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Abstract

Introduction: To date, no anti‐reflux operations have been reported with the new

da Vinci Single‐Port (single port (SP)) robotic platform. We aimed to describe this

novel surgical approach and evaluate its safety and feasibility.

Methods: All robotic SP operations were performed under an Institutional Review

Board approved protocol.

Results: Two patients underwent robotic SP anti‐reflux surgery through a single

incision of 2.7 cm (one Nissen‐fundoplication and one re‐Redo Nissen‐
fundoplication). The mean docking‐time was 2.5 (2–3) minutes and mean console‐
time was 147 (119–155) minutes. No additional ports were needed, and no

intraoperative complications occurred. Patients tolerated a soft diet on post-

operative day 1 and were discharged on POD‐2 and 3.

Conclusion: Robotic SP anti‐reflux surgery appears to be safe and feasible. This

platform offers similar advantages to the multiport robotic surgery, while adding

lower invasiveness and an improved cosmesis. Further studies are needed to

confirm our results and evaluate long‐term outcomes of this surgical approach.
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1 | INTRODUCTION

In the last decades, minimally invasive surgery has been widely

adopted for the surgical treatment of gastroesophageal reflux dis-

ease (Gastro‐oesophageal reflux disease (GERD)) due to its proven

benefits, as compared to the open approach.1‐4 Although laparoscopy

remains the most commonly used surgical approach, robotic surgery

has proven to be a safe minimally invasive approach with potential

surgical advantages and excellent functional outcomes.5

To further minimise the invasiveness of multiport surgery, single

incision procedures were developed. However, single incision lapa-

roscopic surgery (SILS) and the robotic single site technique never

reached widespread acceptance due to a significant loss of ergo-

nomics, high learning curve, limited assistance, and counterintuitive

instruments.6–8

However, a new robotic single port (SP) platform that might

overcome previous single‐site surgery drawbacks has been recently

developed. This system has three multi‐jointed wristed instruments
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and a three‐dimensional high definition (3D‐HD) articulating scope,

which offers ideal instrument triangulation (Figure 1).

As the da Vinci SP platform is not yet approved by the U.S. Food

and Drug Administration for general surgery operations, all proced-

ures performed with this platform are under an Institutional Review

Board (IRB) approved protocol. In addition, all patients sign a consent

form that details the experimental nature of this approach.

We aimed to describe the technique of robotic SP anti‐reflux
surgery and evaluate its safety and feasibility.

2 | METHODS

All robotic SP operations were performed by a single surgeon

(Francesco M. Bianco) under the IRB protocol #2021‐0520. Herein
we present the initial experience, at our institution, using the robotic

SP platform for patients with GERD.

3 | ROBOTIC SYSTEM

The da Vinci SP system is composed by a surgeon console, a patient

side cart, and a vision cart. The system utilises a similar surgeon

console as the other Intuitive surgical platforms. The main difference

is the presence of an instruments' navigation system that shows the

real‐time position of robotic instruments and camera. The vision cart

contains the optic, light source, energy, and camera attachment

maintaining the same functions and interactions as previous systems.

The patient side cart has a completely redesigned structure with a

single arm architecture that hosts three multi jointed, wristed in-

struments and a 3D HD articulating scope (Figure 2). Moreover, the

improved functions of this optic allow an easily conversion from

upside to downside view that can facilitate the dissection in narrow

access areas.

4 | SURGICAL TECHNIQUE

After induction of general anaesthesia and endotracheal intubation,

the patient is placed supine on a bean‐bag with parted legs and a 20°
reverse Trendelenburg. The procedure starts by creation of a single

access in the left upper quadrant through a 2.7 cm incision.

F I GUR E 1 Multi‐jointed wristed
instruments and 3D‐HD articulating scope

F I GUR E 2 da Vinci single port (SP) patient side cart arm
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The SP robot is then positioned at the patient's right side and

docked to the SP trocar. Through this SP, the robotic camera, a

Cadière forceps, a fenestrated bipolar forceps and a cautery hook are

progressively inserted (Figure 3). The scope is placed cranially in the

oval cannula lumen. This helps to achieve a clear visualisation of the

hiatus and gastroesophageal junction (GEJ). The instruments are then

inserted through the two lateral and the lower circular lumens

(Figure 4). The instruments and camera need to be inserted 10 cm

into the body before their elbows can clear the tip of the metal

cannula. Therefore, to reach the ideal instrument separation and

triangulation to operate, the port should be at least 10 cm from the

closest edge and at a maximum 25 cm from the furthest edge of the

surgical field (Figure 5).

4.1 | Single‐port robot‐assisted Nissen
fundoplication (Video 1 ‐ https://youtu.be/
ANTjkQYAiZE)

The left triangular hepatic ligament is transected and used as

anchoring point to the falciform ligament using a temporary V‐lock
suture (Figure 6). This manoeuver allows to retract the left hepatic

lobe to achieve an adequate exposure of the surgical field.

The stomach is reduced into the abdominal cavity with the

Cadiere forceps introduced through the lower circular cannula

lumen. The GEJ is carefully dissected and the hernia sac is

progressively detached from the diaphragmatic pillars with the

monopolar hook and the bipolar forceps inserted through the left and

right cannula lumens.

F I GUR E 3 Port placement of da Vinci single port (SP) system for anti‐reflux surgery

F I GUR E 4 Instrument and scope positioning
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A small retroesophageal window is created and a penrose drain is

placed (Figure 7A–B). During the posterior oesophageal dissection,

the stomach is lifted using one of the lateral instruments to achieve

adequate exposure. The retroesophageal dissection is then carried

out using the lower and the contralateral robotic instruments

(Figure 8).

The penrose drain is retracted downwards to complete the

mediastinal mobilisation of the oesophagus for about 7 cm, obtaining

at least 3 cm of distal oesophagus into the abdominal cavity. The

mobilisation of the gastric fundus is achieved identifying and pre-

serving the short gastric vessels. Once the dissection is completed,

the crural closure is performed posteriorly to the oesophagus using

interrupted permanent sutures. A Nissen fundoplication is con-

structed passing the gastric fundus posteriorly to the oesophagus in a

standard fashion (Figure 9A–B). A 50 French bougie is used to cali-

brate the wrap which is then constructed with three interrupted

prolene stitches.

4.2 | Single‐port robot‐assisted re‐Redo Nissen
fundoplication (Video 2 ‐ https://youtu.be/
9X6rYPVtmJk)

In case of redo procedure, the transection of the left triangular

hepatic ligament and an extended adhesiolysis may be required to

access the surgical target. These manoeuvres are performed using a

combination of blunt and sharp dissection. After the identification

of the right diaphragmatic crus, the distal oesophagus is carefully

dissected. When the surgical indication is a malfunctioning of the

fundoplication and the GEJ is already localised in the abdomen, the

dissection can be performed even only anteriorly in order to carry

out the recalibration of the wraps without compromising the sta-

bility of the GEJ. In that case, the hiatoplasty is realized anteriorly

F I GUR E 5 Surgical workspace and minimum/maximum
distances

F I GUR E 6 Anchoring of the left triangular
hepatic ligament
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to the oesophagus using interrupted permanent sutures. Once

completed the identification of the old fundoplication wrap, the

recalibration is performed with three interrupted non‐absorbable
sutures.

5 | RESULTS

Patient characteristics are summarised in Table 1. Both operations

were completed successfully without intraoperative complications,

need for additional transabdominal ports or conversion. Estimated

blood loss was 10 ml in both cases. Each procedure was completed

with one robotic docking and the mean time to complete this phase

was 2 min. Operative characteristics, docking and console times are

reported in Table 2. Both patients were advanced to a soft diet on

postoperative day (POD) 1, after the realization of a control upper‐GI
study.

With an uneventful postoperative course, the re‐Redo procedure
was discharged on POD 2 and the primary Nissen procedure on POD

3. At the subsequent follow‐up visits both patients denied dysphagia

and reported a complete resolution of reflux symptoms after the

procedure.

F I GUR E 7 A–B Preparation of a retroesophageal window and penrose drain placement

F I GUR E 8 Upward gastroesophageal junction (GEJ) retraction during the retroesophageal dissection
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6 | DISCUSSION

The robotic platform provides surgeons with a 3‐D, 10‐fold magnified
view of the operating field, restores the natural hand–eye coordi-

nation axis, and through its articulating surgical instruments offers a

high degree of freedom. The result of this technological improvement

is a more intuitive and precise dissection in a confined surgical field

with impressive dexterity.9,10 A recent investigation showed that

between 2012 and 2018, the use of the robotic platform to perform

antireflux procedures increased from 5.4% to 26%.11

Despite this widespread diffusion, several randomized control

trials and observational studies failed to prove the superiority of the

robotic approach to laparoscopy in antireflux procedures.12‐14

However, a recent analysis on 293 elective hiatal hernia pro-

cedures performed laparoscopically (n = 151) and robotically

(n = 142) showed a reduced length of hospital stay (1.3 � 1.8 vs.

1.8 � 1.5, p = 0.003) and postoperative complications (6.3 vs. 19.2%,

p = 0.001) with the robotic approach.15

In our experience, the robotic SP platform provides the benefits

of multiport robotic surgery, while adding a lower invasiveness and

an improved cosmesis. Interestingly, previous surgical approaches

using SP technique have been used without achieving popularity in

the surgical community. For instance, since the first SILS‐Nissen
fundoplication procedures reported in 2010 by Hamzaoglu et al.,16

only few other series have been described in literature with this

approach. Although some comparative studies reported encouraging

results with similar outcomes to the conventional multiport

approach, the SILS antireflux procedure showed longer learning

curve and operative times.6‐8 The main difficulties encountered with

this approach were reduced ability to triangulate, instrument colli-

sion, poor ergonomics, and a two‐dimensional view.
Those limitations were only partially reduced with the subse-

quent introduction of the robotic single‐site approach. The attempt

to reproduce the less invasive SILS, was first described in 2009 by

Kaouk et al. who first reported a small series of robotic single‐site
urological procedures with promising results.17 Despite different

procedures have already been described, the only report of Nissen

fundoplication with this novel approach was performed on a non-

survival porcine model in 2010.18 However, when compared to the

multiport robot, this single‐site approach still presented lack of

endowrist motility, which significantly limited its widespread

acceptance.

In 2018, the launch of the new da Vinci SP surgical system

represented a substantial improvement in the mini‐invasive approach
with single incision technique. This new technology was designed to

F I GUR E 9 A–B Construction of the Nissen fundoplication

TAB L E 1 Patient characteristics

Case Age Gender BMI ASA Diagnosis Previous abdominal surgery

1 60 F 31 3 GERD not responding to PPIs with a

moderate‐sized sliding hiatal hernia

Yes

2 68 F 26.5 3 Loose Nissen wrap with Grade B oesophagitis Yes

Abbreviaitons: ASA, American Society of Anaesthesiologists; BMI, body mass index.

TAB L E 2 Operative characteristics

Case
EBL
(cc)

Total operative
time (min)

Number of
dockings

Docking
time (min)

Console
time (min)

1 10 139 1 3 136

2 10 155 1 2 153

Abbreviaiton: EBL, estimated blood loss.
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apply the powerful capabilities of the multiport robotic platform to

single‐port surgery with an ideal distal instrument triangulation. The

multi‐jointed, fully wristed, elbowed instruments eliminated the in-

struments clashing affecting the laparoscopic and robotic single site

approaches.

The instruments are introduced through a 25 mm diameter

port and are properly triangulated around the target anatomy.

Moreover, these manoeuvres are facilitated by the 360‐degree
rotating boom‐mounted arm of the SP cart which allows an easy

access to different surgical targets during the same procedure.

However, the absence of a dedicated vessel sealer, stapler, and

suction devices may be considered as a significant drawback of the

SP system.

We used an IRB approved protocol to start our experience with

the new SP platform at the University of Illinois at Chicago (USA). To

date, more than 275 robotic SP procedures have been performed by

a single surgeon (Francesco M. Bianco) with an extensive experience

in single site laparoscopic and robotic surgery.19 To our knowledge,

we have described the first robotic SP anti‐reflux procedures in the

literature. In our initial experience, this novel approach has been

shown to be safe and feasible, even for a re‐Redo procedure which is
known to be significantly more challenging. However, in patients with

giant hiatal hernias, the standard multiport approach is preferable

due to the wider instruments divergent action and stronger traction

and countertraction manoeuvres that allows an easier hernia

dissection and reduction. Moreover, a common concern following

single incision procedures, which require a larger fascial incision, is

the risk of incisional hernias. Long term follow‐up studies are

required to determine if this approach is associated with a high

incisional hernia rates. Larger series on SP anti‐reflux procedures are
needed to confirm our results before recommending this approach

for the surgical treatment of GERD.

7 | CONCLUSION

Robotic SP anti‐reflux surgery seems to be safe and feasible. This

platform offers similar advantages to the multiport robotic surgery,

while adding lower invasiveness and an improved cosmesis. Further

studies are needed to confirm our results and evaluate long‐term
outcomes of this surgical approach.
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