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Abstract

Background: Hiatal Hernia Repair (HHR) is routinely performed Laparoscopically (L-HHR). However, the robotic approach is
gaining momentum replacing the laparoscopic approach to overcome difficulties related to poor vision and instrumentation in difficult
cases to avoid intraoperative complications and conversion to open surgery. Furthermore, bioabsorbable meshes are used increasingly
for HHR to reduce recurrence rates and avoid problems related to conventional non-absorbable synthetic meshes. The current multi-
centre study reports the outcome of robotic HHR (RA- HHR) in complex cases with our innovative ‘’Doughnut” technique by using
a bioabsorbable Phasix™ ST.

Objective : A multicenter retrospective study to evaluate the safety, efficacy, and long-term outcomes of robotic HHR with Phasix™
ST mesh.

Methods: Between December 2017 and December 2024, a total of 507 patients who underwent RHHR with Doughnut technique
using Phasix™ ST mesh across multiple centres were analyzed. All patients had either large and recurrent Hiatal Hernia (HH)
or HH with prepositional factors. The large HH is defined as HH with a hiatal defect of 5 cm or more measured intraoperatively.
Patient’s demographics, operative details, and postoperative outcomes were collected. The primary outcomes were hernia recurrence,
mesh-related complications (infection, migration, erosion), and postoperative dysphagia. Statistical analyses included Kaplan-Meier
survival curves and subgroup analyses for hernia size and primary vs. recurrent hernias.

Results: The cohort consisted of 247 females (48.7%) and 260 males (51.3%), with a median age of 54 years and median BMI of 28.
The majority (91.3%) underwent primary RA-HHR while the rest recurrent HH with no prior mesh utilization (8.7%). The median
operative time was 63 minutes, and there were no conversions to open surgery. At a median follow-up of 17 months, the recurrence rate
was 1.4% without mesh-related complications. Transient dysphagia was observed in 5.7% of patients but all resolved spontaneously
at the subsequent follow up. Recurrence-free survival at 24 months was 98.6%. No significant differences in recurrence rates were
found when compared hernia size (>5 cm vs 3-5cm, p = 0.63) and primary with recurrent HHR (p = 0.47).

Conclusion: Robotic-assisted hiatal hernia repair with Doughnut technique using Phasix™ ST mesh offers a low recurrence rate.
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Introduction

Robotic-Assisted Hiatal Hernia Repair (RA-HHR) offers enhanced
precision through three-dimensional visualization and articulating
instruments, potentially optimizing outcomes for complex cases
[1] replacing both open and laparoscopic procedures. To reduce
recurrence rates, mesh augmentation is used increasingly. While the
traditional non-absorbable synthetic meshes such us polypropylene
and polytetrafluoroethylene are associated with long-term risks of
erosion, adhesion, and infection [2]. Bioabsorbable meshes such as
the Phasix™ series have emerged as promising alternatives due to
their ability to provide temporary mechanical support, minimizing
foreign body retention risks through gradual degradation [3].
However, balancing anti-adhesion properties and durability remains
controversial for absorbable meshes, particularly in complex or
large hernias (>5 cm) [4]. Furthermore, the outcome of RA-HHR
with bioabsorbable mesh such as Phasix™ ST [5] and high-risk
populations in patients with obesity, chronic cough and recurrent
hernias remains uncertain. Phasix™ ST, a novel bioabsorbable
mesh, combines a Poly-4-Hydroxybutyrate (P4HB) scaffold with
a hydrogel barrier designed to reduce visceral adhesions while
maintaining sufficient tensile strength during tissue integration [6].
Preclinical studies demonstrate that its hydrogel layer significantly
reduces adhesion formation, and the PAHB substrate degrades
over 12—18 months, aligning with the critical tissue remodeling
phase post-hernia repair[ [7]. Despite these advantages, clinical
evidence for Phasix™ ST in human hiatal hernia repair in robotic-
assisted procedures remains limited with no multicenter studies
to date. This multicentre study evaluates the safety and efficacy
of Phasix™ ST in complex RA-HHR with Doughnut technique
characterized by a 360-degree coverage of the hiatal defect.
Clinical outcomes including recurrence rates and mesh-related
complications were analyzed. In doing so, we are hoping to
address the critical knowledge gaps and refine surgical strategies
for HHR using a combination of robotic platform and advanced
bioabsorbable materials.

Methods
Study Design and Patient Selection

This retrospective multicentre study included consecutive patients
undergoing RA-HHR with the Phasix™ ST mesh (BD, Franklin
Lakes, NJ) at participating institutions between December 2017
and December 2024. All surgeons have performed over 500
robotic upper GI procedures.

Inclusion Criteria:

. symptomatic hiatal hernia (type I-IV) confirmed by
preoperative endoscopy or imaging
. primary or recurrent repair
. Hiatal defect /diameter >5 cm measured after full

dissection of the crura

. Hiatal defect / diameter 3-5 cm with coexisting risk
factors such as obesity defined as BMI >30, chronic cough and
heavy labor

Exclusion Criteria Included:

. emergency surgery

. concurrent major abdominal procedures such as bariatric
surgery

. pregnancy.

The study protocol was approved by institutional review boards at
all centers, and informed consent was waived due to retrospective
design (Declaration of Helsinki principles followed) [8].

Surgical Technique

All procedures were performed using the da Vinci X® and Xi®
robotic platforms (Intuitive Surgical, Sunnyvale, CA).

Patient Positioning and Port Insertion

Patients are positioned in the supine position with at least 15
degrees reverse Trendelenburg, and table lowered down for better
ergonomics for the assistant surgeon. The legs are parted with
the hips and knees slightly flexed; arms are tucked on the sides
of the trunk. The surgical assistant sits or stands at the left of the
patient. Pneumoperitoneum is induced with a supra umbilical
Hassan technique which is used as the 8mm camera port - arm 1.
Standardization of port placement is recommended, allowing for
some variance based on the patient’s body conformation. The robot
is docked cephalad or from the patient’s right side respectively for
X and Xi systems. One robotic arm is positioned to the right of
the camera port as arm 2, and two to the left of the camera port
as arms 3 and 4 at least 5 cm apart in horizontal position. The 10
mm assistant port lies at the left mid axillary line and is used for
suction, insertion of sutures, swabs, laparoscopic grasper and mesh
insertion.
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Robotic Instrumentation.

The authors’ preferred initial instrument insertion after the camera
insertion in arm 2 is an ultrasonic device, bipolar fenestrated
forceps in arm 3 and needle holder in arm 4 as a liver retractor
initially. Arm 2 and 4 instruments swap when dissection finishes,
to utilize the suturing reconstruction. Suction/irrigation device and
grasping forceps are also used by the assistant in a laparoscopic
manner.

Hernia Reduction and Crural Dissection —

Technique

Doughnut

The Doughnut technique was well described previously [9]. In
brief, the initial step was the full retraction of hernia components
back into the abdominal cavity, followed by a full excision of the
hernia sac to reduce the risk of mesothoracic seroma formation.
The diaphragmatic crura, as well as the abdominal and the lower
thoracic esophagus, were fully dissected and exposed. The intra-
operative greater diameter of the hiatus defect was taken for all
patients for homogeneous measurements. In all patients, a primary
closure of the hiatal defect was made with interrupted non-
absorbable sutures (Ethibond 2-0). In cases of large defects, sutures
were also placed anterior to the esophagus, to avoid angulation
of the esophagus, thereby reducing the risk of dysphagia. Once
primary closure of the defect was achieved, an 8—10 cm-diameter
round-shape PhasixTM ST mesh with a 2-2.5 cm central opening
was placed circumferentially around the esophagus in an on-lay
fashion, while hydrogel barrier faces viscera and adhesive part the
crura. The mesh was fixed to the diaphragm either with interrupted
sutures, or more common with a tucker device, with special care
to avoid injuries of the aorta, the vena cava, and the pericardium.
After the mesh was fixed, a standard 360° Nissen fundoplication
completed the intervention. After removal of its central part
the mesh, it resembles the shape of a doughnut, supporting
circumferential the oesophageal hiatal defect, hence the name
Doughnut (Figure 1).

Figure 1: Doughnut repair.
Data Collection

Demographic, operative, and outcome variables were extracted
from electronic medical records including preoperative data on
age, sex, BMI, hernia type (primary vs. recurrent), size (categorized
as 3-5 cm or >5 cm), and comorbidities, intraoperative data on
operative time (skin-to-skin) and intraoperative complications,
and postoperative data on hospital stay, 30-day complications
(Clavien-Dindo classification [7]), dysphagia severity (Eckardt
score [1]), hernia recurrence confirmed on endoscopy/CT, and
mesh-related adverse events such as infection, migration, erosion.

Statistical Analysis

Continuous variables were expressed as median (range);
categorical variables as frequencies (%). Recurrence-free survival
was analyzed using Kaplan-Meier curves. Subgroup analyses
compared outcomes for primary vs. recurrent hernias and hernia
size (>5 cm vs. 3—5 cm) via Fisher’s exact test and Mann-Whitney
U test. Statistical significance was set at p < 0.05. Analyses
were performed using R v4.3.1 (R Foundation for Statistical
Computing).
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Results
Patient Characteristics

A total of 507 patients underwent robotic hiatal hernia repair with
doughnut technique using Phasix™ ST mesh across participating
centres. The cohort comprised 247 females (48.7%) and 260 males
(51.3%) with a median age of 54 years (range, 27-76 years).
Median BMI was 28 (range, 19.2—44). Primary repairs accounted
for 463 cases (91.3%), while 44 (8.7%) were recurrent hernias.
There were 367 cases (72.4%) with HH size defects >5 cm in
diameter and 96 (18.9%) 3-5 cm with coexisting risk factors of
obesity (12%), chronic cough (2,1%) and heavy labor (4,8%).

Operative Outcomes

Median operative time was 63 mins (range, 38—143 mins ) with no
conversions to open surgery. All patients were discharged on the
first postoperative day. There was no intraoperative complications
in 506 cases (99.8%) but one patient had minor bleeding from
a short gastric vessel which was controlled robotically without
transfusion.

Postoperative Qutcomes

At a median follow-up of 17 months (range, 3-24 months),
recurrence was identified in 7 patients (1.4%), all presenting with
mild symptoms of episodic acidic reflux which were managed
conservatively without reoperation. Transient dysphagia defined
as Eckardt score >3 occurred in 29 patients (5.7%) which resolved
spontaneously within a median of 3 months (range,1-6 months).
No mesh-related complications were observed. At follow up, one
patient was diagnosed with prepyloric gastric cancer at 6 months
postoperatively and treated with robotic subtotal gastrectomy.
There was no major adhesion found around the mesh. One patient
developed early distal esophageal cancer at 12 months who required
subsequent oesophagectomy at another centre. At subgroup
analysis of this cohort of patients who underwent RA-HHR with
bioabsorbable Phasix™, there was no difference in recurrence
rate comparing HH >5m with that 3-5c¢cm with coexisting factors
(57367, 1.4% vs 2/96, 2.1% respectively. p = 0.63) and primary
with recurrent HH repair (6/463, 1.3% vs 1/44, 2.3% respectively.
p=0.47). At 24-month follow up, the recurrence-free survival was
98.6% (95% CI: 97.1-99.4%) (Figure 2).

Figure 1: Recurrence rate based on the size of the hiatal hernia.
Discussion

This multicentre study demonstrates that robotic hiatal hernia
repair with Phasix™ ST mesh achieves low recurrence rates
(1.4%) and no mesh-related complications. This was achieved
in both primary and recurrent cases with hernia size >5cm.
Our results compare favorably with the historical data for non-
absorbable mesh report of the recurrence rates of 5—15% and mesh
erosion risks of 1-3% over a similar length of follow-up [10]. The
absence of mesh-related adverse events aligns with preclinical
studies highlighting Phasix™ ST’s hydrogel barrier as a critical
innovation for reducing visceral adhesions and erosion risks [11].
Notably, transient dysphagia (5.7%) resolved spontaneously in all
cases, suggesting that postoperative inflammation rather than mesh
rigidity may drive early swallowing dysfunction, a hypothesis
supported by animal models of absorbable mesh integration [11].
When compared with laparoscopic series of median operative time
of 90—120 minutes, our result showed that this could be achieved
with 63 minutes demonstrating clearly the efficiency of robotic
assisted hiatal hernia repair with its superiority over laparoscopic
repair in terms of vision and instrumentation for complex upper
GI operations as we see increasingly in other subspecialties once
surgeons are over the learning curve for robotic surgery [12,13].
Robotic platform can offer an enhanced dexterity in mediastinal
dissection and mesh fixation. This is further supported by zero
conversion to open surgery compared with laparoscopic surgery
of conversion rates of 2-5% for large hernias [14]. The result is
further supported by the similar findings of robotic vs laparoscopic
cholecystectomy for complex tertiary referral gallbladder
operation [12]. Our result showed a now recurrence rate in
high-risk subgroups. This challenges the conventional concerns
about absorbable mesh durability. Phasix™ ST’s 12—18-month
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degradation timeline [1] appears sufficient to bridge the critical
tissue remodeling phase, while avoiding long-term foreign body
risks. This aligns with Roth et al.findings in ventral hernia repair,
where Phasix™ maintained mechanical integrity until 12 months
post-implantation [15]. However, longer follow-up (>24 months)
is needed to confirm these results, as late recurrences may emerge
beyond the mesh degradation period. In our cohort, there were two
cases of incidental malignancies (gastric and esophageal cancers)
identified during follow-up which were consistent with population-
level cancer incidence rates [14] but highlighted the importance
of routine postoperative surveillance in patients with hiatal hernia
who often harbor comorbidities such as obesity and GERD which
are associated with gastrointestinal malignancies [16].

Limitations

First, the retrospective design introduces potential selection bias
though standardized inclusion criteria across centres mitigate this
risk. Second, median follow-up of 17 months precludes assessment
of very late recurrences (>3 years). Third, the predominance of
primary repairs (91.3%) limits generalizability to recurrent hernia
populations. We feel that the future will be robotic surgery which
will inevitably replace laparoscopic surgery. As such, it is important
to adequately expose and train surgical fellows to robotic surgery.
Additionally, cost-effectiveness analyses should evaluate whether
reduced complication rates, length of stay and conversion rate to
open operation will offset the higher initial cost of robotic surgery
and bioabsorbable meshes.
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