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Abstract

Background The gastroesophageal reflux disease (GERD) worldwide prevalence is increasing maybe due to population
aging and the obesity epidemic. Nissen fundoplication is the most common surgical procedure for GERD with a failure rate
of approximately 20% which might require a redo surgery. The aim of this study was to evaluate the short- and long-term
outcomes of robotic redo procedures after anti-reflux surgery failure including a narrative review.

Methods We reviewed our 15-year experience from 2005 to 2020 including 317 procedures, 306 for primary, and 11 for
revisional surgery.

Results Patients included in the redo series underwent primary Nissen fundoplication with a mean age of 57.6 years (range,
43-71). All procedures were minimally invasive and no conversion to open surgery was registered. The meshes were used
in five (45.45%) patients. The mean operative time was 147 min (range, 110-225) and the mean hospital stay was 3.2 days
(range, 2-7). At a mean follow-up of 78 months (range, 18—192), one patient suffered for persistent dysphagia and one for
delayed gastric emptying. We had two (18.19%) Clavien—Dindo grade IIla complications, consisting of postoperative pneu-
mothoraxes treated with chest drainage.

Conclusion Redo anti-reflux surgery is indicated in selected patients and the robotic approach is safe when it is performed
in specialized centers, considering its surgical technical difficulty.

Keywords Gastro-esophageal reflux disease - Redo Nissen - Hiatal hernia - Robotic fundoplication - Anti-reflux surgery -
Nissen fundoplication - Toupet fundoplication - Roux-en-Y gastric bypass
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Introduction

Gastro-esophageal reflux disease (GERD) is a common dis-
order caused by the stomach contents reflux into the esoph-
agus, linked to several symptoms and complications, and
the worldwide prevalence (less 10% in 1990 versus 14% in
2017) is increasing maybe due to population aging and the
obesity epidemic [1].

360° Nissen fundoplication is the most common surgi-
cal treatment of GERD, while 270° Toupet fundoplication
represents a less performed alternative [2]. Nowadays, lapa-
roscopy is considered the standard surgical approach [2].

Patient satisfaction rate after anti-reflux surgery reaches
85-90%, the failure rate is approximately 10-20% due to
reflux symptoms persistence, recurrence or postoperative
complications [3]. Persistent dysphagia lasting more than
3 months is the most common cause of re-intervention,
fewer common indications are wrap disruption, slippage or
telescoping, recurrent hiatal hernia, and gas bloat syndrome
[4, 5]. Reoperation rate is about 5% after primary surgeries
[6].

Concerning redo surgery, different surgical techniques
have been reported including redo fundoplication (Nissen
or more frequently partial 270° Toupet procedure), conver-
sion to Roux-en-Y procedures, Collis gastroplasty with dis-
tal esophagectomy [7, 8]. Recently, Roux-en-Y conversion
showed successful results especially in selected patients with
high body mass index (BMI) [9].

Minimally invasive approach, which is the actual stand-
ard surgical approach for many complex surgical procedures
[10-12], has also showed its benefit in the redo anti-reflux
surgery. However, the conversion rate to open surgery is
higher when compared to primary surgery, furthermore the
robotic approach is described only in few cases [13].

The aim of our study is to evaluate the short- and long-
term outcomes of robotic redo procedures after anti-reflux
surgery failure also reviewing other literature experience.

Fig. 1 The study flowchart
according to the STROBE state-
ments. M1 minimally invasive,
GERD gastroesophageal reflux
disease

Materials and methods

From September 2005 to September 2020, 11 redo proce-
dures for primary surgery failures were performed out of 317
minimally invasive fundoplication for GERD associated or
not with hiatal hernias were performed (Fig. 1). Indications
for redo surgery and the most likely mechanisms of failure
are listed in Table 1.

Patients with persistent GERD symptoms or persistent
dysphagia lasting more than 3 months after primary sur-
gery were evaluated through endoscopy with biopsy, barium

Table 1 Demographic data for patients undergoing revision anti-
reflux surgery after failure of primary surgery between 2005 and 2020

Primary surgery, n 306
Robotic-redo surgery, n (%) 11 (3.6)
Sex, n (%)
Female 6 (54.55)
Male 5 (45.45)
Age at reoperation, mean (range) 57.6 (43-71) years
Body mass index > 30 kg/m?, (%) 4(36.4)
Previous surgery, n (%)
Nissen fundoplication 11 (100)

Time after primary surgery, mean (range) 42 (7-108) months

Mechanism failure?, n
Stomach herniation
Crural/Wrap too tight
Telescoping of valve

Wrap dehiscence

—_ = N W W

Upside down stomach/recurrent hiatal hernia
Causes leading to reoperation, n (%)
6 (54.55)
5(45.45)

Persistent dysphagia
Persistent GERD symptoms

GERD gastroesophageal reflux disease

#Each patient has undergone more than one procedure during the
same surgery

Patients underwent MI-
fundoplication for GERD
(n=317)

Excluded (n=306):
© No persistent GERD sy
* No persistent dysphagia

Revision after previously Nissen
fundoplication (n=11)

I l

Redo-Nissen (n=4)

Toupet fundoplication (n=5) Roux-en-Y gastric bypass (n=2)
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swallow, esophageal manometry, and 24-h impedance-pH
monitoring [14]. A chest-abdomen CT scan was performed
in selected cases.

We reviewed the operative time, estimated blood loss,
associate procedures, conversion to open surgery, intra-oper-
ative and post-operative complications according to Cla-
vien—Dindo score [15], postoperative length of hospital stay.

Follow-up was planned at 30 and 90 days after surgery
and once a year. During the COVID-19 pandemic, telemedi-
cine has been used to perform a follow-up and prescribing
therapies thanks to communication technologies.

This retrospective study was developed according to the
Strengthening the Reporting of Observational Studies in
Epidemiology [16] statement for cohort studies (Fig. 1).

An informed consent, for the scientific anonymous use of
clinical data, was obtained from all patients. This study was
conducted according to the guidelines of the Declaration of
Helsinki and approved by the Institutional Review Board of
the University of Molise (protocol number 10/21, approved
date: 12 May 2021).

Redo fundoplication technique

A standard robotic 4-5 port technique is generally per-
formed. The first steps were: adhesiolysis and wrap dissec-
tion using a blunt technique to identify the original anatomy
may be challenging, giving its related risk of visceral perfo-
ration (stomach or esophagus).

Fig.2 a Case of slipped Nissen
fundoplication (X ray swallow);
b periesophageal adhesions; ¢
dissection and anatomy restora-
tion; d robotic partial Toupet
270° re-fundoplication

When associated to hiatal hernia, the hernial sac was
removed.

Surgical technique chosen for redo surgery depends on
the cause of failure: sometimes a new floppy Nissen may be
required, while most frequently a partial 270° posterior Tou-
pet fundoplication represents the best choice, especially in
case of postoperative dysphagia. Given the risk of recurrent
hernias, the diaphragmatic crus usually need to be treated
with a single non-absorbable suture, leaving enough free
space around the esophagus.

Stitches may be reinforced with pledgets and sometimes
an absorbable tailored mesh is used as crural reinforcement
and fixed to prevent early migration or displacement (Figs. 2
and 3).

All procedures were performed by two surgeons experi-
enced in laparoscopic, robotic, and upper GI surgery.

Results

The mean age of the patients (five males and six females)
was 57.6 years (range, 43—71 years), and in four cases, the
body mass index (BMI) was greater than 30 kg/m?. The
mean time from the first operation was 42 months (range,
7-108 months). All patients had previously undergone Nis-
sen fundoplication.

Indication to revision surgery was dysphagia and persis-
tent GERD symptoms. The pathophysiological mechanisms

@ Springer
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Fig.3 a Case of post-Nissen
stomach herniation, periesopha-
geal adhesions; b robotic gastric
valve dissection; ¢ hiatoplasty
using pledgets; d absorbable
tailored mash positioning

of failure is summarized in Table 1. More than one mecha-
nism was found in each patient.

All cases were treated with a robotic approach, in no case
it was necessary to convert to open.

We performed four (36.36%) redo Nissen, five (45.45%)
conversions to Toupet fundoplication, two (18.19%) Roux-
en-Y gastric bypass. Additional procedures are listed in
Table 2. The meshes were used in five (45.54%) cases.

Mean operative time was 147 min (range, 110-225 min),
mean estimated blood loss was 45 ml (range, 30-180 ml),
mean hospital stay was 3.2 days (range, 2—7 days).

We had two (18.19%) Clavien—Dindo grade IIla compli-
cations, consisting of postoperative pneumothoraxes treated
with chest drainage.

At a mean follow-up of 78 months (range,
18-192 months), one patient suffered for persistent dyspha-
gia and one for delayed gastric emptying.

Discussion

The results of this study show that the robotic redo fun-
doplication is effective alternative to treat patients affected
by persistent GERD after previous Nissen fundoplication.
Additionally, the redo fundoplication significantly improve
the quality of life in these patients.

In our case series, we found that 9 out of 11 (81.82%)
patients solved symptoms after surgery. We reported just
one (9%) case of dysphagia and one (9%) case of gastrople-
gia. Patient selection, technique of repair, and meshes use
may play an important role for a more effective treatment.

@ Springer

Table 2 Perioperative and postoperative data of patients who under-
went revision surgery

Type of approach, n (%)

Robot 11 (100)
Type of redo surgery, n (%)

Redo Toupet fundoplication 5 (45.45)

Redo Nissen fundoplication 4 (36.36)

Roux-en-Y “short limb” 2 (18.19)
Additional procedure?®, n

Hiatal correction/hiatoplasty 8

Mesh hiatoplasty (Bio-A) 5

Gastropexy 3

Gastrostomy 2
Conversion to open, n (%) 0(0)
Emergency, n (%) 19
Operative time, mean (range) 147 (110-225) min

45 (30-180) ml
3.2 (2-7) days
2 cases of Illa (18.19)

Estimation of blood loss, mean (range)
Hospital stay, mean (range)
Clavien—Dindo score > 111, n (%)
Persistent symptoms, n (%)

Dysphagia 19

Gastroplegia/delayed gastric emptying 19

GERD 00
Second or more reoperation, n (%) 0(0)

GERD gastroesophageal reflux disease

#Each patient has undergone more than one procedure during the
same surgery

®Chest drainage placement
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In particular, we would underline patients presenting lapa-
roscopic Nissen fundoplication failure should undergo to a
careful clinical and instrumental evaluation based on esoph-
ageal manometry, 24-h pH study and upper gastrointestinal
endoscopy before redo surgery indication.

Minimally invasive approaches

As describe by Granderath et al. [17], laparoscopic re-fun-
doplication performed by experienced surgeons is a safe
procedure that leads to excellent functional results with a
significant improvement in patients’ quality of life. Nev-
ertheless, it is considered more cost-effective than open
approach to perform reoperation in anti-reflux surgery [18]
and linked with significantly higher morbidity rate when
it was compared to primary interventions, considering the
technical challenge.

Nowadays, robotic surgery for primary and redo anti-
reflux procedures is widely used in many centers [19, 20].
Therefore, it is not clearly analyzed the benefit obtained
though the robotic approach compared to other abdominal
surgery techniques due to limited literature experiences.

Notably, Tolboom et al. compared conventional lapa-
roscopic versus robot-assisted redo anti-reflux surgery, in
a single institute series of 75 patients between 2008 and
2013 and observed that robotic technology when available
can offer benefits in redo surgery both for gastroesophageal
reflux disease and hiatal hernia [20]. However, Tolboom
et al. pointed out the challenging scenario during redo sur-
gery due to adhesions, altered anatomy, and trouble finding
dissection planes [20]. These findings have led to increased
conversion and complication rates representing by stom-
ach or esophagus perforation of the stomach or esopha-
gus. Therefore, robotic redo surgery could be an effective
option thanks to better operative field visualization and
adhesiolysis.

According to our findings, Elmously et al. in 2018
reported a retrospective review of 200 patients (162 primary
anti-reflux surgery and 38 reoperative surgery), concluding
that the robotic approach leads to very low morbidity, short
length of stay, and excellent functional outcomes in patients
undergoing reoperative surgery when compared to patients
undergoing primary anti-reflux surgery [13]. Furthermore,
Elmously et al. demonstrated that patients who underwent
robotic redo surgery experienced complete or partial benefits
from preoperative symptoms and more than 80% not require
a daily PPl use [13].

New interventions for treatment GERD are the transoral
approaches: their feasibility have also been explored. In
2013, Bell et al. reported a series of 11 cases, demonstrat-
ing that transoral fundoplication as a revision of failed tradi-
tion fundoplication is feasible and leads to an improvement

in GERD symptoms avoiding the risks of the laparoscopic
re-intervention [21].

Moreover, Testoni et al. performed transoral incisionless
fundoplication reporting a significant improvement of symp-
toms and PPI consumption after 3 years of follow-up, but
more than 30% of patients presented persistent esophagitis
at 1 year [22].

Choice of re-intervention type

The identification of the type of re-intervention is a chal-
lenge and depends on many factors.

Notably, the main cause of re-intervention has been
reported to be a persistent postoperative dysphagia related
to the closed fundic wrap of an inadequate calibrated Nissen
fundoplication or to a narrow hiatal crural repair [23].

In cases characterized by severe dysphagia, it is often
preferred to perform a new fundoplication according to the
Toupet technique (270°) [23].

In the case of a short esophagus, a new fundoplication
with Collis gastroplasty is more indicated [24].

Partial fundoplication, especially if posterior, would
seem to reduce some postoperative complications such as
dysphagia and gas bloat [25]. Nevertheless, the partial fun-
doplication would be burdened by a higher rate of reflux
recurrence, mainly when it was performed an anterior partial
fundoplication [26].

Roux-en-Y gastric bypass (RYGB) should be considered
in obese patients [9]. Other options are fundoplication take-
down or hiatal closure only.

Many authors suggest using preoperative esophageal
motility studies to choose the most appropriate fundoplica-
tion, reserving partial fundoplication for patients with inef-
fective esophageal motility [27].

Redo fundoplication versus Roux-en-Y gastric
bypass

While dysphagia and gas bloat syndrome are considered the
most frequent causes of redo surgery in patient affected by
GERD symptoms recurrence, in literature are less reported
the intrathoracic fundic wrap migration and the large parae-
sophageal type III hiatal hernias with one third of the stom-
ach migrated into the chest cavity.

Moreover, young age, female gender, and chronic lung
diseases are associated with a higher rate of reoperation after
fundoplication [28].

After surgical failure, that can occur up to 30% of patients
underwent fundoplication, all redo fundoplication tech-
niques showed good long-term outcomes [29]. Neverthe-
less, it appears less suitable than primary anti-reflux surgery,
while RYGB demonstrated to be a safety alternative to redo
fundoplication [30].
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As reported by Stefanidis et al. in a series of 25 patients,
laparoscopic RYGB guarantee an excellent reflux control
and quality of life but, considering high morbidity rate, it
should be reserved for centers with bariatric centers [31].

Similar findings are described by Kim et al. [32] that ana-
lyzed 45 patients with a mean BMI of 33 kg/m>.

Despite that RYGB needs a longer operative time and
duration of hospitalizations, a higher complications rate and
rehospitalization within 30 days than redo fundoplication,
minimally invasive RYGB leads to long-term resolution of
symptoms in most cases, especially in patients affected by
obesity, gastroparesis, and esophagitis [33].

In addition, after multiple fundoplications, it might be
necessary to perform an esophagojejunostomy [34].

Sato et al.[35], in a consecutive series of 139 patients
after laparoscopic short Nissen fundoplication with or with-
out fundic mobilization and a mean follow-up period of
27 +21 months, analyzed the impact of short gastric vessel
division on postoperative dysphagia and reported an accept-
able long-term dysphagia, underlining the importance of an
appropriate patient selection, of a previous identification of
short esophagus, and of an adequate surgical technique.

Mesh

We performed in five (45.45%) cases redo fundoplication
using Bio-A® meshes.

The use of biosynthetic prosthetic meshes is related to a
very low infection and erosion rates, a good short-term and
medium-term outcome as well as to an improved quality of
life. On the other hand, biologic meshes have not showed to
reduce hernia recurrence rates and the use of synthetic non-
absorbable meshes at the hiatus still remains a controversial
topic as mesh erosion into the esophageal lumen has been
associated with catastrophic consequences [36].

A single-institution retrospective review published in
2021 by PR Armijo et al., involving 292 patients undergoing
anti-reflux surgery with hiatal hernia repair between 2004
and 2016, demonstrated a recurrence rate of 39%; three dif-
ferent types of absorbable meshes were used (human tissue
matrix, biosynthetic mesh, and porcine tissue matrix) and
the authors concluded that the outcomes of the three mesh
groups were similar, but there was a significant difference
in mesh cost (about $1100, $550, and $1300, respectively)
[37].

In 2018, MT Olson et al. analyzed long-term outcomes
and surgical re-intervention rates of 399 patients after
paraesophageal hernias repair [38] using a synthetic bio-
absorbable mesh (Bio-A® mesh W. L. Gore & Associates)
and examined BMI as a possible risk factor for recur-
rence[38]. After a mean follow-up of 44.7 +22.8 months,
it was concluded that laparoscopic primary paraesopha-
geal hernia repair with only Bio-A® mesh gave excellent

@ Springer

long-term patient outcomes and acceptable symptomatic
recurrence rate and BMI seemed to be not related to a
higher recurrence rate [38].

In 2019, A Tossa et al. published a retrospective evalua-
tion of 120 consecutive patients submitted to hiatal hernia
repair with bio-absorbable synthetic mesh, divided into
two groups according to BMI: 92 obese patients treated
with reinforced hiatoplasty during bariatric surgery and
28 non-obese patients treated with reinforced hiatoplasty
during anti-reflux surgery [39]. Following a mean follow-
up of 41 months, the bio-absorbable mesh on the hiatus,
in obese and non-obese patients, demonstrated a very low
recurrence rate and negligible gastroesophageal disease
[39].

Complications

Our complication rates are superimposable to other experi-
ences: no complication during surgery and two (18.19%)
patients’ complications were classified as Clavien—Dindo I1I
[40, 41]. No mortality was reported, according to mortality
rate described in other literature experiences [40, 42].

Neuhauser et al. reported a 30% of perioperative and
postoperative complications following redo surgery which
included stomach perforation, significant bleeding, esopha-
geal mucosal perforation, gastrocutaneous fistula, small
bowel enterotomy with consequent fistula, and tension pneu-
mothorax [43].

Nevertheless, Mertens et al. reported an early postopera-
tive complication rate of 10.6%. Four (2.6%) patients were
affected by major complications [42].

With regard to the incidence of postoperative delayed
gastric emptying after primary surgery, it appears to be low,
but it increases after recurrent paraesophageal hernia repair,
especially following the repair of each subsequent recur-
rence [44].

A single-institution retrospective review by MC Ham-
rick et al. analyzed the incidence of delayed gastric empty-
ing associated with revisional laparoscopic paraesophageal
hernia repair which suggested that delayed gastric empty-
ing should be anticipated and patients were informed of the
ramifications of this problem preoperatively [45].

As for the risk of postoperative gastroparesis, in 2019,
Lu et al. published a multicenter study of revisional surger-
ies following fundoplication procedures, regarding a series
of 5,656 patients who underwent primary fundoplication
(62.1%) or primary paraesophageal hernia repair (37.9%);
3.8% patients among the first group and 4.4% among the
second one, especially the ones with associated comorbidi-
ties (i.e., hypertension, obesity, and fluid and electrolyte dis-
orders), were diagnosed with gastroparesis or were treated
with specific pyloroplasty/pyloromyotomy [46].
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Limitations

This study has several limitations.

The retrospective data collection and the poor number
of patients are the major limitations. In addition, a longer
follow-up is essential to evaluate the long success of the
redo anti-reflux surgery in patients affected by multiple
comorbidities and further prospective randomized studies
are required to define the risk factors for failure of the redo
operation after robotic approach.

Conclusion

Revision anti-reflux surgery may be indicated in selected
cases after failure of previous anti-reflux surgery. Differ-
ent procedures have been proposed based on the cause of
the failure.

However, it is a challenging surgery with a higher com-
plication rate than primary surgery. Preoperative clinical
instrumental evaluation and patient selection are essential
for the choice of surgical technique, as are the experience
of the surgical team in this area.

Eligible techniques include redo fundoplication, gas-
tric resections, the Collis—Nissen procedure, Roux-en-Y
bypass, and others. In most cases, the minimally invasive
approach can be used, considering that robotic surgery rep-
resents a safety and promising alternative to laparoscopy.
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