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Abstract

Background

Clinical evaluation is necessary to determine that novel robotic surgical systems can safely support
complex procedures. This first-in-human study assessed the safety and performance of the OTTAVA™
Robotic Surgical System (Johnson & Johnson MedTech, Santa Clara, CA, USA), which incorporates table-
mounted arms, in patients undergoing Roux-en-Y gastric bypass (RYGB).

Methods

The FORTE study was a prospective, single-arm, multicenter clinical investigation conducted across six
centers. The primary effectiveness endpoint was completion of RYGB using OTTAVA without conversion
to open or laparoscopic surgery. Primary safety endpoints were occurrence of device- or procedure-
related complications within 30 days. Secondary endpoints included operative and perioperative
outcomes.

Results

Thirty patients underwent robotic-assisted RYGB with 30-day follow-up. The median age was 42.0 years
(range 26-64), and median body mass index was 46.7 kg/m? (range 33.4-69.0). All procedures (100%)
were completed robotically without conversion to open or laparoscopic surgery, meeting the primary
effectiveness endpoint. Device- or procedure-related complications occurred in 5 patients (16.7%), below
the prespecified performance goal of 27.8%. Complications consisted of manageable intraoperative and
postoperative events, none resulting in reoperation, anastomotic leak, stricture, or mortality.

Conclusions

In this prospective multicenter study, a robotic system with table-mounted arms was successfully used
to complete RYGB without conversion to open or laparoscopic surgery. All predefined primary and
secondary performance goals were achieved. These findings support the safety and performance of the
system in a technically challenging upper abdominal procedure.

ClinicalTrials.gov Registration NCT06709261

Introduction

Robotic surgical systems were developed to address constraints with laparoscopic surgery by providing
improved visualization, wristed instrumentation, and enhanced surgeon control[1-3]. Published data
suggest that perioperative outcomes for robotic and laparoscopic RYGB are largely comparable,
including complication rates, length of stay, and conversion to open surgery [4-6]. Additionally, longer
operative times and higher costs associated with robotic-assisted surgery remain a significant barrier to
broader adoption [4, 6—9]. For more than two decades, the robotic surgery market has been largely
defined by the dominance of the da Vinci Surgical System (Intuitive Surgical, Sunnyvale, CA, USA),
resulting in limited competition compared with other areas of surgical technology [10]. Recently,
however, multiple robotic platforms have emerged with differing architectures, console designs, and
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workflow strategies, signaling a transition toward a more competitive robotic surgery ecosystem [11-
14]. In this context, the introduction of a novel robotic platform requires careful clinical evaluation to
determine not only whether outcomes are acceptable, but whether the system can reliably support
completion of a complex procedure such as Roux-en-Y gastric bypass (RYGB) across different surgeons
and institutions.

Successful completion without conversion to open or laparoscopic surgery provides an important
measure of whether a novel surgical platform can support the intended procedure. Conversion events
may provide insight into limitations related to device performance or workflow integration. As such, early
clinical experience must establish that essential procedural steps, such as dissection, reconstruction,
and anastomosis, can be performed consistently using the investigational system.

Recent advances in robotic system design have focused on delivering a more seamlessly integrated
operating room experience [15]. One such approach is integrating robotic arms into the surgical table.
This design is intended to reduce the system footprint, simplify workflow, and reduce procedural
disruptions through synchronized table motion, which enables patient repositioning to access anatomy
across multiple quadrants without the need to undock the robotic system.

The present study reports the results of a prospective, multicenter clinical evaluation of the OTTAVA
Robotic Surgical System (RSS) (Johnson & Johnson MedTech, Santa Clara, CA, USA) with table-mounted
arms (Fig. 1) in patients undergoing RYGB. The primary objectives of this study were to assess the ability
of the system to support successful completion of the procedure without conversion to open or
laparoscopic surgery, and occurrence of intraoperative and postoperative device- or procedure-related
complications. Secondary objectives included evaluation of perioperative outcomes. Through this
analysis, we sought to characterize early clinical performance and define factors associated with
effective implementation of a novel robotic platform.

Materials and Methods
Study Design and Setting

The FORTE study was a prospective, multicenter, single-arm clinical investigation designed to evaluate
the safety and performance of an RSS in patients undergoing RYGB. The study was conducted under an
Investigational Device Exemption across six institutions in the United States and received institutional
review board approval at each participating site. All subjects provided written informed consent prior to
enrollment. Participating institutions represented a range of clinical environments with surgeons of
varying levels of prior robotic experience, allowing for evaluation of system performance across
heterogeneous operating room settings. The study was prospectively registered at ClinicalTrials.gov
(NCT06709261) and conducted in accordance with the Declaration of Helsinki.

Patient Selection
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Adult patients undergoing elective primary RYGB for treatment of obesity were eligible for inclusion.
Enrollment was limited to individuals who met established clinical indications for bariatric surgery and
were considered appropriate candidates for minimally invasive surgery. Detailed inclusion and exclusion
criteria are provided in the Supplementary Material. Subjects were consecutively screened to reduce
selection bias and were required to satisfy predefined inclusion and exclusion criteria. All enrolled
patients were followed through 30 days postoperatively for outcome assessment.

Study Procedure

Roux-en-Y gastric bypass (RYGB) was selected as the index procedure because it represented a
technically complex minimally invasive operation requiring tissue dissection, intracorporeal suturing,
gastrointestinal reconstruction, and work across multiple abdominal quadrants. Successful completion
of RYGB therefore provided a thorough assessment of the ability of the robotic surgical system to
support advanced abdominal surgery.

Surgeon Experience and Training

All procedures were performed by surgeons with prior experience in laparoscopic and robotic bariatric
surgery. To assess system performance across a spectrum of robotic experience, surgeons were
stratified according to recent robotic surgical volume.

High-volume surgeons were defined as those having performed more than 200 robotic procedures within
the preceding two years, whereas mid to low-volume surgeons had performed no more than 200 cases
over the same period. The study design required participation from both groups to ensure representation
of varying levels of familiarity with robotic systems and to evaluate generalizability of performance.
Eleven surgeons, seven high-volume and four mid- to low-volume surgeons, across six sites participated
in the trial. All surgeons completed between two and four procedures using the investigational device. All
surgeons and operating room staff completed standardized system-specific training prior to performing
study procedures. No procedures performed with the investigational system were excluded from
analysis; all clinical cases beginning with each surgeon's first use of the platform were included in the
study.

Robotic System and Operative Setup

The investigational robotic system incorporated multiple robotic arms integrated into the surgical table,
enabling coordinated instrument control and patient positioning without the need for an external cart-
based configuration. The system was controlled from a surgeon console and was designed to facilitate
visualization, tissue manipulation, dissection, and suturing during minimally invasive procedures.
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Procedures were performed using institutional standards of care, with the use of commercially available
adjunct instruments, including laparoscopic staplers and energy devices, at the discretion of the surgical
team. Representative intraoperative images demonstrating port placement, robotic suturing, and
surgeon console operation are shown in Figure 2.

Surgical Procedure

All patients underwent robotic-assisted RYGB using a standardized operative approach. Stapling was
performed by the bedside assistant using laparoscopic handheld staplers with staple reloads of varying
thickness as per surgeon preference. Following abdominal access and port placement, surgeons
performed the core procedural steps including:

e Creation of a gastric pouch

¢ Division of the greater omentum

e Development of the biliopancreatic limb

e Formation of the gastrojejunal anastomosis

e Measurement and development of the roux (alimentary) limb

e Construction of the jejunojejunal anastomosis

Tasks were performed in a different order, modified, or omitted based on surgeon preference or
anatomical presentation. Concomitant procedures permitted by the protocol included repair of hiatal
hernias <5 cm. Essential components of the procedure, including visualization, grasping and
manipulating tissue, orienting tissue for stapling, dissection, cutting, and hemostasis, were expected to
be completed using a robotic approach. Consistent with common practice in robotic-assisted RYGB, non-
investigational devices used during the procedures included accessory trocars, sutures, buttress, and
wound closure.

Study Endpoints

The primary effectiveness endpoint was defined as successful completion of the RYGB procedure
without conversion to an alternative operative approach, including laparoscopy or open surgery.
Conversion to open or laparoscopic surgery was defined as the unplanned use of non-robotic techniques
for essential procedural steps, reflecting inability of the system to support completion of the operation
as intended. The primary safety endpoint was the occurrence of intraoperative or postoperative device-
or procedure-related complications within 30 days of surgery. Secondary endpoints included operative
time, estimated blood loss, length of hospital stay, hospital readmission, reoperation, and postoperative
complications such as anastomotic leak or stricture. Complications were categorized using the Clavien-
Dindo classification system. Device deficiencies and intraoperative events were also recorded to assess
system reliability and integration into operative workflow. Performance goals for the primary and
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secondary endpoints were established prior to study initiation based on a systematic review of the
published RYGB literature.

Statistical Analysis

Statistical analyses were performed according to a prespecified statistical analysis plan. The full
analysis set, defined as all subjects who underwent robotic-assisted RYGB with the OTTAVA RSS, was
used for analysis of primary and secondary endpoints. Safety outcomes were evaluated through 30-day
follow-up. Continuous variables are presented as median and range, while categorical variables are
summarized as frequencies and percentages. Exact 95% confidence intervals (Cls) were calculated for
categorical endpoints using the Clopper-Pearson method. All analyses were performed using the SAS
v9.4 (SAS Institute Inc., Cary, NC) statistical program.

Results

Study Population and Procedural Completion

A total of 32 subjects were enrolled across six investigational centers. Two subjects were withdrawn
prior to surgery due to determination as non-surgical candidates, and 30 subjects underwent robotic-
assisted RYGB. All 30 subjects (100%) who underwent the procedure completed the 30-day follow-up
(Figure 3).

The median age of the cohort was 42 years (range 26 to 64 years). There were 22 females (73%) and 8
males (27%). Race and ethnicity included 10 (33%) who identified as Black or African American, 7 (23%)
who identified as Hispanic or Latino, and 13 (43%) who identified as White. The median body mass index
(BMI) was 46.7 kg/m?, with a range of 33.4 to 69.0 kg/m? (Table 1).
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Table 1: Demographics and Clinical Characteristics

Patient Characteristics (N = 30 patients)
Age (years)

Mean (SD) 41.8 (9.2)
Median 42.0

Min, Max 26, 64

Sex, % (n/N)

Male 26.7% (8/30)
Female 73.3% (22/30)
Weight (kg)

Mean (SD) 134.3 (29.1)
Median 129.2

Min, Max 87.7,188.0
Height (cm)

Mean (SD) 168.0 (8.2)
Median 166.4

Min, Max 149.9,185.4
BMI (kg/m?)

Mean (SD) 47.4(9.2)
Median 46.7

Min, Max 33.4,69.0

ASA Physical Status Classification, % (n/N)

ASA I—A normal healthy patient 0.0% (0/30)
ASA 1I—A patient with mild systemic disease 6.7% (2/30)
ASA llI—A patient with severe systemic disease 93.3% (28/30)

SD standard deviation; kg kilogram; cm centimeter; kg/m? kilogram per meter squared; ASA
American Society of Anesthesiologist

All 30 procedures were completed with the OTTAVA Robotic Surgical System without conversion to
laparoscopic or open surgery.
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Primary Safety Outcomes and Adverse Events

Device- or procedure-related complications occurred in 5 of 30 subjects (16.7%; 95% Cl: 5.6-34.7%).
Complication severity was classified according to Clavien-Dindo criteria, with four subjects experiencing
grade Il or higher complications. A total of 99 adverse events were reported among all 30 subjects. The
majority were expected postoperative findings. Gastrointestinal adverse events were most common,
including abdominal pain in 28 of 30 subjects (93%) and nausea in 17 of 30 subjects (57%).

Four subjects (13%) experienced at least one major complication. This included two device-related
adverse events: a mechanical serosal injury, managed with sutured repair during the index procedure
(grade llIb) and a superficial thermal injury to bowel serosa managed with prophylactic imbricating
suture placement (grade IlIb). There were two adverse events that were determined not to be device-
related, consisting of an intestinal perforation occurring during laparoscopic abdominal access (grade
lllb) and a postoperative sterile fluid collection requiring readmission and managed with percutaneous
drainage, yielding sterile fluid (grade Illa). The intestinal perforation occurred during initial abdominal
access under laparoscopic vision with a non-robotic optical trocar and occurred before robotic docking.
The injury was repaired laparoscopically before initiation of the robotic phase, after which RYGB was
completed robotically without conversion. Two minor complications (grade I) were reported, consisting
of transient endotracheal tube malposition (endobronchial intubation) and postoperative vomiting. The
airway complication and intestinal perforation occurred in the same subject. There were no
unanticipated adverse device effects. All adverse events resolved without long-term sequelae, no device-
related event required intervention beyond that described, and there were no reoperations, anastomotic
leaks, anastomotic strictures, or mortality within 30 days.

Secondary Outcomes and Operative Metrics

Median operative time was 154 minutes (range 75-264). Operative workflow and time components,
including setup, docking, console, and disassembly intervals, are illustrated in Figure 4. Median
estimated blood loss was 20.0 mL (range 2-50). No subjects required intraoperative or postoperative
blood transfusion. The median length of stay was 1.5 days (range 1-5). All primary and secondary
performance goals specified in the study statistical analysis plan were achieved (Table 2).
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Table 2: Primary and Secondary Objectives of the Study

Primary endpoints

Rate of device and procedure related complications
(through 30 Days)

CD class number of complications®

Major complications (CD = Ill)

Minor complications (CD I-Il)

Rate of conversions to open or laparoscopic surgery

Secondary endpoints

Procedure time (minutes)
Estimated blood loss (n=29, mL)
Length of stay (days)

Secondary objective endpoints

Occurrence of Blood Transfusion
Readmission rate (through 30 Days)
Reoperation rate (through 30 Days)
Anastomotic leak rate (through 30 Days)
Anastomotic stricture rate (through 30 Days)
Mortality rate (through 30 Days)

SD standard deviation; CD Clavien-Dindo; mL milliliter

% (n/N)

16.7% (5/30)

13.3% (4/30)
6.7% (2/30)

0.0% (0/30)
Mean (SD)

156.2 (47.9)
19.9 (12.8)
1.7 (1.0)

% (n/N)
0.0% (0/30
3.3% (1/30

0.0% (0/30

)
)
0.0% (0/30)
)
0.0% (0/30)

)

0.0% (0/30

Performance Goal®

<27.8%[16]

<10.0%

Performance Goal®
<300[17]

<60[18]

<4

Performance Goal®
<5.0%[19]

< 13.5% [20]
<9.0% [21]

<6.8% [22]

< 18.0% [23]

0.0%

a. Performance goals were prospectively established from a systematic review of the RYGB
literature. Corresponding source references are provided in the bibliography [9, 17-37].

b. 1 subject experienced both a Major and Minor complication and is counted in both categories

here, but once in the primary endpoint category.

Procedural Performance and Task Completion

All visualization while using robotic instruments, grasping and manipulating tissue, orienting tissue for
stapling, dissection, and monopolar/bipolar energy for cutting and hemostasis were performed
robotically in all 30 cases (100%). All essential procedural steps, including gastric pouch creation,
gastrojejunal anastomosis, and jejunojejunal anastomosis, were completed robotically in all 30 cases
(100%), with bedside stapling. Measurement of the roux limb was performed laparoscopically in 3 cases
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(10%) based on surgeon preference; all other procedural steps were performed using the robotic
system.

Intraoperative findings prompted concomitant procedures in 3 of 30 patients (10%). Robotic hiatal hernia
repair was performed in 2 patients (7%), both involving defects measuring 2—5 cm. One patient (3%)
additionally underwent robotic repair of a paraduodenal hernia identified intraoperatively; because this
procedure was not specified in the study protocol, it was recorded as a protocol deviation. Laparoscopic
stapling was performed using Ethicon (Johnson & Johnson MedTech, Cincinnati, OH, USA) staplers in 17
cases (57%) and Covidien (Medtronic, Dublin, Ireland) staplers in 13 cases (43%), according to surgeon
preference and institutional practice.

Surgeon Experience and Site Variability

Procedures were performed by both high-volume and mid-volume to low-volume robotic surgeons.
Nineteen procedures (63%) were performed by high-volume surgeons and 11 procedures (37%) by mid-
to low-volume surgeons. Procedures were successfully performed across all six clinical sites, including
operating rooms with varying configurations and prior robotic experience. All procedures performed with
the investigational system, beginning with each surgeon's first clinical use of the platform, were included
in the analysis.

Discussion

This prospective multicenter clinical study demonstrates that a novel RSS with table-mounted arms can
be safely and effectively used to perform RYGB. There were no conversions to open or laparoscopic
approaches, reflecting the ability of the investigational system to perform all essential components of a
complex bariatric procedure. The study cohort had a median body mass index of 46.7 kg/m? and
demographic characteristics consistent with patients undergoing bariatric surgery (Table 2) [38-40].
These features provide important context for interpretation of procedural performance.

In addition to procedural completion, the study met its primary safety endpoint. Adverse events were
evaluated using predefined protocol criteria and adjudicated according to study-specific safety
definitions. Device- and procedure-related complications occurred in 16.7% of patients, below the
prespecified performance goal of 27.8% established with systematic review of the RYGB literature [9,
17-37]. No procedures required conversion to open or laparoscopic surgery, compared with a
performance goal of < 10%. Similarly, operative time, estimated blood loss, length of stay, readmission,
reoperation, anastomotic leak, and anastomotic stricture rates all met predefined performance goals.
These findings provide additional context for interpretation of the clinical outcomes and indicate that
system performance was consistent with established expectations for RYGB.

The clinical significance of reported complications is best understood in the context of event severity
and management. Although four subjects experienced CD grade Ill complications, these consisted
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largely of intraoperative events that were recognized immediately and managed during the index
procedure. The most severe event, an intestinal perforation, occurred during laparoscopic abdominal
access prior to robotic docking and was unrelated to the investigational device. Two gastrointestinal
injuries were repaired intraoperatively without conversion or long-term sequelae, and a postoperative
incidental sterile fluid collection was successfully managed with percutaneous drainage. Two events
were adjudicated as device related: a superficial thermal injury and a serosal tear that were managed
intraoperatively without alteration of postoperative recovery. No complication resulted in anastomotic
leak, stricture, reoperation, or mortality. These findings indicate that adverse events, when encountered,
were resolved with standard intervention within the context of robotic-assisted surgery [4, 6, 41].

Secondary outcomes further characterize system performance. Operative time, estimated blood loss,
and length of stay were consistent with previously reported ranges for bariatric surgery [4, 6, 41]. These
findings are also consistent with contemporary Metabolic and Bariatric Surgery Accreditation and Quality
Improvement Program (MBSAQIP) analyses of robotic bariatric surgery. Importantly, no procedures were
excluded as pre-study learning-phase cases, and all cases beginning with each surgeon'’s first clinical
use of the investigational platform were included in the analysis. Median operative time was 154
minutes, and mean operative time was 156 minutes in the first 30 RYGB procedures performed using the
investigational RSS across 11 surgeons with varying levels of robotic experience. For comparison, a
recent MBSAQIP analysis reported yearly mean operative durations for robotic RYGB ranging from 152 to
160 minutes across the United States and Canada [7]. The similarity of these operative times is notable
given that the present study evaluated an entirely new robotic platform during its earliest clinical use and
across multiple institutions and surgeons. National database studies have reported low rates of
mortality, leak, reoperation, and major perioperative morbidity following robotic RYGB, while
demonstrating that robotic approaches can be performed safely across diverse practice settings.
Additionally, MBSAQIP analyses have shown that robotic bariatric surgery has become increasingly
utilized in the United States, reflecting growing clinical adoption of robotic platforms for complex
bariatric procedures [42, 43]. The outcomes observed in the present study are therefore consistent with
expectations derived from contemporary robotic bariatric practice, despite representing an early clinical
experience with a novel robotic architecture. While this study was not designed for comparative analysis,
these findings demonstrate that procedural success was achieved without evidence of unusual
perioperative morbidity.

A notable observation from this study is the consistency of procedural completion across multiple
surgeons, institutions, and patient size. Procedures were performed across six clinical sites, including
environments with varying operating room configurations, by 11 surgeons of variable robotic expertise,
and on patients with wide-ranging BMIs (33 to 69 kg/m?). The ability to achieve uniform completion
without conversion across all sites supports the reproducibility of system performance in early clinical
use.

The significance of these findings extends beyond procedural outcomes alone and should also be
considered within the context of a rapidly evolving robotic surgery landscape. For many years, clinical
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robotic surgery was largely dominated by a single platform, resulting in relatively limited opportunities
for comparative evaluation of alternative robotic system designs [10]. More recently, several new robotic
platforms have entered clinical development and early clinical use, introducing distinct approaches to
surgeon ergonomics, operating room integration, instrument architecture, and procedural workflow [11-
14, 44]. The present study contributes to this growing body of evidence by providing prospective
multicenter clinical data evaluating a robotic system with table-mounted arms in a complex bariatric
procedure. Unlike conventional cart- or boom-based based robotic systems, the investigational platform
incorporates robotic arms directly into the operating table, representing a distinct architectural approach
that warrants independent clinical evaluation.

Beyond its clinical findings, this study has regulatory significance. Prospective multicenter clinical
evaluation was conducted to support regulatory assessment of the investigational robotic system in the
United States. The results demonstrated successful completion of all procedures without conversion to
open or laparoscopic surgery, achievement of all predefined primary and secondary performance goals,
and acceptable perioperative safety outcomes. These clinical data contributed to subsequent U.S. Food
and Drug Administration (FDA) De Novo authorization of the system for the studied indication.

Limitations

Several limitations should be considered. This was a single-arm study without a comparator group,
limiting direct comparison to existing robotic systems. The sample size was modest, and outcomes
were evaluated using descriptive analyses without formal hypothesis testing. The follow up interval for
enrolled patients was 30 days, limiting sensitivity for late-presenting complications, such as chronic
stricture or incisional hernia. The study was also not designed to assess performance across different
patient subgroups or to identify predictors of outcomes. Despite these limitations, this study provides
early clinical evidence supporting the ability of a novel robotic system to perform RYGB.

Conclusions

In this prospective multicenter clinical study, a robotic surgical system with table-mounted arms
demonstrated the ability to support completion of RYGB without conversion to open or laparoscopic
surgery, with all 30 procedures successfully completed robotically. The achievement of procedural
completion, combined with acceptable safety outcomes and consistent performance across sites,
supports the feasibility of this system for use in minimally invasive bariatric surgery. Device- and
procedure-related complications were observed but were managed without significant interruption of
robotic workflow, and no reoperations, anastomotic complications, or mortality occurred within 30 days.
Secondary outcomes, including operative time, blood loss, and length of stay, were consistent with
expected perioperative findings.

All primary and secondary performance goals established prospectively from a systematic review of the
RYGB literature were achieved, and the resulting clinical evidence contributed to FDA De Novo
authorization of the system in the United States. Together, these findings support the feasibility of
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alternative robotic system architectures as the robotic surgery market transitions toward a more
competitive landscape.
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Figure 1

OTTAVA Robotic Surgical System with table-mounted arms.

Figure 2

(A) RYGB Port Positioning. (B) Intraoperative image exhibiting robotic suturing. (C) OTTAVA Surgeon
Console.
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Figure 3

Participant flow diagram.
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Figure 4

Operative workflow and procedural time components during robotic Roux-en-Y gastric bypass
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