative pain and analgesic requirements [20,21,23,24,32]. In the
most comprehensive meta-analysis to date involving 19 studies and 2544 patients, U-VATS
significantly reduced pain intensity at 24 h postoperatively (standardized mean difference
[SMD]: —0.98, 95% CI: —1.12 to —0.84, p < 0.0001), representing a 2.5-point decrease on a
10-point scale that exceeds the minimal clinically important difference. This pain-reducing
benefit persisted through 48 h (SMD: —0.80) and 7 days (SMD: —0.58) postoperatively,
accompanied by an 11.5% reduction in postoperative opioid consumption (mean difference:
—10.6 mg morphine equivalents). Similarly, propensity score-matched meta-analyses for
anatomical lung resections and segmentectomies confirm significantly lower Visual Analog
Scale (VAS) pain scores with U-VATS on POD1, POD3, and POD?7 compared to M-VATS.

(2) RATS vs. M-VATS /U-VATS

Short-term to recovery phase comparison

A prospective comparative study conducted across 12 centers in Japan (RATS:
n =196 vs. VATS: n = 209, with approximately half of the VATS cohort undergoing U-VATS)
reported the following outcomes [33]. At 30 days postoperatively, the proportion of patients
reporting mild or minimal pain (Numeric Rating Scale [NRS] < 3) was 82.0% in the RATS
group compared with 94.7% in the VATS group [4]. Consequently, non-inferiority of RATS
relative to VATS was not demonstrated, indicating significantly better pain control in the
VATS group. Mean NRS scores and painDETECT scores (a validated metric for neuropathic
pain) at postoperative day (POD) 10 and POD 30 were both significantly higher in the
RATS group than in the VATS group, accompanied by a higher trend in overall analgesic
medication consumption in the RATS group.

Conversely, a large retrospective cohort study by Kwon et al. [34]. (n = 502) demon-
strated no statistically significant differences in daily acute pain trajectories (POD 1-9,
p = 0.647) or daily morphine consumption between RATS and VATS, though both mini-
mally invasive approaches yielded significantly less acute pain than open thoracotomy.

Long-term and chronic pain comparison (6 months to 2 years)

Long-term postoperative pain outcomes appear equivalent between RATS and VATS
across multiple international cohorts. Studies evaluating chronic pain between 6 months
and 2 years postoperatively observed no significant differences in the proportion of pain-
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free patients (VATS 62.7% vs. RATS 51.2%) or overall chronic pain prevalence (RATS 34.6%
vs. VATS 19.8%, p = 0.183) [35]. Furthermore, Lacroix et al. confirmed that post-robotic
lobectomy pain was predominantly non-neuropathic and caused minimal interference with
daily activities [36]. Intriguingly, Kwon et al. identified a notable psychological divergence
between objective pain scores and subjective patient perception: significantly more RATS
patients (69.2%) believed their surgical approach positively impacted their pain compared
to VATS patients (44.2%, p = 0.033), highlighting a potential expectation despite equivalent
clinical pain metrics [34].

(3) Key risk factors influencing postoperative pain

Postoperative pain dynamics are governed by three primary domains:

1. Port Count and Intercostal Access:

The extent of intercostal trauma is the primary surgical determinant of pain. Multi-
variable analysis confirms that each single-port reduction decreases the risk of moderate-
to-severe pain at POD 30 by 43.6% (OR: 0.564, p < 0.001) [33]. By restricting surgical
manipulation to a single space, U-VATS significantly reduces neuropathic pain incidence
(32.4% vs. 52.1%, p = 0.027) and median pain duration (30 vs. 60 days, p = 0.041) compared
to M-VATS [5].

2. Operative Time and Procedural Complexity:

Prolonged operative duration (>2.5 h) and thoracotomy/conversion are independent
risk factors for neuropathic pain [37]. In challenging cases requiring prolonged opera-
tive time (>5 h) or emergency conversion, the incidence of neuropathic pain increases
significantly to 71.4% (vs. 22.0% in suitable VATS, p < 0.0001) [38].

3. Patient-Specific and Clinical Predictors:

Independent multivariable predictors of acute pain and neuropathic pain include
younger age (p < 0.0001), female sex (p = 0.036), preoperative baseline narcotic (p = 0.014) or
hypnotic use, and higher daily opioid consumption (p = 0.003) [38,39]. Furthermore, major
postoperative complications independently predict chronic numbness (p = 0.0003) [34].

In summary, minimizing intercostal access points (via U-VATS or reduced-port RATS)
and controlling operative duration, combined with targeted pain management for high-
risk patient subgroups, represent the key technical and clinical strategies for thoracic
pain mitigation.

7. Oncological Outcomes

(1) Overall Conclusion

Evidence from prospective randomized controlled trials (RCTs), large-scale meta-
analyses, and propensity score-matched (PSM) analyses consistently demonstrates
no statistically significant differences in overall survival (OS), disease-free survival
(DFS)/progression-free survival (PFS), or local recurrence rates between RATS and U-
VATS (as well as M-VATS), proving oncological equivalency and non-inferiority between
the two modalities.

(2) Comparison of Survival Rates (OS and DFS/PFS)

Prospective Randomized Controlled Trial: The three-year OS [40] was 94.6% for RATS
vs. 91.5% for VATS (HR: 0.65, 95% CI: 0.33-1.28, p = 0.21), satisfying the predefined non-
inferiority margin (—5%) and confirming non-inferiority. The five-year OS was 90.7% for
RATS vs. 86.3% for VATS. The three-year DFS was 88.7% for RATS vs. 85.4% for VATS
(HR: 0.87, 95% CI: 0.50-1.52, p = 0.62). The five-year DFS was 83.7% for RATS vs. 82.5% for
VATS [40].

Reconstructed Individual Patient Data Meta-Analysis [41]: An analysis of 10 studies
(n = 2045) with a median follow-up of 51.7 months demonstrated equivalent long-term OS
(HR: 1.05, p = 0.538) and DFS (HR: 1.07, p = 0.371), with no statistically significant differences.
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Direct Comparison of RATS vs. U-VATS [27]: In anatomical lobectomy for early-stage
non-small cell lung cancer (NSCLC, Stage I-IIA; n = 231), no significant differences were
observed between groups in 1-year DFS (p = 0.788) or 1-year OS (p = 0.805).

Long-Term Outcomes of U-VATS Segmentectomy [39]: In a 1600-patient PSM anal-
ysis comparing U-VATS and 3-port VATS segmentectomy, 5-year OS (97.7% vs. 99.4%,
p = 0.78) and 5-year PFS (99.7% vs. 98.2%, p = 0.18) were equivalent, with comparable local
recurrence (0.5% vs. 0.41%) and distant metastasis rates.

Current evidence suggests broadly comparable oncological outcomes between RATS
and VATS approaches; however, high-level direct comparative evidence specifically be-
tween RATS and U-VATS remains limited.

(8) Lymph Node Dissection and Pathological Staging

Clear approach-specific technical characteristics are observed regarding the extent and
precision of lymphadenectomy:

Superiority in dissected count and stations [27,42]: Attributable to high-definition 3D
visualization and multi-articulated instruments with 7 degrees of freedom, RATS yields
a significantly higher number of harvested lymph nodes (15.0 vs. 10.0, p < 0.001) and
mediastinal lymph node stations (6.0 vs. 4.0, p < 0.001) compared with U-VATS. For hilar
and intralobar lymph node dissection (N1 level, Station 12, etc.), RATS enables more
precise harvesting, significantly increasing the number of retrieved stations (5.86 vs. 5.16,
p =0.014).

Impact on long-term prognosis [27,42]: Although the higher lymph node yield in RATS
may contribute to more accurate pathological N staging, current clinical evidence indicates
that this does not translate into a statistically significant improvement in long-term OS or
DEFS. Clinically, both approaches achieve adequate and thorough oncological radicality.

8. Cost-Effectiveness & Financial Viability

Direct intraoperative costs for RATS are substantially higher than those for open
thoracotomy or VATS due to system depreciation expenses and high consumable costs,
including specialized wristed instruments and sterile drapes.

Conversely, minimally invasive approaches (both RATS and VATS) reduce hospital
length of stay and post-surgical complication risks compared to open thoracotomy. While
some health economics models suggest that savings in postoperative management and
nursing care may offset initial intraoperative expenditures within total direct hospitalization
costs, conclusive evidence demonstrating that RATS provides sufficient financial offset to
fully recover its capital investment remains limited.

9. Socioeconomic Drivers and Healthcare Insurance System

Under Japan’s National Health Insurance (NHI) system, the adoption of RATS has
been significantly influenced by evolving reimbursement policies. Historically, substan-
tial capital outlay and ongoing consumable expenditures rendered RATS less financially
favorable for institutions compared to conventional VATS or U-VATS [13,14], prompting
health facilities to utilize robotic systems in institutional marketing and capital equipment
amortization. This landscape has further evolved with recent NHI reimbursement revi-
sions, which introduced dedicated financial add-on fees (kasan) for RATS [43]. While these
reimbursement adjustments aim to ensure baseline institutional viability, they may also po-
tentially influence administrative priorities regarding robotic case volumes. Consequently,
surgical approach selection can be influenced by institutional financial structures alongside
purely clinical considerations. Nevertheless, NHI coverage and these financial add-on fees
remain restricted to specific malignant indications and designated surgical procedures.
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From the perspectives of health economics and surgical management, the revised
reimbursement structure can be conceptualized as potentially altering surgical decision-
making across four primary dimensions:

(1) Volume Thresholds & Hospital Profitability:

Revisions to facility standards, such as the newly introduced add-on bonus for robotic-
assisted surgery requiring > 200 annual cases for specific designated procedures, create
a strong financial incentive for mid-to-large-scale hospitals operating near this volume
boundary [43]. To cross the threshold and maximize institutional profitability, adminis-
trators and clinical leaders may create strong financial incentives for administrators and
clinical leaders to expand robotic indications and centralize surgical volume [44,45].

(2) Procedure-Specific Margin Differences:

Disparities in reimbursement points—where procedures supported by robust clinical
superiority evidence receive higher add-on tariffs while others do not—directly alter the
profit margins of individual operations. This financial gradient may shift the clinical thresh-
old when choosing between open surgery, conventional minimally invasive techniques
(e.g., VATS or standard laparoscopy), and robotic-assisted approaches [46].

(3) Multidisciplinary Platform Sharing:

In the allocation of limited operating room block schedules among multiple surgical
departments (e.g., Urology, Gastrointestinal Surgery, Thoracic Surgery, and Gynecology),
robotic system access is strategically prioritized. Consequently, departments generating
higher reimbursement margins or contributing significantly to the hospital’s annual volume
threshold may potentially be favored in resource allocation, obtaining greater access to the
robotic platform [47-49].

(4) Physician Practice Patterns & Board Certification:

Institution-level facility criteria set by health authorities operate in tandem with
surgical society credentialing systems (such as proctorship programs and institutional certi-
fications). These dual requirements directly shape individual surgeons’ practice patterns,
defining clinical indications and guiding patient case selection [50,51].

This ongoing shift underscores an important policy consideration: in the absence of
definitive clinical superiority of RATS over U-VATS across all routine indications, aligning
institutional economic incentives with patient-centered, individualized surgical decision-
making remains a pivotal challenge for healthcare leadership [52,53].

10. Educational Ecosystem, Systemic Constraints, and
Safety Considerations

These advancements reflect Japan’s decade-long MIS trend, yet conservative insti-
tutions still predominantly rely on M-VATS [12]. This reliance presents a striking para-
dox given that some facilities aggressively adopt RATS primarily to recruit young sur-
geons [15,16]; despite this recruitment-driven push for advanced robotics, senior surgeons
often lack the expertise to teach U-VATS. A perception persists that M-VATS proficiency is
necessary before advancing to U-VATS or RATS. This mindset closely mirrors the historical
dogma that proficiency in open thoracotomy was an absolute prerequisite for performing
conventional VATS [54,55]. As long as this status quo persists, educating junior surgeons re-
mains difficult until techniques are standardized and outcomes stabilize. While COVID-19
accelerated self-directed video-based learning, early-adopting institutions must continue
to lead surgical education to convey crucial technical tips and pitfalls [56].

Regarding simulation training, RATS—exemplified by Intuitive Surgical’s da Vinci
platform (Intuitive Surgical, Inc., Sunnyvale, CA, USA)—holds a distinct advantage over
U-VATS due to its integrated video-based and virtual training modules, which offer educa-
tional capabilities unobtainable through traditional dry or wet labs [2,57-59]. Additionally,
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Intuitive Surgical actively drives the construction of collaborative networks bridging surgi-
cal societies and clinical centers. Supported by a robust socio-economic framework, this
comprehensive ecosystem likely serves as a major catalyst for the rapid dissemination of
RATS over U-VATS.

The broader dissemination of U-VATS faces notable educational barriers, particularly
regarding the availability of structured mentorship. Unlike RATS—which benefits from
a highly standardized, vendor-supported educational ecosystem including virtual reality
simulation, structured proctoring, and credentialing curricula—U-VATS education has
historically relied on individual surgical fellowships, observational visits, and initiative-
driven workshops such as those led by JUVIG. Consequently, the scarcity of proficient
U-VATS mentors remains a primary constraint.

Regarding institutional settings, these educational barriers are determined less by the
rigid categorization of academic versus community hospitals and more by the presence
of dedicated surgical leaders and institutional willingness to adopt uniportal techniques.
In academic medical centers, structured training programs and hierarchical supervision
often prioritize established M-VATS or RATS curricula, which may inadvertently slow the
integration of U-VATS unless a department leader actively promotes it. Conversely, in
community hospitals, the feasibility of U-VATS training hinges almost entirely on whether
a proficient U-VATS surgeon is present; high-volume community centers with experienced
mentors can achieve rapid, highly effective skill transfer, whereas facilities lacking such
expertise face significant hurdles in initiating a program [60-62].

Furthermore, the relative paucity of prospective, long-term comparative evidence
has historically made senior surgeons and decision-makers hesitant to shift established
training paradigms. Upcoming prospective multicenter studies by JUVIG may help ad-
dress this current evidence gap, which could in turn facilitate engagement with surgical
leadership across both academic and community settings and support the establishment of
standardized mentorship pathways.

Although uniportal VATS requires navigating instrument interference and restricted
optics through a single incision while RATS involves multi-arm console control with
3-dimensional visualization, CUSUM-based evaluations indicate that both modalities
share a comparable initial learning curve threshold—typically requiring 11 to 30 cases for
uniportal VATS and approximately 20 cases for RATS—to achieve procedural competency
in anatomical lung resections [7,30,63-65].

11. Evaluation Systems and Institutional Barriers

The Thoracoscopic Safety Technical Certification System, initiated by JACS (cur-
rently, JSTS) in 2021, aims to assess whether a surgeon can safely perform thoracoscopic
lobectomy—primarily right upper lobectomy—rather than evaluating mere technical dex-
terity [66]. This initiative was established against the background of preventing fatal
massive intraoperative hemorrhage caused by pulmonary vascular injury [67]. Any ap-
proach under the broad category of VATS, including M-VATS, U-VATS, and RATS, is eligible
for application.

Although the evaluation criteria are uniform regardless of the surgical approach, a
substantial disparity in pass rates was observed during the system’s inaugural year in 2021:
33.3% for U-VATS compared to 72.1% for M-VATS. By 2023, however, the pass rate for
U-VATS improved markedly to 66.7%, while M-VATS reached 80.6% [67].

While these observed data demonstrate a clear initial gap and subsequent convergence,
the underlying causes for the initial lower pass rate are likely multifaceted. Potential
contributing factors on the candidate side include the early learning curve associated with
U-VATS adoption, differences in applicant surgical experience, technical maturity, and
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familiarity with optimal video preparation for certification. Simultaneously, evaluation-
related factors—such as the initial evolution and standardization of assessment criteria
through repeated consensus meetings, alongside the reviewers’ early unfamiliarity with
U-VATS-specific technical nuances (e.g., surgical field exposure, distal camera visualization,
and non-grasping techniques) [68]—may have played a role. The subsequent rise in U-VATS
pass rates by 2023 likely reflects a progressive refinement in surgical technique guided by
evaluation feedback, enhanced video quality, increased standardization of grading metrics,
and broader familiarity with uniportal techniques across the surgical community.

12. Global Perspectives and Future Outlook

The dissemination of U-VATS and RATS exhibits distinct geographic variation. These
regional adoption patterns appear to be strongly influenced by key opinion leaders, the
country of origin/development, and overall economic scale (Figure 2) [12-14,52,53,69,70].
Compared to RATS, U-VATS requires substantially lower initial capital expenditure and
ongoing maintenance costs. Regarding robotic surgery, the market is no longer exclusive to
Intuitive Surgical’s da Vinci platform, as numerous companies worldwide have entered the
field and achieved clinical implementation [59,71,72]. In Japan alone, multiple indigenous
platforms have emerged, including hinotori (Medicaroid Corporation, Kobe, Japan) [73] and
Saroa (Riverfield Inc., Tokyo, Japan) [74]. Because these newer robotic systems generally
offer lower initial acquisition and operational costs compared to the da Vinci system, RATS
adoption is anticipated to accelerate further, expanding even into regions where robotic
programs were previously cost-prohibitive.
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Figure 2. Geographic distribution of authors with high publishing volume identified in Dimensions.

Geographic distribution of the top 50 authors by publication volume (n = 50 per
approach, total n = 200) across four surgical approaches: robot-assisted thoracic surgery
(RATS), open thoracotomy, uniportal video-assisted thoracoscopic surgery (U-VATS), and
multiportal VATS (M-VATS). Literature searches were conducted using Dimensions (Digital
Science) to identify the top 50 authors for each approach, and the results were categorized
and graphed by country.
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13. Limitations

Generalizability Beyond Lung Cancer Surgery

A limitation of the present review is that the analyzed evidence is predominantly
derived from anatomical lung resections for lung cancer, reflecting the current distribution
of published literature. Nevertheless, many core principles—such as the pain-reducing
benefits of single-port access in U-VATS, the technical advantages of robotic 3D visualiza-
tion and wristed articulation in confined anatomical spaces (e.g., thymic and mediastinal
tumor resections), and the institutional financial constraints under national reimbursement
systems—are highly generalizable across broader thoracic surgical procedures. However,
given the procedure-specific nuances and the relative paucity of high-level comparative
data in esophageal, pediatric, and complex mediastinal surgeries, further dedicated studies
are warranted to confirm modality-specific outcomes in these subspecialties.

Distinction Between Academic Output and Clinical Practice

Importantly, publication-based geographic productivity reflects academic research
output and institutional infrastructure rather than nationwide clinical adoption rates or
surgical expertise. Real-world adoption is largely shaped by healthcare economics, insur-
ance coverage, and regulatory frameworks. Therefore, our bibliometric mapping should be
interpreted strictly as an indicator of scholarly activity rather than direct clinical penetration
or surgical skill.

14. Conclusions

Uniportal VATS represents a promising option for minimally invasive surgery. How-
ever, its widespread adoption for major and complex resections in Japan is restricted by
both educational and societal barriers. Although RATS is expected to become increasingly
widespread, VATS, U-VATS, and open thoracotomy will remain essential and maintain
steady demand for the foreseeable future, driven by crucial educational, safety, and eco-
nomic considerations.

Author Contributions: T.H. (Takahiro. Homma) contributed to the conception and design of the study
and drafted the manuscript. T.H. (Takahiro Homma), S.A., M.T., N.K., T.H. (Takayuki Hatakeyama),
K.O., H.S. (Hiroki Sakai), HM., K.K. and H.S. (Hisashi Saji) critically revised the manuscript for
important intellectual content and provided study supervision. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was supported by a Grant-in-Aid for Scientific Research, from the Japan Agency
for Medical Research and Development, Japan (JP25ck0106050).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data used in this article will be shared upon reasonable request to
the corresponding author, beginning 3 months and ending 5 years following article publication.

Acknowledgments: We acknowledge the assistance of a large language model (Google’s Gemini 3.6
Flash) for providing a part of the conceptual framework and formatting for Figures 1 and 2. The final
content, design, and analysis were performed solely by the authors.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Gonzalez, D.; Paradela, M.; Garcia, J.; dela Torre, M. Single-port video-assisted thoracoscopic lobectomy. Interact. Cardiovasc.
Thorac. Surg. 2011, 12, 514-515. [CrossRef]
2. The Japanese Uniportal VATS Interest Group. Uniportal VATS Manual; Nanzando: Tokyo, Japan, 2021.

https:/ /doi.org/10.3390/ cancers18203318


https://doi.org/10.1510/icvts.2010.256222
https://doi.org/10.3390/cancers18203318

Cancers 2026, 18, 3318 13 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Suda, T.; Sugimura, H.; Tochii, D.; Kihara, M.; Hattori, Y. Single-port thymectomy through an infrasternal approach. Ann. Thorac.
Surg. 2012, 93, 334-336. [CrossRef]

Homma, T. Report on uniportal VATS international course at Shanghai Pulmonary Hospital. J. Jpn. Assoc. Chest Surg. 2019.
Available online: https://www.jstage.jst.go.jp/article/jacsurg/33/Suppl/33_S18/_pdf/-char/ja (accessed on 1 October 2026).
Homma, T.; Shimada, Y.; Tanabe, K. Experiences of novel cotton device for uniportal video-assited thoracoscopic surgery: CS
Two-Way HandleTM. J. Thorac. Dis. 2023, 15, 2800-2805. [CrossRef]

Homma, T.; Shimada, Y.; Tanabe, K. Decreased postoperative complications, neuropathic pain and epidural anesthesia-free effect
of uniportal video-assisted thoracoscopic anatomical lung resection: A single-center initial experience of 100 cases. |. Thorac. Dis.
2022, 14, 3154-3166. [CrossRef]

Homma, T.; Saji, H.; Shimada, Y.; Tanabe, K.; Kojima, K.; Marushima, H.; Miyazawa, T.; Kimura, H.; Sakai, H.; Otsubo, K,; et al.
Surgical outcomes and learning curve of complex versus simple segmentectomy for uniportal video-assisted thoracoscopic
surgery: An initial experience of 100 cases of a single experienced surgeon. J. Thorac. Dis. 2023, 16, 7361-7371. [CrossRef]
Homma, T.; Shimada, Y.; Tanabe, K. Lymphadenectomy in the subcarinal zone using a uniportal thoracoscopic approach: A
narrative review. AME Surg. J. 2022, 2.. [CrossRef]

Igai, H.; Watanabe, T.; Homma, T.; Suda, T.; Morikawa, T. A nationwide survey of uniportal thoracoscopic anatomical pulmonary
resections in Japan. J. Thorac. Dis. 2026, 18, 221. [CrossRef]

Igai, H.; Watanabe, T.; Homma, T.; Suda, T.; Morikawa, T. Comparison of the perioperative outcomes between uniportal
thoracoscopic lobectomy and segmentectomy for early-stage non-small-cell lung cancer in Japan. Surg. Endosc. 2026, 40,
7598-7608. [CrossRef]

Igai, H.; Watanabe, T.; Homma, T.; Suda, T.; Morikawa, T. The impact of institutional surgical volume on perioperative outcomes in
uniportal thoracoscopic major pulmonary resections: A nationwide study in Japan. Surg. Endosc. 2026, 40, 5734-5743. [CrossRef]
Watanabe, T.; Doi, T.; Domen, H.; Handa, Y.; Igai, H.; Suzuki, J.; Taira, A.; Tanahashi, M.; Suda, T. Uniportal video-assisted
thoracoscopic surgery for lung cancer: The current opinions and future perspectives of thoracic surgeons in Japan. Gen. Thorac.
Cardiovasc. Surg. 2025, 73, 845-854. [CrossRef]

Sakai, Y.; Morishita, T. The financial impact of robotic surgery on hospital gross profits in Japan compared to laparoscopic surgery.
Asian |. Endosc. Surg. 2025, 18, €13410. [CrossRef]

Homma, T.; Kitamura, N.; Ojima, T.; Akemoto, Y.; Hida, Y.; Yoshimura, N. Initial experiences of robot-assisted thoracic surgery:
Safety approach and comparison with video-assisted thoracoscopic surgery. Jpn. J. Chest Surg. 2019, 33, 113-121. [CrossRef]
Homma, T.; Tanaka, R.; Nakamura, S.; Aragaki, M.; Chen-Yoshikawa, T.E,; Kato, T.; Saji, H. Motivations and factors influencing
the choice of a career as a thoracic surgeon in Japan: Results of a nationwide questionnaire survey. Surg. Today 2026, 56, 216-228.
[CrossRef]

Takami, H.; Kodera, Y.; Eguchi, H.; Kitago, M.; Murotani, K.; Hirano, S.; Kitagawa, Y.; Ikeda, N.; Mori, M. The shortage of
surgeons in Japan: Results of an online survey of qualified teaching hospitals that take part in the surgical training programs for
board certification by the Japan Surgical Society. Surg. Today 2024, 54, 41-52. [CrossRef]

Park, S.Y,; Han, K.N.; Hong, J.I; Kim, HK.; Kim, D.J.; Choi, Y.H. Subxiphoid approach for robotic single-site-assisted thymectomy.
Eur. ]. Cardiothorac. Surg. 2020, 58, 134-138. [CrossRef]

Kaaki, S.; Barnawi, A.B.; Robaidi, H.A.; Maghrabi, A.A.; Almaymuni, A.D.; Alzahim, A.; Almahmoud, A.; Alsalem, K.A.; Alshehri,
Y.M.; Alsharari, H.S.; et al. Perioperative outcomes and safety of Uniportal Robotic-Assisted Thoracic Surgery (U-RATS) for
anatomic lung resection: A systematic review and meta-analysis. J. Robot Surg. 2026, 20, 399. [CrossRef]

Watanabe, H.; Ebana, H.; Kanauchi, N.; Suzuki, J.; Ujiie, H.; Chiba, M.; Sato, K.; Matsuo, S.; Hoshijima, K.; Kobayashi, A.; et al.
Dual-portal robotic-assisted thoracic surgery (DRATS) as a reduced port RATS: Early experiences in three institutions in Japan. J.
Thorac. Dis. 2023, 15, 6475-6482. [CrossRef]

Harris, C.G.; James, R.S.; Tian, D.H.; Yan, T.D.; Doyle, M.P.; Gonzalez-Rivas, D.; Cao, C. Systematic review and meta-analysis of
uniportal versus multiportal video-assisted thoracoscopic lobectomy for lung cancer. Ann. Cardiothorac. Surg. 2016, 5, 76-84.
[CrossRef]

Yan, Y.; Huang, Q.; Han, H.; Zhang, Y.; Chen, H. Uniportal versus multiportal video-assisted thoracoscopic anatomical resection
for NSCLC: A meta-analysis. . Cardiothorac. Surg. 2020, 15, 238. [CrossRef]

Magouliotis, D.E.; Fergadi, M.P,; Spiliopoulos, K.; Athanassiadi, K. Uniportal versus multiport video-assisted thoracoscopic
lobectomy for lung cancer: An updated meta-analysis. Lung 2021, 199, 43-53. [CrossRef]

Sudarma, LW.,; Pertiwi, PEK.; Yasa, K.P; Harta, LK.A.P. Outcomes of Uniportal Video-Assisted Thoracoscopic Surgery in the
Management of Lobectomy and Segmentectomy for Lung Cancer: A Systematic Review and Meta-Analysis of Propensity
Score-Matched Cohorts. Ann. Thorac. Cardiovasc. Surg. 2025, 31, 24-00137. [CrossRef]

Xiang, Z.; Wu, B.; Zhang, X.; Wei, Y.; Xu, J.; Zhang, W. Uniportal versus multiportal video-assisted thoracoscopic segmentectomy
for non-small cell lung cancer: A systematic review and meta-analysis. Surg. Today 2023, 53, 293-305. [CrossRef]

https:/ /doi.org/10.3390/ cancers18203318


https://doi.org/10.1016/j.athoracsur.2011.08.047
https://www.jstage.jst.go.jp/article/jacsurg/33/Suppl/33_S18/_pdf/-char/ja
https://doi.org/10.21037/jtd-22-1602
https://doi.org/10.21037/jtd-22-6
https://doi.org/10.21037/jtd-24-1028
https://doi.org/10.21037/asj-21-85
https://doi.org/10.21037/jtd-2025-1-2535
https://doi.org/10.1007/s00464-026-13051-6
https://doi.org/10.1007/s00464-026-12825-2
https://doi.org/10.1007/s11748-025-02151-0
https://doi.org/10.1111/ases.13410
https://doi.org/10.2995/jacsurg.33.113
https://doi.org/10.1007/s00595-025-03111-0
https://doi.org/10.1007/s00595-023-02697-7
https://doi.org/10.1093/ejcts/ezaa036
https://doi.org/10.1007/s11701-026-03349-x
https://doi.org/10.21037/jtd-23-1141
https://doi.org/10.21037/acs.2016.03.17
https://doi.org/10.1186/s13019-020-01280-2
https://doi.org/10.1007/s00408-020-00411-9
https://doi.org/10.5761/atcs.ra.24-00137
https://doi.org/10.1007/s00595-021-02442-y
https://doi.org/10.3390/cancers18203318

Cancers 2026, 18, 3318 14 of 16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Elshiekh, M.; Altawil, L.; Alfeetouri, M.Y.; Passos, E.; Barakat, O.; Heuts, S.; Gupta, S.; Baudo, M.; Rad, A.A_; Sardari Nia, P; et al.
Perioperative Outcomes of Complex Versus Simple Segmentectomy Via Uniportal Video-Assisted Thoracoscopic Surgery for
Lung Lesions: A Systematic Review and Meta-Analysis. Interdiscip. Cardiovasc. Thorac. Surg. 2026, 41, ivag106. [CrossRef]

Cao, C; Louie, B.E.; Melfi, E;; Veronesi, G.; Park, B.J. Outcomes of major complications after robotic anatomical pulmonary
resections. J. Thorac. Cardiovasc. Surg. 2020, 159, 681-686. [CrossRef]

Ni, Y,; Zhang, J. Comparison of Robotic-Assisted and Uniportal Video-Assisted Thoracoscopic Lobectomy for Early-Stage
Non-Small Cell Lung Cancer: A Retrospective Cohort Study. Ann. Ital. Chir. 2026, 97, 352-362. [CrossRef]

Paradela, M.; Garcia-Perez, A.; Fernandez-Prado, R.; de la Torre, M.; Delgado, M.; Bosinceanu, M.L.; Motas, N.; Manolache, V.;
Gallego-Poveda, J.; Gonzalez-Rivas, D. Uniportal robotic versus thoracoscopic assisted surgery: A propensity score-matched
analysis of the initial 100 cases. Ann. Cardiothorac. Surg. 2023, 12, 23-33. [CrossRef]

Goémez-Hernandez, M.T.; Forcada, C.; Gémez, E; Iscan, M.; Fuentes, M.G.; Rivas, C.E.; Aranda, J.L.; Colmenares, O.; Varela, G.;
Jiménez, M.F. Early outcomes of robotic versus video-thoracoscopic anatomical segmentectomy: A propensity score-matched
real-world study. Eur. |. Cardiothorac. Surg. 2024, 66, ezae389. [CrossRef]

Bedetti, B.; Bertolaccini, L.; Solli, P.; Scarci, M. Learning curve and established phase for uniportal VATS lobectomies: The
Papworth experience. J. Thorac. Dis. 2017, 9, 138-142. [CrossRef]

Servais, E.L.; Miller, D.L.; Thibault, D.; Hartwig, M.G.; Kosinski, A.S.; Stock, C.T.; Price, T.; Quadri, S.M.; D’Agostino, R.S.;
Burfeind, W.R.; et al. Conversion to Thoracotomy During Thoracoscopic vs Robotic Lobectomy: Predictors and Outcomes. Ann.
Thorac. Surg. 2022, 114, 409-417. [CrossRef]

Kanani, F; Zahalka, A.; Kamar, M.; Nugzar, R.; Wiesel, O.; Refaely, Y.; Salhab, A.; Shimonov, M.; Gonzalez-Rivas, D.; Abu Akar, F.
Postoperative pain outcomes following uniportal vs. multiportal video-assisted thoracoscopic surgery: A systematic review and
meta-analysis. Front. Surg. 2025, 12, 1689456. [CrossRef]

Kawaguchi, K.; Ogura, T.; Kaneda, S.; Watanabe, T.; Soh, J.; Hashimoto, K.; Sakakura, N.; Okazaki, M.; Mori, S.; Hashimoto, M.;
et al. A prospective multi-institutional study to verify the non-inferiority of postoperative pain in robot-assisted thoracic surgery
in comparison with video-assisted thoracoscopic surgery for lung cancer: The Japanese RATS interest group 01 (J-RATSIG 01).
Lung Cancer 2024, 196, 107961. [CrossRef]

Kwon, S.T.; Zhao, L.; Reddy, R.M.; Chang, A.C.; Orringer, M.B.; Brummett, C.M.; Lin, J. Evaluation of acute and chronic pain
outcomes after robotic, video-assisted thoracoscopic surgery, or open anatomic pulmonary resection. J. Thorac. Cardiovasc. Surg.
2017, 154, 652-659. [CrossRef]

Qsous, G.; Downes, A.; Carroll, B.; Rowe, S.; Manoj, S.; McFadyen, R.; Korelidis, G.; Tolan, M.; Healy, D.G. A Comparison of the
Differences in Postoperative Chronic Pain Between Video-Assisted and Robotic-Assisted Approaches in Thoracic Surgery. Cureus
2022, 14, e31688. [CrossRef]

Lacroix, V.; Mosala Nezhad, Z.; Kahn, D.; Steyaert, A.; Poncelet, A.; Pieters, T.; Noirhomme, P. Pain, Quality of Life, and Clinical
Outcomes After Robotic Lobectomy. Thorac. Cardiovasc. Surg. 2017, 65, e1-e10. [CrossRef]

Homma, T.; Doki, Y.; Yamamoto, Y.; Ojima, T.; Shimada, Y.; Kitamura, N.; Yoshimura, N. Risk factors of neuropathic pain after
thoracic surgery. J. Thorac. Dis. 2018, 10, 2898-2907. [CrossRef]

Homma, T.; Doki, Y.; Ojima, T.; Yamamoto, Y.; Shimada, Y. Adverse factors and neuropathic pain in challenging VATS. Ann.
Palliat. Med. 2020, 9, 4399-4408. [CrossRef]

Zhou, J.; Zheng, Q.; Pu, Q.; Mei, J.; Ma, L.; Lin, E; Lin, E; Liu, C.; Guo, C.; Liao, H.; et al. Perioperative and oncological outcomes
of uniportal versus three-port thoracoscopic segmentectomy for lung cancer: A propensity score-matched analysis. Transl. Lung.
Cancer. Res. 2023, 12, 446-459. [CrossRef]

Jin, R;; Zheng, Y.; Yuan, Y,; Han, D.; Zheng, B.; Zhang, Y.; Li, C.; Xiang, J.; Zhang, Z.; Niu, Z.; et al. Long-term outcomes of
robotic-assisted versus video-assisted thoracoscopic lobectomy for non-small cell lung cancer: A randomized controlled trial
(RVIob trial). Ann. Surg. 2022, 275, 295-302.

Tasoudis, P.T.; Diehl, ].N.; Merlo, A.; Long, ].M. Long-term outcomes of robotic versus video-assisted pulmonary lobectomy for
non-small cell lung cancer: Systematic review and meta-analysis of reconstructed patient data. J. Thorac. Dis. 2023, 15, 5700-5713.
[CrossRef]

Yang, S.; Guo, W.; Chen, X.; Wu, H.; Li, H. Early outcomes of robotic versus uniportal video-assisted thoracic surgery for lung
cancer: A propensity scorematched study. Eur. J. Cardiothorac. Surg. 2018, 53, 348-352. [CrossRef]

Ministry of Health; Labour and Welfare. The Medical Fee Revision for Fiscal Year 2026. Available online:
https://www.mhlw.go.jp/stf/newpage_67729.html (accessed on 1 October 2026).

Horn, D.; Sacarny, A.; Zhou, A. Technology adoption and market allocation: The case of robotic surgery. J. Health Econ. 2022,
86, 102672. [CrossRef]

Li, H.; Gail, M.H.; Braithwaite, R.S.; Gold, H.T.; Walter, D.; Liu, M.; Gross, C.P.; Makarov, D.V. Are hospitals “keeping up with the
Joneses”?: Assessing the spatial and temporal diffusion of the surgical robot. Healthcare 2014, 2, 152-157. [CrossRef]

https://doi.org/10.3390/ cancers18203318


https://doi.org/10.1093/icvts/ivag106
https://doi.org/10.1016/j.jtcvs.2019.08.057
https://doi.org/10.62713/aic.4404
https://doi.org/10.21037/acs-2022-urats-169
https://doi.org/10.1093/ejcts/ezae389
https://doi.org/10.21037/jtd.2017.01.03
https://doi.org/10.1016/j.athoracsur.2021.10.067
https://doi.org/10.3389/fsurg.2025.1689456
https://doi.org/10.1016/j.lungcan.2024.107961
https://doi.org/10.1016/j.jtcvs.2017.02.008
https://doi.org/10.7759/cureus.31688
https://doi.org/10.1055/s-0036-1593345
https://doi.org/10.21037/jtd.2018.05.25
https://doi.org/10.21037/apm-20-1729
https://doi.org/10.21037/tlcr-22-635
https://doi.org/10.21037/jtd-23-582
https://doi.org/10.1093/ejcts/ezx310
https://www.mhlw.go.jp/stf/newpage_67729.html
https://doi.org/10.1016/j.jhealeco.2022.102672
https://doi.org/10.1016/j.hjdsi.2013.10.002
https://doi.org/10.3390/cancers18203318

Cancers 2026, 18, 3318 15 of 16

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Iwasaki, K.; Kuttusuna, N. Hospital Profitability of Robot-Assisted Gastrointestinal Cancer Surgery in Japan Under the National
Fee Schedule: A Surgical Program Model with Required-Cut and Isoprofit Maps. Surgeries 2026, 7, 25. [CrossRef]

Macario, A. Are Your Hospital Operating Rooms “Efficient”? A Scoring System with Eight Performance Indicators. Anesthesiology
2006, 105, 237-240.

Childers, C.P.; Maggard-Gibbons, M. Understanding Costs of Care in the Operating Room. JAMA Surg. 2018, 153, e176233.
[CrossRef]

Giedelman, C.; Moschovas, M.C.; Bhat, S.; Brunelle, L.; Ogaya-Pinies, G.; Roof, S.; Corder, C.; Patel, V.; Palmer, K.J. Establishing a
successful robotic surgery program and improving operating room efficiency: Literature review and our experience report. J.
Robot Surg. 2021, 15, 435-442. [CrossRef]

Japan Society for Endoscopic Surgery. Guidelines for the Introduction of Robot-Assisted Endoscopic Surgery (Common to All
Fields). Available online: https://www.jses.or.jp/uploads/files /robot/shishin/robot_assisted_endoscopic_surgery202410.pdf
(accessed on 1 October 2026).

Zorn, K.C.; Gautam, G.; Shalhav, A.L.; Clayman, R.V.; Ahlering, T.E.; Albala, D.M.; Lee, D.I.; Sundaram, C.P.; Matin, S.F.; Castle,
E.P; et al. Training, credentialing, and proctoring for robotic urologic surgery: Recommendations of the Society of Urologic
Robotic Surgeons. J. Urol. 2009, 182, 1126-1132. [CrossRef]

Lamas, EM.; Lech, G.E.; Maboni, L.R; Silveria, P.A.Z.; da Silva, PB.E.; Alberti, A.M.; Loss, N.V.; Camargo, S.M.; Soder, S.A.
Robotic-assisted thoracic surgery versus video-assisted thoracic surgery for patients undergoing lung resection: A systematic
review and meta-analysis of randomized controlled trials. Gen. Thorac. Cardiovasc. Surg. 2026, 74, 1-10. [CrossRef]

Fok, M.; Bashir, M.; Harky, A.; Sladden, D.; Di Martino, M.; Elsyed, H.; Howard, C.; Knipe, M.; Shackcloth, M.]. Video-Assisted
Thoracoscopic Versus Robotic-Assisted Thoracoscopic Thymectomy: Systematic Review and Meta-analysis. Innovations 2017, 12,
259-264. [CrossRef]

Rocco, G.; Internullo, E.; Cassivi, S.D.; Van Raemdonck, D.; Ferguson, M.K. The variability of practice in minimally invasive
thoracic surgery for pulmonary resections. Thorac. Surg. Clin. 2008, 18, 235-247. [CrossRef]

McCormack, PM.; Bains, M.S.; Begg, C.B.; Burt, M.E.; Downey, R.J.; Panicek, D.M.; Rusch, V.W.; Zakowski, M.; Ginsberg, R.J. Role
of video-assisted thoracic surgery in the treatment of pulmonary metastases: Results of a prospective trial. Ann. Thorac. Surg.
1996, 62, 213-216. [CrossRef]

Mota, P; Carvalho, N.; Carvalho-Dias, E.; Costa, M.].; Correia-Pinto, J.; Lima, E. Video-Based Surgical Learning: Improving
Trainee Education and Preparation for Surgery. J. Surg. Educ. 2018, 75, 828-835. [CrossRef]

Connolly, M; Seligman, J.; Kastenmeier, A.; Goldblatt, M.; Gould, J.C. Validation of a virtual reality-based robotic surgical skills
curriculum. Surg. Endosc. 2014, 28, 1691-1694. [CrossRef]

Sihoe, A.L. Developing training for uniportal video-assisted thoracic surgery: A commentary. Eur. |. Cardiothorac. Surg. 2020, 58,
i1-i5. [CrossRef]

Seeliger, B.; Pavone, M.; Schroder, W.; Kriiger, C.M.; Bruns, C.J.; Scambia, G.; Mutter, D.; Marescaux, J.; Fuchs, H.E. Skill progress
during a dedicated societal robotic surgery training curriculum including several robotic surgery platforms. Surg. Endosc. 2024,
38, 5405-5412. [CrossRef]

Kim, S.S.; Mitzman, B.; Lui, N.S.; Rochefort, M.; D’souza, D.; Sancheti, M.; Manerikar, A.; Logan, C.; Yang, S. Robotic Surgery in
Thoracic Training Programs: A National Needs Assessment. Ann. Thorac. Surg. 2024, 118, 1154-1160. [CrossRef]

Lawrie, L.; Gillies, K.; Duncan, E.; Davies, L.; Beard, D.; Campbell, M.K. Barriers and enablers to the effective implementation of
robotic assisted surgery. PLoS ONE 2022, 17, e0273696. [CrossRef]

George, L.C.; O'nEill, R.; Merchant, A.M. Residency Training in Robotic General Surgery: A Survey of Program Directors. Minim.
Invasive Surg. 2018, 2018, 8464298. [CrossRef]

Liu, X.; Chen, X.; Shen, Y.; Wang, H.; Feng, M.; Tan, L.; D’amico, T.A. Learning curve for uniportal video-assisted thoracoscopic
surgery lobectomy—Results from 120 consecutive patients. J. Thorac. Dis. 2018, 10, 5100-5107. [CrossRef]

Qu, J.; Harling, L. Exploring and analyzing learning curves in robotic-assisted thoracoscopic anatomical lung resections: A
systematic review and meta-analysis. JTCVS Open 2025, 27, 184-194. [CrossRef]

Takasugi, T.; Mawatari, T. Learning curve analysis of robotic-assisted thoracoscopic lung resection performed by a novice thoracic
surgeon. JTCVS Open 2026, 32, 101850. [CrossRef]

The Japanese Society of Thoracic Surgeons. The Endoscopic Surgical Skill Qualification System by the Japan Society for Endoscopic
Surgery and The Japanese Society of Thoracic Surgeons. Available online: http://wwwjacsurg.grjp/qualification/vatsns/
vatsns_rul.pdf (accessed on 1 October 2026).

Iwata, H. Safety management for video-assisted thoracoscopic surgery and robot-assisted thoracoscopic surgery by the Japanese
Association for Chest Surgery. |. Jpn. Surg. Soc. 2024, 125, 317-324.

Liu, C.;; Ma, L.; Guo, C.; Liu, L. Non-grasping en bloc mediastinal lymph node dissection through uniportal video-assisted
thoracic surgery for lung cancer surgery. J. Thorac. Dis. 2016, 8, 2956-2959. [CrossRef]

https:/ /doi.org/10.3390/ cancers18203318


https://doi.org/10.3390/surgeries7010025
https://doi.org/10.1001/jamasurg.2017.6233
https://doi.org/10.1007/s11701-020-01121-3
https://www.jses.or.jp/uploads/files/robot/shishin/robot_assisted_endoscopic_surgery202410.pdf
https://doi.org/10.1016/j.juro.2009.05.042
https://doi.org/10.1007/s11748-025-02209-z
https://doi.org/10.1016/j.jtho.2016.11.1006
https://doi.org/10.1016/j.thorsurg.2008.06.002
https://doi.org/10.1016/0003-4975(96)00253-6
https://doi.org/10.1016/j.jsurg.2017.09.027
https://doi.org/10.1007/s00464-013-3373-x
https://doi.org/10.1093/ejcts/ezaa140
https://doi.org/10.1007/s00464-024-11128-8
https://doi.org/10.1016/j.athoracsur.2024.07.016
https://doi.org/10.1371/journal.pone.0273696
https://doi.org/10.1155/2018/8464298
https://doi.org/10.21037/jtd.2018.08.87
https://doi.org/10.1016/j.xjon.2025.07.011
https://doi.org/10.1016/j.xjon.2026.101850
http://www.jacsurg.gr.jp/qualification/vatsns/vatsns_rul.pdf
http://www.jacsurg.gr.jp/qualification/vatsns/vatsns_rul.pdf
https://doi.org/10.21037/jtd.2016.10.77
https://doi.org/10.3390/cancers18203318

Cancers 2026, 18, 3318 16 of 16

69.

70.

71.

72.

73.

74.

Cao, C,; Frick, A.E.; llonen, L.; McElnay, P.; Guerrera, F; Tian, D.H.; Lim, E.; Rocco, G. European questionnaire on the clinical use
of video-assisted thoracoscopic surgery. Interact. Cardiovasc. Thorac. Sugr 2018, 27, 379-383. [CrossRef]

Broderick, S.R.; Grau-Sepulveda, M.; Kosinski, A.S.; Kurlansky, P.A.; Shahian, D.M.; Jacobs, J.P.; Becker, S.; DeCamp, M.M.; Seder,
C.W.; Grogan, E.L.; et al. The society of thoracic surgeons composite score rating pulmonary resection for lung cancer. Ann.
Thorac. Surg. 2020, 109, 848-865. [CrossRef]

Umstadt, J.; Hochstein, ].N.; Alm, M.; Egberts, ].H. First reported Ivor Lewis esophagectomy using the HUGO RAS system in a
high-volume center: A technical feasibility report and configurational setup. Surg. Innov. 2026, 15533506261474216. [CrossRef]
Li, C; Xie, Z.; Ding, C.; Chen, J.; Zhu, X.; Shi, Y.; Fang, Z.; Gonzalez-Rivas, D.; Zhao, ]. Safety and efficacy of SHURUI single-port
serpentine-arm robotic surgery system in lung surgery: A prospective single-centre study. Interdiscip. Cardiovasc. Thorac. Surg.
2025, 40, vaf232. [CrossRef]

Kubouchi, Y.; Yasuda, R.; Nozaka, Y.; Fujiwara, W.; Matsui, S.; Tanaka, Y. Early clinical experience with the Hinotori robotic
surgical system: Comparable perioperative outcomes with the da Vinci platform in primary lung cancer. Asian J. Endosc. Surg.
2026, 19, €70286. [CrossRef]

Mori, S.; Li, L.; Arakawa, S.; Tsubouchi, S.; Toya, N.; Ohtsuka, T. Clinical Feasibility of robot-assisted pulmonary resection using a
platform incorporating haptic feedback. Ann. Thorac. Surg. 2026. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ cancers18203318


https://doi.org/10.1093/icvts/ivy062
https://doi.org/10.1016/j.athoracsur.2019.08.114
https://doi.org/10.1177/15533506261474216
https://doi.org/10.1093/icvts/ivaf232
https://doi.org/10.1111/ases.70286
https://doi.org/10.1016/j.athoracsur.2026.06.022
https://doi.org/10.3390/cancers18203318

	Introduction 
	Methods 
	Bibliometric Analysis and Author Identification 
	RATS Dominance and Discrepancy 
	Perioperative Outcomes 
	Postoperative Pain 
	Oncological Outcomes 
	Cost-Effectiveness & Financial Viability 
	Socioeconomic Drivers and Healthcare Insurance System 
	Educational Ecosystem, Systemic Constraints, and Safety Considerations 
	Evaluation Systems and Institutional Barriers 
	Global Perspectives and Future Outlook 
	Limitations 
	Conclusions 
	References

