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Abstract

Background Robotic surgery has gained widespread acceptance in elective interventions, yet its role in emergency
procedures remains underexplored. While the 2021 WSES position paper discussed limited studies on the application
of robotics in emergency general surgery, it recommended strict patient selection, adequate training, and improved
platform accessibility. This prospective study aims to define the role of robotic surgery in emergency settings, evaluat-
ing intraoperative and postoperative outcomes and assessing its feasibility and safety.

Methods The ROEM study is an observational, prospective, multicentre, international analysis of clinically stable adult
patients undergoing robotic surgery for emergency treatment of acute pathologies including diverticulitis, cholecysti-
tis, and obstructed hernias. Data collection includes patient demographics and intervention details. Furthermore, data
relating to the operating theatre team and the surgical instruments used will be collected in order to conduct a cost
analysis. The study plans to enrol at least 500 patients from 50 participating centres, with each centre having a local
lead and collaborators. All data will be collected and stored online through a secure server running the Research
Electronic Data Capture (REDCap) web application. Ethical considerations and data governance will be paramount,
requiring local ethical committee approvals from participating centres.

Discussion Current literature and expert consensus suggest the feasibility of robotic surgery in emergen-

cies with proper support. However, challenges include staff training, scheduling conflicts with elective surgeries,

and increased costs. The ROEM study seeks to contribute valuable data on the safety, feasibility, and cost-effectiveness
of robotic surgery in emergency settings, focusing on specific pathologies. Previous studies on cholecystitis, abdominal
hernias, and diverticulitis provide insights into the benefits and challenges of robotic approaches. It is necessary to iden-
tify patient populations that benefit most from robotic emergency surgery to optimize outcomes and justify costs.
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Introduction

Robotic surgery has progressively gained accept-
ance in several surgical fields, being routinely used
for elective interventions [1-3]. The issue regard-
ing the role of robotic surgery for emergency proce-
dures remains open. Few studies have been published
regarding the applications of robotics for emergency
general surgery procedures; they were reviewed and
discussed in the 2021 WSES position paper [4]. Stud-
ies on colorectal surgery, hiatal hernia surgery, bari-
atric surgery, gallbladder surgery, and abdominal wall
surgery were included and statements proposed. The
experts recommended a strict patient selection, an
adequate training of the operating surgical team and
an improvement of the accessibility of the robotic
platforms. We propose this prospective study to better
define the application of robotic surgery in an emer-
gency setting, evaluating the intraoperative and post-
operative outcomes, trying to understand the role of
the robotic platform in the management of emergency
situations.

Methods

Study objectives

The primary aim of the ROEM study is to evaluate
safety and feasibility of robotic surgery in patients
requiring an emergency treatment for acute surgical
pathologies, examining intraoperative and postopera-
tive outcomes, assessing the role of robotic platform in
emergency setting. The secondary aim is to conduct a
cost analysis to understand whether high costs actually
represent a limit for robotic surgery.

Study design

ROEM is an observational, prospective, multicentre,
international study. Data of clinically stable patients
who underwent robotic surgery in emergency setting
will be prospectively analysed. The pathologies that will
mainly be taken into consideration will be acute diver-
ticulitis, acute cholecystitis and obstructed hernias.
The Hinchey classification will be used to describe the
degree of acute diverticulitis [5], and the 2018 Tokyo
guidelines will be used to describe the degree of acute
cholecystitis [6]. Patients with other surgical patholo-
gies may also be enrolled in the study as long as they
are treated in robotic surgery in emergency setting.
Data relating to the operating theatre team and the sur-
gical instruments used will be collected in order to con-
duct a cost analysis. The variables under study are listed
in Table 1.
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Study setting and sample size

Any centre performing robotic surgery for emergency
procedure will be eligible to participate. Each centre will
have a local lead and up to two collaborators; data can be
provided for the entire study period, the expected dura-
tion of which is at least one year.

Since it is not routine to use the robotic platform in
an emergency setting, there is no data in the literature
regarding an estimate of the number of patient subject to
these procedures. Assuming that at least one emergency
robotic intervention is carried out per month and that 50
centres participate, we estimate a minimum sample size
of 500 patients.

Eligibility criteria
The following criteria must be satisfied for patient inclu-
sion in the study:

+ adult patients (18 years or above);

+ clinically stable patients with disease requiring emer-
gency surgical treatment;

« intervention performed in robotic surgery;

« capability of giving valid informed consent.

Patients who fulfil any of the following criteria will be
excluded:

+ patients under 18 years of age;

« intervention performed in open or laparoscopic sur-
gery;

+ elective surgery;

+ clinically unstable patients;

+ inability of giving valid informed consent.

Data collection and management

All data will be collected and stored online through a
secure server running the Research Electronic Data
Capture (REDCap) web application. REDCap allows col-
laborators to enter and store data in a secure system. Col-
laborators will be given secure REDCap project server
login details, allowing secure data storage on the RED-
Cap database. No patient-identifiable information will be
uploaded, and anonymized data will be pooled and ana-
lysed, with no surgeon- or centre-specific comparisons
performed.

Statistical analysis

Data will be expressed as median and interquartile range
(IQR) and number and relative percentage. Normal dis-
tribution of continuous variables will be assess with the
Kolmogorov—Smirnov test. Continuous variables will be
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Table 1 Variables under study
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Table 1 (continued)

Demographics

Patient sex

Patient age

BMI

Age-adjusted Charlson Comorbidity Index (@CCl)
Previous surgery

Disease requiring emergency surgery

Diagnosis (acute diverticulitis, acute cholecystitis, obstructed hernia,

other)

Hinchey grading
Tokyo grading
Site of hernia

Operative data

Amount of robotic surgeries performed in the institution (per year)
Surgeon expertise (robotic surgeries performed per year)

Robot model
Type of procedure

Time of intervention (what time of day was the surgery performed?)

Operative time

Intraoperative complications

Conversion

Reason of conversion

Drain

Recovery

Length of stay in ICU (stay in intensive care unit)
Clavien-Dindo

Type of complication

Treatment of complication

Death

Time to first flatus

Time to first mobilization

Time to first oral feeding

Length of stay

90-days mortality

90-days readmission

Theatre staff and consumable equipment (amount)
Ordinary consultant surgeons

Dedicated consultant surgeons

Ordinary non-consultant surgical assistants
Dedicated non-consultant surgical assistants
Ordinary anesthetic consultants

Dedicated anesthetic consultants

Ordinary non-consultant anesthetists
Dedicated non-consultant anesthetists
Ordinary theatre nurse scrubber

Dedicated theatre nurse scrubber
Ordinary theatre nurse circulating
Dedicated theatre nurse circulating
Ordinary portering staff

Dedicated portering staff
Maryland bipolar forceps
Fenestrated bipolar forceps
Permanent cautery hook
Cadiere forceps

Hot shears

Prograsp forceps

Vessel sealer

Harmonic ace

Staplers

Stapler reloads

Sutures

Drains

Hemostatic consumables
Diathermy consumables
Scrub suits

Dressings

Drapes

analysed using the student ¢-test or Mann—Whitney test
and categorical variables using Fisher exact test or Chi-
Square test as appropriate. Significant variables (p <0.05)
at univariate and well-known variables affecting out-
comes will be used to run the matching. All statistics will
be 2-tailed and statistical significance will be accepted
when p<0.05. All statistical analyses will be performed
using IBM SPSS Statistics 27.

Discussion

As state in the 2021 WSES position paper after a careful
review of the literature and a consensus of experts [4], the
use of robotic surgery in emergency setting is feasible if
properly supported by surgical staff and equipment. They
selected ten papers focusing on emergencies in colorec-
tal, hiatal hernia, gallbladder, bariatric and abdominal
wall surgery.

On the same page, they also point out how the use of
robotic surgery, especially with the aid of telemedicine,
will be useful in surgical training for a minimally invasive
surgery curriculum. Considering the progression on the
learning curve, WSES in 2022 [7] publishes a position
paper on how a proper training curriculum in minimally
invasive surgery in emergency setting should be created.
Most of the studies considered are about laparoscopic
surgery, nonetheless they included a study on single port
robotic cholecystectomies and two studies on strangu-
lated inguinal hernias. All the studies show an increased
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spectrum of difficulty in emergency setting, so they pro-
pose to focus on robotic emergency surgeries after com-
pleting the elective learning curve.

Aside from the need of trained staff, the use of robotic
surgery in emergencies should not interfere with elective
surgery [4]. As already pointed out in 2021 by Sudan [8],
the increased amount of possible elective cases and the
number of surgeons trained in robotic surgery force hos-
pitals to consider new schedules of robotic surgery, like
after hours or on the weekends. They present two cases
of complicated bariatric surgery both performed with the
robot with excellent results, although they notice how
fundamental is having an available trained staff and a
compliant anesthesiologist.

Focusing on how robotic surgery in emergency setting
is feasible, Reinisch [9] publish a systematic review of the
literature considering 52 papers. They divide emergen-
cies in appendectomy, cholecystectomy, abdominal wall
surgery and other procedures. The review confirms what
already shown in the WSES paper [4]: there is not an
increased amount of complications and robotic surgery is
a valid option in emergency setting. Although they report
the impossibility to publish a proper meta-analysis due to
the lack of enough published papers on robotic surgery in
emergency setting, the data suggest an increased opera-
tive time than laparoscopy and an increased cost per
operation without considering the initial cost of purchas-
ing the robotic equipment.

In 2023 Grimsley [10] publish a multicentric retro-
spective study on the difference between the cost of
laparoscopic emergency surgery and robotic emergency
surgery. Between 2018 and 2020, they analized all the
data linked to the operative and post-operative costs for
all emergency general surgery operations both robotic
and laparoscopic. Similar to Reinisch [9], they find an
increased hospital cost performing robotic emergency
surgery than laparoscopic without any evident benefit
for patients’ outcome, so they propose to further studies
to identify the proper patients’ population to receive the
most benefit compared to a similar cost than the same
laparoscopic procedure.

In this study, we will focus mainly on three most com-
mon disease treated with emergency surgery, such as
diverticulitis, cholecystitis and hernias. Nevertheless, we
will consider also all the other less common emergency
surgical procedure for other surgical diseases, but they
will be categorized together as “other disease”.

Considering the cholecystitis, laparoscopic cholecys-
tectomy is now the standard approach, but there are sev-
eral studies in literature which explore the possibility of
using robotic surgery to perform better especially in case
of perforated or gangrenous cholecystitis. Milone [11]
report three cases of emergency robotic cholecystectomy,
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two were empyematous and one gangrenous. They
reported a slight increase in operative time with a dis-
charge within 24 h from the procedure and no complica-
tions afterward. As literature shows, they confirm robotic
cholecystectomy is feasible and safe with better outcome
in gangrenous cholecystitis than standard laparoscopic
cholecystectomy.

The second disease is abdominal hernias which can be
approached both laparoscopic or open in emergency set-
ting. Kudsi [12] offer a comparison between the outcome
of open approach and robotic approach in emergency
setting. They selected 43 patients who underwent the
open approach and 35 who underwent the robotic one.
As supposed, they notice an increased operative time
and fewer complications, such as surgical site infections.
However, both the length of stay or the recurrence dif-
fered in both groups.

Last one is diverticulitis that, as before, can be
approached both laparoscopic or open in emergency
setting due to surgeon expertise and technical difficulty.
Curfman [13] offer a retrospective multicentric review
comparing the open, laparoscopic and robotic approach
of emergent colorectal resection for acute diverticuli-
tis. They consider data from 262 facilities from 2018 to
2021 and they’re comparing open with robotic and lapa-
roscopic with robotic approach. Robotic surgery shows
an increased operative time than both laparoscopic and
open approach. At the same time, robotic surgery offers
a decreased ICU admission rates and anastomotic leak
rates than open approach and reduced anastomotic leak
rates and conversion rates than laparoscopic approach.

At last, we regroup all other robotic emergency proce-
dures together in order to consider also rarer procedures
in emergency setting that could benefit a robotic approach.
For example, Robinson [14] focuses on gastrojejunal ulcers
in patients with Roux-en-Y gastric bypass and compares
laparoscopic and robotic approach obtaining an improved
start time and an increased cost in robotic approach, but
no other significant results. Aside from acute diverticulitis
and considered the increasing interest in elective robotic
colorectal surgery, Maertens [15] offer a retrospective case
series on ten emergent robotic colorectal surgeries getting
a RO associated with a proper lymph node dissection and
no major complication or 30-day mortality. Another case
of oncologic emergency surgery is reported by Contic-
chio [16] with a ruptured hepatocellular carcinoma treated
with a robotic approach in a stable patient after trans
arterial embolization failure. Last case series reported is
by Ceccarelli [17] about five patients affected by strangu-
lated hiatal hernias treated with laparoscopic or robotic
approach. After performing the diagnosis with CT scan,
three patients underwent robotic approach and two lapa-
roscopic approach without complications o recurrence.
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Although there are no recommendations in current litera-
ture, robotic surgery appear to be feasible in stable patients
in this emergency setting.
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