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ABSTRACT

Background: This study was undertaken to analyze our
outcomes after robotic fundoplication for GERD in
patients with failed antireflux procedures, with type IV
(i.e., giant) hiatal hernias, or after extensive intra-abdomi-
nal surgery with mesh, and to compare our results to out-
comes predicted by the American College of Surgeons
National Surgical Quality Improvement Program (NSQIP)
Surgical Risk Calculator and to national outcomes
reported by NSQIP.

Methods: 100 patients undergoing robotic fundoplication
for the aforementioned factors were prospectively
followed.

Results: 100 patients, aged 67 (676 10.3) years with
body mass index (BMI) of 26 (256 2.9) kg/m2 underwent
robotic fundoplication for failed antireflux fundoplica-
tions (43%), type IV hiatal hernias (31%), or after exten-
sive intra-abdominal surgery with mesh (26%). Operative
duration was 184 (1966 74.3) min with an estimated
blood loss of 24 (516 82.9) mL. Length of stay was 1
(26 3.6) day. Two patients developed postoperative
ileus. Two patients were readmitted within 30 days for
nausea.

Nationally reported outcomes and those predicted by
NSQIP were similar. When comparing our actual out-
comes to predicted and national NSQIP outcomes, actual
outcomes were superior for serious complications, any
complications, pneumonia, surgical site infection, deep
vein thrombosis, readmission, return to OR, and sepsis
(P< 0.05); our actual outcomes were not worse for renal
failure, deaths, cardiac complications, and discharge to a
nursing facility.

Conclusions: Our patients were not a selective group;
rather they were more complex than reported in NSQIP.
Most of our results after robotic fundoplication were
superior to predicted and national outcomes. The utiliza-
tion of the robotic platform for complex operations and
fundoplications to treat patients with GERD is safe and
efficacious.

Key Words: Robotic surgery, Fundoplication, Gastro-
esophageal reflux, GERD, Minimally invasive surgery,
Giant hiatal hernia, Reoperative fundoplication, “Redo”
fundoplication, Paraesophageal hernia, Robotic-assisted
laparoscopy.

INTRODUCTION

Gastroesophageal reflux disease, conventionally referred
to as GERD, is a common disorder within the United
States. More than 30 million Americans experience symp-
toms of reflux at least once per month. According to the
Healthcare Cost and Utilization Project (HCUP), there
were 40.7 million hospitalizations and 1,653 deaths as a
result of GERD in 2010.1

Traditionally, the first line treatment for GERD involves
the use of antacids, H2 blockers, and proton pump inhibi-
tors (PPIs), providing short-term alleviation for symptoms
gastroesophageal reflux. Although PPIs can provide
adequate heartburn control for many patients, lifelong
medical therapy is expensive, compliance can be a prob-
lem, and nearly 40% of patients have persistent symptoms
despite heavy use of PPIs. As well, there are long-term
issues with bile reflux, carcinogenesis, osteoporosis, renal
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dysfunction, pneumonia and colonic infections2. Further-
more, these medications were originally approved by the
FDA for only a 14-day course, up to three times per year,2

not for open-ended therapy. Persistent symptoms are a
result of a mechanical problem and requires a mechanical
solution. The use of antacids, H2 blockers, and PPIs neu-
tralize or suppress gastric acid and set the stage for reflux
of unopposed conjugated and unconjugated bile.
Prolonged exposure to such contents can lead to esopha-
geal injury, esophagitis, metaplasia, dysplasia, Barrett’s
esophagus, and if persistent, inevitably, esophageal ade-
nocarcinoma. Over the last four decades there has been a
57-fold increase in the incidence of esophageal adenocar-
cinoma.3 In the United States, it is estimated that 16,910
patients will be diagnosed with esophageal cancer in
2020, and 15,690 will die.1

Laparoscopic fundoplication, a more efficacious and dura-
ble alternative to medical therapy, is currently considered
the “gold standard” surgical treatment for GERD. The fun-
doplication was first described by Dr. Rudolf Nissen in
1936 as a superior form of intra-thoracic reconstruction af-
ter esophagectomy. Since then, fundoplications have
gained recognition for their effectiveness in treatment and
amelioration of symptoms of GERD.4,5 Since its initial
description, the approach to which fundoplications are
undertaken has evolved from “open” to minimally inva-
sive techniques. Minimally invasive surgery has proved to
be more beneficial for patients. Since its introduction in
1991, laparoscopic fundoplication has become the surgi-
cal treatment of choice for the definitive therapy of
GERD.2,6,7 Laparoscopic fundoplication is associated with
excellent short- and long-term reflux resolution rates of
80% to 95%, and patients can expect less pain, shorter
hospital stays, quicker returns to normal activities, and a
decrease rate of incisional hernias related to the “open”
technique.8 As laparoscopic fundoplications were being
widely mastered and accepted, in the early 2000’s some
surgeons also turned to single-site techniques, providing
patients with improved cosmesis and similar salutary ben-
efits as multi-incision and multitrocar minimally invasive
surgery.9–12

Nevertheless, fundoplication has its faults. Symptom re-
currence occurs in 3% to 30% of patients who have under-
gone fundoplication, and in approximately 3% to 6%
revisional operations are required due to recalcitrant or
recurrent symptoms.13,14 Recurrent and persistent symp-
toms occur because of several factors, including but not
limited to, anatomic failures, slipped fundic wraps, and
herniation of the wrap.15 Also, having a history of a

previous abdominal operation and the presence of large
sliding and paraesophageal hernias further complicates
any operation to abate GERD. These factors make patients
high risk surgical candidates and present a formidable
challenge for laparoscopic surgeons.

This study was undertaken to analyze our outcomes af-
ter robotic fundoplication for GERD in patients with
failed antireflux fundoplications with type IV (i.e., giant)
hiatal hernias, or after extensive intra-abdominal surgery
and to compare those outcomes to outcomes predicted
by the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) Surgical
Risk Calculator and nationally reported outcomes con-
tained within the ACS NSQIP database. Our hypothesis
in undertaking this study is that our actual patient out-
comes after these complex robotic fundoplications
would be similar or superior to traditional laparoscopic
techniques reported for “all comers” by the ACS NSQIP,
therefore, encouraging the application of the robotic
platform for challenging fundoplications in patients with
failed previous antireflux procedures with giant hiatal
hernias, or after prior extensive intra-abdominal
operations.

METHODS

With Institutional Review Board approval, from Jan 2013
to Sep 2019, 100 consecutive patients undergoing robotic
fundoplication for failed antireflux fundoplications, type
IV hiatal hernias, and/or after extensive intra-abdominal

Table 1.
Comorbidities Affecting Patients Undergoing Robotic

Fundoplication

Most common chronic preoperative conditions in patients
undergoing robotic fundoplication

Total patients with comorbidity 77%

Hypertension 74%

Diabetes 48%

Hyperlipidemia 38%

Cardiovascular (myocardial infarct, peripheral vascular
disease, stroke)

29%

Thyroid disorder (hypothyroidism, hyperthyroidism) 17%

Chronic obstructive pulmonary disease 9%

Other (cancer, hematologic disease, Crohn’s disease) 9%

Renal failure 6%
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surgery were prospectively followed. Demographic
data, including age, sex, body mass index (BMI), periop-
erative complications, operative duration, estimated
blood loss (EBL), conversions to “open”, length of stay
(LOS), in-hospital mortality, discharge to rehabilitation
facility, readmissions within 30 days, and death within
30 days were recorded and analyzed. Routinely, all
patients underwent preoperative upper gastrointestinal

(UGI) series, and 24-hour or 48-hour ambulatory pH
testing, and esophageal motility study to determine the
type of valve construction (complete versus partial) nec-
essary. Postoperatively, patients undergo repeat UGI
within 24 to 48 hours to confirm resolution of symptoms.
Patients were followed postoperatively in clinic, by
phone, and by mail to score the frequency and severity
of their symptoms.

Figure 1. Robotic fundoplication port placement.
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Type IV hiatal hernia is referred to as giant hiatal hernia
throughout this text and is defined as the involvement of
intra-abdominal viscera migrating into the chest, including
stomach, small bowel, omentum, colon, and/or spleen.16

This type of hernia also involved sliding and paraesopha-
geal hernias. Prior extensive intra-abdominal operation is
defined as any previous abdominal operation by either lapa-
roscopy or laparotomy resulting with widespread intraperi-
toneal adhesions. Perioperative complications are defined
as adverse events necessitating deviation from the planned
procedure. Postoperative complications were defined using
ACS NSQIP definitions (Table 1). Operative duration is
defined as the time from the first incision to the final dress-
ings being placed on the patient. For illustrative purposes
only, patients were divided into four consecutive 25-patient
cohorts.

Data from the ACS NSQIP, collected by the ACS from 2013
to 2017, was utilized to compare our outcomes to a
national “benchmark”. Our patients’ predicted outcomes
were determined using the ACS NSQIP Surgical Risk
Calculator (riskcalculator.facs.org/RiskCalculator/). Our
patients’ predicted outcomes were compared to national

patient outcomes reported in the ACS NSQIP database.
Last, our patients’ actual outcomes were compared to
those predicted by ACS NSQIP Risk Calculator and com-
pared to nationally reported outcomes in the ACS NSQIP
database.

In 2013, we began to use the da Vinci® Robotic Platform
to undertake minimally invasive fundoplications. Our ex-
perience began slowly. Our initial operations were under-
taken utilizing the Si model of the robotic platform. All
subsequent fundoplications were undertaken using the
j model. Our standardized, institutional approach for fun-
doplication has been previously described.12 Our robotic
approach is much the same.

First, local anesthesia is administered at each incision
site. An 8-mm incision is made at the umbilicus and
with direct visualization, an 8-mm trocar is placed.
Pneumoperitoneum is established. Two 8-mm robotic
ports are placed at the right and left midclavicular lines
slightly, just cephalad to the umbilicus. A fourth 8-mm
robotic port is placed at the left anterior axillary line
cephalad to the umbilicus. Finally, a 5-mm AirSeal®

Access Port is placed at the right anterior axillary line at

Table 2.
Comparisons Among American College of Surgeons NSQIP Database, American College of Surgeons NSQIP-Predicted Outcomes, and

Actual Outcomes

Variable ACS NSQIP Outcomes ACS NSQIP Predicted Outcomes Actual Outcomes

Patients (number) — 100 100

Serious complication, % 4 5 0*#

Any complication, % 4 5 0*#

Pneumonia, % 1 1 0*#

Cardiac complication, % 0 0 0

Surgical site infection, % 1 1 0*#

Urinary tract infection, % 1 1 0*#

Venous thromboembolism, % 0 1 0*#

Renal failure, % 0 0 0

Sepsis, % 0 1 0*#

Return to OR, % 2 2 0*#

Length of stay, days NA 2 (26 0.5) 1 (26 3.6)

Death, % 0 0 0

Discharge to nursing facility, % 1 2 1

Readmission, % 4 5 2*#

*, The asterisk denotes a significant regression for all patients with a p-value � 0.05. Patients were broken down into cohorts for illus-
trative purposes, but a regression was done to show an overall relationship between patients over time for selected variables; ACS
NSQIP, American College of Surgeons National Surgical Quality Improvement Program; P < .05; #, predicted, P < .01. NA,
nonapplicable.
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the costal margin and a liver retractor is placed through
the 5-mm trocar (Figure 1).

The operation begins by opening the gastrohepatic liga-
ment in a stellate fashion. The opening should be gener-
ous to allow the stomach to be easily rolled/retracted/
displaced to the patient’s left. This dissection continues to
the right crus up and down the right crus and the medias-
tinum. The dissection along the greater curve begins with
the most caudal short gastric vessels and is carried cepha-
lad toward the left crus, up and down the left crus, and
into the mediastinum. As is our routine, the stomach and
8 cm of esophagus are reduced into the peritoneal cavity.
V-LocTM sutures are utilized in a running fashion to bring
the left and right crura nicely together and repair the hiatal
hernia. Rarely do we use a mesh or anterior cruroplasty.

A 52–60 F bougie is placed per os into the stomach and the
fundoplication is constructed; the size of the bougie is
based on the patient’s size. For small patients and women,
a 52–54 F bougie is used. For larger men, a 56–60 F bougie
is used. A Nissen fundoplication is constructed using two
interrupted sutures that bring the anterior fundus, esopha-
gus, and posterior fundus together, and a third suture that
brings only the anterior fundus and posterior fundus to-
gether at the GE junction. A Toupet fundoplication is con-
structed by placing three interrupted sutures between the
posterior fundus and the right side of the esophagus at and
proximal to the GE junction with three other interrupted
sutures, which bring the anterior fundus and the left side of
the esophagus at and proximal to the GE junction together;
this results in a 270° posterior wrap or fundoplication.
Once the bougie is removed, the posterior fundus is anch-
ored to the right posterior side of the esophagus and to the
right crus with one interrupted suture, to prevent tension,
which might promote the wrap to come apart, or twisting
of the esophagus, which would promote dysphagia. Once
the fundoplication is constructed, intraoperative esophago-
gastroduodenoscopy (EGD) is undertaken.

Data are maintained in a secure Microsoft Excel database
(Microsoft Corp, Redmond, Washington, USA). Statistical
analysis was undertaken utilizing GraphPad Prism 8 soft-
ware (GraphPad Software Inc., San Diego, California,
USA). Nominal data were analyzed using x -square analy-
sis. Interval data were analyzed utilizing nonparametric
testing of means through a Mann-Whitney U-test, where
applicable. Patients and their outcomes were compared
and analyzed utilizing regression analysis. Significance
was accepted with 95% probability. For illustrative pur-
poses, data are presented as median (mean 6 SD) and in
subgroups of 25 patients each.

RESULTS

Overall, 100 patients underwent robotic fundoplication af-
ter failed fundoplication, with a giant hiatal hernia, or after
extensive intra-abdominal operations. The patients were a
median age of 67 (676 100.3) years with a median BMI of
26 (256 20.9) kg/m2. Seventy-seven percent of patients
had comorbidities, with the majority having more than
one comorbidity (Table 1). Patients underwent robotic
fundoplication for failed antireflux fundoplications (43%),
giant hiatal hernias (31%), and/or after extensive intra-ab-
dominal surgery with utilization of mesh in wound clo-
sure (26%). Two patients had open fundoplication with
hiatal hernia repairs. Eighty-nine patients had previous
abdominal operations. Thirty-seven patients underwent
reoperative fundoplications. Of these patients, 76%
received their previous fundoplications from an outside
facility. Patients who experienced recurrence of symp-
toms underwent a reoperative fundoplication within 4
(76 50.9) years of their index fundoplication. Patients
presented to clinic experiencing heart burn, upper ab-
dominal discomfort, unintentional weight loss, regurgita-
tion, dysphagia, and nausea.

Table 3.
Complications as Defined by American College of Surgeons

NSQIP

ACS NSQIP Complications
Serious Complication Any Complication

Cardiac arrest Superficial incisional SSI

Myocardial infarction Deep incisional SSI

Pneumonia Organ space SSI

Progressive renal insufficiency Wound disruption

Acute renal failure Pneumonia

Pulmonary embolism Unplanned intubation

Deep vein thrombosis Pulmonary embolism

Return to operating room Ventilator> 48 h

Deep incisional SSI Progressive renal insufficiency

Organ space SSI Acute renal failure

Systemic sepsis Urinary tract infection

Unplanned intubation Stroke

Urinary tract infection Cardiac arrest

Wound disruption Myocardial infarction

Deep vein thrombosis

Return to operating room

Systemic sepsis
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Median operative duration was 184 (1966 740.3) minutes
with an estimated blood loss of 24 (516 820.9) mL.
Patients had a length of stay of 1 (26 30.6) day. There
were two patients with postoperative complications. Both
patients developed postoperative ileus. Two patients were
readmitted within 30 days for nausea. Follow-up was con-
tinued for an average of 5 years, but up to 11 years.

The nationally reported outcomes and those predicted by
NSQIP are displayed in Table 2. Our actual outcomes are
also displayed in Table 2. Patients in the ACS NSQIP data-
base were similar to our patients’ predicted outcomes.
When comparing our actual outcomes to predicted and
national NSQIP outcomes, actual outcomes were superior
for serious complications, any complications, pneumonia,
surgical site infection, deep vein thrombosis, readmission,
return to OR and sepsis (P < .05) (Table 2, Table 3). Our
actual outcomes were not different to predict and national
outcomes for cardiac complications, renal failure, dis-
charge to a nursing facility, and deaths.

When patients are divided into quartiles for illustrative pur-
poses, several outcomes were better appreciated. With
increased experience, significantly more fundoplications
were undertaken in patients with previous abdominal opera-
tions (P = .03). Operative duration decreased with experience
(P = .05) and conversely, blood loss did not decrease (Figure
2). Length of stay remains steady with experience (Table 4).

DISCUSSION

The advent of the Intuitive Surgical Inc. da Vinci® Robotic
Platform (Intuitive Surgical, Sunnyvale, California, USA)

has led to a rapid paradigm shift in surgery and has
opened a potential avenue that allows surgeons to under-
take fundoplications in high risk patients, with the
expected outcomes seen in “low risk” patients under-
going fundoplications for reflux disease. This robotic
platform provides several advantages over conventional
laparoscopy including high quality visualization with a
near three-dimensional camera, better instrumentation,
improved dexterity, and wrist articulation (with seven
degrees of motion versus four degrees of motion seen
with conventional laparoscopy), elimination of hand
tremors, and better ergonomics leading to less fatigue.
With these advantages, it seems that the robotic platform
would lend itself particularly useful for the undertaking
of more technically challenging fundoplications in
patients that have had previous abdominal operations,
are undergoing reoperative fundoplications and/or
patients with giant type IV sliding and paraesophageal
hiatal hernias.

Few comparative studies have been conducted to evalu-
ate possible benefits of robot-assisted laparoscopy over
traditional laparoscopy for reflux disease.17–21 To our
knowledge, this study is the largest to compare an institu-
tion’s experience with robotic fundoplications to nation-
ally reported outcomes in the ACS NSQIP database and to
outcomes predicted by ACS NSQIP Risk Calculator.
Although studies have looked at outcomes for robotic
fundoplications, these have been generally a smaller set
of patients with lower risks.22 This manuscript illustrates
and supports the role of the robotic approach to challeng-
ing antireflux operations, such as patients with failed fun-
doplications, patients with giant hiatal hernias, and/or

Figure 2. Regression analysis documenting a decrease in operative duration with experience.
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patients with extensive prior intra-abdominal operations
often with incisional closure with mesh.

Most of our patients were women in their 60’s having a
BMI within the “overweight” range. Nearly three out of
four patients undergoing robotic fundoplication were for
previously failed antireflux procedures and giant hiatal
hernias, a challenging group of patients. Most of our
patients were deconditioned with significant comorbid-
ities including diabetes, hypertension, and vascular/coro-
nary artery disease, which seem excessive for the average
patient undergoing fundoplication in United States.

As expected, more technically complex operations inevi-
tably take longer to complete. Prolonged operating time
has been reported in all published series of robot-assisted
fundoplications.23–25 Our experience showed similar find-
ings. In our experience there was one conversion to lap-
aro-endoscopic single site (LESS) approach due to
unanticipated need for lysis of extensive adhesions. Two
patients who had prior open fundoplications and hiatal
hernia repairs and/or 89 patients who had multiple previ-
ous abdominal operations were more likely to have some
adhesions. However, utilization of the robotic platform
made lysis of adhesions much safer and quicker. We were
able to mobilize at least 8 cm of distal esophagus by dis-
secting more proximally into the mediastinum as neces-
sary. This conversion occurred early in our experience,
being only the third patient to undergo an attempted
robotic fundoplication at this institution. For this patient
the robot was scheduled, but never docked. Most conver-
sions in laparoscopy are caused by bleeding and failure to
progress, we believe that the robotic platform helps avoid
unnecessary bleeding with a more precise dissection and
better dexterity.22 The readmitted patients were evaluated
and observed for nausea. When we stratified our patients
into 25-patient cohorts, several things began to become
more apparent. With increased experience, we took on
more challenging patients, whereas reducing operative
time, and maintaining minimal blood loss.

Our patients were not unique; they are demographically
like those reported across the United States as presented
in the ACS NSQIP database. They had frequent and severe
comorbidities. However, our patients’ outcomes after
robotic fundoplication were like or significantly superior
to outcomes predicted by and reported by NSQIP as
noted herein (Table 2).

It is our opinion that the best use of the robotic system is
not fully appreciated in routine surgical practice, but
rather for operations in more complex patients who are

deemed high risk and require more technically challeng-
ing operations. Since the introduction of robotic systems,
surgeons have been endeavoring to determine the right
indications to apply this technology. Several small
randomized studies have been undertaken to evaluate its
use with primary routine antireflux surgery but failed to
prove superiority of the robotic system over conventional
laparoscopic surgery.18,26–28 We agree with that. Whereas
these trials showed no additional value of the robotic sys-
tem for primary antireflux surgery can be demonstrated,
the use of the da Vinci robot may be beneficial for mini-
mally invasive “redo” hiatal hernia and antireflux proce-
dures in patients with prior intra-abdominal operations
with incisional closures utilizing mesh due to their chal-
lenging nature, in patients with failed fundoplications,
and in patients with giant hiatal hernias.29,30

CONCLUSIONS

Our patients were not a selective group; their predicted
outcomes were similar to national outcomes. Most of our
results after robotic fundoplication in these challenging
patients were superior to predicted and national out-
comes with less challenging patients. Our experience has
shown that challenging robotic fundoplications are as
safe and feasible as laparoscopic fundoplications
reported through NSQIP, with fewer complications. Our
short-term results support and promote the utilization of
the robotic platform to treat patients with GERD needing
challenging fundoplications for giant hiatal hernias, for
revisional fundoplications, and/or after extensive intra-
abdominal operations.
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